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Foreword 

The eleventh annual Nuclear Physics and Solid State 

Physics Symposium sponsored by the Physics Committee of the 

Department of Atomic Energy was held at the Indian Institute 

of Technology, Kan pur, during February 28 to March-3, 1967. 

It was inaugurated by Dr. P.K. Kelkar, Director, Indian Iristitut 

of Technology, Kanpur, with Dr. B.D. Nagchaudhuri, Chairman, 

Physics Committee, D.A.E. , presiding. 

The number of contributed papers received for the 

Symposium was overwhelmingly large this year, particularly in 

Nuclear Physics. This required a slightly different procedure 

for the presentation of papers. Only about 67 percent of the 

papers in Nuclear Physics were accepted for full oral present-

ation and publication in the proceedings,, Barring a few papers 

which were not found acceptable, others were accepted only 

for discussion, if any, and for publication as abstracts. 

The progressive rise of the number of contributions to 

the Symposium over a period of years is seen from the curves 

given in the figure on the next page. 

For the invited papers and other items of common interest, 

common sessions were held for the Nuclear Physicists and the 

Solid State Physicists. For the contributed papers, separate, 

" " " " " ) 
parallel sessions were held. 
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V/e wish to tharkthe Indian Institute of Technology, 

Kanpur for the warm hospitality and the excellent arrange-

ment during the Symposium. 

A.S. Divatia 

Convener 
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PLASMA PHYSICS 

BCD= Nagchaudhuri 
Saha Institute of Nuclear Physics 

Calcutta. 

The density of ionised matter in plasmas of interest 

can range from one atom per c,e : in inter-stellar space to 

? '7 ? R 
10 /10 per cc in the interior of condensed stars such as 

28 

white dwarfs. This enormous scale factor of 10 perhaps 

applies to no other class of phenomena in Physics, I will 

restrict this talk only to a very few and quite limited 

aspects of the plasma. The major criteria of selection of 

certain types of plasma for the purpose of this discussion 

are 2 

A) We are concerned only with laboratory gaseous 

plasmas, wholly ionised or partly ionised* 

B) The density of the plasmas we would be considering, 

7-8 14 : 

will vary from 10 electrons per cc to about 10 per cc, ' 

Even this is a fairly large factor, 

C) We are interested in plasmas from the point of viW— 

1 

of their application as useful devices rather than physical 

experiments designed to understand the plasma. Let me 

clarify by saying that we exclude from our discussions such 

important and provocative aspects of plasma as thermounuclear 

devices which in their present stage indicate the necessity 

1 7 



of understanding the plasma in greater depth and detail than 

has so far been done. 

Gaseous plasmas >lend themselves to many possible 

devices. Basically these devices depend on the high tem-

perature, the high conductivity and the tensor and non-linear 

properties (in a magnetic field) of plasma* In fact, as the 

prospect of the thermonuclear plasma has receded, the plasma 

physicists and engineers have turned more and more to other 

applicational aspects of the plasma. 

The classic application of the high temperature 

plasma is the development of plasma torch ard electron and ion 

beam furnances, These devices have proved to be very useful. 

The Bhabha Atomic Research Centre at Trombay have developed 

an argon type plasma torch which may be described as a typical 

high temperature torch* The plasma is created by introducing 

large radiofrequency power into a jet of argon. The radio-

frequency power ionises and heats the argon which may reach the 
o o 

temperature up to around 15,000 to 20,000 C. There are, of 

course, many problems in the operation of such a device,, The 

coupling between the radiofrequency power source and the plasma 

is perhpas the most crucial of the various problems involved. 

Plasmas so formed are partially ionised at a high gas density 

and with percentage ionisation which may vary from 1-15$* Similar 

to the plasma torch there is another interesting device in which 

either electron or ion beam, is use'cl.- The electron beam torch 
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can work even at the atmospheric pressure while the ion 

torch operates only in high vacuum* large electron or ion 

currents are accelerated by appropriate voltages and then 

focussed on to the job,. These devices are used in welding 

and brazing. 

To provide the different plasma devices with the necessary 

electrons and ions various types of ion sources have been develop 

ed. Of these the duoplasmatron developed by Von Ardenne (1956) 

is perhaps the most efficient ion source from the point of view 

of large extracted currents and high gas efficiency, Usually a 

very high extraction voltage ( ^ 6 0 K/) is required for extract-

ing reasonable ion currents from the duoplasmatron. Attempts 

are being made in our laboratory to reduce the extraction 

voltage considerably by placing an additional electrode in 

between the anode and the extractor. With a ring electrode 

at a few KV positive placed before the extractor a nearly 50^ 

increase of extracted ion current has been recorded at lower 

voltages. Here the ring produces the necessary ion optical 

shape to the plasma boundary at the anode orifice so that the 

ioi beam instead of being divergent, becomes fairly collimated 

at lower extraction voltages. These results will be discussed 

in another paper to be presented in the symposium, 

A very important device using gaseous plasmas is the 

nagnetohydrodynamic (MHD) generator, This device converts 



heat into,electrical power. Basically the MHD concept was 

not much different from the conventional turbogenerators., 

The moving part here is a conducting gas in which emf. is induced 

when the gas moves across a magnetic field. In contrast to con-

ventional generators, an MHD generator usually produces d«c. 

power. Several attempts to get aec<, power show that it is more 

simple and economical to convert the- generated d„c. into a.c„ 

by external agencies than to force the generator itself to 

behave as an a,ce system by methods such as using an a.c, magnet, 

MHD devices are still in their experimental stage. But the 

experience already gained with them indicates that, in near future, 

MHD generators are likely to become big-., competitors of conven-

tional devices even on a oommerical scale. Because of their 

higher power output per pound weight MHD devices may prove to be 

more convenient for supersonic and space flights. The possibility 

of constructing MHD generators with nuclear reactors as heat source 

is now under study at a number of centres for both space and 

ground applications. 

Another exciting field of plasma research is the ionic 

and plasma propulsion of space vehicles. When a space vehicle 

is required to move from a lower to higher orbit or is set out 

for an interplanetaiy voyage a very high specific impulse is 

needed*, For example, the optimum specific impulse ranges 

from 1500 to 5000 seconds for a complete lunar trip and 

7500 to 20,000 seconds for interplanetary flights. These values 
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of specific impulse are inconveniently large for conventional 

rocket propellents. High specific impulse devices are possible 

using either an ion beam or a gaseous plasma as the propellent. 

In the ion propulsion device ions from a suitable ion source 

are accelerated by an electrostatic field and then ejected from 

the device in a manner similar to the mass flow from an ordinary 

rocket. To prevent the ion rocket from acquiring negative 

charge due to outflow of ions and to stop building up of space 

charge behind the rocket, the ejecting ion beam should be 

neutralized. One method of charge neutralization is to inject 

an equivalent amount of electrons into the ejecting beam, Another 

suggestion for charge neutralization is the simultaneous or double 

extraction of ions and electrons from the ion engine,. Some efforts 

in this direction has been made with a duoplasmatron ion source 

in our laboratory. It has been found that the double extraction 

gives an increased rate of extracted ions. 

Because the plasma is electrically neutral the plasma 

propulsion device is not affected by the space charge effects 

as in the case of ion propulsion* A number of plasma propulsion 

devices have been developed on the basis of heating and acceler-

ation of plasmas by electromagnetic fields. Plasma jets, MHD 

acceleratorss T-tube accelerators etc, are examples of plasma 

propulsion devices. 
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Other possible applications of plasma include the 

construction of microwave components such as attenuators, 

phase shifts, wave guide filters, etc. and the generation of 

millimeter waves by harmonic generation using the non-linearity 

of the plasma in a magnetic field. 

1 7 



TIME VARYING PHENOMENA IN A P.I .G. PIASMA 

D.K. Bose, C, Dutta, J.N. Maity, S.1T. Sen Gupta 
and B.I). Hagchaudhuri 

Saha Institute of Nuclear Physics 
Calcutta.. 

ABSTRACT. 

The oscillations and fluctuations occurring spon-

taneously in a P.I .G. discharge in presence of a magnetic 

field have been studied by means of Langmuir-type prob3S? 

The associated signals collected by the probes at different 

locations within the plasma were analysed by a receiver and 

an oscilloscope. Prom the oscillograms recorded the follow-

ing types of signals were identified: 

i) Broad-band noise arising from the random fluctuat-

ions of density and potential of the plasma. 

ii) Discrete frequency signals associated with some 

collective phenomena in the plasma. 

The origin of these time varying phenomena and their 

relation with the diffusion of plasma across a magnetic field 

will be discussed. 
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EXTRACTION OP POSITIVE IONS AND ELECTRONS 
SIMULTANEOUSLY PROM A DUOPLASMATRON 

DoKo Bose, B.D. Nagchaudhuri and S . I , Sengupta 
Saha Institute of Nuclear Physics, Calcutta. 

ABSTRACT, 

Extraction systems are under investigation which can 

give high ion currents at lower extraction voltage, for 

duoplasmatron source. Present arrangement can extract electrons 

and positive ions simultaneously. Electron extraction is found 

to improve ion current by almost cent percent. Usual plasma 

expansion cylinder has been replaced by a copper ring 

(1" O.Dj 3/4" I .D . ) placed between the anode ard the 

extractor, and applied either with source potential or electron 

extraction potential. The extractor 3 mm. away from the ring 

was applied with ion extraction voltages. Tank plot shows 

that potential distribution between extractor and anode takes 

favourable shapes in presence of ring. Ion current is collected 

in a biased cup. Ion current increases with electron current 

and becomes almost double and then remains unchanged. A set 

of data is given:-
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p Arc Mag- Electron Electron Ion ex- Ion cur-
discharge amp net extract- current traction rent mA 

amp ion poten- mA potential 
tial" + kV -kV 

5 x 10"2 
2 2 0 0 6 2.50 

Argon 0.8 1 .0 6 2.75 

1.1 2 o0 6 3.75 

1 .5 • 3.0 6 4.00 

1 o 6 10 6 4.25. 

1 .75 15 6 4.25 

Since the ring collects only the electrons and has 

small dimension, recombination is almost absent. The ring with 

a slit may be suitable to accelerate the electrons in the form 

of a beam coaxial with the ion beam which is generally 

required for beam neutralisation purpose in electrostatic 

ion energies. 

DISCUSSION: 

A.S. Divatia: What is the current of + ve ions and - ve ions? 

D.K. Bose: For arc 2,0 amp in argon, magnet current 2 amp, 

- 2 

p = 5 x 10 Tory of discharge, one set of data is as follows: 

At -6 kv, positive ion current is 4-25 mA while simultanously 

drawn- ve particle current is about 5 mA at about + 2 kV 
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applied to the electron extractor, the seperation "between the 

ring, the electron collector and the ion extractor being 

about 3 mm. 

MoPo Navalkar: Is it possible to replace the electro-magnet 

of duo plasmatron by a permanent one? 

DoK. Bose: This of course depends or the arc condition and the 

extraction voltage. We often need to change the magnetic field 

to obtain maximum ion current' in the collimated form. So it is 

desired that the magnetic field has to be adjusted. 
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ON SOME CHARACTERS'!ICS OF' RADIO FREQUENCY PLASMS 

Jayakumar, D.V. Karandikar and M.A. Aziz 
Bhabha Atomic Research Centre,Trombay 

Technical Physics Division 

INTRODUCTION: 

Recently a great deal of attention has been directed 

towards studying the properties of matter, in a state where the 

matter is so highly ionised that its dynamical equilibrium pro-

perties are governed by the free charges created. The radio fre-

quency plasmas deserve special mention, on account of their ex-

tensive application in the field of technology. A fruitful study, 

directed towards inferring the salient parameters of the rf plasma 

at low and high pressure was conducted in our laboratory. 

The atmospheric plasmas have been shown to attain temper-

atures as high as 30000 K and an electrical conductivity, of 100 mho/ 

cm. The tediousness involved in the measurement of such high tem-

peratures by conventional methods is almost too much, particularly 

when an estimate of the average temperature is enough. The 

measurement of conductivity aril hence the temperature, from the 

performance characterstics of the generating source proves to be 

an easier method. 

The rf indii'etlon plasmas at low j3ressu£e-& arid high 

<*ttttMM* have oroved to settle in a non-equilibrium state, 

as a result of the efficient energy transfer from the field to the 
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electron and an inefficient transfer from the electrons to the 

gas atoms. The electron swarm attains a much higher energy than 

the thermal energy of the gas atoms through collisions, consequent 

on the fact that the collisions cause the phase of the electron 

motion to change and as a result, the electron is imparted with 

more energy from the field, than what it has lost in the collision. 

The high electron energy gives rise to a high ionisation collision 

frequency and thus a high conductivity. 

THE MEASUREMENTS IN ATMOSPHERIC OP INDUCTION PLASMA: 

The value of the electrical conductivity of the induction 

plasma was arrived at using the method employed by M.C. Sourdine(1). 

The method is based upon the response of the oscillator frequency 

to the conductivity of the core material. The dependence is given 

Where OJ is the applied angular frequency, C is the Tank 

capacitance, R is the radious of the core, N and L are the number 

permeability and is the conductivity of the core, M1 and Mo 

by the relat^™ 

of turns and length of the tank Coil, respectively, f^o is the 

are Moduli of the Bessel Kelvin functions 

where The relation between value of ^C^nor 

malised to the value for infinite conductivity with./b , has been 

delineated in Figure 1 . 

The experimental values of Uj 9 normalised to the value 

for copper (/^ looo), for known conductivities agreed well with 
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the theoretical values, except at very low conductivities, where 

the added capacity of the circuit increased the frequency. 

The conductivity of the Argon Plasma, generated in a vessel 

of 45 mm i.d, by a 6 K I 6 M c/s oscillatory, was determined from 

the frequency to be 27.5 mho/cm. The value of the electron tem-

perature was obtained using the calculations of mean free path 

conductivity by Kantrowitz et. al and Spitzer (2). This agreed 

with the value predicted by electron density, calculated to be 

1 6 

8,6 x 1 0 /c. c „ The value of gas temperature inferred from the 

power measurements, which yielded a power input of 2780 watts 

in the plasma, agreed with the electron temperature within 10$ 

margin. Thus a good case can be made for the statement that the 

equilibrium between the species of the plasma exists, 

THE rf PLASM AT LOW PRESSURES: 

The principal problem of studying the conductivity of the 

plasma and the ability of the plasma to load the Oscillator, has 

been dealt with. 

The conductivity of the induction (H type) plasma was 

computed in the same lines as before. The variation of the con-

ductivity with ft and the loading on the oscillator with pressure 

are shown in Fig. 2. The conductivity of the ring discharge at 

1 mm pressure, 700 watt power input, and 36 M c/s applied fre-

quency and in a 26 mm i.d, vessel was 28 mho/cm. It is evident 

from the low values of power inputs, required for attaining such 

high conductivities in the case of these plasmas, that the gas 

temperature is much lower than the electron temperature and this 
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is backed up by the low intensity of the plasma,, This is good 

news to the MHD enthusiasts as it would greatly minimise the duct 

wall ablation, if a highly conducting fluid at low temperature is 

used. The sudden rise in loading of the Oscillator, when the pre-

ssure is increased beyond 2.5 mm is indicative of the fact that 

the transition from the non-equilibrium state to equilibrium takes 

place and the energy transfer to the atoms is more effective. 

This has again supported by the sudden increase in the brightness 

of the Plasma. 

The conductivity of the E type plasma was measured from 

the grid current, which is a function of the conductivity of the 

load of the work capacitor. The conductivity of the plasma at 1mm 

pressure 50 watt power input, 34 M c/s frequency and in a 26 mm 

i,d. tube was .028 mho/cm. The high value of conductivity of 

the H type Plasmas compared with that in E type is due to the large 

electron path provided for the electrons Spiralling in the mag-

netic field. 
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J. Basu; Do you consider the complex conductivity of the plasma 

or only the real part of it? How do you justify neglecting the 

imaginary part of the conductivity? 

Jayakumar; The conductivity measured was the average real 

conductivity, as it is predicted by the frequency change which 

is a function of the real conductivity,, 
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RF HEATING OF A CYLINDRICAL PLASMA 

J,No Haiti and J„ Basu 
Saha Institute of Nuclear Physics, 

Calcutta 

INTRODUCTIONs 

It is well known that a plasma behaves as a conductor 

at low frequencies and as a dielectric at high frequencies0 

It, therefore, seems appropriate to determine the power that 

can be fed into a plasma by the standard induction and die-

lectric heating methods. A uniform plasma of cylindrical 

geometry is considered for the purpose, 

INDUCTION HEATINGS 

The expression for the power absorbed by a good conductor 

from an alternating magnetic field is given in the literature (1), 

By extending the analysis to the case of a plasma which has a 

complex conductivity cp — (j- + J ^ the following formula for 
f ^ 

the power absorbed per unit length of a cylindrical plasma is 

obtained* 

p __ $ " ri© 0) 

where f-i0
 = impressed magnetic field of frequency CO 

<X* = radius of the plasma column 

! i . «£. / \ I 
K = ^ f JJ 

h 
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r z ' <rv 

The values of Xj0/ > 0 J and are given in standard 

tables (2)., 

The complex conductivity at a frequency o^ is given by (3) 

where . = permittivity of free space 

ujp = plasma frequency 

1/ = electron collision frequency0 

GOOD CONDUCTOR APPEOXIMfTIONs 

In laboratory plasmas U ^ i s usually quite high compared 

to 10 or ly c If we now assume s the plasma acts as a good 

conductor with CT~d'CT^,-^o^jp a n d Po w er absorbed per 

unit length is given by 
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(5) 

where f~ is a function of and : / ' 

?/hen f) 
a.-

J 4-7T3 ' ^ t 

c^-* / 

Wheft ^ -7 "H .V 

7— 

Fig,1 shows the plot of P indi* with repsect to 1 watt 

against log (sC-j-) for various values of t " and 'tf j l ) 

being selected so as to cover a wide range of practical systems,, 

For lew values ofcup the plots correspond to eqn. (4) while for 

high values they correspond to eqn. (5)* 

However, the plots in Fig.1 are applicable provided 

'0.- "When -j- becomes comparable to the exact plot of P deviates 

from the plot obtained from the good conductor approximation, as 

shown in Fig»2 for a particular case. P . is now found to decrease 
* •• 

after reaching a maximum as the plasma starts behaving more like 

a dielectric than a conductor» 

Plots of P against log (^y^are given in ^ig.3 on the 

basis of the good conductor approximation. It is interesting 

to find that P has a maximum at 

J ^ ' / ^ I ( 6 ) 

' b I d ~ j s r ? • f 1 CfjJ' ° ^ 
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This can be. explained by the fact that, as jfh /•)> rises s ~P (V 
the conductivity increases but at the same time the skin depth 

is reducedo 

DIELECTRIC HEATINGS 

When W a plasma can be considered as a dielectric, 

the complex dielectric constant of which is given by (4) 

fim t £ j ! (7) 

Let a plasma of crass-section A •sTT^ard of length t be 

placed, covering the space between the plates of a condenser. 

The total power absorbed by the plasma is given by 

Od£06c A w ^ 
i r 

p ~ b d t p t c A y 

= (8) 

where \J is the voltage of frequency 00 , applied to the 

condenser plates, 

Eqn. (8) shows that, while increases with 00 for an 

ordinary dielectric, it decreases withCO for a plasma. 

For low frequencies, on the other hand, most of the 

voltage drop occurs across the sheaths at the plasma boundaries 

and there is little penetration of the field inside the plasma. 
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It is, therefore, evident that the dielectric method 

is not generally suitable for heating a plasma. 

HEATING AT SERIES RESONANCE s 

There is5 however, a special case, in which the di-

electric method may prove efficient. 

let us consider the system shown in 3?igo4, which also 

shows the equivalent circuit diagram.' The circuit has a series 

resonance at - ^ J -f ̂  K ) when the power absorbed 

by the plasma is given by 

o A k r K j 2— 
f> ~ P — ' V (9) 

This power may be;<£uite>: ^ 

j > 
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CHARACTERSTICS OF A LOW PEES SURE PIG- DISCHARGE 

Co Dutta, S . I . Senguptas J. Basu and B.D. Nagchaudhuri 
- Saha Institute of Nuclear Physics, Calcutta. 

ABSTR&CT o 

The following discharge characteristics of a cold-cathode 

—5 
ring-anode PIG discharge (pressure 10 Torr) have been observed. • 

1) Striking characteristics at magnetic fields ranging from 

300 gauss to 1500 gauss. 

2) Variation of the discharge current as a function of 

the discharge voltage and magnetic field, the dis-

charge voltage being varied from 800 V to 1600 V and 

magnetKc field from 300?>gauss to 1500 gauss. 

The special features of the characteristics are noted below. 

1) The strikirg voltage is minimum (£/ 850 V) at a magnetic 

field of about 550 gauss. 

2) For the lower range of the magnetic field, the dis-

charge current increases abruptly at a certain value 

of the discharge voltage, as it is gradually increased. 

The higher the magnetic field in this range, the lower 

the voltage at which the effect occurs. 

For the higher range of the field, there appears a reverse 

effect, i . e . , the current drops suddenly at a certain voltage. 
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In the intermediate stage rfo such effect occurs, and the 

current varies smoothly with the voltage. 

However, there is again an abrupt change in the current 

when the magnetic field is increased, keeping the voltage 

constant. 

There is also a critical magnetid field at which the 

discharge current shows a maximum. The higher the discharge 

voltage, the more prominent the peak at the critical field. 

DISCUSSION? 

C. Ambasankarans What is the order of the magnetic field at which 

the investigation was carried out? 

Co Dutta: The critical magnetic field has the value of 540 gauss 

for argon at a discharge voltage of 1600 volts (pressure 

—5 

^ 10 U ^ )0 The value was 550 gauss for the residual gas 

at the same discharge voltage and pressure. The working range 

of the field was from 300 gauss to 1800 gauss. 
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COAXIAL PROBE PLASM DIAGNOSTICS 

J„' Basu, Co Dutta and S.N.Sengupfca 
Saha Institute of Nuclear Physics,calcutta 

The use of a coaxial probe for determining plasma para-

meters is suggested. The probe, open at both ends and with the 

external surface of the outer oonductor insulated, is suitable 

for both dc and rf measurements. It is assumed that the dimen-

sions of the probe are such that the plasma can penetrate fully 

inside and can be considered to have a uniform annular shape, 

bounded by the sheath® at the inner conductor and the internal 

surface of the outer conductor. 

The electron temperature and charge density can "be obtained 

by using the coaxial conductors as a dc double probe system with 

the advantage over the conventional double probe that the results 

pertain not only to high-energy electrons but also to low-energy 

o ne s. 

The coaxial geometry is an obvious choice for avoiding stray 

capacitances in rf measurements. The charge density and electron 

collision frequency in a plasma can be derived by measuring the 

impedance of the coaxial probe, placed in the plasma, at two 

ratio frequencies. 
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OPTICA! MODEL WITH SEPARABLE POTENTIAL 

. V.L. Narasimham 
Department of Physics 

Indian Institute of Technology 
Povai 9 Bombay-7 6. 

where is the scattering matrix between the projectile 

nucleon 'o' and the target nucleon ' i ' in the presence of 

other nucleons,, The derivation of the optical potential 

using Bruecl.ner's theory of nucleus will be discussed. In 

deriving this the Pauli Principle in the intermediate 

states of the target nucleus has been taken into consideration. 

Not presented. 

ABSTRACT. 

The optical potential is given by 

A 
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LOW ENERGY NEUTRON SCATTERING PROM NUCLEI 

So Mukherjee and CoS. "NShastry 

Saha Institute of Nuclear Physics, 

Calcutta. 

\ 
INTRODUCTION? 

The optical model of elastic scattering from nucleons 

from nuclei is known to "be very successful over a wide energy 

range and for various nuclei covering practically the entire mass 

table, ^he striking success of this empirical model is not so 

well understood physically and in terms of complex system con-

sisting of incident nucleon and target nucleus. This is 

reflected through the fact that the energy dependence of poten-

tial parameters and t M s dependence on mass number, spin and 

isespiji »of the system are known only empirically roughly. The 

purpose of present investigation is to understand and appre-

ciate the optical model in terms of the physics of the system 

of particles involved in scattering. For this purpose we use 

a Regge type representation of the scattering amplitude (1) 

which is essentially a description of the scattering in terms of 

poles of S-matrix in angular momentum plane which in turn describe 

the properties of intermediate compound system consisting of 

incident nucleons and target nucleus. In the present paper we 

shall discuss the results obtained by this approach for the 

low energy scattering of neutrons (.4 to 4o6 MeV) from several 
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typical nuclei. Rigorous theoretical justifications of the 

theory will be discussed elsewhere (4). 

REGGE POLE REPRESENTAT10 NS s 

Using the rotations of ref„ (2) we have' the equivalent 

representations for scattering amplitude A Ckt z) corresponding to 

scattering of a spin zero system with a superposition of' Yukawa-

type potential as ^ 

' A' I ^ 1 + 0 fci - B P*C20 

' _ kj> [ j . >!X [ s a - M - D k £ < k + 0 

= f " r T d \ ^ r i m z l l l , - £ y r - i ® 

N ^ ^ and ^ ^ are total« number , -pO®itxo»a and residue of poles of 

in the h§.lf plane „ The first pole representation is 

given by Regge and second one is a modification of"It by 

Khuri (3)» If one neglects the background integrals in these 

representations, and take partial wave projections, we have, in 

pole approximations, Regge and Khuri representat ion Ct, ( t, KJ 

and for partial wave amplitude ( - t ) k ) utA 

oHU) p ^ " 0 * ^ CV 
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wiien sufficient number of a C l k) are known experimentally or can 

be equivalently calculated from a suitable potential one can 

solve Eqs.. (2) and (3) for various pole parameters and test them 

for angular distributions of differential cross sections, total 

cross sections, and leading trajectories. Details of methods 

of calculations are given in ref; (4)= In the next, section 

we shall discuss the various typical results that«w® obtained from 

these calculations on low energy (.4 to 4.6 MeV) opfical model 

elastic scattering of neutrons. Our calculations are based on 

the that can be obtained from the optical- potential 

used by Campbell et al (5). 

RESULTS AND DISCUSSION: 

In our calculations the following aspects are investigated: 

(1) The angular distributions of differential cross sections 

(shape elastic) up to 3 poles approximations in both Regge (R) 

and Khuri (K) and compare with the exact (E) results. (2) Simi-

larly, . total cross-'Bjeictiorns are evaluated from (K) approximation 

and compared with exact results. (3) Consitency of pole para-

meters when one goes from one to two pole, two to three pole 

approximation are tested and the trajectories generated by 

poles at various energy points are studied. 

Fig.1. to 3 show angular distributions for and 

^t 1, 2.5 and''4.1 MeV. F i g c 3 shows the total cross sections. 

From these results we can conclude that in general ( K ) 
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A 

approximation is distinctly superior approximation to (R) 

approximation and at low.energy region 2 pole (K) approximation 

is Sufficient to explain experimental data very satisfactorily. 

Corresponding (R) approximation mostly gives qualitative 

features. The deviations from (E) curve are more pronounced 

for higher energies and heavier nuelei. 

The pole approximation obtained at different energies 

define Regge trajectories. But it is possible that the tra-

jectory obtained from a certain approximation (say one pole) 

fluctuates drastically from its equivalent trajectory in 

higher approximation. Whereias if one or two trajectories 

dominate the scattering then we can expect to obtain this tra-

jectories in practically same post ion in all higher approxi-

mations «, Physically speaking, if levels of the compound nucleus 

system corresponding to optical potential is having a closely 

packed structure of.levels, none of the level being predominant 

in scattering, it is not surprising if the poles get drastic 

fluctuations and no reliable trajectories are generated. On the 

o-ther hands, if scattering is contributed domir.antly by one or 

two levels., it should be possible to obtain them from pole 

approximations fairly accurately and consis.tsn.tly„ In the 

light of these. ;remarks if we examine the fig.» 4, we find that 

in (K) approximation consistancy of trajectories is fairly well 

achieved for Aj^^/and;^, . The trajectories are in the energy 

range .4 to 4.6 MeV. 
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In our systematic studies over many nuclei (both medium 

and heavy) we found that the low energy peaking of total cross 

sections for some nuclei ( exPlained by one or 

two leading trajectorieso V/hereas for some nuclei ( Ccty Ag 

when low energy peaking is not pronounced, leading trajectories 

are not successfully generated. Perhpas in these cases scat-

tering is dominated by too many levels none of them being very 

predominent to generate a leading trajectory. 

These studies show that it is possible to understand the 

optical model in low energy region from two pole (K) approxi-

mation and get leading trajectories for several nuclei which 

manifest the compound nucleus mechanism this aspect gives streng 

th to the conjucture that it might be possible to understand the 

predominent contribution t& optical model in terms of few lead-

ing trajectories having systematic variation with energy and 

possibly mass. To establish these results, it is necessary to 

extend our model for different nuclei and higher energies where 

some improvements and modifications in our theory may be 

necessary. At higher Energies spin orbit forces play a signi-

ficant part which change the distribution of poles in (4) in 

angular momentum plane and making the presence of trajectories 

in 4th quadrant of t plane possible., These investigations 

constitute the further stage of the work. 
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DISCUSSION: 

B.D. Roy: Does'nt unitarity guarantee that once you have proper 

threshold condition for the real part, you get it for the imaginary part? 

5. Mukherjee: If you had pole approximations only, the answer is no, 

in general, (example - Khuri representation). We constructed a general 

representation, where at each pole position, threshold and asymptotic 

behaviour is guaranteed, without imposing unitarity extreneously on 

pole forms alone. The general expression is as follows: 

A 

where It is easily seen 

that, in the right - half plane, A ( A ^ ) may also be written as 

where Â } is such that F (X,}.) = 1 . For exairiple, we may use 
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where "JC*) = + ^ ) ) 

T+
 K

 1 î-z- / ) 

It is easily seen^that the asymptotic behaviour and threshold 

behaviour is guaranteed by this form of It may also 

be noted that F C £ £ 
'gives Regge representation 

and F C ^ / A ) ^ e xP gives Khuri representation. The 

guarantee for asymptotic behaviour does not, however, imply that 

the background integral is small. We have another- prescription 

for it and it will be reported elsewhere. 
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OPTICAL WELL SCATTERING OP NEUTRONS F ROM NUCLEI 

So Mukherjee and C.S. Sfrastry 
Saha Institute of Nuclear Physics, Calcutta 

The usefulness and validity of different pole approxi-
v 

mations (1,2 and 3) of neutrons from nuclei^ in the low energy ; 
i 

region (=4 to 4°6 MeV) has been investigated previously (1)„ 

There it v;as found that major contribution to s cattering can 

be analysed in terras &f one or two leading trajectories. In 

this paper we propose to extend our investigation for higher 

energies and various nucleic This is necessary because the 

success of complex angular momentum approach to low energy 

scattering where only few partial waves are predominent does 

not guarantee the same at higher.energies where na ny more 

partial waves dominate. In this present report we restrict our 

discussion to only three nuclei, namely ^ T i , "^Fe and 

and for the incident neutron energies 6, 10 and 14 MeYs Cal-

culations are carried out as in ref. 1 , using the partial 

waves generated by optical w ellas-'.- described -by Hogdeort al! )(2). 

In the figures fc denotes the result which can be obtained by 

conventional partial wave methods and capable of reproducing 

the experiment ail results. or denotes the results 

obtained by ^LCA," 1, 3) pole Regge formula on <V\,pole Khuri 

formula,, If any ^ is absent it means that the corresponding 

result is unsatisfactory and can not be presented in a compa-

rable size. „ The angular distributions correspond to shape 
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elastic scattering and they are capable of fitting the ex% 

perimental data since for energy >6 MeV compound elastic 

effects are small. 

» / Q 

Fig.t ,2 and 3 shows angular distribution for Ti, 

"^Pe and at 6, 10 'and 14- MeV of- incident neutron energies. 

To represent many .results in a compact space'* the ..forward 

peaking part of angular d istribut ion.: (cos 9 =. .1<» to cosQ = a6) 

are omitted. Fig«4 gives the. total c ross section plots for 

these nuclei from 2 MeV to 14 MeV along with the results 

obtained from Khuri approximation. Prom a careful analysis 

of these results we can make the following conclusions? 

(i) One pole approximation is not satisfactory for 

.higher energies (ii) At 6 MeV 2 approximation is. appreciably good 

for 4 8 Ti and 5 6Pe. . But for the heavy nucleus 1 5 8Ba, 2 R. repro-

duces very broad qualitative features of angular distribution. 

Corresponding 2 K results are almost similar even^though in 

the case of Ba? 2f\ improves the results as far as magni-

tude is concerned but has got a shift in angular distri-

bution. 3Kaxid 3R.results agree quite well with exact results. 

( iii) At 10 MeV 2R results give broad, qualitative., features of ., 

angular -distribution whereas .•̂  xesults-h^e-^^i^dpiJiiproyement 

/ over 2 results, JBttt .for. . Ba^ 2 ^ results,W^owf just as for 

6 MeV casei an angular; . . a n g u l a r - . : 

agreeme nt -is not "very satisfactory. (iv) At 14' MeV'3 ft. gives . 

general qualitative features of angular distribution whereas • 
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3 Ogives almost quantitative results except for Ba, There-

fore, a finer improvement over Khuri pole approximation is 
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desirable, especially for heavy nuclei (v) In the total cross 

section curves 3 K gives satisfacotq.ry results and deviations 

are worse for heavy nucleus, 

48 
Fig.5 indicates two leading trajectories for Ti and 

56 

' Fe which contribute predeminently to scattering. Here we have a 

different way of understanding the optical model phenomena in 

a systematic way for different neighbouring nuclei and differ-

ent energies,! in contrast to the phenomenalogical method 

of obtaining experimental results using general optical 

potential with varying parameters, the variation being not 

very systematic. From the typical^ trajectories whown in 

fig,,5, and other results (not reported here) it is possible 

to conclude that there is a systematic basis for optical model 

for different nuclei and different energies the dominating 

contribution for which can be represented by a set of leading 

trajectories v^hich manifest the physical features of the 

scattering system. In fig,5, the presence of a trajectory 

on 4th quadrant of anguir momentum plane should be understood 

in the light of discussion given in ref. 1„ 

Eventhough we could get satisfactory results from 

3 K for high energies and heavy nuclei it is very desirable 

to have still better improved approximations. However, one 

may argue that the improvement can be achieved by including 

still more number of poles but it is not desirable from the 

point of simplicity and elegance of approach of having few 
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leading trajectories. The striking improvement of Khuri'"sre~ 

presentation with respect to Regge representation shows that 

by improving the representation one can obtain much improved 

results in terms of few: (1, 2 or 3) poles. It is also to be 

noted that deviations from exact curves may be due to's (a) more 

distant poles in the right half angular momentum plane? (b) the 

background integral neglected as an approximation. Since the 

contribution from distant poles is expected to be small, it 

is background which is mainly to be taken care of. Thus if 

we could improve upon Khuri representation such that the corres-

ponding background integral is minimised we can hope for still 

more encouraging results and improved trajectories. This has 

been achieved (3) and calculations based on this will be 

discussed in future works. 
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DISCUSSION: 

M.K. Mehtas You mentioned that the poles would represent 

"intermediate system" resonances. I expect you meant the "compound 

system" resonances and not the "intermediate structure" resonances . 

discussed by Feshbach et al as "doorway" states. 
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S, Mukherjee: I meant by poles, the poles of S-matrix that 

describes the "intermediate qystem",, These poles -would 

correspond to boundstates and resonances that the "intermediate 

system" may have« A particular class of these resonances 

correspond to the "doorwary" states of Feshbacho 



OPTICAL WELL SCATTERING OP PROTONS FROM NUCLEI 

S. Mukherjee and C.S. Shastry 
Saha Institute of Nuclear Physics 

Calcutta. 

ABSTRACT. 

Elastic scattering of protons from various nuclei9'' •• 

in the energy range 4 to 20 lieV, are analysed with the use 

of a modified Regge-representation. The role of background 

integral in various representation are discussed. 
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ANALYSIS OF INELASTIC SCATTERING OF 156 MeV PROTONS 

BY ?Li 

<|,. M&halariabis 
Saha Institute of Nuclear Physics 

Calcutta, 

ABSTRACT. 

The differential cross-section and polarisation 

7 

in the inelastic scattering of 156 MeV protons by Li has 

already been calculated (1) using impulse approximation and 

L-s coupled shell-model wave functions constructed from the 

lowest configuration. The wave functions for the ground 
•f" 1 -

state ( ) and the first excited state ( .) at 0„478 MeV, 2 2 

22 

which are the members of the P [ 3] doublet are then 

constructed using the fractional parentage method „ The 

shell-model calculations failed to fit the experimental 

data for the cross-section for the scattering to the 0,478 MeV 

state. Analysis of the experimental data suggest (2) the 
7 

application of the rotational model for Li nucleus. We have 

repeated the calculations using the seven-nucleon wave function 

2 2 r "1 7 
for the P L4+3J states of Li, obtained by the generating 

procedure from the deformed single particle orbitals, which 

has been shown by Kurath (3) to reproduce the observed 
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quadrupole moment and the B(E2) strength between the two 

7 

lowest states in Li fairly well. The results obtained . 

are discussed in this paper, 
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PHOTODISI NTEGR AT ION OP HELIUM WITH 
VELOCITY-DEPENDENT POTENTIALS 

B.Ko Srivastava 
Physics Department, 

Indian Institute of Technology, Kharagpur 

and 

S„C. Jain 
Physics Department 

Allahabad University, Allahabad 

It is the purpose of the present note to evaluate 
foo 

int ^ / CT~(W) olw (integrated cross section) and CT̂  = / ( <r"/J7)dW 
o o 

(; Bremsstrahlung - weighted cross section) by applying the sum 

rules of Levinger and Bethe (1) as extended by Rustgi ard Levinger 

and using the results of variational calculation of the binding 

.4 . 
energy of the alpha particle ( He), 

We assume that the gound state of the alpha particle 

is described by a modified Irving wave function 

f 0 = N0 j e x p [ - * ( r2
± . ) i ] + A exp [- \( g . * & * ] } / 

( I r f . ) n j i, «j = 1 ,2,3 and 4 . . (1) 

in which the normalising constant is 

N = 
o 105 x 2 1 3- 8 n 

1TA (3 - 4n) 
L_ 

1/5 ' [ c C 4 n " 9 - 2A £ ( oC 4- A )/2 4n-9 

. 2 \ An-Q ~l V9 
+ A X 4n-9 -l ̂ . ( 2 ) 

where c<, X , A and n are the parameters. The effective two-body 

velocity-dependent potential is the average of potentials in 

52 



•̂ S and 3S states. It is the same as in our earlier paper (3) . 

For this potential and trial wave function given by Bos. (1) 

and ( 2 ) the variational calculation of the binding energy of 

the alpha particle gives the best values of the parameters to be 

n = 0, 0 .90F" 1 , X = 1.14F""1 and A = -1.38 (3) 

and the corresponding value for the binding energy is 30.1 MeV. 

The integrated cross section in terms of the summed 

oscillator strength f n f Q n is expressed (4) by the Eqj. 

int = (2 71 2 e 2 ' /MC) (4) 

= (2 u 2 e 2 - /MC) ( > ; n f o n ) T + ( T n
fon) s t a t i c 

£ 

+ on) vel.dep. (5) 

where (2» 3) 

'̂nc . . . . . . . . . . . . . . . 
,2 

( < n f o n ) T = (HZ/A) = 1 for He (6) 

< 5 n W static " ~( 4 M / 3 ; ^ ^static(r34) r 3 4 > . . ( 7 ) 

^ : n U v e l . d e p » = vel.dep. . + *vel 

• ' Vi t ( ^ 4 ) ^ 1 (8) 

( t n W a ? , C ^ nfon> static a n d ( ^ nfon>vel.deP. a r e t h e c o n-

tributions of the kinetic energy, the static part of the poten-

tial and the velocity-dependent part of the potential res-

pectively to the summed oscillator strength. We obtain the 

above ^expressions for ( a f o a ) s t a t i c and ( n f o n ) V el .de P . 

under the assumption that the static part of the potential con-

tains Majorana and Heisenberg exchange forces (2) (x, and y are the 
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fractions of Majorana and Heisenberg exchange forces respectively) 

while the velocity-dependent part has Winger character (3)„ 

We next evaluate < V s t a t i c ( ^ T ^ , 

U)5 ( r ^ ^ ) ^ and ( r ^ ) ^ for the wave function given 

by Eqso (1) and (2) by using the values of integrals given in 

the appendix of Re£, 3. Finally, using the values of para-

meters n , o C , X and A £_Cf. Eq. (3)J and the potential para-

meters given in Rejp. 3. we obtain from Eqs. (4) - (8) 

Lnt = (2T 2 e 2 tT /MC) £ 1.088 + 1.194 (x + iy)J . . . . . . " ( g ) 

= 101,1 MeVmb 'for x + - 0.5 Berber mixture)... (10) 

= 122.6 McVrab for x + £y = 0»<3 (Rosenfeld or 

Inglis m i x t u r e ) . . . . . . ( 1 1 ) 

Foldy (5) has shown that for a nucleus whose ground 

state wave Amotion is completely symmetric in the space co-

ordinates of all the nucleons (as iB the case with our. ato«±fled Irving 

Wave function for He;Cf Eqs(l), the bremsstrahlumg-weighted cross 

section is related to the mean square radius through the 
expression a0 

XTh = (4TT2/3)(e2/-fcc) [NZ/(A - 1) ] r 2 )j a . . . . . . . (12) 

where <r 2 >„ , = (1/Z) < 1 = H2 - R2 . . . . . . (15) 

In Eq.) (13) denotes the proton's coordinates, lit the 

^ 2 2 

centre of mass c o o r d i n a t e s r a n d Hp'afre the mean square radii, 

of the charge distribution in the nucleus and the proton res-

pectively. 
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Making use of transformations and method of integration 

given by Irving (6) , we obtain in a straight forward manner the 

mean, square/radius of 4He for the modified Irving wave function 

% [Of. Eq. (1)] to be 

oo 

2 -

105 x 2 1 9~ 8 n 

r 4 n~ 1 1 r 4n-11 
ioC + 2k J (c<+ X) /2 I 

+ A2 A 4 n ' 1 1 ] . . . . . . . . . . . . . . . . . . . . . ( H ) 

For the best values of the parameters n, <*,A and 

A given by Eq. (3) , Eq. (14) yields 

2 2 , 
X . J^Q = ^ " ^ » • • • • ' . . . . . . . . . s c . . . . . . ( 1 5 ) 

and < r 2 ^ = 1.55 F . . . . . . . . . . . . . . . . . . . (16) 

This value of the r.m.s. radius of the alpha particle is 

in reasonable agreement w ith those obtained from electron helium 

scattering experiments ( 7 E q . (12) and (15) gives 

<T~b = 3.08 mb (17) 

Table I shows the results of various theoretical calculations (2,8) 

of (Tint and and lists the current experimental values (9) 

We see from table I that for purely central forces without 

hard core (2) the value of CT̂  is very low (0.8 mb). It is satis-

factory to note that the present work gives a much better agree-

ment with the experiments (9) . For ^ n t we find that our value 

for the Berber mixture agrees better with the experiments (9) than 

that of Goldhammer and Valk (8) . The rather large value of 

Goldhammer and Valk may be attributed to the usually large D state 
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Table I . 

Values of integrated and bremsstra-

hlung-weighted cross section for ^He 

<n.nt (MeVmb) 

Serber Rosenfeld or ^ (mb) 

mixture Inglis mixture 

Theory8, 89 106 0.8 

Theoryb 86 102 1.23 

Theory0 107 2.73 

Present work 101 123 3.08 

Experimental 95+7 2.4+0.15 

(a) Ref. 2, with purely central forces w ithout a hard core. 

(b) Ref. 2. with central and tensor forces without a hard core 

(c) Ref. 8. Based on two-body interaction having a Serber 

exchange character ,with a repulsive core and 

tensor component. 

(d) Ref, 9. 
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probability of 10.6$. A comparison of our values of <T~Lnt with 

those of Rustgi and Levinger (2) shows that velocity-dependent 

forces increase ^~int:by about 1 4 f o r the Serber mixture. This 

is in agreement with the result of Dohnert and Rojo (10), who 

show that velocity-dependent correlations with Serber mixture 

increases by 14$ for nuclear matter.. 

In conclusion we remark that a comparison of our results 

with those of Goldhammer and Valk (8), establishes reasonably 

well the equivalance of hard core and velocity-dependent poten-

4 

tials in photoeffect calculations for He, Also the rî gsonable 

agreement of our values with those given by experiments, shows 

that our wave function [CF« Eqs„ (1) and (3) J and two-body 

potential given in Ref°3 [Cf. Eq. (2) to (7)J are quite good, 
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BINDING- ENERGY OP HELIUM WITH A VELOCITY-

DEPENDENT POTENTIAL 

S„Co Jain, ' 
Physics Department 

Allahabad University 
Allahabad 

and. 

3, K. Srivastava 
Physics Department 

Indian Institute of Technology 
Kharagpur. 

ABSTRACT. 

W.e have made a variational calcula tion of the binding 

energy of helium, using a two-body velocity-dependent central 

1 3 

potential both in S ard S states. We have used the two-

parameter Irving wave function and its suitable modifications 

with three and four parameters as trial functions,, Our 

results show that the convergence is rather slow., Obviously 

the maximum binding energy is .obtained for the four parameter 

wave functiono Our maximum value for the binding energy of 

helium is somewhat greater "than the experimental value of 

28.2 MeV but is in reasonable agreement with similar cal-

culations of Tang et al using hard core potentials. 
DISCUSSION: 

S. Mukherjee: Do you consider tensor force in your calculation? 

B.K. Srivastava: No. We have used only central forces. 
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PHOTODISINTEGATION OF DEUTERQN 

Shankar Mukherjee and Reba Mukherjee 
Physics Department , 

BanarasHindu University. 

Sum-rule calculations for the photodisintegration of 

deuteron were earlier carried out by Rustgi (1,2) using simple 

minded two-body central potential with and without hard core. In 

the present investigation we have re-evaluated the electric dipsle 

bremsstrahlung weighted cross section and the integrated cross 

section applying one of the latest two-nucleon phenomenological 

potential given by Breit et al (3) and a corresponding analytical 

deuteron wave function suggested recently by Kottler and Kowalski(4) 

The main object is to test views regarding two-nucleon potential 

and of the electromagnetic properties of nucleons. 

Following Rustgi (1) the electric dipole bremsstrahlung 

weighted cross section for the photodisintegration of deuteron 

is given by 

of deuteron. Using the radial wave functions u(x) and w(x) of 

Kottler and Kowalski, we get 

CT" 
Jk 

where denotes mean square radius of the charge distribution 
^ 'art 

= 3'8/dfS. £ 
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Here x = p.r, y is the inverse Compton wave length of neutral pion 

and r is the internucleon distance. Therefore the root mean square 

radius is 

f a > = 1 .954 fm ' (3) 

which is in good agreement with the experimental value 1.96 fm 

obtained from electron scattering experiments. Substituting 

/r9-^ in equation 1 , we get 
^ /on 

0~L b 3.49 mb (^.J 

In the sum-rule calculation of Rustgi (2) it is shown 

that for central interaction of the form "V*(T) [ 1 + P M •+• ij 0 P
 H J ^ 

the integrated cross section for the photodisintegration of 

deuteron may be 'written in the form 

<T7t = 30 [ l - | -M, / v ( r ) r* j e l f ] MeV-ji 

where Xq and yQ are fractions of Majorana and Heisenberg exchange 

forces present in the two-body interaction and ^ is the ground 

state wave function of deuteron. In the present investigation 

we have calculated only the contribution of the one pion exchange 

potential (OPEP) to the integrated cross section. The effect 

of other terms in the Yale potential to is under investi-

gation. However, it is expected that major contribution to 

will come from OPEP. We have used the following form of 

one pion exchange potential 
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V < ' > = ' : V. [ i t s , , (1 (6) 

where Vq = 10.81 MeV. It is apparent that OPEP given above has 

a strong tensor part and relatively weak central one. It explains 

high energy nucleon scattering and Iwadare (5) finds that it also 

ensures agreement with quadrupole moment and binding energy of 

deuteron. Assuming the same parameters xQ and yQ for tensor 

force and carrying out angular integration and spin summation 

we get 

^ i n t = 3 0 £ 1 + ° ) X j MeV-mb ( ? ) 

where the integral I is given by 

i = J [ ( u s + w " ) + ( * s $ u » / - i + j y j x e - y * 

0 

The numerical estimation of the integral I has been 

carried out in the GDC 3600 Computer of Tata Institute of Fun-

damental Research. It is found 

I = 1.5174 (9) 

substituting this value of I in Eq. 7, we get 

^ i n t = 30 [ l + 0'SJf.(xo+Jo)] M e V - ( 1 0 ) 

The coefficient of ( Xq + yQ ) is thus 0.54 instead of 

0.37 and 0.40 obtained by Rustgi for central force. The values 

of calculated from Eq. (10) are now given below: 
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| 
Mixture I X 

0 

! 
int 

(MeV - mb) 
Theo. 

int 
(MeV - mb) 

expt. 

Rounfeld 0.93 -0.26 40.3 39 

Ing'lis 0.80 0 43.0 
» 

Serber 0.50 0 38.1 

We conclude from the present calculation that the presence 

of strong tensor interaction and. a mixture of about 1°/q D-state 

have enhanced the value.of Nevertheless the calculated 

values are .in good agreement with experiment for Rosenfeld and 

Serber mixtures. Further the agreement of the theoretical values 

of mean square radius and CT̂  of deuteron with experiments tests 

the validity of the ground state wave function used in the present 

calculation. 
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AN OPERATOR DERIVATION OP CERTAIN RECURSION 

RELATIONS BETWEEN RADIAL MATRIX ELEMENTS 

OP THE COULOMB FIELD 

R.G-. KuJ.kami and N.V.V,J. Swamy 
Depart.rBnb of Physics 

Kar nat ak Un iv er w ity 
Dharwar-3• 

INTRODUCTION: 

Paste mack (1) was able to arrive at two different 

recursion relations between the radial coulomb expectation 

values for positive and negative integral powers of r. 

He made uee of the contiguous relations between the general-

ised hypergeometric functions and the result seemed as 

though it is an accident related to the mathematical structure 

of the .hydrogenic radial wave functions. On the other hand 

in case of Dirac coulomb matrix elements there is no such 

recursion relation available. 

It is the purpose of this paper to point out that the 

Pasternack result has a deeper meaning traceable to the 

symmetry properties of the non-relativistic coulomb field. 



The Pasternack result is 

9 * 9 \1 ] 

and 

(q I 9 \rt 9 V > V ^ I t L 2 v _ X • 1 _ 

THE DERIVATION POR £ =(= ° 

If we define w h e r e $ = ^ 

Then we can easily- see that for any integer 

[Lpn ,rtJ.. ( i n t h e u n i t s £ = c = l) . . . (2) 

And [ f r ^ r ^ - t f r f r t - ^ Z j y t - l i ^ (3> 

Now we consider the commutator of with M where H is 
A / 

non relativistic = -prz . Z ^ ^ being Sommerfeld fine 

structure constant. Remembering can be written as 

is a pure angular operator 

and commutes with any power of r. 

therefore we get ^Ol + ' ) ' i f a ^ 
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Taking the expectation value of the equation 5 between, the 

bound state eigen function jNtrnfsWe get 

Also consider 

- A U ' i y l to 3 + H _ L_ . . . ( 6 ) 

As we have j o ^ - ( H - ) • • • (7) 

Defining % ^ - T • V Y . . . (7a ) 

and / y A ^ > F I 

77 e notice 

F ' - P / A K f ? . = - — ( 7 < 

The operator in equation 6 can be written as 

i f 
l L 

6 6 



Then taking expectation value of both sides with respect to 
A 

we see that 

If ^ + 0 we can divide by and we get finally setting 

V " r ^ ' f t V ' 

And it can be shown that the same result holds good for (^j 

positive powers of r also and can be written in the form 

K \ 5 \ f 

- - Y / o ; 

Where aQ is the first Bohr orbit radius • ] 

V . exjv}/ 

So we see that w ithout any appeal to the properties of 

the contiguous relations of the hypergeometric functions we 

are able" to arrive at the recursion relations based only oni 

operator algebra. The i are basis vectors (in the subspace 

of the Hilbert space H N ) connected with the irreducible 

representation of the group X 5 (/& an(* ^ is important 

to note that the symmetry of H underlies the Pasternack result. 

One of us (R.S.K) is indebted to the D.A-E. for a 

research grant. 
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DISCUSSION: 

S.C.K. Nair: What is the implication of this on the question 

of symmetry? 

H.G. Kulkarni: Only non relati-vistic Coulomb problem is invariant 

under 0(4) and only due to that v/e are able to have a three term 

recursion relation for the Coulomb expectation value of Y ^ . 

The Dirac Coulomb problem is not invariant under 0(4) and there 

is no recursion relation available in that case. 
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NUCLEAR STRUCTURE STUDIES USING REALISTIC 
NUCLEON-NUCLEON INTERACTIONS 

Yeshwant R. Waghmare 
Department of Physics, 

Indian Institute of Technology 
Kanpur. 

Por more than thirty years the existance of neutrons 

and protons as nuclear constituents has been established. Prom 

the fact that the protons and neutrons can remain 'inside* a 

nucleus, it was obvious that the overall nuclear potential 

must be attractive, However, the nucleon-nupleon potential 

could not be purely attractive. If this were so there would 

hot ha-fe-been ' saturation' of nuclear forces- This can be 

understood in the following way. If the nucleon-nucleon poten-

tial were purely a ttractive and be approximated by a square-

well potential of range b and a well depth V , a system of A 

nucleons would 'collapse' to a sphere of radius b/2 and the 

2 

energy of the nucleons.would be proportional to A . On the 

other hand, the potential energy of such a system is pro-

portional tb the number of interacting pairs, i .e. A(A-t)/2. 

This is not compensated by the kinetic energy for the following 

reason. The kinetic energy of such a system is given by 

Where fcK^ is the momentum of the ith particle. If we assume 

that all the nucleons are on the surface of the nucleus in 

which case they all will have the maximum momentum K f (known 
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as the {Permi momentum®) then, 

Z"n- sr ^f 
is '3 

AS ^ , one obtains, 

£ 1 ° < A % (3) 
© 

It is, therefore, clear tnat the kinetic energy of the system 
\ 

is not enough so as to compensate the potential"energy for 

the system to be stable. It was also observed from scat-

tering experiments that the 'exchange forces' are not 

sufficient for such a compensation, Thus, there must be some 

additional repulsion somewhere„ '-The experimental infor-

mation about such a repulsion was obtained from the nucleon-

nucleon scattering experiments. In these experiments it was 

observed that "the nucleon-nucleon potential is attractive upto 

a certain distance and then it turns repulsive (Figure (1)) , 

The extension of the repulsive region is CY^O.4 fermi 

(1 fermi = 10"* Jcm.) if one assumes 'infinite repulsion' in 

this region0 ^infinite repulsion* is, of course, far 

from reality and is assumed only for mathematical simplifi-

cations in nuclear structure calculations. The tendency among 

physicists these days is to explore the possibility of con- _ 

structing some better and finite-repulsion potentials which 

can effectively replace the 'hard core' ones. Attempts to 

construct non-local, velocity dependent, and 'soft-core' 

potentials have also been made. However, they have gained 

only a limited success. It nay be mentioned that, recently, 
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there have also been ao me attempts to derive the nucleon-

nucleon potential from dispersion relations by exchange of 

mesons. Calculations of nuclear properties with such poten-

tials have not been attempted so far. 

•Now» when two nucleons interact, their wave functions 

get modified. Therefore, in calculations one must use modified 

wave functions and unmodified interaction. Conversely, if 

unmodified wave functions are used, then the interaction must 

be modified. The calculations with the modified interaction, 

which is commenly known as the k-matrix or the reaction 

matrix, have had only a limited success. It has, therefore, 

been a g-eneral practise for the last ten years to use a 

'p lenomenological effective interaction' containing few 

parameters which are fitted to reproduce the experimental 

results. 

If one wants to use the 'realistic potentials' in 

their form in nuclear structure studies, due to the singular 

nature of these potentials, one is confronted with the 

problem of infinities. An elegant approximation method has 

been proposed by Maszkowski and Scott (1) to deal with this 

problem, ^he philosophy of their prescription is as follows. 

One knows that the overall nucleon-nucleon potential is 

attractive. One also knows that it possesses strong repulsion 

at the centre (figure (1)). If one considers only the repulsive 

part of the potential, then the phase shift due to this part 
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alone is attractive and the energy is positive. On the other 

hand, if one takes vtfoole of the potential i .e. repulsion 

plus all of the attraction, then at low energies, the phase 

shift is positive. In other words, the attraction more than 

compensates the repulsion. Thus if one finds that part of the 

attractive potential which along with the repulsion gives 

zero phase shift, then the interaction energy is due to the 

remaining part of the attractive potential alone. In other 

words, the potential V is divided into a short range part V(s) 

and a long range part V(^) in such a way that the phase shift 

(and consequently the energy) due to V(s) is zero (figure 

(2)) . Then V(^) alone contributes to the interaction energy. 

The distance d of separation of V(s) and V(£) is known as the 

'separation' distance. Due to this valuable prescription it 

became possible to use the 'hard core' potentials in nuclear 

structure calculations. There are two gDod potentials of this 

nature which are derived from nucleon-nucleon scattering 

experiments, namely, 1he Hamada-Johnston (2) and the Yale (3) 

Potential. 

However, even if a nucleon-nucleon force were not 

singular, in shell model calculations one approximates the 

interaction by considering the effects of only a few shells. 

One also neglects the renormalization of the effective 

interaction due to a dmix.ture of high-energy orbitals into the 



nuclear wave function, which arise from the repulsive nature 

of the potentisi.1,, It is not possible to treat these high 

energy admixtures by a variational principle. However, some 

prescriptions can be given which would lead to the definition 

of the effective interaction. This can be achieved by using 

a unitary model approach (4)0 

Let as consider a general Hamiltonian, 

n»l H I (i> 
where the potential V ^ may have a hard oore. It is useful 

to define an effective Hamiltonian in the space of uncorre-

cted functions as, , ̂  

... . r ^ h / s 
, _ A. 

iS 
where e a unitary operator. Carrying out a cluster t&capan-

sion one obtains, 

(3) *vt <prs ^ r 

/ - ( V < 3 0 > * * + 

Further, in order that one could use harmonic oscillator 

functions (which are convenient to handle) it is useful to 

introduce a term, 

* c ^ ^ 

I T 4 " < < 4 % / ^ ft) 
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where, Û  and U2 are one-body harmonic oscillator potentials; 

^ Z ' x l ^ ^ z l ' ^ may be shown that for the short 

range correlations the added term has only a small effect on 

the matrix elements of H These short range correlations 

are introduced in the wave functions by the unitary operator 

iS . c e as, >4,0 r /c\ 

— ~ SrVtcW; 
f n j

 v <J 

T" 
where are the uncorrelated wave function. 

Further more, l^xcan be expanded In a harmonic oscillator 

basis as, 

= L Q 

Substitutions of (4)-(6) in (3) gives, 

In equation (5)9 we have neglected the coupling between 

different states that arise? from tensor force. In othesr 

iS 

words, e induces only central correlations. One also knows 

that, second order tensor force gives large contribution to 

the binding energy. Therefore, it must also be included in 

(7). Thus, can be written more generally as, 

1 i I 

• 1 
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where is the off-diagonal tensor force, Q is the Pauli 

op era to©- and e is the energy denominator. Effective inter-

action given by (8) can now be used for nuclear structure 

calculations, 

Hartree-Fock calculations using the Yale potential (3) 

have recently been made (5) 

It is clear that the theory gives good results for 

the single-particle energies, spin-orbit splittings, root-

mean-square radius and binding energies. Other calculations 

such as energy levels ant,Hartree-Fock for the excited states 

are in progress. An attempt of deriving phenomenological 

effective interaction from matrix elements of the realistic 

potential is being made by Dr. Mehta and myself. They are 

still to be finished though calculations for the central 

force for the Yale potential are almost complete. 
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Table I . 

16 " 
Results of Calculations for 0 using the Yale 

Potential (b = 2.09 Fermi). Results of other 
authors are given for comparison. 

Quantity 

— » . — 

Brueckner 
et al .6) 

Kerman^ 
et al. ' 

Present 
Calcula-
tions . 

Experi' 
mental 

B.E./A (without Coulomb 
and c.m..) in MeV ^2.41 -7.75 

B.E./A (with Coulomb) in 
MeV - • - -2.02 - -1.44 -6.8 

B0E0/A (with c.m.) in 
MeV — -3.22 • -8.58 — 

B.E./A (including Cou-
lomb and c.m.) in MeV — ' -2.26 -7.84 -7.98 

R.M.S. radius in fm. 2.40 2.38 2.33 -

Charge radius in fm. 2.41 2.42 2.35 2.64 

0 p 5 /2~ 0 p l /2 sP l i" t t i r ig 

im MeV. 4.1 10.2 8.28 (9 .0) 

* 
The results reported in this column do not contain second- -

order corrections. 



Table II . 

Single particle energies (E) and expansion 

coefficients (C ) obtained in calculations 
*16 

for 0 with the Yale Potential. 

Particle State 0, 
s1/2 

0 3 
3/2 

0, 
1/2 

E -62.87 
n -31.28 . -22.94 

Neutron 

G 
0 .921539 .875073 .893617 

- .360736 - .364090 - .315034 

.143652 .318882 .319692 

Ep -58.96 -27.54 -19.26 

Proton 

.923978 

- .347727 

.159221 

.879652 

.347254 

.325003 

.899259 

.2955589 

,322428 

W 



Table I I I . 

Table of Calculated and Experimental 
Results for 40Ca wi-th the Yale Poten-

tial . 

Results Results Eresent Experi-

BLR6) 
of Calcula- ment 

Quantity BLR6) * 
Kerman tions (MeV) 

(MeV) 
et al7^ 

(MeV) 
(MeV) 

- 1 0 . 2 6 

1.84 1.83 

-0.32 - 0.27 

3.89 -3.74 - 3.75 -8.55 

11.35 6.23 

7.20 10.93 

R.M.S. radius in fm 2.88 2.96 2.89 3.52 

* 

The results reported in this column do not contain second-

order corrections. 

B.E./A (without Coulomb 
and c.m.) in MeV, 

Coulimb energy/A 

Center-of-mass 
correction/A 

Total (B.E./A) in MeV 

0 p -0p splitting in MeV 
1 /2 3/2 

^ 3/2""°^ 5/2 ^ i ^ i n g in MeV 
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DISCUSSION! 

T„ Pradhan: Are there interference effects between the two 

parts, of the potential? 

S.C.K. Hair (and confirmed by speaker): Yes, there are and 

these are partly taken care of. 

S, Mukherjee s(1)Does the separation distance depend on the 

states? (2) The operator S is undefined., (3) If S is undefined, 

how is it that H is hermitian, particularly after truncation 

at various stages? 

Y.R. Waghmare: (1) The separation distance does depend upon 

the angular mornentrum of the state as well as the number of 

nodes in the wave function fcr a state. We have calcxilated 

matrix elements using these facts. (2) The only restriction 

on S we put is that it is a two-body Hermitian operator. It 's 

is 

exact structure is known. However, the operator e induces 

short ratine correlations. (3) We assume that the three-

body and higher order contributions to the effective inter-

action are negligible. This in fact can be noticed if you 

take Jastron from for the correlation function. In that sense 

the truncated Hamiltonian can be assumed to be almost Hermitian. 

C.S. Yifarke: In Nuclear spectroscopy the two body interaction 

depends on the nucleus. Does it, in this case? 

Y.R. Waghmare: Yes, it does. The matrix elements we have 

calculated are density dependent and, therefore, somewhat 

different for different nuclei. 
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A.So Divatia; Is tills method selectively applicable to certain 

types of levels or is it uniformly applicable? 

Y.R. Waghmare s In principle this method is quite general. 

S.C.K. Nair; (1) Was the separation.distance calculated even 

for making the off-diagonal matrix elements of the short ranged 

part of the two body interaction zero. (2) Why isit necessary 

to introduce the S operator? 

Y.R. Waghmares (1) The separation distance was calculated by 

solving the two equations, namely, 

(t, + K + f = C ,̂ + ) ^ 
for each state and each number of nodes. The short range 

correlations in ^ make the contributions from short range 

part of the interaction zero. (2) The advantage of intro-

ducing the S-operator is that, one can make a cluster expansion 

of the two-b:>dy interaction in various states and making "the 

contributions from the short range parts negligible. This 

car. probably be achived in some other way also. 
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DOUBLET SPLITTINGS USING REALISTIC FORCES 

Meera Moorthy and Y.R. Yfaghmare 

Department of Physics 
Indian Institute of Technology 

Kanpur. 

ABSTRACT. 

Doublet splittings for T = 0 and T = 1 states are 

calculated using the matrix elements for the Yale potential 

of Shalcin, Waghmare and Hull. The results are compared with 

the experiment as well as those obtained by other authors. 

The implications of configuration mixing is indicated. 

DISCUSSION: 

S.N. Mukherjee: How large are the off diagonal elements when 

you include the tensor part? I think neglect of off diagonal 

terms is not correct because Yale potential has a strong . 

tensor part. 

Y.R. Waghmare: The off-diagonal matrix elements of the tensor 

force are certainly large and we have included those in our tables. 
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P. Mukherjee: Don't you think that the experimental data on 

doublet splitting is rather unsatisfactory at present? 

Y.H. Waghmare: I am not so sure. If one assigns configurations 

for the 'doublets' in experimental data, then the theoretical 

analysis of these doublets alone gives us some idea of 

relative configuration mixing in the two states which form a 

doublet. 
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PHENOMSNOLOGICAL POTENTIALS AND REALISTIC FORCES 

G.K. Mehta and Y.R. Waghmare 
Department of Physios 

Indian Institute of Technology, Kanpur 

In the past decade most of the nuclear strucutre cal-

culations have been based on phenomenological potentials by 

considering spin and space exchanges of two particles. These 

exchanges had the well known Wigner , Majorana, Bartlett and 

Heisenberg forms. At the. same time the experimental as well as 

theoretical work on nucleon-nucleon potentials revealed that such 

exchange mixture is inadequate to provide 'saturation'. In 

order that the nuclear forces saturate, there must be some 

additional repulsion in the force. In effect, some potentails 

were developed, such as the Hamada-Johnston (1) and the Yale (2) 

potential which satisfied the saturation requirement. However, 

due to their 'singular' nature, ar̂ y nuclear structure calculat-

ions with their direct use are impossible. 

t 

Recently, matrix elements of the Yale.potential have been 

calculated by Shaklin et al (3) using the separation technique. 

The matrix elements of the potential in various states a re 

obtained as a function of the oscillator parameter b = . 

These matrix elements contain the sum of first and second order 

contributions from the diagonal elements of all the terms in 

the Yale potential. An attempt is made here to evaluate the 
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parameters of the phenomenological potential using the Yale 

potential matrix elements. It is obvious that if this is 

possible, then the set of parameters one obtains would be best 

suited for nuclear' strucutre work. Another advantage in this 

approach is that one uses harmonic oscillator wave-functions 

(which are conveninent to handle) in evaluating the matrix 

elements of the two body interaction. 

A phenomenological central two - body interaction is 

written as, 

H 1 2 = (W Ay + M Am +-B Ab - H Ah) f(r) (1) 

where W is the Wigner 'unity' operator, M is the Majorana (space 

exchange), B is the Bartlett (spin exchange) and H is the 

Heisenberg (isospin exchange) operator. The A's are the co-

efficients signifying contributions due to various exchange 

forces. For, a definite isospin sp in state* one can write 

(1) as, 

H 12 = + ( 2 ) 

H12 = (cXr + k r ^ . ^ ) f ( r r ) (3) 

where T = 0 or 1. For f(r) we choose the Gaussian form, namely, 

•«-(r/r \2 

e v ' o; _ where rQ is the range of the potential. The constants 

a^, b and r are chosen to give the best agreement of the matrix 
Jm 

elements of the potential defined in (2) and the Yale potential 

matrix elements (3). 'Ihe closest agreement is obtained for the 
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following values Of these constants: 

ao 
= - 14 1 . i MeV 

bo = - 31 •z . J MeV 

a1 = - 25 .7 MeV 

b1 = + 4 .9 MeV 

=; 1 .4 fm 

(4) 

If we use customary normalization, 4-(a - 3b) = 0 .6 , we 
»o 

obtain V = - 67.30 MeY. The constants A,,., A,., and ATT o 17 M' B H 

now become, 

AW = - 6,7 MeV 

AM = - 36.2 MeV 

A 3 - 26.4 MeV (5) 

ATT = + 26.7 MeV 

Comparison• of the calculated matrix elements of the force 

given by (2) with those obtained from the Yale potential using 

the constants iii (3.) is made in table I . 
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Table I . 

Comparison of the phenomenological and cal-
culated "realistic" matrix elements 

I 
ne 

Calculated Phenomenological 
I 
ne 

T = 0 T = 1 
(Gaussian Integrals 

.0923 .0961 .0394 

*1s 
.0905 .0826 .0894 

J2a 
.0762 .0601 .0798 

b * 
.0590 .0379 .0711 

hs 
.0401 .0167 .0631 

% .0161 .0179 .0179 

.0271 .0013 .0520 

. 0389 - .0273 .0354 

X3P 
.0521 - .0576 .0387 

^ d 
- .0011 .0058 .0036 

I1d 
. 0102 .0093 .0083 

.0136 .0135 .0121 

X3d 
.0124 .0166 .0163 

Prom table I we observe that the over all agreement 

is satisfactory. The discrepancy in p states arises due to the 

nature of the realistic force, For example, some triplet 

p-state matrix element at pf the Yale potential change sign (3') 

for n > 2 or 3. In table II a comparison of the present force 

is made with those obtained by other authors. 

37 



Table II . 

Comparison of forces obtained by various authors. 
These are normalized as (a - 3b)/V " = 0 .6 . Column 

2 contains Â  ̂  ' = + b) 

Mass A 
Numb er 11 V ro P t f i a l Reference 

(MeV) (fermi) s n a ^ e 

Elliot and F1ow er s 18 -0. 26 -43 .3 1 .40 Yukawa (4) 

Raz and French 43 +0. 20 -30 .0 2 .70 Gaussian (5) 

True and Ford 206 0. 0 • -54 .1 2 .65 Gaussian (6) 

Rosenfeld 16 -0. 33 -35 .6 1 .40 Yukawa (7) 

Band et al . 206 +0. 26 -60 .0 2 .00 Gaussian (3) 

Peaslee 16 0. 0 . -60 .0 1 .40. Yukawa (9) 

Waghmare d-s 
shells 

0. 40 -63 .0 2 .06 Gaussian (10) 

Barker 16 0. 33 -77 <>3 1 .40 Yukawa (11) 

Present Calculat-
ions 

— 0. 31 -67 .3 1 .40 Gaussian 

From the analysis it is clear that the parameters in (3) 

(which include the first and second order contributions of the 

diagonal part of-the forces of the Yale potential) provides 

a useful phenomenological force for nuclear strucutre claculat-

ions with harmonic oscillator wave functions. It is also 

interesting to note that the "phenomenological-realistic" 
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force is of shorter range compared to the one generally used 

(see tahle I I ) . Calculations of the parameters of the off 

diagonal tensor force are in progress. However, we feel that this 

five parameter model is not sufficient to account for the 

general nature of the realistic force, and a sum of two Gaussians 

may improve the picture considerably. 
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DISCUSSION: 

N. Sarma: To what extent are you playing the parameter game? 

G.K. Mehta: There are only five parameters as long as one 

restricts to single Gaussian. By comparing with realistic 

potential matrix elements we have tried to get a reasonable 

Phenomenological potential, presumably independent of mani-

pulations. 

P. Mukherjee: The plot of E vs b shows that there is no sharp 

minimum. So, how sensitive, do you think, your parameters 

are to this oscillator parameter b ? 

Y.R. Waghmare (Comment): 

The trend of the curve^depends upon how many number of 

nodes are used in the expansion of the orbitals. If large 

number of nodes are used, you m i l get a straight line as energy 

becomes 'independent of the oscillator parameter b. The matrix 

elements of the interaction as a function of b, of course, do 

not have any adjustable parameters. 

Y.K. Gambhir (Comment): 

I would like to mention the work of Clark and Elliot which 

is in similar spirit as yours. They take the matrix elements 

obtained by fitting the observed in the entire mass region for 

comparison. In their potential they also include the tensor 

as well as L S terms. They have also done qualitative com-

parison with the parameters of Hamada Johnston potential. 
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S.U. Mukherjee: Have you oalculated the low lying excited states 

of some nuclei to test whether the parameters of the potential 

obtained in the present calculation are reliable. 

Y.H. Waghmare: We have as yet not attempted any specific cal-

culations. We have still to calculate the parameters of the tensor 

forces. 

D.K. Sood: What is the procedure for seeking an optimised set 

of these parameters? Do they comprise a unique set? 

K.H. Bhatt (chairman) remarked that errors should be assigned 

to these numbers and the chi-squared test will'give the answer. 
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STATISTICAL APPROACH TO THE PROBLEM OF 

CONFIGURATION INTERACTION 

Nazakat Ullah 
Tata Institute of Fundamental Research, 

Bombay-5. 

ABSTRACT. 

A statistical method is developed to attack the 

problem of configuration interaction. It is shown that under 

certain conditions the ground-state properties of a system 

may not be too much affected by the mixing of higher con-

figurations. An expression has been derived for the mean-

square deviation of the expectation value of a quantum 
v 

mechanical operator in the ground state. Various models 

are constructed to estimate this meansquare deviation. 

Not presented. 
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ESTIMATION OF THE (t,p) REACTION REDUCED WIDTHS 

FROM SURFACE-DELTA INTERACTION WAVE-FUNCTIONS 

K.V. Chalapati Rao and P. Mukherjee 
Saha Institute of Nuclear Physics, Calcutta 

Recently, Green and Moszkowski (1) have proposed a surface 

delta interaction of the type V * ' 5 • 

as an effective interaction between nucleons in nuclei. This 

equivalent to a delta interaction in the angular co-ordinates of 

the interacting particles • 

\ / i k = -kwG • s 0*.*) - - ( j r ) 

with the additional assumption that the radial integrals for the 

different configurations are all equal for a particular nucleus. 

The surface-delta interaction has been applied here to 

3b $6 
construct the level structures of the nuclei 0, Si, Ca and 

5ft 

Ni. The antisymmetrised matrix elements, in jj-coupling scheme, 

of the SDI (II) between the states (jajt,)^" i S g i Y e n 

(2) by 

where 

^ ( j . j j - c - r ^ . * - t u &L 
0 

4 L + i t ~f J is even and zero otherwise. Gi is the stren-

gth of the interaction which is to be adjusted to give fit with 
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experimental levels. The condition H^-f/l'+J^ is even shows 

that only natural parity levels will be affected by the inter-

action , 

The configurations mixed in our calculations are : 

(1A 5 / 2 , 2 S i / 2 , 1d 3 / 2 ) for 1 3 0 ; ( 2 s l / 2 , for 3 °Si ; 

, 2p1^2»
 1 f 5 /2 ' 1g9/2^ f 0 r a n d s i n S l e part-

icle energies of the above configurations are taken from the ex-

1 7 2 9 4 9 5 7 
perimental levels of the nuclei 0, Si, Ca and Ni. The 

1 8 

fit is satisfactory in all cases except 0, where the discre-

pancy is understandable, since core excitation is important in 

1 80 (3).-

The SDI wave-functions were used to explain a recent ex-

perimental result on (t,p) reactions (4). Data on L = 0 (t,p) 

transitions show that when the ratio of excited state intensity, 

to ground state intensity 'O^/p- is plotted against the neutron 

number of the residual nucleus, it shows an abrupt fall beyond 

N = 23, 

The differential cross-section for double-transfer react-

ions is found to be (5) an incoherent sum over L, S, J and T of 

I | £ < W ( E ) 
Here, B™ is the transfer amplitude and recent results (5) indicate 

R» JJ 

that it varies slowly from one 0+-state to another over the entire 

mass range and the variation nay be neglected in finding the 

ratio of cross-section. G, in eqn. (IV) is the structure factor 
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given by 

— < £ ) 

3 = 1 y = 

— y j " otleh^lse . 

The bracket is the Moshinsky bracket. 

gives the overlap of 

the relative motions of the two nucleans in the residual nucleus 

and in the nuclide. Its values are calculated following 

Glandenning (5). 

jQ^ is the parentage factor connecting the nucleus (A' + 2) 

to A and measures the extent to which the nucleus (A + 2) in the 

state in which it is formed by the reaction appears as the ground 

state of the nucleus (A) plus two neutrons in the state 
y n, It n3 , LpSpT , T . In the special case when the target 

is a closed shell nucleus, J = o and 

R r f l > % J ' l c r /-rr-\ 

' = C W * ) T a T , { ' * # j t j • - t r r , ( J L ) 

Here C 5 are mixture co-efficients, known from the wave-functions. 

a. 
The ratio of cross-sections is computed as j ^ Q. j 

ZAC-

r 
for the reactians 1 6 0 (t,p) 1 8 0 ; 2 8Si (t,p) 3 °Si , 43Ca (t,p) 5°Ca 

cc no 
and Ni (t,p) Ni. The results are given 
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Table I, 

SDI Wavefunctions 

Nucleus 
Basic 

States 
Excited State Ground State 

1 3o 

( a 5 / 2 ) 2 

( s , / 2 ) 2 

( d 3 / 2 ) 2 

- 0.3691 

o 3&1 

- 0.0497 

- 0.9150 

-0.3533 

0.1945 

3 0 Si 
( s l / 2 ) 2 

( d 3 / 2 ) 2 

0.5616 

- 0.8274 

0.3275 

0.5614 

50Ca 

(P 5 / 2 ) 2 

(f5/2)
2 

( p l / 2 ) 2 

( s 9 / 2 ) 2 

- 0.2701 

0.8817 

0.2409 

0.3026 

0.9461 

0.1686 

0. 1707 

0.2174 

( p 3 / 2 ) 2 

(V2> 2
2 

( p 1 / 2 ) 2 

- 0.2522 

0.8162 

- 0.5198 

0.95291 

0.3030 

0.0135 

in Tables (1) and (2) . It is seen that the ratio exhibits a sharp 

decrease after N = 28 of the residual nucleus in agreement with 

experiment. Since the double-transfer reactions are very sensitive 

to configuration mixing in the residual nucleus, the fair agree-

ment of our results with (t,p) reaction data is an indication that 
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the surface-delta interaction is a satisfactory effective inter-

action in the mass region studied., 

Table II . 

Values of Gross-section ratios 

Reaction 

l6 Q (t ,p) 1 8 0 2.6334 

2 8 Si (t ,p ) 5 0 Si 0.3999 

4 8Ca(t,p) 5 0Ca 0.0064 

5 6 N i ( t , p ) 5 8 M 0.0823 

\ 

REFERENCES: 

1. Green ani Moszkowski, Phys. Rev., 139B, 790 (1965) 

2. -.Plastino, Arview and Mosgkowski, Phys. Rev., 145, 337 (1966) 

3. Engeland, Nucl. Phys., 72, 63 (1965) 

4. Hinds et al, Phys. Letters, 21,, 328 (1 966) 

5. Glandenning, Phys. Rev., 137B, 102 (1965) 

DISCUSSION: 

Y.E. Gambhir: The surface-delta ( S - £ ) interaction has the 

same character as the pairing interaction used by Kisslinger 

and Sorensen (KS). Therefore it will be interesting to see 
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whether the S-^v/ith the strength of KS explains all the 

features you mentioned or not. It will also show, how mix^ 

this strength has to be modified to explain these features? 

K.VoN Ghalapati Sao: That is true. But the main purpose is to 

see whether the effect found by Hinds be reproduced by con-

ventional shell model and surface-delta interaction was used 

only for the sake of simplicity. 
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MODIFIED NILS301 ORBITALS AND THEIR APPLICATIONS 
IN THE ANALYSIS OF (d,p) REACTIONS ON EYEN-A RARE EARTH NUCLEI 

G. Rama Krishna and P. Mukherjee 
Saha Institute of Nuclear Physics, Calcutta 

It has been well established that the Nilsson orbitals 

provide a useful tool for understanding and predictii^g the observed 

properties of rare earth nuclei. Subsequent experimental work 

through (d,p) reactions on the«e nuclei suggest that the wave fun-

ctions tabulated by Nilsson do not give correct cross-section 

ratios among, the levels uf a rotational band and also that the 

decoupling parameter for the PI = 1/2 bands show a systematic de-

viation from the values predicted by Nilsson1 s wave functions. As 

such an attempt has been made to modify the wave functions incor-

porating the recently observed single particle states which are 

much different from those of Nilsson's into the Nilsson Hamilto-

nian. Figure 1 indicates tue fit with the experimental levels in 

the rare earth region. Nine of the twelve levels are in agreement 

with J-= 0.033 and/a-- 0 .35 ; 1(13/2) ana h(9/2) levels have 

been brough into agreement with different sets, indicated in fig-

ure 1 by asterisk and cross respectively. The need for a dif-

ferent-choice in the case of '1 * levels can be attributed to the 

fact that 1(13/2) level crosses from one major shell to the other 

with a large spin-orbit splitting and as such needs a large spin-

orbit coupling parameter. 
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The single particle states have been calculated with this 

Haciiltoniaw and these are found to be" much different from those 

of Nilsson as can be seen from figure 2 which is a plot of 

E j/fc ojf Cs) vs. deformation b for the N = 6 shell. The de- -

coupling parameters have been calculated with our wave functions 

for the different K = 1/2 bands and these are found to have a 

better trend of variation t swards the experimental value. The 

cross-section ratios for the (d»p) reactions have been calculated 

for different relational bands in 165 DY, 177 Yb, 179 Yb and 179 Hf. 

A typical result is shown in figure 3 where E is the experimental 

yield and P the calculated cross-section. Similar calculations 

are in progress for other rare-earth nuclei. 

REFERENCES t . . 
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DISCUSSION 

209 
S.N. Mukherjees How do you know that Po is sphencial while 

adjusting K and^*? 

Go Ranakrishna: Stripping reaction data indicate that the 

states are purely shell model states. 

So Mufcherjee% Why do you put all the stress on the coefficients 
r . j 

Cj * and not on ^ A ? 

Go Raraakrishnas This is essentially a structure effect, so it 

has to do with the spectroscopic factor. We know <f> very 

accurately from DWBA analysis. 
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A Q UA SI -PART I CLE FORMALISM FOR EXCITED BAND 
IN EVEN-EVEN NUCLEI 

Harish Chandra and L. Satpathy 
Saha Institute of Nuclear Physi cs 

Calcutta. 

ABSTRACT. 

Application of the Hartree-Bogolyubov theory to the 

deformed nuclei yields the single quasi-particle energy 

spectra and a set of Quasi—particle wave function. This 

solution has been used to deduce R.P.A. equations for 

studying the excited bands of the deformed even-even 

nuclei. The calculation in s-d and p-f shell is in 

progress. 
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ALPHA-ALPHA INTERACTION POTENTIAL 

Rajagopal Shanta 
Saha Institute of Nuclear Physics, 

Calcutta. 

1 . INTRODUCTION 

The elastic scattering of oc particles by Sle has been 

studied at a wide range of laboratory energies from 150 keV to 

120 MeV (1) . However the present investigation is restricted to 

c.m. energies E 4 12 MeV because for these energies the phase 

shifts are more or less well detemiined. Further, the s, d and g 

partial waves alone contribute to the scattering at these energies. 

Ruesel et a l . , (2) and Heydenberg and Temmer (3) have dis-

cussed the qualitative features of the <*-* potential from the energy 

dependence of the phase shifts at low energies. Above 200 lceV the 

nuclear S wave interaction begins to contribute starting at near 

IT and smoothly decreasing with increasing energy and eventually 

becoming negative at about 10 MeV. This behaviour of the i0 phase 

shift indicates that there must be some spatial region in which 

the interaction potential is more repulsive than the Coulomb poten-

tial. The d wave phase shift first begins to contribute at 

1 .25 MeV. As the energy increases it begins to deviate from zero 

in the positive direction at an energy corresponding to an impact 

parameter of 5 F, and then passes through resonance. Above the 

resonunce the |= - beam-

ing negative at an impact parameter of 1 - 2F. This feature in-

dicates that the interaction has a repulsive core of radius 1 - 2F. 

At about 6 MeV, the g wave th* 

positive direction at an impact parameter of 5F and then passes 
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through resonance. 'Ihe behaviour, of d and g waves indicates that 

the outermost effect of the nuclear potential must be attractive 

followed by a Coulomb potential outside the range of the nuclear 

forces. 

The investigations of Van der Spuy and Pienaar (4) indicate 

that the phase shift data for oC-«c scattering cannot be represent-

ed by a velocity independent interaction potential even in the 

low energy domain. However their results indicate that a strongly 

1- dependent repulsive core and an outside ^.-independent attract-

ive square well potential yield a reasonable fit to the experi-

mental phase shifts for c.m. energies <3 MeV. Using such an 

interaction potential it is investigated whether it is possible 

to fit the JL= 0, 2 and 4 phase shifts for c.m. energies ^12 MeV. 

2. RESULTS AID DISCUSSION 

Assuming an infinite repulsive core of radius -yj-= 1.8 F, 

an attractive square well potential of depth 9.5 MeV and an outer 

interaction radius T̂  - 4F, a reasonably good fit is obtained for 

the S wave phase shifts upto E (C.M) = 12 MeV. This can be seen 

from fig. 1. With the same value of r̂  and V but v, = .8 F, the 

d wave phase shifts were calculated. The experimental 4 phase 

shift increases smoothly upto E (C.M.) = 5.44 MeV and then begins 

to fall monotonically whereas the calculated values show a steady 

increase upto 8.9 MeV and then a slow increase upto 12 MeV (fig.2) . 

The g wave phase shifts were calculated with the same values of 

rw and V but r, = 0. The experimental ^ phase shift just begins 

to contribute at about 6 MeV and then increases in the positive 
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direction. The calculated values of & phase shift also increase 
V-

vvith increase in energy but rather slowly compared to the experi-

mental values (fig.3) . These results indicate that the potential 
r cXp 

is not sufficiently attractive to reproduce b^ . 

A'li and Bodmer (5) have used a superposition of repulsive 

and attractive Gaussian shapes, for the nuclear part of the poten-

tials. They have first determined the attract ive part of the 

potential by fitting the phase shift. Then keeping the attract-

ive part f-independent they have fitted the and ^ phase shifts 

by varying the repulsive part. A similar procedure is being 

attempted in the present case also. 

REFERENCES 

1. P. Darriulat et al . , Phys. Rev. 137, B 315 (1965) and 
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3. N.P. Heydenbug and G.M. Temmer, Phys. Rev. 104, 123 (1956) 
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5. S. Ali and A.R. Bodmer, Nuclear Physics 80 (1966) 

DISCUSSION; 

P. Mukherjees Did you take into account the states of 8Be in your 

oC-°<- scattering analysis? 

8 
Rajagopal Shanta; Be has the following low lying states 

0 + at .094 MeV, 2 + at 2.99 MeV and 4 + at 11.79 MeV. 

8 

S.N. Mukherjee: What about the binding energy of Be? 

Rajagopal Shanta? I did not calculate the binding energy. 

I cslpulated only the phase shifts. 
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AN EVEN-Odd ANOMALY AT LOW ENERGIES 

M.Z. Rehman Khan and Israr Ahmed 
Department of Physics 

A.M.U. Aligarh 
U.P. India 

ABSTRACT. 

Evidence for an even-odd anomaly which suggests a 

higher strength of the real part of the optical potential 

for odd mass nuclei is briefly discussed.' Sitenko's theory 

which seems fairly satisfactory in explaining the difference 

between the imaginary parts of the optical potential of even 

and odd mass nuclei is found to encounter serious difficulties 

in predicting the real part of the potential. Our attempt 

to explain the even-odd anomaly in the strength of the real 

part has not been entirely satisfactory. Work to improve 

the situation is presently in progress. 

Not presented. 
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ON HIGH ANGULAR MOMENTUM RESONANCES IN 
NEUTRON CROSS-SECTIONS AT LOW ENERGIES 

Q.N. Usraani and M.Z.R. Khan 
Department of Physics 

Aligarh Muslim University, Aligarh 

An attempt has been made to investigate the high angular 

momentum resonances in neutron cross-sections at low energies. In 

this connection the Feshbach, Peaslee, and Weisikopf (1,2) theory 

was applied to the scattering of neutrons from a square well poten-

tial. We found that their expansion of the logarithmic derivative 

does not converge for high values of £ in the neighbourhood of the 

resonance energies. It, therefore,- needs modification. 

For a real square well potential we define resonance when 

the cross-section reaches its maximum value i , ^ . when 3T/2,, 

It can easily be seen that for the phase shift to become 7T/2 the 

following relation should be satisfied 

* = 1 + X V 0 0 = 1 + x n ' { x \ - B * ( Say ) . . . . . . (1 ) ( 
Y J T T M X ) S 1 L 

uhere, 

x2 = (X2 + X 2 ) , y2 = |f-~ Y R 2 , X 2 = E ll2. 

V being the depth of the potential. 

For very low energies the relation (1) reduces to 

B0£ = -1 i which is the same as assumed by several authors e.g(3,4) 

Feshbach, Peaslee, and Weisskopf have assumed f̂  = 0 as their 

resonance condition. It istherefore , obvious that this would 
» 

hold rigorously for S-waves only. 
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a a ui 

Since ¥ is a small quanity we have retained the condition (1) 

the resonance condition for a complex square well potential 

i .e . we formally define a resonance when the phase - shift 

becomes TT/2 with M = 0. The effect of W is to shift the -resonance 

slightly and this can be conveniently taken into account. 

v/e have derived the required formulae, valid in the neigh-

bourhood of the resonance, by expanding the logarithmic derivative 
T\J 

(treated as a function of energy and ^ ( ) at r - R around 

the resonance energy and ^ = 0, retaining terms upto second order 

in (J . The total cross-section for the /— partial wave 

has been calculated to be 

tt I i ' i c e n < * i ^ ^ • n / / i 

where 

<*t+i rru
 foceis- ^ c g - g , ^ y ) , ^ ^ 

— t a 

T7. / — — - is the neutron width; 

c E ^ - h is the total width; 

is defined to be the actual resonance 
-,S-Q> 

energy (scattering cross-section is maximum at E* 
s. and E is one 

S 

of the roots of the equation(1). 

hi H - ^ O / g f ) 
£S/S rO 

(tsl ~ at low energies can be approximated to 
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Absorption cross-section in the resonance region is 

a - U ) ^ Tr(stU'J zwr^i _ , , 

k* F f W M ' f f ^ 

If one considers the logarithmic derivative as a function 

of R and and expands it around R = Rg and = 0 , where Rg is 

the value of R which shows resonance behaviour with respect to 

R for a fixed energy, one finds that 

U ) ^ T r i i U j l r 

p
 L 4 

v - ( i , ) 

a = Z & d 

5 — 

X is one of the roots of the equation (1) 
s 

.One can alse derive the formula for the strength function, 

^ ^ n ^ where - ^ V ^ S is the average neutron reduced width and 
D • 

D is the average level distance. 

At low energies, for typical optical parameters, our 

resonance condition (1) can be satisfied upto [= 7, i .e . a real 

optical-potential would exhibit resonances upto X- 7 in scattering. 

c 
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At resonance the contribution to total scattering cross-section of 

partial wave is which for low energies would 

mean a great jump over the background. However, we found that at. 

low energies the realistic value of W practically wipes out the con-

tribution of high angular momentum resonances. For example, if 

we demand L - 5 to contribute significantly at about 1 MeV-, it 

would Be possible only if W is a few electron volts (where as the 

realistic value of W is of order 1 - 2 MeV at very low energies). 

Here, it would be probably interesting to point out that it seems 

to be generally believed that at low energies high partial waves 

are entirely insignificant due to centrifugal barrier. But as 

we have mentioned above high partial waves contribute significantly 

for a sufficiently small ¥. 

The average width of a many body high angular momentum 

resonance is- extremely small compared to the average width of a 

S-wave resonance. A rough estimate shows that for a medium 

nucleus near 1 MeV the average widths of high angular momentum (t^s^ 

resonances would be of the order of an election volt. Thus their 

experimental investigation would be a very difficult task. It, 

therefore, seems desirable to predict the situation where these 

are most pronounced. 

In the sprit of Lane, Thomas and Wigrier (5) we should 

expect that the best situation is where the high angular momentum 

single particle levels appear. Thus, our co nsiderations caa be 

of some help in the experimental investigation of many body high 

angular momentum resonances. 
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As a further application of our proceedure we have studied 

the validity criterion (for S«,wave the validity criterion has 

been discussed by Browh (6) of the intermediate Model (Lane, 

Thomas and Y/igner) for high partial waves. For a medium light 

nucleus and f = 5 we find E - E . ^ 38 MeV. This means E - E . s s' s s 

W, indicating the validity of the intermediate model for 

high partial waves. 

We have made calculations for a complex square well 

potential. They are of very general nature. It is, therefore, 

reasonable to suppose that the realistic diffusness will not 

change their basic nature. 

The work which we have reported here is in a preliminary 

stage. We are g©ing to apply it to some other situations. 
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6 l i AS A THREE BODY SYSTEM 

M.S. Shah. 
Physical Research Laboratory, Ahmedabacl-9 

and 

A.N, Mitr-a 
Physics Department, University of Delhi. 

°Li has been treated as a three body aystern consisting 

of a structureless • c<-particle, a proton and a neutron interacting 

through non-local separable potentials. Onlu the central s-state-

anrt p-state interactions are.tffeen for N-N a ad potentials 

respectively. These are as follows. 

<%\ = - V 
and * * * 

I I v > = - ^ Xi)f(%>) J ? r 
The oarameters X -and Q for triplet .and singlet states 

Tip "Up 

are token, from (1) , whereas ^ ^ and ^ are taken from (2). 

We have utilised the aa.ee procedure for °Li as in Mitra's 

earlier paper (3). Additional oonpelxity arises here, compared 

3 

to H due to the different masses of tJtxe nude on and the 

<X-particle, and the p-^ave nature of <x--N interaction;. 

It is well known that' the ground ci-ate 1/" of uLi is 

L = 0, S 1 . So T = 0 N-N force enters into the 3ehrodinger 

equation for thia state. r"he excited 0 + statu which is known to 
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be L = 0, S = 0 will be described only by T = 1 N-H force. 

Following the sane notations as given in (3) the wave-function 

for ^ii is represented by two Spectator functions G(p) a n d ^ F (p) 

which describe the ot-part icle and one nude on wave-fun ctions with 

respect to tv?o other particles respectively. These Spectator 

functions satisfy two coupled one dimensional integral equations 

but due to tho simplicity of the problem in our case reduce to 

only one integral equation, 

This integral eigiien value equation is solved on IBM 1620 

by constructing 16 x 16 'matrix and then trying to . find out the 

maximum, eigenvalue A ^ i.e. minimum value of A ^ for different 

values of the binding energy for tne ground state 1 + , and then 

this number is compared with the experimentally derived tw„o body 

parameter. The numbers aire quoted in Table - I . The experi-

mental two-body value .of gives overbidding for °Li (5.6 MeY . 

Compared to observed' 3.7 MeY). This my be due to tlie neglect of 

tensor force. If only - the central ,, part of more realistic N-N 

force which includes also the tensor force. (4) is taken,. 'then 

this force binds °Li only by about 1.2 MeV. This suggests the 

importance of the tensor.force. Our results should be.,compared 

with Austern and Wackmanit (5) . The: results, also indicate that 

the change , in A w by 'to'̂ .-Sj^ changes'the binding energy by 

2 

about ^Hov/fcver •the''Way'e:-•^unctid.n.'F, "(p) 'p ;F'(p}: 

does not show appreciable change for these different values 

of binding energy. 
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Table I 

X (expt) = 0.3313 o(d o<d = 2,316 x 1012c«T1 

•Binding Energy (MeV) 6,22 5.39 4.56" 

in units.of crfj 0.3383 0.3797 . 0,3637 

It is nice 'to know . that those potential parameters do not 

give any other excited bound state. The 0+ excited state is bound 

by 0.2 MeV, i'he eigenvalue equation ia again solved for tho T = 1 

singlet state barometers. At a, =• 0.46 MeV the ntiniiania 
a 

(maximum A ^ j } turns .out to be 0.3933 oC^. This may be compared 

with = 0,3313 and E, = 0 , 2 .MeV. 
clrT u o 

6 

In concluding we can. say that L ~ 0 status of ^ Li axe well 

explained by tn:u; model. 
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•!DISGTJS'3I0N: 

P. Mukherjee? Aru the parameters of X- * ecMtt«rin;.; real? 

M.S. Shah; They ore aasuwed to bo real, and. derived, by I 

squares fit to P-j/g a.'..0 P-j/2 P*m?!£* shifts. 
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Plow ABSORPTION IN 5HE 

M.S. Shah and S,P. Pandya, 
Physical :)Research Laboratory, Ahmedabad-9» 

and 

A.N. Mitra 
Physics Department» University of Delhi. 

Study of pion absorption in light nuclei is expected to 

yield detailed information on nuclear correlations. Absorption 

of TP i n ^ He ha s. bee n c al cu Is. t e d by D iw akar an (1 } a n d 0 heon (2) 

using different models. We present hero a calculation of the 

• 'deuteron mode'' (TP+ "'.He—^n + d) which 'is a part of a more 

elaborate pro gratis of studies of pion interactions in nuclei. 

Y/e assume chat pion is absorbed f rom the s-orbit in the 
"7, 

"'He atom. Pion - nucleon' interaction is chosen to be a sum of 

one-body operators- as in (2). H - ll (£ri i 'H^) c,) 
where G is the strength of the interaction, <T7?"ai.xl p are the spin, 

i-spin and m jmenbuiu' operators for the nucleon a a <f> is the pion 

vavefun ction. 7/e have dro >?ei the usual pion - momentum terms. 

• ;:L • oe they make :io contribution to capture from s-orbit. 

To take account of the symmetries of the three-body wave functions, 

this interaction is expressed in terras of three-body operators of 

correct sy;.i«etries (3). We then obtain 



" + C r ' - 0 s J ( < r V ' + < r " . p ' + r > ") 

+ C t " - r ) ( < r s . r \ r Y - < n " - p " ) ~ l (9) 

'j " Q 
The wavefunction of He ia assumed to be ^B^^ (3) 

Y fyjl = £ (x'T*- T\(p, % T3) 6J 
The ,30).'en turn wavcfunoti^r- obtained i la Kitra (4) unl.Tg 

3-state , 3pin-independnr.t, non-1 >cal se parablo nucleon-nueleon 

interaction with parameters ao given by Yaraaguchi (3)» except that 

the spin-independent strength parameter is now chosen to be 

A - '/a ( A s + X t ) 

For the final state wavefunction we only consider T - 1/2, 

S = 3/2 state, i . e . , 

F<M = fc (yr'j"- r'j') Xs (4) 
The wavefunctions (3) ard (4) are suitably normalised. 

For chose the form (p) Kt-t) 
2 

0( T the binding energy of deuteron, a ai g (>p) is giv.en in (5) 

Lh'5 matrix element, after' evaluating spin, and i-spin integrals, 

countains the mo man turn- space integral p* j . The 

calculation is straightforward and yields for the reactioh rate. 

= 0 •1 ^ > 1.159,1*5^-015 00 c"1 



5 
where the three values are obtained with He wavefunctions giving 

binding energy. 6.22, 3.29 and 10.36 MeV. The correlations in the 

initial as well as final states have been introduced by taking 

proper account of the reaListic nuclear interaction. This differs 

from the procedure of -^iwakaran ard cheon. 
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DISCUSSION: 

V.S. Mathurs Don't you think feat the contribution of the mixed 

symmetric state would be significant in your calculation? 

M.S. Shah: For the mixed symmetry state, final n-d state can 

have symmetric spatial component but the form of interaction 

does not allow this final state. So the final state will be the 

sane as it is described in the paper, so mixed symmetry state which 

is 2fo will contribute same percentage to the calculated one. 

a.N.MtKfc^^e.s Do the pion absorption cross section depends signi-

ficantly on the size of the trinucleon system? 

3 

-M, .S ...,:Shahs With the different binding energy of He the 

capture rate does not .vary drastically. On. the sane spirit I 

would like to say that the size of tri-nucleon system will 

affect the capture rate very little. 
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ON THE NUCLEAR STRUCTURE EFFECTS IN THE PHOTO PRODUCTION 
OF POSITIVE PI'OHS FROM 1 60+ 

V. Devanathan 
University of Virginia 

Charlottesville, Virginia 

K. Sreenivasa Rao 
Matscience, Madras 

and 

ScOoK. Nair 
Saha Institute of Nuclear Physics 9 Calcutta 

1 fi 

The photoproduction of positive pions from 0 in which 

the residual nucleus is left either in its ground state or in 

one of the low lying excited states is analysed in the impulse 

approximation. The details of the nuclear physics involved is 

put in by means of (i) the crude single particle-hole model, 

(ii) the particle-hole model in the Tamm-Dancoff approximation 

and (iii) the R.P.A. model (the latter two taken from the work 

of Fillet and Vinh Mau). It is found that the total cross section 

in the single particle-hole model is about 15^ larger than 

calculated either with the R0P.A. or T.D.A. wave functions„ 

However to get good agreement with the experimental result the 

hypothesis of surface production of pions needs to be invoked. 

It is stressed that the proper theoretical justification for 

this is lacking at the moment. It is also pointed out in this 

paper that the probability for the final nucleus being left 

+ To be published in Nuclear Physics. 
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in one of the collective states which will subsequently decay 

by nucleon emission is large as compared with the process in 

which a non-collective state is involved„ 
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PI M L STATE IffiPERACTIONS IN THE DECAY OP LIGHT HYPERNUCLEI 

K.N. Chaudhari, S.N. Oanguli and N . L Rao 

Tata Institute of Fundamental Research^ Colaba, Bombay-5 

In this paper an attempt has been made to study excited 

5 3 9 5 8 
states of Lis ' Se and "B from decay of hypernuclei ^He, ALi 

9 
and ^Be. These hypernuclei are produced from interactions of 

slow K~ mesons with emulsion nuclei (C, N, 0 and Ag, Br). * 

Results are as follows. 

5 
ftHe; This hypernucleus results from the binding of 

A hyperon to an alpha particle. It decays mainly according to 

5 4 

the scheme ^Iie —^ T + p + He. The striking features exhibited 

by the experimental data a,re: (a) a strong forward peaking between 

the line of flight of the part icle , and the direction of emission 

of the TT'meson in the T T - p rest system, and (b) a double peak-

ing in the momentum distribution of jPirpj (see fig .1) . These 

have led Dalitz to suggest that the decay could be dominated by 

strong interactions between the particles present in the final 

state, '-'•he solid curve in fig. 1 is due to Byers and Cottingham 

who have taken into account in their calculation the known p-He 

nuclear interaction. The experimental phase shift analysis of 

p -^He indicates the existence of a sharp P 3/g resonance at 1.8 MeV 

and a broad Testate between 5 and 10 MeV above the P3/2 state. 

By comparing the experimental data with the predictions of Byers 5 and Cottingham, it is concluded that the decay of ^He can be 

5 — 5 * 5 * 4. 
described by a two step process: ^He-^T + Li , L i — + He, 

with a transition predominantly to the 1.3 MeV, 3 /2" level of ^Li. 
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8 
Li; This hypernucleus is due to the "binding of /v° to 

y . g 

a li core. From a sample of 30. ^Li decaying according to the 

scheme ^ L i — 4 H e + 4He a study of final state interaction 

has been made, For these events 0. values of the two alpha part-

icles' in their rest system are computed and the result is shown 

in fig„2 (a). From this figure one sees the pronounced peak at 
8 , 

2.9 MeV of Be excited state of 2 and a diort peak around 17 MeV. 

This has led various groups to postulate that ^Li decays essen-

tially via two step process, namely, Li-^ ~W~+ Be , Be —^ 

4He + 4He„ 

q 8 
Be: The core of this hypernucleus is Be which is unst- * 

A 

able; but~~sTnce the presence of K hyperon in a nucleus increases 

9 

the binding energy, and. so it is possible to form ^Be„ This 

hypernucleus decays mainly via the channel: ^Be->7T~+ 1H +4He. 

The following final state interactions can be studied from its decay: 

. q _ Q * Q * 8 * 8 * 4- 4 (a) B , J B ^ p + Be ; B e ^ H e + lie 

. . Q _ • Q * Q * ' A 5 * 5 * A 
(b) ^Be-yiT+ B , B He + 5Li , p L i - > p + ^He 

/ v Q - 8 * 8 * 4 4 
(c) ^Be-^7r+p+ Be , °Be —>^He + *He 

/ v Q - 4 . 5 * 5 * a . 
(d) B e + He + ^Li , 5Li-7>p + ^He 

A 1 

Q , . 

From a sample of 11 ^Be we have tried to study type (c) 

final state interaction and the result of Q value of 4He, *He in 
its rest frame is shown in fig„2(b)<, This clearly again depicts 

Q -X-
2.9 MeV level of Be . More statistics is needed to study the 

« 

other three type of final state interactions,, 
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HYPERNUCLEI OP MASS NUMBER A = 7 

K.N. Chaudhari, S.N. Ganguli and N.K, Rao 

Tata Institute of Fundamental Research Centre 

Colaba, Bombay-5. 

ABSTRACT. 

Hypernuclei are those where^-hyperon is bound to 

nuclear fragments; ^-hyperon can be bound to the ground as 

well as excited states of nuclei. The study of hypernuclei 

will reveal information of the binding of /\to the various 

levels of nuclei and the nature of -nucleon interaction. 

It is known that the presence of/\ hyperon in a 

nucleus increases the binding energy by about 0.9 MeV per 

nucleon for a nuclear core of zero spin. This is sufficient 

tostabilise some aggregates of nucleons which have no bound 

states. For example, the nucleus ^Be is unstable against 

4 7 
break up into He + 2p by 1.4 MeV, where as ^Be is stable 

5 

against break up into ^He + 2p by about 0.5 MeV. Therefore 

it is often possible to know from study of hypernuclei, 

groups of nucleons that cannot otherwise exist as stable 

structure can be formed in the presence of \ -hyperon. 

In this paper we discuss hypernuclei of mass number 

6 6 * 6 
A = 7 of isotopic spin T = 1 . He,. Li and Be are members of T = 1 
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triplet. The principle of charge symmetry implies the same 

7 7 
binding energy for/\ in He and ^Be as they a re mirror 

hypernuclei. But the experimental observation gives a broad 
n 

distribution for the binding energy of A in .He. Under-
A 6 

standing of this aspect in terms of nuclear levels of Be is 

discussed in this paper. 
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ALPHA PARTICLE SCATTERING 

M.K.'Mehta 
Bhabha Atomic Research Centre 

Trorabay, Bombay. 

As is nrLte obvious from.the title, I am going to 

talk about only one class of nuclear reactions generally 

classified as ohe ""Alpha Particle Scattering". Like all other 

subjects these days, there will not be enough time to go into 

a detailed exposition of this field, but what I hope to do is 

to bring to your notice the type of v/ork going on and indicate 

the contribution which it has already made to ou^ knowledge of 

nuolear phenomena. 

What makes an alpha particle different from other 

light projectiles is the absence of the spin. As I shall 

Indicate later, this absence of spin makes the analysis of 

scattering experiments much simpler, especially for low 

bombarding energies. 

The comparatively greater mass of the alpha particle 

brings in larger values to a compound nucleus. Thus, states 

with higher spin can be excited in alpha particle scattering 

than can be done with protons of the same energy. The high 

coulomb barrier seen by an alpha particle actually works to 

an advantage in the followirg manner; In light and medium heavy 
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nuclei "at excitation of about'15 MeV the density of states 

is expected to be fairly high, and a proton scattering 

excitation function would show a very large number of 

peaks making it very difficult to study individual reso-

nances. On the other hand because of the large coulomb 

barrier for alpha particles/ only those states which have 

large alpha particle widths would show up as resonances in 

alpha particle scattering, making it possible to study these 

individually. Again, I shall elaborate on this point a 

little later. 

Another property of the alpha particle, which has 

made it a useful tool, is the strong absorption by the 

nuclei, the intraction being confined largely, to the nuclear 

surface. This has enabled Prof. J.S. Blair to understand 

and interpret the alpha particle scattering in.terms of 

a rather simple model. 

Generally speaking alpha particle scattering experi-

ments can be divided into three catagories. All experiments 

involve the measurements of excitation functions and angular 

distributions of elastically and inelastically scattered 

alpha particles. The classification into three catagories 

is on the bases of the type of analysis used to bring out 

the relevant information* It is dind<gratandable. thftrtli.e bom- . 

barding-energy^whiahil-shall from now ,on refer to 'as J^-wlll 

beeah .important .factor, in this consideration. The three 

regi$hS:are: 
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(a) Tiie resonance Region - (Van-de-Grraaff region) 

up to = 5.5 MeY. 

(b) The Average-Potential Modol Region - otron 

Region) 1 > 2 0 MeV. 

(c) The intermediate Region - (Tandem Region) 

E ^ from 5 to 20 MeV. 

As in all other classifications there are no sharp boundaries 

between these regions. 

excibit a few resonances. Individual resonances can be analyzed 

using the Briet Winger single level dispersion theory. A typical 

pumped gas scattering chamber. The differential cross sections are 

accurate to within 5$ measured with resolution between 2 to 5 keV. 

It is in such cases that the zero spin of the alpha particle has 

been most useful in the inter pretect-ion of the data. To write down 

the most general expression for the differential cross section 

for elastic scattering is beyond the scope of this talk. The 

expression in the simplified form due to the zero channel spin is 

(a) The Resonance Region. 

This region is characterized by excitation curves which 

1 o "16 
example is the 0(<XoC) 0 experiment done at Columbia in 1960 

by Mc-Sermott and others (1). Eig.1 shows the excitation curves 

16 
they have measured using an 0 gas target in a differentially 

16 

*Y| R 
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where k is the wave number, n is the coulomb parameter = ° 

The in above expression is written as 

where is called the 'hard sphere' potential phase shift, 

and fy^ the resonance ^hase daift"s>-.-The-c.B..\f:.(sihgle .level .'approximation 

gives -tcur/^^L^viheve is the so called full width at 

half maximum-. Over and above the assumption of an isolated 

single level, only one channel-the elastic scattering 

channel, is assumed to be open. These assumptions mean that 

only one value of j^will contribute to the width ^ ( A = channel 

number). Thus the sum over in the scattering amplitude 

reduces to only one term corresponding to the partial wave that 

excites the resonance. If the data are taken at c.m. angles 

which correspond to zeros of various Legndre Polynomials, 

then the resonance vhich Is due to a particular Rvalue will 

not appear at all at the angle where the legendre Polynomial 

of that .border is zero. The first figure has a number of cases 

where this is classically illustrated. So just the vanishing 

of a resonance at a particular angle immediately determines 

the Rvalue for the partial wave that excities that resonance. 

T£e spin of the level J = J^^where s is the channel spin 

given by the vector sum of the target and the projectile 
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spins. This is zero in the present case. 

j 3 

Therefore J =11 and 7f = C~0 thus knowledge of 

H immediately gives the spin and parity of the compound nuclear 

level that produces the.resonance. Because ~TT = ( - only 

the natural parity levels will be excited in this reaction, 

i .e . if the parity is conserved in nuclear interaction. To 

determined the resonance energy E^, the width Ft and the 
A "L 

reduced width ^ ^ - ik (where A^ = F^-t-G^) 

detailed shape fits to the resonance at the measured angles 

have to be calculated. The lines drawn through the points in 

the Fig.1 are actual fits calculated in this manner. One can 

seee how good they are. These fits are very sensitive to the 

change in level parameters, and thus determine these para-

meters uniquely. What I have shown here is almost an ideal 

case for the resonance region. If we just carry the same 

experiment to higher E^, the single level and the single 

channel approximations are stretched to the limit. This is 

illustrated in the next Pig.2 where the same experiment was 

carried to E^ = 10 MeV, at the Florida State University by 

my colleague Dr. Hunt and I . The data were taken actually at 

ten angles, thefigra shows 5 of these,, Upto E/IO MeV the single 

channel approximation is still reasonably valid but as you can 

see the number of resonances is large. Even then the vanishing 

of the resonance terms at various angles enabled us to assign 

spin and parity to a large number of levels by carefull examination 
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of the data taken at /© angles. 

If one goes to a slighly heavier nucleus and stays 

below 5.5 MeV, the situation is again similar. Here the 

high coulomb barrier seen by the alpha particles works to 

our advantage. Let .me elabiate on this. 
A 

The resonance contribution to the differential cross 

section can be written as SL ' 

the partial width , P being" the total width 

—2 —2 

^ = 2k A^ where Ag is called the penetrability 

P is the total width of the level. 

24 

Now let us take a specific example of Mg +oC ° The 

coulomb barrier in this case is about 5.2 MeV. There is a 

paper by Mr. Kerekatte in the next session which will describe 

this in more detail. With 5 MeV alphas we go to an excitation 28 
of about 13 MeV in the compound nuclelis Si. We have invest-

27 
igated the same compound nucleus by the Al + p channel and 

found that in a range of 1.5 MeV interval there are about 

35 peaks in the excitation functions. But when we look at it 

-2 
through the alpha channel the small penetrability A^ will 
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make the JJ &mall JL.ei ith® ..respnaa'-e'e ĉ ;̂ .f.±feiEtl''oij'-due • the 

"level to the d i f f e ^ h t l a l - ' : -will^ be; small as it 'is.. 

propertional to \ ^„ Only those levels which thereduced 

widths are large, i ,e , for those level whose partial alpha 

widths are 3a rge enough to overcome the effect of the coulumb 

barrier, will* show up as resonances. Thus the alpha beam will 

pick out only .these strong levels which will be relatively fewer 

in number. This again makes the individual resonance analysis 

possible. I shall show the next Fig.3 to illustrate this point.-,. 

o 
This Fig. shows the excitation function measured at 90 for the 

24 
eleastic scattering of alpha particle from Mg upto 5.5 MeV . 

-tfviS 

This work was reported at symposium last year in Bombay (2). The 

managable number of resonances are now being investigated 

individually by measuring the excitation curves in their neighbourhood 

at four angles representing the zeros of the Lyendre Polynomials, 

I shall show one example of a resonance in the next Pig,4 where we 

have been able to assign the parity of the level as 4 + from the 

vanishing of the anomaly. 

(b) The Cyclorton or the Average Potential Legion; V. 

What was considered so far was the one extreme of isolated 

resonances and a single reaction channel. The other exteme would 

be the one where the excitation energy is so high that we are pract-

ically in a continnum, or where the direct reactions predominate, ^v 

s 
\ 

i -
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The data in this region generally consist of angular' distri-

butions measured at fixed energies with beams obtained'from 

cyclotrons with the energy spread of the order of 100 keV 

or more0 A number of models are used to fit the data and 

extract the nuclear information. A good review of the work 

done upto 1960 in this region has been given by Eisberg 

and Porter (3). Igo (4) and his cowerters have used the 

optical model to interprete the data. A major conclusion they 

have come to is that the alpha particles a re strongly obsorbed 

at the surface of the nucleus. The work of J.S. Blair (5) 

and coworkers at the University of Washington in Seattle 

has been very outstanding in this energy region. Prof. Blair (6) 

has developed a model which depends on the assumption-based 

on experimental observation-that alpha particles are strongly 

absorbed by nuclei. I shall briefly indicate the basic ideas 

of this model. 

•Fundamental assumption of this model is that the 

motion of the alpha particles can be described classically 

i .e . the alpha particle and the target nucleus can be picutred 

as spheres with distnict radii. Coupling this with the absor-

ption idea, one can use strightforward Fraunhofer diffraction 

interpretation ard deduce this model. The other way is to do 

this in terms of the phase shifts. I shall discuss the phase 

shift approach here. For the above mentioned, classical 

criterion to be valid the necessary condition is that the 
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reduced wave length \ cjl is much smaller than the nuclear 
-YT\ v r 

demension R. The model is most successfully used for E ^ of 

around 40 MeV and medium and heavy weight nuclei as targets. 

This makes the ratio /R smaller than 1/10. 

Blair's first sharp cut off model assumed that those 

alpha particles which strike a nucleus are totally absorbed 

and those which miss the nucleus undergo only coulomb scat-

tering. This leads to a condition on the phase shifts for 

each partial wave. 

. The elastic scattering differential cross section can 

be written as ^[fi ~ \ -f 

JL-o 

and "Yjĵ  = 0 would mean that the partial wave with that part-

icular $ value will be totally absorbed. Thus the Blair con-

dition would giv6 
1 ^ 5 0 i ^ i 1 

I 

where is the coulomb phase shifts given.by 
x j / yi » 

(S» ^ o a q P O + i t A y O - < r 0 + T W T (TTi ) 

The value depends on the interaction radiers R and is 

given by f ^ 

- h l ' c i ' fO = ^ R - ^ ) 
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This oan 'be derived from claaiioal Rutherford orbits. This' 

..sharp eut $£§ model viras able to fict many, experimental results 

for small angles, but introduced violent oscillations at larger 

angles. The stringent sharp cut off condition was the replaced 

by a diffused cut off condition (6) . With this modification 

the model was very successful. The modification involves chang-

ing the Blair conditions on Yfa • Here the is given by 

where <5̂  is the coulomb phase sihift as before, but now a 

nuclear phase shift is introduced, <ok*cL<*S 

* 

Thus in place of the only adjustible parameter R of the sharp 

cut off model, we* npw have five parameters / ^S^ , So+Xj-

and 

In" Fig.5, one of the sharp cut off fits is shown. The' 

fitting at the forward angle is quite good but the oscillation 

at more back ward angles are not so prominent in the experi-

ment. Even then the phasing seems to agree with the theory. 

The Seattle group has carried out this type of analysis over 

a wide range of A. The fits are quite sensitive to the 

R values. The radius values they find over a range of A from 
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to 2 5 8 U lie very?elo^'ly on a straight line when plotted 

y 
against A"? The straight line^can b % expressed very well by (5) 

' y* ' ' - ' ' - -

I s 1 . 4 H A + 5+.190 "in< fer'mls0 -

/ 

Before I show the smooth out off fits let me illustrate 

the situation for the inelastic scattering. Pig..6 shows the 

typical experimental results. The outstanding features are 

that the inelastic cross sections are comperable with the 

elastic cross section and the oscillations are either in phase 

or out of phase depending on the parity of the excited states. 

The envelope of the inelastic cross section drops less slowly. 

An extenstion of the Blair model to the inelastic scat-

tering with an 'adiabatic' assumption has been very successful 

in explaining the above features (5). The adiabatic assumption 

means that the collective parameters are considered frozen 

during the time of collision so that the inelastic cross section 

can be calculated from the elastic scattering amplitudes. 

In the last five or six years a number of parallel 

model has been developed for treating-the elastic and the 

inelastic scattering of high energy alphas mainly on the strong 

absorption theme. Blair and his group at Seattle and 

Satchlar's group at oak Ridge have been mainly responsible for 

this. Those treatments effectively consider the scattering as 

a direct process, The names given to these models are, the 

damped Praunhofer diffrection, the distorted wave Born approxi-

mation, the Austern-Blair paraiuetorized phase shift, the coupled 



channel optical model and such (5). The Seattle group has 

shown that the first three models essentially give the same 

results (6), but the Austern-=Blair Parameterized phase 

shift (5,7) treatment is preferable. According to this the 

amplitude for single excitation from a ground state of spin 

zero to an excited state of spin I, projection M is 

f (e) = CfiML / W + o V p [ y t«i 
i t ' -/v\ 

* ( t f i o o t t o i i f i i - n r t l t y c ^ U ) y ^ l O j t i 

where Yĵ  is the Sqy^&as mentioned earlier and derivative 

of Y7» is evaluated at _ 
U JL*Cl+JtjU 

fijR. are the transition amplitudes. 

Fig. 7 shows a typical and very successful aplication 

of this model. 

The experiment is the scattering of 48 MeV alpha 

particles from ^ C a . R.J. Peterson (6) has been able to 

assign spin, parity and calculate the transition amplitudes 

48 
for more than ten lowest lying states of Ga. 

A vigoarous programme of research is going on in this 

field. Before I go away from this region I would like to 

mention an off-shoot of this work. The Austern-Blair model 

gives a definite phase relationship between "the elastic and 

the inelastic differential cross sections. This model is as 

I mentioned earlier a direct reaction model. A compound 
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nuclear model (statistical model) would give a random phase 

relationship between these two.. Based on this concept 

Braithwaite and others (8), again at Seattle, define what they 

call the "phase correlation coefficient" between the elastic 

and the inelastic differential cross section at a fixed energy. 

Using DWBA. methods they calculate the variation in this co-

efficient as a function of E^assuming a hundred percent 

direct raction. Using Hauser Feshback model they calculate the 

same thing for a pure CN reaction. Fig.8, shows their cal- . 

24 '24 

culated and the experimental results for the case of Mg(o(X) Mg 

reaction. The calculated CN coefficient is very small as 

expected aid a pure CN reaction would give values fluctuating 

about this as an average. The calculated DR value is-ve and 

much larger in amplitude. The actual experimental case indicates 

a large-ve co-efficient for Î <>20 MeV which starts fluctuating 

and decreasing^]^bellow 20 MeV. One can infer that this is 

the transition region from CN to DR. Thus such investigations 

are likely to. determine quantitatively the ratio of the contri-

bution from the two reaction mechanisms in the transition region. 

(c) The Intermediate Region; 

I shall now go over to the third.region-the so called 

"Intermediate Region" which may as w£ll be called the Tandem 

Region, as this was investigated only after the tandems were 

'developed and precisely variable alpha energies upto 20 MeV 

were made available. As the name itself implies this is 
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a region where none of the previous two extremes is fully 

justified,. This is because a large number of reaction channels 

are open, and possibility of exciting, a large number of, ON 

levels ferbids a resonance analysis. The second extreme of 

excitation to the continnum regipn or a direct reaction is not 

fully valid because the excitation curves reveal resonance 

like structure. Let me illustrate this by showing Fig.9 

which again shows work done by Dr. Hunt and I at the Florida 

State University ( 9 ) . This is further extension-from 

1 1 £ 

10 to 19 MeV-of the 0(o^oO 0 work which I showed in a 

previous Fig. There is distinct resonance behaviour all the 

way upto E^=19 MeV. Y/ork done with a cyclotron at 18.3 MeV 

at Indiana (10) previous to our work was left uninterpreted 

as no optical parameters could be found to fit the angular dis-

tribution expecially at the backward angles. This is not 

surprising in view of the resonance that we discovered around 

13.3 MeV which is quite prominent at the backward angles as 

shown in Fig.10. No amount-of either Blair model or optical 

model juggling,could fit the angular distributions.measured on 

prominent resonances. Only when specific. resonance terms were 

added to the smooth cutoff Blair-Modelf satisfactory fits were 

obtained. This is illustrated in Fig.11, where two angular 

distributions measured on two prominent resonances are shown. 

The improvement in the fits, ep-ecially, for the backward angles 
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very noticable over the. optical model fits. A 7™ resonance 

phase shift for the 13.37 MeY case and a 6 resonance phase 
— 4. 

shift with a small mixture of 7 and 8 neighbouring reson-

ances for the 18.3 MeV case9 were required to yield the 

acceptable fits. Thus again spin parity assignments to such 

highly excited states are , possible with this technique . 

On the other hand in case of 9Be(o(veL)9Be and 24Mg^ot-)24Mg 

the. Florida State University group working under Prof. 

R.H. Davis (11) has found a different situation. The excit-

ation curves that they have measured are shown in the next 

Fig.13,, where again resonance like structure is visible but 

not quite as narrow as in the oxygen case. They found that 

the angular distributions could be fitted over a wide range of 

energy by a set of optical parameters which were energy depend-

ent on a relatively simple manner. However to get better fits 

at backward angles a term coupling the target spin with the 

incident alpha particle orbital angular momentum was necessary" 

9 / : 
for the Be + ̂ case. This is illustrated in the Fig. 13° 

Fairly satisfactory optical fits could be obtained 

24 
for life +oCcase also even oven for angular distributions 

measured on and off a prominent structure without much change 

in the optical parameters. This is possible because unlike the 

16 

0 case the differential cross section does not rise as high at 

the most backwards angles. An example of such a fit is also 

shown in Fig.13. 
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One-would expect a large value of W on the strong 

24 

absorption base, but as- the Fig. shows for the Mg case a 

very small W is required for the fit. We shall see the im-

portance of this point shortly. 

All the above considerations are for "the angular dis-

tributions, however, to describe the behaviour of the differ-

ential cross section as a function of Ep^, one can not get away 

from the structure observed in the excitation functions. For 

the oxygen case it can be said with confidence that the 

structure represents resonances due mostly to individual levels 

whose spin and parity, can be determined from a resonance plus 

average potential analysis. 

A general expression can be written for such an analysis 

in the following way (11)^ 

where O _ i ' f r <MJi P _ 
- e 

here the quantity VĴ  is the potential phase shift and could be 

calculated from the optical potentials or from the smooth cut 

off Blair Model, P is the total width for the level generating 

the resonance at ER and ("J, is the partial width for reemission 

into the entrance channel. 

24 . 

However the structure in the Mg +0(_ case can not be 

explained by such comparatively narrow levels as no specific 

resonance terms are required in the angular distribution fits. 
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In order to see the type of excitation functions the optical 

potentials by themselves would generate, the FSU group has 

c&rried out extensive calculations with various sets of optical 

potential determined from angular distributions fits, They 

found that if a very small value of W-the imaginary potential-

is used, the excitation function does show rather gross 

resonance like structure a$ shown in Fig„14<, However the 

experimental excitation curves have structure, which is not 

so gross. These resonances would be due to compound nuclear 

states which have widths intermediate between the narrow 

mult/'-inuclear excitation levels and the gross-giant-potential 

resonances. The word "Intermediate States" have been coined 

for this, and more and more evidence is now forthcoming for 

the existance of such states. Fashback and his coworkers (12) 

at MIT have developed a 'Doorway' states idea which represents-
* 

excitation^ of "two particle one hole" configurations. However 

these states need not be restricted to such excitations only. 

D. Robson at FSU has suggested a model (11) which is based 

on an extension of the R matrix theory by Lane arri Robson (13). 

In this model the intermediate states modify the optical poten-

tials in the following manner. 
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where the KJ& and Wo .are the constant real and imaginary 

parts of the wood-saxon potential. The 'doorway' state 
o 

resonance energies and widths are E^ and W^. The parameter OC 

couples the single particle-the potential - resonance to the 

doorway states. Calculation based on this model results in 

excitation curves shown in Fig.15. In these calculation 

existance of doorway states of the same widths spaced at con-

stant separation D is assumed. The intermediate width modulation 

of the potential resonance is quite noticable. So the attempts, 

though not fully successful, seem to be in the right direction. 

Above are a few examples of the experimental information 

available and methods used to tackle it in this "intermediate" 

region. 

CONCLUDING REMARKS: 

I have now covered the subject of alpha particle 

scattering in a range of E^from less than one MeV upto 40 MeV, 

I have also tried to show what, even now, can be done with o_ 

small Van de Graaff. It is obvious that with higher energy 

Tandems and the AVF cyclotrons a large amount of new information 

will be available which would help us in understanding the 
# 

reaction mechanism itself and in cases like the Austern-Blair 

Model, would even give the spectroscopic information about low 

lying levels. A successful intermediate structure analysis 

would tell us about the structure of compound nuclei at high 

excitation energies. 
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By choosing a few examples I have tried to indicate the 

amount of effort being put into these studies and the nuclear 

information that these efforts have already generated and are 

likely to generate in future. 

Thank you, 
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DISCUSSION; 

P. MukherjeeC Comment) 

I would like to point out that in the case of inelastic 

scattering, simple Blair analysis is not very helpful for parity 

determinations and the interference effects are very.important. 
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STUDY OF LEVELS IN 2 3Si 

S.S. Kerekatte, A.S. Divatia, M.K. Mehta, 
K.B. Nambiar and. K.K. Sekharan 

Bhabha Atomic Research Centre, Trombay 

28 
Some excited levels in Si, lying in the 14 MeV region, 

have been studied by the technique of elastic scattering of alpha 

24 

particles by Mg. The target was a thin layer of enriched 

24 

(99.96$) Mg oxide, deposited on a thin carbon film. The react-

ion spectra were recorded, simultaneously, at four angles, using 

semiconductor surface-barrier detectors. The excitation function 

was measured in 2 to. 5 keV steps, over seven resonances corres-28 

ponding to excited levels in Si at 13.912, 13.963, 14.160, 

14.417, 14.378, 14.448 and 14.627 MeV. These resonances were 

reported by us at last year's symposium (1). 

In the scattering of alpha particles by a zero-spin 

24 

nucleus such as Mg, only states having spins and parties 

0 + , 1 , 2 + , 3 , etc. can be excited in the compound nucleus. The 

highest energy of the alphas available from the accelerator, being 

5.5 MeV, states of spin higher than 5 cannot be excited, due to 

quantum mechanical considerations. The differential cross-section 

thus includes sums over partial waves having angular momenta 

^ = 0 to 5 only. Since, each partial wave includes a Legendre 

polynomial a.s a factor, angles of observation were selected for 

which the polynomials vanish. The spectra were recorded at the 0 0 0 o centre of mass angles 90 , 125.3 , 149.5 and 166.6 . Therefore, 



the following conditions are satisfied in this experiment; 

1 . A J = 0 + resonance ( 1 = 0 partial wave) will be present 

at all the four angles with equal intensity, since 

p (cos9) = 1 for all 3. 
o 

2. All odd spin, parity resonances J = 1 , 3 , 5 

( I = 1,3,5 partial waves)'will be absent at 90 
o 

am. 
o 

(since P^ (cos 90 ) = 0 for odd values of JL), but will 

be present at the other three angles. 

3, A J = 2 resonance ( 1 = 2 partial wave) will be absent 

o 
at 125 o3„ m (since ?9(cos 125.3 ) = 0) , but'wil'l be 

O « III O Cm 

• present at the other three angles, 

4. A J = 4 + resonance ( 1 = 4 partial wave) will be absent at 
o o 

149.5., ... (since P, (cos 149»5 ) =0), but will be present 
C C Hi O T" 

at the other three angles. 

5. All the resonances (i .e . J = 0 + , 2 + , 3 , 4 + , 5 ) will 
o 

be present at the backward angle 166.6 ) since, none 
c o m. 

of the Legendre polynomials with 1 ^ 5 vanish at this angle, 

Also, all these polynomials attain their maximum value as 
o 

9 approaches 130 , MO that even weak resonances show up 

easily at backward angles. 

By taking data at four angles, it was possible to assign 

spins and parities to some resonances by means of the five con-

ditions above. Prom the figures, it can be seen that "file reson-

ances at the lab. energies of 5.126 and 5.170 MeV, (corresponding 
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28 
to levels in Si at 14.373 and 14.417 MeV), can be assigned a 

spin and parity of 4 + . Similarly, the resonances at the lab. 

28 
energies of 5.205 and 5.415 MeV (correspond!rg to levels in Si 

at 14.443 and 14.627 MeV), can be assigned odd spin and parity. It 

will be necessary to take data at angles at which P^ and P^ are 

zero, in order to clarify the last two assignments. 

Incidentally, the 14,417 MeV resonance has seven data 

points over the peak whose FV/HM = 5.5 keV. • If it is assumed that 

24 

this width is due almost entirely to the target thickness ( Mg layer), 

it means that the target is less than 5.5 keV thick, which-is 

extremely thin for solid targets in alpha particle scattering work. 

A shape analysis will be done in order to confirm the spin and 

parity assignments, and to obtain the resonance parameters. 
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THE 6.57 MEV LEVEL IN 1 0B 

K.B. Nambiar, M.K. Mehta S.3. Kerekatte, 
K.K. Sekharan and M. Balakrishnan 

Bhabha Atomic Research Centre,Trombay 

ABSTRACT. • 

1 0 

The 6.57 MeV level in 3 is being studied by the elastic 

scattering of alpha particles from Li (1). Since the level appears 

well isolated from the neighbouring ones, the spin and parity can 

be determined by the application of the single level resonance 

theory, though the channel spin 1 involved in the reaction makes 

the problem rather complicated. Angular distributions were obtained 

over the corresponding resonance at E ^ ( l a b . ) = 3.50 MeV, from o o 
9 = 50* to 9 = 132 . The excitation curves at four lab™ 

c. m. c ,m. 
o o o o 

oratory angles, vis. , 43 , 56 , 71 and 34 correspond ing to the 

zeres of the Legendre polynomials P.^, P^ and P2 respectively, 

where obtained for the energy range E ^ (lab..) = 3.00 MeV to 

E ^ l a b . ) = 4.42 MeV. The resonance structure at S ^ (lab. )=3.11 MeV 

which was observed, by us previously does not appear in any of tiu: 

four excitations we obtained this time. The shape of the resonance 

at-E^ (lab.) •= 3.50 MeV is found to change radically with tho. 

scattering angle and moreover, the corresponding energy level in 
10 / 

B is believed to have positive parity and spin (2) between one 

and three. Therefore a shape fitting analysis of the resonance is 

being done for determining the spin and parity of the level. 
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ANGULAR DISTRIBUTION STUDIES ON 5 6 P ^ p 9 p ' Y ) 

RADIATIONS * 

P.N. Trehan and P,C. Mangal 
Pan jab University * 

Physics Department, 
';Chandigarh-14 : 

The (p ,pY ) reaction is a useful means for studying the 

properties of excited nuclear levels of medium weight nucleic 

In particular it is found that the cross section for the exit= 

ation of the low lying levels is favourable and, therefore, a 

measurement of the cross section and angular distribution of 

the (psp'lf) radiations can yield good information about the 

character of these states and the character of the gamma radia-

56 

tions associated with them. In case of Pe measurement of 

absolute cross section of various (p»p'f) radiations was done 

and has been already reported (1), In the present paper a 56 

brief discussion of some of the Pe (p,p'V) radiation angular 

distribution studies is made. 

The experiment was to measure the yields of the (p,p®y) 

56 
radiations from Pe target for proton bombarding energies 

ranging from 4«8 MeV to 6.0 MeV. A self-supporting target 

of "^Fe with 99* 1°/°' enrichme nt and 3.02 mg/cm2 thickness was 
o 

kept at 45 with respect to the incident proton beam. A 

*,. This wo^k;has been done in collaboration with Dr.D.M* Van 

Patter of Bartol Research"Foundation under the sponsorship 

of U.S. Air force Office of Scientific lesearch and National 

Bureau of Standards, Washington D.„C„ 
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56 
platinum foil was placed immediately behind Pe target to 

ensure complete stopping of the proton beam. 

The experimental geometty was the same as reported in 

the earlier publications (2,3) . The (p,p'"tf) radiations were 

detected with a 3" x 3" Nal(Tl) detector and recorded with a 

RIDL-400 channel analyser. A similar 3'.1 x 3" Nal(Tl) detector 
o 

located at 90 with the incident beam was used as a monitor 

for the angular distribution measurements. The angular distri-^ 
o o o o 

butions were studied at 0 , 30 , 55 and 90 . In some cases a 
o 

study was also made at 150 to verify the symmetry of angular 
o 

distribution about 90 . The Y-ray spectra, taken at various 

angles, were analysed by usual peeling off'method. The photo-

peak counts of the Y-ray for a given observation angle, thus 

obtained, after being corrected for the dead time losses of 

the analyser, were normalized to the observed monitor counts. 

This procedure eliminates uncertainties in the angu& r dis-

tribution measurements such as due to target nonuniformitiesv 

By a computor programme the least square fit of these numbers 

to the angular distribution function Vsi(̂ = 1 + A2P2 (Cos •>) + 

A^P^(Cos'9) ga'Ve values of A2 and A^ together with their root 

mean square deviations. The values of A2
 a^d A^ were corrected 

for the finite solid angle of the detector using the tables 

given by Davisson and Gossett (4). No correction has been made 

for the finite dimensions of the source.-
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Theoretical angular distribution calculations have been 

made using Satchler's theory (5) and suitable optical model 

potential (6). The transmission coefficients for these cal-

culations upto 5° 5 MeV for both incident and out going protons 

were available* 

Figure (1) shows the level scheme of ^^Fe that w as 

proposed on the basis of (p,p'y) measurements. The assignment 

of various Y-rays has recently been checked by (p'^10 coin-

cidence measurements(7). 

Figure (2) shows the angular distribution of 0^-rays from 

r 6 

the first two excited states of Fe, at Ep = 5*395 and 4.733 MeV„ 

^here is a fair agreement between the theoretical and experi-

mental angular distribution for 0,845 MeV 2 + (E2)0+ and 1.24 MeV 

4 + (Eg) 2 + transitions. It should be noted that the correction 

for the cascade feeding has been applied to the theoretical 

predictions which changes the angular distribution calculated 

for the direct excitation of the level. 

Fig.3 (a) shows the angular distribution for 1.81 MeV 

Y-ray at E* = 4.733 and 5.395 MeV. The 1 .81 MeV V-ray from 

2.658 MeV level has been uniauely identified as 2 + (M 1 ,E 2 )2 + by 

Dagley et al (8) from the gamma-gamma angular correlation . 

56 m 

measurements in the decay of Mn. The present results are 

compared with the theoretical predictions for a mixing ratio 
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& = -0.13 and - 0.16 for W = 4*7-33 and 5°395, MeV respectively. 
P ! 

This yields an average value of&= -0.15 + 0.04c This value 

agrees well with the value 

of cf= 0 . 1 5 + 0.02 obtained from 

radio activity measurements, since the sign of J" for (p,p !T) 

study should be reversed due to the reversal of the order of 

2 + (M 1 ,E 2 ) 2 + mixed transition. 

The 2„12 MeV V-*ray is expected to have contributions 

from, the deexcitation of 2.953(2+) and 2.940(0+) MeV level 

to 0.845(2+) MeV level. The total excitation cr.oss section, 

obtained experimentally for these two levels, is found to agree 

very well with the theoretical cross section if we assume the 

above mentioned spins for these two levels. To obtain the yield 

of 2.12 MeV Y-ray, only from 2.958 MeV level, we have removed 

the expected isotropic component of 2.12 MeV Y~ray veexciting SU940 

MeV level and also we have corrected for the 2.96 MeVY-ray con-

tribution* f^hese corrections have been made on the basis of the 

ratio of the theoretical cross sections. Fig.3 (b) shows the 

angular distribution for this Y°=ray for E* = 5.395 MeV. Taking 
P 

this transition (8) to the 2 + (M j ,E 2 )2 + we get the value of mixing 

ratio<T= 0.22 + 0.04 which agrees with the value ofS= -0.28 + 0.02 

obtained from radio activity measurements, 

Table (1) shows the theoretical and experimental values 

of A2 and A^ for various gamma ray transitions discussed so far* 

This table also shows the ^pin assignments to various levels 

• obtained on the basis of angular distribution measurements* 
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The angular distribution of 3»445 and 3.60 MeY gamma 
• \ 

rays have also been studied. The comparison of experimental 

results with theoretical angular distribution favours a 

spin of 1 + for one of the members of the doublet at 3°445 MeV 

and for one of the members of the doublet at 3o60 MeV, 

Table I . 

56, 
Angular distribution results for " " P e ^ p ' / ) 

ion, with values of A^ and A^ describe-

ed by W(A)=1+A2P2(Cos0)+A4P4(Cos6d 

E 
MeV 

E 
P 

MeV 
Experimental Theoretical a) 

A0 A, 

Assigned 
Transitions 

0,84 C4. 

h . 

r 
1,24 ) 

{ 1 ,81 

2.21 

733 0.323+0.008 

395 0.277+0.009 

733 0.360+0.019 

395 0.278+0.004 

4.733 0.131+0.034 

5.935 0.120+0.020 

5.395 0.362+0.016 

-0.194+0.011 0.309 

=0.132+0.012 0»280 

-0.134+0.024 0.360 

•0.082+0.005 0.375 

0.009+0.038 0.124 

=0.008+0.024 0.125 

0.026+0.027 0.362 

•0.113. 

-0.00031 

-0.0012^ 

=0.0004 

2 + (E 2 )0 + 

4 + ( E 9 )2" 

2 + ( M 1 ? E 2 ) 2 

=-0.15+0.04 

2 + (M 1 s E 2 )2 + 

=0.22+0.04 

a) The theoretical values of A2 and A^ listed for 2 + ( M i 9 E 2 ) 2 + 

transition correspond to the values chosen for the mixing ratio^ , 
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DISCUSSION:' 

M.P. Navalkars Were the experimental results corrected for efficiency 

of Y detector? 

P.C. Mangal: Yes. 

P. Mukherjee: Did you take into account the absence (or presence) 

of (p,^) and (p.O?Q reactions? 

P.C. Mangal: At the energies we worked we did not have much trouble 

from these reactions, as their cross section§were very small. 

M.L. Sehgal: Are the spins of the levels known from conversion co-efficient 

measurements? If so, how do they compare with your values? 
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P.C. Man gal: Spins of some of the levels have been checked up by 

internal conversion coefficient measurements. These agree with 

our results. Our results discussed in this paper for spin 

agree with some recent (tA^eiy) measurements. 

S.K. Gupta: One can recognise the gamma rays from (p,p'y5 

reaction by varying the proton energy and indentify the gamma 

rays from inelastic scattering. 

P.C. Mangal: The identification was done in two ways. (1) By 

varying the E of the protons, we could assign the gamma rays 
P 

to various levels. (2) Also the assignment of the gamma rays 

was checked using (pii/) coincidence using charge ..particle 

semi-conductor detector. ' 

S. Mohan Bharathi: Did you try to measure the relative intensities 

of the gamma rays? This may give you an idea as to whether 

the transition probabilities from vibrational levels are 

enhanced or not? 

P.C. Mangal: This has been done and we have some results which 

are not checked up for the vibrational levels. 

K.V.K. Iyengar: You have measured <£§ (i .e) mixing ratios for 

a particular transition at two different energies. They are 

different. Should they vary? If so why, particularly when 

you say you have taken account of all transitions from higher 

states cascading through it. 
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P.Co Mangal: The value of & that we have, measured for 1.31 and 

2.12 MeV gamma rays are expected to show the same value for 

different proton energies. There is no problem from higher 

levels as the levels at 2,953 arid 2.6 MeV are not found to be 

fed from higher levels at the proton energies we have done our 

experiments„ 

S.K. Gupta: (i) How do you justify the angular distribution 

measurement only at four angles for determining the legendre 

Polynomial coefficients? Normally the number of points on the 

angular distribution should be twice the No. of coefficients? 

(ii) Have you checked up the isotropy of the geometry and 

corrected for it? 

P.O. Mangal: (i) We wanted to determine A^ and A^ coefficients 

for which we found that measurements at four angles were fairly 

enough. In some case we ran at five angles and we did not find 

any difference from the measurement done with four angles, 

(ii) We checked up the isotropy of our set up and we found 

that this was <C3/». We did correct for it. 
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STUDY OP THE 1.94 MeY STATE IN 27Mg BY 

MEANS OP THE EMOTION 26Mg(a,pV)27Mg 

MoAo Eswaran, N.L. Ragoowansi and K»K. Sekharan 

Bhabha Atomic Research Centre 

Trombay, Bombay. 

As a continuation (1) of thestudies on the properties 

27 
of the low-lying excited states in Mg the 1,94 MeV third 

excited state has been studied by proton-gamma ray angular 

26 27 

eotrelation measurements in the reaction Mg(d,py) Mg 

employing the Litherland and Perguson (2) method which is 

independent of any assumption regarding reaction mechanism. 

The experimental details are described in-ref (1). The de-

excitation gamma ray spectrum in coincidence with the protons o 

feeding the 1.94 MeV state, detected at 0 to the beam is 

shown in Pig.1. The angular correlation d ata, for the com-

bined (0.98 + 0.96) MeV gamma ray peak due to the two tran-

sitions - 1 . 9 4 - > 0 . 9 8 MeV and 0.98-^0 MeV, are plotted in 

Pig.2. 

This represents the sum of the following two angular 

correlations: 

(a) Angular correlation of the gamma ray due to the 

transition 1,94-^0.98 MeV in coincidence with the 

protons feedingthe 1.94 MeV state. 

(b) Angular correlation of the gamma ray due to the 

transition 0.98-^0 MeV in coincidence with the 
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protons feeding the 1.94 MeV state with the intermediate 

gamma ray due to the t»94-^0.93 MeV transition unobserved. 

The data were analysed by a method (3) similar to the 

one used for ,'method Is of'Litherland and Ferguson. The 

correlation functions for (a) and (b) can be put in the follow-

ing forms from the expressions quoted in ref (4). 

Kt(ev)- £ ST £ c£> ( T, ^ ^ Q k % [ C o n e ) 

i< 

and 

w,c<K)--1 S? stH <u 
L',ulL fA 

where all the quantities are as defined in ref. (4) J^ » are 

27 the spins of the three states 1 .94, 0.-98 and 0 MeV of Mg and 

and are the quadrupole to dipole mixing amplitude ratio 

of the first and second gamma rays due to 1 .94 -^0,98 and;0.984><9 MeV 

transitions respectively. P (m) is the population parameter of 

the magnetic substate 'm' of the 1.94 MeV state of spin J1» 

The combination of two angular correlations (a) and (b) is 

represented by sum of the above two equations (1)and (2) i .e . 

W^Oy) + VI^C®r) with the constant term of each of these 

equations being normalized to unity. 

A computer programme was written for the CDC-3600 

computer of T.I .F .R. to carry out the analysis of the data 

which proceeds through a linear least squares fit of the data 

points using the above1 equations with magnetic substate 

population parameters P (m) as the unknowns. The values of 
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magnetic sub states m are limited to 1/2 aid 3/2 due to the 

o 
• 0 detection of the protons in the reaction (2) . The vector 

addition coefficients C°~ and C° T. v/ere obtained from thr 
Ko ' oM 

tables of Smith (4). The spins J2 and J^ for the states 

0.98 and 0 MeV are known to be (1) (5) 3/2 and 1/2. Hence 

the fit is performed for a. fixed sp in value J^ of the 1.94 MeV 

state, and for fixed values of $,and Sz, The fit is repeated 

over the ranges of St and ^ appropriate to the spin value 

chosen for J. with the multipolarities being limited to 

quadrupole and dipole. In the programme and$j_are taken as 
o o 

tan and tan Z% where % and are varied from -90 to + 90 

o « 

in steps of 5 . The result of this fitting is a series of / L 

values for various combinations of frj and ^ for each q> in 

choice for J1 . is given by 

1! 

where is the uncertainty assigned to the gamma ray 

yield 

angle Qi due to counting statistics. The minima 

in lead to conclusions about spin assignments. . These fits 

were obtained for choice of 1/2, 3/2, 5/2 and 7/2 for J 1 . This analysis showed that Rvalues were insensitive 

to variations in ^ * Choosing a vlues (6) of 0.176 for frz 

Z 

the ft plots are shown as a function of ( = arctg.J, ) 

in Pig.3 for various spin chdice® J., top thi 1.34 State. 

This ^analysis shows that spin value of 5/2 can be assigned 
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to the 1.94 MeV third excited state. Further measure-

ments are planned to be made to determine conclusively the • 

value of multipole mixing ratio of the gamma ray due to the 

1.94-^0.98 MeV transition. Prom the coincidence spectrum 

in Pig.1, the cascade to cross over branching ratio of 1.94 MeV 

state (i .e) 1(1.94-?0.98)/l(1 .94->0) is estimated to be 

2 . 0 + 0 . 3 . 

In conclusion it is observed that the spin sequence 

and level energies of the states at 0,0.98 and 1.94 MeV 

are consistent with the expectation that they form the members 

of the ground state rotational band. 
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DISCUSSION; 

M.L. Sehgal: How does the ratio of cascade to the cross-over 

compare with the Weisskopf estimate? 

M.A. Eswaran: Weisskopf estimate will give predominant M1 

transition so that cross over E2 transition will "be negligible. 

But the ea&dade to cross over ratio we observed is 2, as 

mentioned earlier. 

P. Mukherjee: Did somebody determine the spin (and parity) of 
a 

the 1.94 MeV level by f bring the V and taking the corresponding 

proton angular distribution? 

M.A, Eswarans No.. Recently proton-gamma ray angular correlation 

measurements have been reported in the literature, by detecting 

the protons at the angle corresponding to stripping peak and 

measuring gamma ray angular correlation. Using plane wave 

analysis, It is reported that spin of 5/2 is preferred for this 

1.94 MeV level. This analysis is dependent on assumption regard 

ing the mechanism of the reaction. However, in the experiment 

reported in the present paper, the analysis is independent of 

any assumption regarding reaction mechanism. 
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PROTON-GAMMA. RAY ANGULAR. CORRELATION MEASUREMENTS 

IN THE REACTION 2 4 M g ( d , P 3 * ) 2 % g 

M.A.•Eswaran, N.L. Bagoowansi and P*C. Mitras 

Bhabha Atomic Research Centre, 
Trombay, Bombay,. 

ABSTRACT a 

To obtain direct evidence for the..spin of the 1,61 MeV 

25 24 .05 
state in. Mg, the level was excited, in the reaction Mg(d,pp) Mg 

using 2.1 MeV deuteron beam and detect ing. the outgoing protons 

o 

feeding the state, at 0 to the beam in anJIRTEC surface barrier 

detector, the angular correlation of the... subsequent 1,61 MeV 

de-excitation gamma ray was measured,, Measurements were analy-

sed by a computer program based on the Litherland ani Ferguson (1 ) 

method which is independent of any assumption regarding reaction 

mechanism. Results can be fitted with a spin choice of 3/2 or 

7/2 for the state. Spin vaLue 7/2 for this 1.61 MeV state 

agrees with the expectation from other evidences* For this spin 

value the values of quadrupole to dipole mixing amplitude 

ratio parameter j f)J, for which the data could be fitted are 

0.18.and 2 d 4 . The value of 0*18 for ( $ j „ is consistent with 

the known lifetime (2) of the 1,61 MeV level. 
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STUDY OP THE ENERGY LEVELS OP ODD.MASS ISOTOPES 

OP In, Ag, Rh, AND Nb BY 'THE IN-

EIASTIG SCATTE^IM} OP PR3T0NS 

V.R. Po.ndharipande, K.G. Prasad ana R.P. Sharma 

Tata Institute of Fundamental Research 
Oolaba, Bombay. 

The excited states of odd mass In, Ag, Rh and Nb nuclei 

are studied from the inelastic scattering of protons of energy 3 . 5 

4 q i k / 4 . 5 MeV. These nuclei lie in "the near spherical region 

and have 1, 3, ? and 9 proton holes respectively near the magic 

number 50. Jr. this region the excited states are expected to 

arise due to the coupling of the collective and particle 

excitations, and the inelastic scattering data is very helpful 

in the study of their nature. The (p,p') and (d,d*) spectra 

have also been studied earlier (1,2) . 

The present work mainly concerns with the study of the 

de-excitation of the above mentioned excited states with the 

help of high resolution Ge(li) detector. A suitable arrangement 

for the use of Ge(Li) detector at liquid air temperature was 

made and the gamma spectra in each case were recorded by 

placing the detector assembly behind the target. The gamma 

spectra obtained by bombarding metallic silver foil with 4 and 

4.5 MeV protons are shown in Fig.1. In these spectra the 

contributions from general background arrl those from (p,pV), 

(p,n) ani (p,Y) reaction were separated. The photopeaks at the 

energy 504, 695, 845, 1015 and 1365 keV were due to general 
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background and those at 204 and 283 keV were due to (p,n) 

reaction. No gamma rays were observed due to (p,y)' reaction. 

In a similar wav other spectra were analysed. 

T^e accurate det&Lmination o-' -the energy of the 

gamma trans Iticns from '3,?. av.-̂ e spectra h is helped in 

establishing th-:- decay of £ xoitc.-d states in In, Ag, Rh 

and Nb nuclei. The Oijc-rgy level is Hh (apec pure natural . 

, 1 0 5 

Rh containing 100$ " Sh) are shown in Fig.2. The levels at 

297 and 360 keV are the well known 3/2" and .5/2*" members of 

the doublet formed due to the coupling of 2 + state with the 

odd proton in the. «/2 state. As ia evident in the" decay 

scheme (Fig.2), considering the decay and the relative- inten-

sity of the gamma transit ions the level at 1275 and 880 keV 

are of negative parity while the 650 keV level appears to be 

of positive parity. 

The excited states in In are shown in Fig,3. Here 

the levels extend upto 2480 keV. In the energy region 

0 —^934 keV, the excitations due to inelastic scattering of 

protons are not observed, because in this region the levels 

mainly decay to 1/2"*" isomeric state of . In and are 

predominantly single particle in character. Above 900 keV 

there is a group of levels which decays to the ground state, 

while those in the region of 2 MeV decay to these levels. 

In the former case one expects a multiplet of 5 members 
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arising due to the coupling of the proton hole in the 9/2+ 

ground state with the first 2 + state. In the first group of 

7 excited states,5 may fee the members of this multiplet, but 

the nature of the other two is difficult to ascertain. 

In a similar way the excited states of Ag and Nb 

have been studied. In all these cases a group of levels has 

been observed to decay to the ground state while another 

group higher in energy decays predominantly to the first 

group of levels. It may be possible that the higher group of 

excited states might be arising due to the coupling of 

second 2+ state with the odd particle in the ground state. 

The calculations of the excitation functions will throw some 

light in this respect. Further work is in progress to clarify 

this point. 
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DISCUSSION: 

P. Hukherjee: Can you quote the error in your relative intensity 

near 1 MeV? What is the background count? 

R.P. Sharma: In the high energy region, since the detector 

is only 2 mm thick the efficiency is small and the statistics 

is poor, so the error in intensity will be of the order of' 10$. 
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So So Kapoor: What was the energy resolution, and did you use 

any FET preamplifier to improve the resolution? 

RoPo Sharma: The resolution was 6 keV FWHM for the 661 keV tran-

sition. FET has not been uwe^. 

P.llo Tiwari: (1) What is ti e thickness of the depletion of the 

detector? (2) How the s :.ngle escape and double escape peaks 

were taken into account? (3) But if there are some new levels? 

R.P. Sharma: 2 M.M. (2) The single and double escape peak 

positions can be determined by subtracting 510 and 1020 keV 

from the observed high energy gamma ray„ Most of the gamma 

rays have been observed in the energy range of~1 MeV where 

double escape is not possible and the single escape peaks are 

not prominent- (3) In case where both the escape peaks are 

present and they happen to coincide with the gamma rays of that 

energy then their contribution can be determined by standard 

monoenergetic gamma ray sources, 

KoKo Suri: Assignment of 1l/2+ spin to the 1135 keV level in 

In is still controversial. Do your experimental observations 

confirm the 11/2+ spin assignment to this level? 

RoP. Sharma:. The 11/2+ spin assignment has not uniquely been 

made,. It has been done from the earlier angular correlation 

measurements and by the process of elimination. 

187 



N. Hath: Have you seen any effect of neutrons in the Ge(Li) 

detector arising out of the (p,n) reactions in the target? 

R.P'. Sharma: Such effect is not observed. Also the cross 

section for (p,n) is Quite small as is seen from the observed 

intensity of the gamma rays due to this reaction. 
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COULOMB EXCITATION OF 1 2 7 I 

S.Ho Devare, P.No Tandon and H,G„ Devare, 

Tata Institute of Fundamental Research 

Colaba, Bombay„ 

127 

The level scheme of I nucleus is fairly well known 

from radioactive decay (1 ,2) , and is shown in fig.1. The spins 

of various levels and the E2/M1 ratios of various gamma transi-

tions arising from different levels have been measured by 

directional correlation and conversion coefficient measure-

ments respectively (1 ,3) . The mean live3 of 58 keV and 203 keV 

have been measured by delayed coincidence measurements (4) and 

the mean life of 418 keV level is measured by resonance fluor-

escence studies (5)o The magnetic moments of 58 and 203 keV 

levels have been measured by employing perturbed correlation 

technique (6,7) . • It was therefore thought desirable to observe 

the Coulomb excitation spectra of this nucleus and get the 

reduced E2 transition probabilities directly. This type of work 

was previously carried out by Davis et al (8) using Pbl2 target 

and scintillation spectrometer. As the level scheme of this 

nuclide was not known that time, the B ( B 2 ) values calculated 

could contain considerable error. Moreover it is clear from 

fig,2 that there are various gamma rays too close in energy to 

be resolved by any Nal(Tl) crystal. We have repeated the same 

experiment using a proton beam of the 5.5 MeV Van de Graaff 
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accelerator at Trombay., The spectra were observed by means 

of a Li - drifted Ge detector having a resolution of keV. 

Various proton beam energies ranging from 4 to 5 MeV were 

utilised in the experiment.. The spectrum observed at beam 

energy 4.5 MeV is shown, in. Fig.2,,. The gamma .rays of energy 

145, 172, 203, 215, 360, 375, 413 and 590 keV are known from 

radioactive decay. In order to get the yields of various g amma 

transitions for different beam energies* the photopeak counts 

after taking into account the background contribution were 

corrected for absolute photopeak efficiencies of various 

gamma rays. These were determined independently for our detector 

by using standard sources of known strength, Thisyield was 

further corrected for the'branching ratios which were already 

known from the decay scheme measurements. The excitation yield 

for various levels thus calculated was checked with the the-

oretical yields 'at various beam energies assuming E2 excitation. 

They agree well within error's. Such analysis was carried out for 

127 

three main levels in I i=e„ levels 203 keV, 375 keV and 418 keV. 

From the known yield/incident proton, the reduced E2 transition 

probabilities B were-calculated from the formula given 

in ref„ (9) -.. Then" knowing the gamma ray branching from these 

levels and E2/M1 ratios from various transitions, the mean lives 

of the levels could be calculated* The results obtained are 

summarized in table I and compared with experimentally measured 
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mean lives of various transitions* The agreement seems to 

be fairly good within the experimental error which would be 

about 2 0 T h i s large error is due to poor statistics in the 

photopeaks as the targets were very volatile and one had to give 

very short runs to make sure that the beam is viewing a thick 

target0 
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127 
Results of Coulimb Excitation in X 

ilevel Energy ) Incident Proton 
(keV) Energy (MeV) " 

203 

375 

418 

M e ^ 0 B F } e x 
10 J V . Cm4 

4, 4-5 9 4.75 

4, 4.5$ 4o75 

4,75 

3,51 

3-91 

1 .92 

* Assuming E2 admixture to be 21$ (Ref.1) 

** Assuming E2 admixture to be 0,7$(Ref<5) 

Mean life 
T (sec ) 

-10* 
7x10 1U 

3.61 x1Q" 
•11 

4.3x10' 
•12 

9o9 

22 

3 o 6 

DISCUSSION: 

P. Mukherjee: Did you check by monitoring the elastic proton the 

stability of your target thickness? 

S.IL Devare: No. However, we had kept the target thickness 

sufficiently large so that the beam was incident on a thick target 

even though a part of it evaporated. Secondly we kept the target 

at liquid air temperature to reduce the evaporation rate, 

S.K. Gupta: Why did you prefer to look for the gamma rays rather than 

the protons? The proton detector efficiency may compensate for the 

thin target? 

S.H. Devare: For such measurements we would need a target of thickness 

•'V50 /--*g/cm'. We are not sure t hat such a thin target would last even 

for a. few minutes under proton bombardment. However , the energy lost 

the material is quite small and if the. backing has good conductivity 

the target may last long enough. We would try this next time. 
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GAMMA RAYS FROM • Mn(p,nY)^Fe REACTION 

K.VoK. Iyengar, B. Lai and S*K« Gupta 
Tata Institute of Fundamental Reetearch, 

Colaba, Bombay-5. 

There has been considerable interest in the level st-

5 r 

ructure of the 26^e flucleus Q^d *ias been extensively 

studied (1-3) using different reactions. Until some time ago 

55 

all the measurements on the levels of Fe had established the 

existence of only two levels below 1 MeV viz, at 0„413 and 

0.933 MeV. Ramavataram (9) and also Maxwell and Parkinson (1) 

were able to give a fairly satisfactory theoretical descri-55 
ption of the position and spin of the levels of Fe as known 

till then. Kim (10) found evidence for two additional levels 

55 
in Fe at 0.510 and 0.680 MeV by a study of the neutrons from 

5 5 / 5 5 

Mn(p,n) Fe reaction. Alevra et al. (11) reported the 

appearance of a neutron group corresponding to the 0*510 MeV 
C (T level of Fe. 

We have carried out a search for the 0.510 and 0.680 MeV 

55 55 55 
levels of Fe generated in the Mn(p^n) Fe reaction by 

detecting the gamma-rsys from the reaction employing the high 

resolution available from Ge(Li) detector. The Ge(Li) 

detector had a FWHM keV for 662 keV gamma-rays. Manganese 

metal of high chemical purity evaporated onto thin gold backing 

was used as the target® The thickness of the target was 
p 

700y^g/cra . The 5.5 MV Van de Graaff accelerator at Bhabha 

Atomic Research Centre, Trombay, was used as the source of 
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protons. In fig.1 are5 shown the spectra due to interaction 

of 2.40 MeY protons with (i) manganese, and (ii) target backing 

and (ii£f due to interaction of 1.43 Mev neutrons from T(p,n) 

reaction (of about the same energy as that of neutrons to 

ground state of 55Pe from 55Mn(p,n)55Fe reaction at E =2.40 MeV). 

The 0.412, 0.932 and 1.316 MeV gamma-rays are from 5 5Pe. The 

0.510 and 0.680 MeV gamma-rays do not seem to be present in 

the spectrum due to interaction of protons wi th Mn to an inten-

sity greater than 5$ of that of the 0.413 MeV gamma rays. The 

origin of the 0.439 MeV gamma rays is not known. 

In fig.2 are shown the spectra due to Interaction of pro-

tons with Mn target at 2.45, 3.00 and 3.50 MeV. The 0.933, 

1.322 and 1.413 MeV gamma-rays begin to appear as the prton 

energy exceeds the thresholds for excitation of the respective 

levels. Their intensity also increases with proton energy. As 

would normally be expected in the case when the 0.510 and 0.680 MeV 

levels are generated in this reaction no prominent peaks at the 

regions corresponding to 0.510 and 0.680 MeV gamma rays showed 

up even at the higher proton energies. However, the spectrum 

in the region of 0.680 MeV gamma-rays is complicated by the 

presence of the Compton hump of 0.933 MeV gamma-rays and the 

0.690 MeV conversion electron line due to inelastic scattering 

72 
of neutrons from Ge in.the Ge(Li) detector itself. To eliminate 

72 

the 0.690 MeV gamma-rays arising from Ge(n,n 'Y) and thus to reduce 

the background in the region of 0.680 MeV gamma-rays, a spectrum was 

195 



FIG. 2 

196 



taken with Nal(Tl) scintillator of 7.5 cm x 7.5 cm at E =2.40 MeV 

and is shown in fig.3. No positive evidence for the presence of 

the 0.680 MeV gamma-ray is avilable from this spectrum either. 

The angular distributions of the 0.933, 1.322 and 

55 -55 
1.413 MeV gamma-rays from Mn(p,n) Fe react ion-were 

measured at E = 2.40 and 3.50 MeV using Ge(Li), detector. 

) 
The full energy peak due to 0.933 MeV gamma-ray- produced in 

the reaction and detected by 7.5 cm x 7.5 cm Nal(Tl) crystal 

was selected in the single channel analyser for monitoring 

the yield of the reaction. A stable current integrator was 

used for measuring the proton flux incident on the target. The 
measured angular distributions (corrected for losses due to 

t 

attenuation in the target backing and holder) are presented in 

fig.4 along with the curves calculated from the statistical 

theory of Satchler and Sheldon (12-14). Absolute cross-sections 
were computed from the measured yield by determining the full 

/ 

energy peak efficiency of the Ge(lii) detector by comparing its 

performance with a Nal(Tl) crystal of known full energy peak 

efficiency. The measured cross-sections are in better agreement 

with the theoretical predictions at E^ = 2.40 MeV than at E^=3.50 

MeV. This deviation at higher bombarding energy is felt to 

be essentially due to the contribution to the intensity of 

'concerned gamma-rays f rom higher levels by cascade transitions 

(which have not been taken into account) through the levels 

responsible for the gamma-rays of interest. On the whole 

the agreement between the measured and theoretically predicted 
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angular distributions is quite satisfactory within the limits 

of errors on the Measured cross sections which are A / + 40$. 

The angular distributions are almost isotropic within the limitB 

of experimental errors. We conclude from these observations 

that the reaction proceeds through the compound nucleus 

and that the random phase approximation is valid for the-com~ 

56 

pound nucleus Pe at excitation energies of about 13 MeV. 
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SEARCH FOR THE LEVEL AT 80J keV IN 51Cr ' 

K.V.K. Iyengar, B. Lai, 8.K. Gupta and M.D. Deshpande 
Tata Institute of Fundamental Research' 

Colaba, Bombay -5. 

ABSTRACT.-

51 
A search for. the level at 303 keV in Cr first observed 

* 50 51 
by B.jerregaard et al (1). in the reaction Cr(d,p) Cr was 

51 

made in the reaction ^ V(p,n) Cr by observing the direct gamma 

rays from the proton bombardment of vanadium with a Ge(Li) 

detector in the proton energy range 2.31 to 3.10 MeV. The level 

at 803 keV is expected to be excited at energies higher than 
E = 2.35 MeV as the Q value for this reaction is - 1.534 MeV. 
P 

The intensity of the 803 keV gamma rays was found to be lesser 

than 2 per cent of the intensity of the gamma rays from the 

first excited level at 747 keV in 51Cr at E = 2.6 MeV. Also, 

no variation in the intensity of the 803 keV gamma rays was 

observed with change in the proton energy. If the 303 keV level 

is excited in this reaction then the low intensity of the 303 keV 

gamma-ray has only to be accounted by the decay of the level 

almost entirely through the 747 keV level. However, the neutron 
C -| J- Si 

group corresponding to this level in the reaction V(p,n) Cr 

should have been observed by Ferguson (2), (if the level was 

excited) which is not the case. We therefore conclude that 

the level at 803 keV is at least not generated in the 

51 \ 51 
V(p,n) Cr reaction. 
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TOTAL AN? PARTIAL WIDTHS POR W E L S IN 1 ?0 

A.S. Divatia, K.K. Sekharan and M.K.- Mehta 
Bhabha Atomic Research Centre 

Trombay, Bombay. 

13 16 
The total cross section for the reaction C(o£,n) 0 

has been measured earlier (1) in the incident alpha energy 

range 1.95 - 5.57 MeV, using a 4"TT neutron detector. By an 

analysis of the resonances observed the total widths for 16 levels 

17 
in 0 in the excitation energy region 7.9 to 10.5 MeV have been 

determined. The partial widths Q and P n along with the corres-
T- V-

ponding reduced widths. and for 4 of these levels have also 

been obtained, 

For -̂ he wide resonances the total Width 1 was obtained 

directly from the experimental width P and target thickness 
6Xp 

T since 

r = T2 
exp * 

The spread in the incident beam energy was negligible * For the 

isolated resonances which were narrow compared to the target 

thickness Richard's leading edge method (2) was used for evaluat-

ing the total widths. The total widths evaluated for various 

resonances are given in Table I . The error in the widths has 

been estimated for each resonance separately and takes account 

of the error involved in the procedure for determining the 

width. 
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Table I . 

Peak total cross sections and total widths of levels ; in 'o 

Resonance 

energy 

MeV 

Excitation 
energy 

17 
in 'o E* 

MeV * 

Peak totgl cross 
sections 

1 3 C( / , n ) 1 6 0 

mb 

Total level 
width (C.M.) 

P keV 

2.08 7.94 46.4 79b ± 10 

2.25 8.07 75.0 71 \ ± 3 

2.41 8-19 63.7 71b ± 5 

2.61 8.34 43.6 „a 
9 + 

2.63 3.40 45.2 ^ ± 3 

2.77 3.47 37.9 7 a ± 3 

2.31 3.50 82.0 5 a + 3 

3.07 3.69 52 . 7 50b + 3 

3.32 8.89 105.2 101b + 3 

3.42 8.96 93.1 21b + 3 

3.65 9.14 6.7 
a 

4" + 3 

3 .72 9.19 23.5 .a 
4 + 3 

4.12 9.50 17,3 
q a 
3 + 3 

4.42 9.73 75.6 15 + 3 

(4.49) (9.78) 

4.62 9*83 67.0 5a
 ± 3 

(4.77) (9-99) (23.2) 

(4.85) (10.05) (22.9) 

5.04 10.20 113.1 5 0 b
± 3 

5.29 10.39 147. 7 

5.41 10.49 197.4 J, n 
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The oartial widths of 4 resonances at E„y eq.ua! to 
v > -

2,66- 2,31 , 3.72 and 4'.62 MeV have been obtained usingthe 

relationship of Gove- (3), 

C ^ t i l L . T 

t * 

where 

£ - stopping power of the target in units of energy times 

cm^/atomo 

= centre of .mass wave length of the incident particle in 

centimetre« 

^ the step in the thick target yield in units of 

reactions per incident particle,. 

J = the total angular momentum of the compound nucleus level, 

i , I = the spin angular momentum of the incident and the target 

nucleus respectively. 

I * F î - ^ e total width, the partial alpha, width and partial 

neutron width, respectively. 

Since the target thickness is substantially greater than the 

natural width of these levels it is possible to use this expression 

for evaluating the product of the partial widths P , and P * Fur-
PC **l 

ther ^ and Q are related, since ~ 

Considering the penetrability effect one may assume greater 

than F^ . It is then possible to solve for both ^ and f^, . 

In addition the reduced widths and the ratio of the reduced width 
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to the Wigner limit as a percentage could be calculated firom 

the following expressions 

G r i * (2) 

X 

* (5) 

D 
where f? is the penetrability factor for the 1 th partial wave,^ 

is the reduced width of the level for the channel s, 9 is the 
s 

reduced width in terms of the Wigner limit expressed as a 

percentage and m5 and ^s are the reduced mass and channel radius 

respectively. The reduced widths and reduced widths in terms of 

the Wigner limit calculated in this way a re given in Table II . 

It is not possible to make a comparison of the reduced 

width with theoretical estimate since the excitation energy is 

very high and theoretical estimates are very difficult to make. 
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Table II . 

1 7 
The partial widths and reduced widths for levels in 0 

P Y ^ P R ^ 
Reson- a g U - M Precentageof 
ance J Z^keV ke-V l ^ k e V keV wigner limit 
Energy,E/ 9, 

n 

2.68 5/2+ 3 0.16 2.3 2 3.84 1.6 0.365 0.058 

2. 81 5/2" 2 0.43 1 .3 3 4.57 5.0 0.206 0.182 

3.72 5/2 2 0.14 0.11 3 3.1 0.017 0.113 

3- 0.31 2 3.36 1.3 0.049 0.047 

4.62 9/2 4 0.30 0.82 5 4.70 100 0.130 3.635 

5 4.57 4 12 0.725 0.436 
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DISCUSSION: 

S.K. Gupta: Have you applied the leading edge method to determine 

j-7 for wider resonances? This will give a further verification -of 

leading edge method. 

A.S, Divatia: The leading edge method is well- established and we 

do not need to test the method. 

R.K. Tandon:- Car. we obtain some information about quantum No., 

spin and parities of the energy levels? 

A.S. Divatia: We can obtain information about the widths. To get 

more information, angular distributions of the neutrons will be 

required. This is not possible with a 4TT neiitron counter.. 

N. Nath: have you considered trying different thicknesses of the 

target to cross-check on the adequancy and accuracy of the leading 

edge analysis method? 

A.S. Divatia: No. But we have assigned sufficiently large errors 

to take care of the inaccuracies in the leading edge method. 

S.S. Kapoor: In these cases, where the observed width is of the 

same order as that due to the target thickness, what are the 

uncertainities in the derived widths? 

A.S. Divatia: As you may note from the tables, the error is as 

high as 3 keV, when the total width is 4 keV. 

16 17 
P. Mukherjee: Did someone measure the 0(n,Y) 0 reaction? 

i 

A.S. Divatia: Some measurements exist, but it is difficult to 

get an exact overlap with the same excitation energy region. It 

should be noted that F V , is small. 
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U.S. Kaushal: Why do you not consider in the expression 

of the total observed level width? 

A.S. Divatia: P ^ can be safely assumed to be small here, as 

compared to R and f ^ • 
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:HE ABSOLUTE CROSS SECTIONS OF (t,p) AND (5He,p) REACTIONS 

* 

V.S. Mathur and J.R. RQOV 

Nuclear Physics Laboratory, Oxford 

In this paper we wish to present the results of a DWBA 

calculation for the absolute cross sections of (t,p) reaction on 

16 

0 using Ohmura's hard-core wavefunction (1,2) to describe the 

internal structure of the triton, which is known to reproduce the 

size as well as the binding energy of this particle. Besides 

this we also offer an explanation as to why the absolute cross 

sections of (p, He) and (p,t) reactions, leading to analogue 

isobaric states of the residual nuclei, are equal (3,4) (apart 

from the momentum and isospin factors) despite considerable dif-

ference in the size of these two particles. 

In the DWBA, the cross section of the stripping process 

A(a,b)B is given by (5) . 

= k - i n 
- T ^ f t a ^ TT I \ 

where and are the reduced masses of the incident and out-

going particles a and b and ka and k^their momenta. The matrix 

element M of the process Is given by (5) 

n = r J i r ^ J c L ^ u - ft u + ( L 

where Ya. and Yy. are the relative coordinates of a and with 

* Present/Address : Department of Physics, Benaras Hindu 
University, Varanosi - 5. 
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respect to the target and the residual nuclei respectively, and 

T is the Jacobian of transformation to these coordinates from 

the natural coordinates Y ^ and Y ^ being the particle trans-

ferred in the reaction. i s the matrix element of 

the interaction causing the stripping taken between the internal 

states of the colliding pairs. To evaluate this matrix element 

we make two -assumption: (1) Within 'the residual nucleus, the 

relative motion part of the wavefunction of the transferred 

particles is a much more slowly varying function of their 

relative distance than its counterpart when these particles are 

part of the triton. This simplifies the overlap integral. 

(2) The other approximation is the 'zero range' approximation 

which is usually made in the stripping calculations. This 

amounts to approximating the Yj^-dependent part of; 

by a delta function. The justificatian for this approxL motion is 

that the two-body interaction responsible for this rearrangement 

is short-range one. 

This gives finally: 

= I (4, Oi j i l ^ ) ( * r t K l j $ ) e V i tylt.k)3 S(r^) 

where Qt » is the tw©-particle fractional parentage coefficient, 
/ **** 

'I \ i S s i n g l e P^ticle ^hell model wavefunction of a 

transferred particle, the bracket implies that the tw® v/ave. fun-

ctions inside it are coupled s© as to give the angu^r momentum 

specified by the subscripts jfr i s the total angular momentum 
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transferred in the reaction and the various Clebsch, Gordan co-

efficients appearing in the formula take account of the anguhr 

momentum couplings,, On substituting this gives finally, apart 

from a factor tha formula obtained by Rook and Mitra (6) 

for the angular distribution of the protons in the (t,p) reaction 

which they derived considering the triton to be a point particle. 

The factor with which Rook and Mitra*s MBA results must be 

multiplied to give the absolute cross section, contains infor-

mation regarding tine triton structure. We calculated this factor 

using Ohmura's wavefunction 

-jj £ 
i>j 

with their best values of the parameters and and the two-body 

force parameters tabulated by 'them to fit the low energy data. 

For the optical potentials of the triton and proton we used the 

parameters derived from the elastic scattering data and used 

earlier by Glover and Jones(7) to reproduce the angular distri-

bution of the outgoing protons in this reaction. Our results 

are tabulated in Table X* 

Yfe now discuss a comparison between the absolute cross 

sections of (p,t) and(p,^He) reactions leading to analogue is©-

baric states. Calculation with a simple Gaussian wavefunction 

indicates that the cross sections would differ considerably even 

3 
if the rms charge radii of the triton and He were slightly 
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3 
different. Experimentally the rms charge radius of He is apprec-

iably larger than that of the triton and yet, according t© the 

experiments of Cerny* and Pelil (3) and Detraz et -al (4) with 

43.7 MeV protons, the absolute cross sections* .af (p, He) and 

"16) 9 
(p,t) • reactions on 0 and Be leading tn analogue..isobaric. . 

states of i 40(gs,0 + , T=|) and 1 V ( 2 . 3 1 MeV, 0 + , T = 1) res-

7 * 3 ? 
pectively in the first case and Be ' (10.79 MeV, T ~ ) and - Li(11.13MeV, 

T = 2") £espectively in the second icase,are nearly identical apart from 

the well known momentum and isospin factors. We have tried to ex-

plain this in terms of the mixed symmetric wave function 

suggested by Schiff (8) to explain the difference in the electro-

3 3 

magentic form factors of H knd He and subsequently used by Davey 

and Valk (12) t® explain their size difference. We have shown 

that if the two-body interaction. is.UapjLB dependent and isospin 

conserving, then we obtain using the mixed symmetric wave function 

dC") = 3 ^ = i f £ v ' v ° & « ) ) ( « - * , ) j ? 
where V ' is the spin triplet potential and V*is the spin singlet 

potential. 

The quantititive calculations, using the mixed symmetric 

wavefunction with a hard-core, are in progress. 
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Table I . 

Calculated an G experimental values 

Hard Binding 
core energy 
radius 0 f 3h 

(fm) ^ v ) 

is 

0.00 10.26 0.936 

0.20 3.31 0.335 

0,40 7.52 0.746 

0.60 5.79 0.636 

rms 
charge 
radius 

(fm) 

^Tnt;E1 
(MeV. mb) 

>E1 
(mb) 

^ Maximum 
J 2 5 cross 

(Mf >/ .fm ) section 
(mb sr) 

1.59 RI a):62.4 1.80 19.3 10fc 

. S b) :54.0 
1.67 RI :64.3 2.06 31.4 10 

S : 5 5 .5 
1.74 . :RI :67.0 2.29 54.4 10c 

S ; jb . 9 , 
1.81 RI : 69.7 2.52 39.3 10C 

S : 53.6 

20.0 

32.5 

52.2 

93.1 

Experi-
mental 
values 4 9 0 , 7 6 4 1-68+0.17 . 62+ 6 2.53+0.19 25+3 

a) RI: Rosenberg-rlnglis mixture of exchange forces, 

b) S : Serber mixture of exchange forces. 

c) Refs (9,10,11) 
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PERTURBED ANGULAR CORRELATIONS 

H.G. Devare 
Tata Institute of Fundamental Research 

Co lab a, Bomb ay. 

In this talk, I shall try to give an overall picture 

of perturbed angular correlations (PAG).. This subject has been 

attracting considerable attention in recent years and quite 

in terestiag " ork is being done in this field. Though detailed 

theoretical treatment of PAG. was available as early as 

1953 ('•), experimental work could make progress only during 

the last ten years or so. 3y 1963, there was so much activity 

in this field that an international conference on this subject 

was held at Uppsala. Since then many new techniques have been 

introduced for the study of PAC and, what is more important, 

the scope of their application has been considerably widened. 

Thus trie next international conference on this subject to be 

lie Id this year in Asilomar, California, includes also nuclear 

orientation and Mossbauer effect. A review of the work in 

this field, prior t.o 1963 is available in the proceedings of 

the Uppsala conference (2) and I wish to devote the present 

talk mainly to the more recent work. However, for the sake 

of completeness, I shall briefly indicate the various per-

turbation mechanisms and their effect on angular correlations. 
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In the case of a gamma ray cascade, detection of the 

first gamma ray in a particular direction causes an unequal 

m substate population with respect to this direction in the 

intermediate level, The second gamma ray then has, in general, 

an unisotropic distribution given by 

W(9) = 1 + A2 P2 (cos 0) + A4 P4 ( C O S 9) 

in most cases. The angular correlation coefficients A2and A^ 

depend only on nuclear properties like spins of the s tates 

involved and multipoiarity of the gamma rays. The experiment-

ally determined values of A„ and A, can be used to get information 

about the nuclear properties provided the angular correlation is 

not perturbed. Any change in the m state population during 

the lifetime of the intermediate state gives rise to a 

perturbation of the angular correlation. The interaction of 
* 

the nuclear electromagnetic moments with extra-nuclear fields 

causes transitions between the m substates and is responsible 

for PAG. Thus, PAG provide us a tool for the study of this 

interaction. Measurement of the electromagnetic moments of 

shortlived nuclear excited states is also possible using 

PAG techniques. These techniques have shown in recent years 

considerable promise as a probe for the study of the hyper fine 

and crystal fields, 

We need to consider only the interactions of the 

magnetic dipole momen t^/< and electric quadrupole moment Q with 

external magnetic field and electric field gradient respectively, 

I'he interaction can be considered static if the direction and 
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intensity of the field remains constant for a time which is 

long compared to the lifetime of the intermediate state. 

Otherwise, we get a time dependent interaction. A static 

magnetic field II acting on a magnetic dipole moment//C removes 

the degeneracy of the m states and the . energy difference 

between adjacent states in = g^fi^ = ^ -̂£\vhere g is the 

rat io^ / l for the intermedate state, is nuclear magneton 

and is the Larmor frequency. Classically, the nucleus 

precesses about the field direction with the frequency • 

The quadrupole'.moment will interact with an electric field 

gradient which can be denoted by Vsz in the case of a. 

symmetric field gradient and. the energies of m states in this 

case are, 

ir = l ( i + i ) £ 

z — > » <>° 

The energy differences between adjacent states are not constant 

here and +m an6 -m states have the same energy. Thus quadrupole 

interaction gives rise to many precession frequenceis and. both 

clockwise and anticlockwise precessions are present. As a 

measure of the strength of the quadrupole interaction, we would 

use the lowest orecession frequency given b y A . , i n ^ - V a 

* , * 3 e a u 4-1 
for integer I ar;d I T O^f f ° r ^ ^ i n t e g e r I o 

It is convenient to consider the perturbing effects in terms 

of the precession frequencies and • 
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distribution with a width 0 about a mean value . The 

attenuation coefficients have been calculated (5) taking 

into account this effect, for various values, of the parameter 

^ o A typical example of such studies is the 

1 81 

differential measurement for a polycrystalline v Hf source, 

by Sommerfelnt et al (6) who get a good fit for the observed 

tLrae dependence of the anisotropy with a proper choice of £ 

and the asymmetry parameter . Once one gets the strength 

of the h.yperfine interaction from such studies one .can find 

the quadrupole moment of the excited state if the components 

of the crystal field are lea own • In general it may be more 

instructive to calculate ciie crystal field gradients using 

a value for the quadrupole moment of the excited state 

derived from some nuclear model. 

Let us now consider trie time dependent perturbations. 

Magnetic interactions of 'this type are d ue to the hyperfine 

fields which change their direction at random because of the 

change in the orientation of the electron spin caused by the 

spin-lattice interaction. Time dependent quadrupole inter-

actions can arise in liquids because of the instantaneous field 

gradients due to the various configurations of the ions 

surrounding the nuclei emitting the gamma rays. Such con-

figurations last, on the average for a time the correlation 

time, and keep on changing because of the random motion of 

the ions. Abragam and Pound (1) have treated this problem 
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considering each such configuration to produce a email 

perturbation. They ahov* that the attenuation coefficients 

have the form Cx^Ct} - ^ ^ ^ a n a the integrated coeffi-

cients,^^— ^ -f Tlfc The /fy depends on the average 

strength of the interaction and the correlation ti-jie or 

the relaxation time for magnetic interactions. Such 

an exponential attenuation of anisotropy has been observed 

by differential angular correlation measurements in several 

cases. Recently, Dillenburg and Maris (7) have suggested 

that there is also a possibility that the perturbation in the 

time dependent case" may be the result of only a few inter*-

actions each producing a large effect. In such a case the 

first order theory used by A br again and Pound is not applicable. 

Prom a more general treatment of the problem, they conclude 

t h a t — ^ ^,^^/herc a r e normalized to unity and 

the number of coefficients = T or T - | . Some work has 

been reported (8) to support this theory but the evidence 

cannot be considered to be conclusive. It should be noted 

that even though perturbations may be present in liquids they 

are usually very small compared to solid sources as the 

—11 

correlation time ^ ^ is very small r^ 10 sec. for dilute 

liquids. Even in solid sources, perturbations are more or 

less absent in cubic lattices. 

It is sometimes possible to r educe the perturbations by 

means of a decoupling magnetic field in the direction of one 
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of the detectors. In the case of attenuations due to static 

hyperfine coupling, the decoupling field causes the magnetic 

mor.io nb of the electron shell to pre cess round it. One then 

gets the nuclear analogue of the Pasohen Back effect with 

the I-J coupii/if, oomplately broken and the perturbation is 

r. ' • A on. Usually, J iJ coupled to the lattice or the liquid 

:.rr: a:;: t ..'.:-.iJ for such c. larger 'decoupling fields are 

required. However, if the crystal fields of' tho solid cause 

the hype rfine oj up ling to be anisotropic,, it is not possible 

to roruove tho perturbation with a decoupling field. • In the case 

of static quadruools interaction it is possible to reduce 

the perturbation provided the decoupling field produces a 
© 

precession frequency ^ ^ . The attenuations in liquid 

sources caused by time-dependent quadrupole interactions cannot 

be removed by decoupling fields. 

The biggest contribution of the PAO techniques has been 

to the measurement of the magentic moments of excited states. 

One studies the PAO in an external magnetic field perpendicular 

to the plane of detectors. Using the differential method, 

very good accuracy can be achieved for such measurements. 

Moreover, with this technique, one determines directly 

and one need not know the angular correlation coefficients, 

effects of interfering cascades, attenuation or even the half 

life of the excited state. However, such differential measure-

ments are possible only in a few cases where the intermediate ' 
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state has a sufficiently long lifetime ^ 5 ns. If this 

method has to be used for 'very long half lives of about a few 

m sec, limitations are set by the following factors: (1) one 

must have a time to amplitude convertor which is linear over 

a very wide range and has a good time resolution (2) one has 

to use a very v/eak source to keep the chance coincidence 

rate lew as one uses very large resolving times (3) one has 

to select a proper environment for trie source so that pertur-

bations do not wipe off the angular correlation for several 

half lives of the intermediate state. • The method of digital, 

analysis of ?A0 (9) gets over the first limitation by direct 

digitization of. the delay between the two gamma rays at-

'! G- H„ digitizing rate and storing on magnetic tape. A com-

puter analysis of the Fourier transform of the time spectrum 

gives the resonance frequency quite accurately. 

In a majority of the cases the intermediate state has 

a small half life so that only the integral method can be 

used. Here, the shift Ct£2:is measured either by studying the 

whole angular correlation in the magnetic field or indirectly 

by observi ng the change in the coincidence counting rate at 

a suitable* angle by reversing the field. One has, of course, 

to find the argular correlation coefficients in the same 

geometry, correct for interfering cascadcs and know the half 

life of the intermediate level. For smaller half lives quite 

large magnetic fields are needed to have an observably large 
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effect. Recently, the large hyperflno fields on impurity 

atoms in ferromagnetic lattices have bean used for this 

purpose. The technique is applicable to cases with half lives 

of a few picosec, like the 2 + virbrational states of spherical 

nuclei.. a aystetiatic st*;dy of ouch g factors of vibrational 

utates is of considerable interest from the point of view of 

RU,clear MODOLK. It LB, of course necessary to know the 

hyperfine field from some other measurement like Kossbauer 

studies. Conversely, one can use PAC to study hyperfihe 

fields on nuclei where the g factor of the excited state is 

knouc. lie o enfcly Matthias and Shirley have used this technique 

with the differential method fo.r. ';hs study of hyper fine fields 

in unmagnetized ferromagnetic hosts (10). The domains in 

such a case are randomly oriented giving rise to an unisotropic 

static magnetic interaction provided the spin relaxation time 

ia sufficiently, long. Under such conditions the angular 

correlation is given by 

fo where 

r j i ) -i— c<$> A'ML t 

Though there is some resemblance here with the case of 

quadrupole interaction in a polycrystalline source, the main 

differences are that only one frequency (jJ^ and its harmonics 

are present and secondly there is no dependence on I the inter-

mediate state spin. Using this technique, they got the value 
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of H = 65.3 + 1.6 acting on cadmium in a nickel lattice. This 

method is applicable to a wide range of fields from a few 

kg to several hundred kg. 

The study of the hyperfine field on Ru and Gd in 

nickel lattice by Matthias and Shirley (11) illustrates nicely 

the application of PAG techniques to solid state problems. 

They use the differential method to study the temperature 

dependence of the- hyperfine field below the Curie point and 

the dependence on the polarizing field above the Curie tem-

perature. They show s:hat the hyperfine field on Ru does not 

follow the lattice magnetization curve whereas in the case 

of Cd it does. This is interpreted on the basis of a local 

moment on Ru in the nickel lattice. The dependence of the 

internal field on the appliod field shows an effect analogous 

to Knight shifts but considerably larger. 

In another recent experiment (12) the Berkeley group have 

observed NME for an excited nuclear state using PAC techniques. 

Por such an experiment to succeed it is necessary that (1) the 

m substate splitting produced by the magnetic field should be 

large compared to the natural line width of the nuclear level; 

i.e ). The r . f . field must be strong enough to cause 

transitions in magnetic aubstates in time ^ ^ ; i .e . g H ^ 

JL , x 

and (3). There should not be present any other perturbing 

factors to attenuate the anisotropy. The main difficulty in 
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such an experiment was the very high r . f . fields that would be 

necessary. To overcome this, the enhancement of the r . f . field 

in a ferromagnetic lattice was used. The source was 

-4 

diffused in a very thin Ni foil ^ 10 cm) and a polarizing 

field of 100 gauss applied along the direction of one detector 
o 

the other-detector being at 180 . An r . f . field of 3.gauss was 

applied at right angles and the frequency varied. Resonance 

condition was detected by a fall in the coincidence counting 

rate. Combining the resonance frequency obtained in this work 
viz. 322.5 + 3 M'H, and the known value of the g factor (9) 

- 0 
g = + 2.151 + 0.004, the value of the hyperfine field on Rh in 

% 

Ni is found to be 197 + 2 kg. 

A similar technique is used by the Japanese group (13) 

17 

to measure the magnetic moment of F which has a half life 

of 66 sec. Because of the long half life, one does not need 

large values of r . f . field and the enhancement in ferromagnetic 
16 17 

lattice is not necessary. The activity is produced by 0(d,n) F 

17 

reaction at 2.3 MeV incident energy. The F ions recoiling 

from the target have polarization perpendicular to the plane 

of reaction. The perturbation of the asymmetry of the positrons 

emitted from these polarized nuclei is used to detect the NMR. 

It is necessary to see that the polarization persists for a 

sufficiently long time. This is achieved by a decoupling 

magnetic field parallel to the polarization direction along which 

the positrons are detected. In addition, quadrupole perturbations 
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are avoided by using 0aFo crystals which have cubic lattice 

to stop the ions. They get a value offL = 4.7224 + 0.0012 nm. 

By this technique .it is possible to incorporate in PAG at least 

to some extent the accuracy of M.IR, The technique appears to 

have wide applicability to the long lived states excited in 

nuclear reactions. 

Finally, I wish to consider the implantation technique 

developed recently at Copenhagen (14,15) in which the recoil 

energy given to nuclei in the coulomb excitation process is used 

to embed them in a ferromagnetic lattice. A thin target f ^ 

50 to 100/1gia/c// is evaporated directly on a thin foil of 

iron or any other material in which the recoiling nuclei are 

to be implanted. The Coulomb excitation is done by oxygen ions 

accelerated In a Tandem Van de Graaff to about 36 MeV. Only the 

nuclei recoiling in -che forward direction in the backing foil 

are selected by detecting the corresponding backscattered oxygen 

ions with a ring type solid state detector. In such a case the 

recoil energy is quite large being around 10 MeV and the stop-

-13 

ping time is around 10 sec. The recoiling nuclei de-excite 

from states with half-lifes of the order of a few pico-seconds 

after coming to rest. The angular distribution of the de-excit-

ation gamma rays is studied in coincidence with the backscattered 

ions with a field of about one kg applied to the foil perpendi-

cular to the plane of detection. The requirement of coincidence 

228 



with the backscattered ions not only reduces considerably the 

background but causes the angular distribution of the gamma 

rays to be highly anisotropic. This makes it possible to 

observe the rotationkfC even in cases where the half lives are 

small. Grodzins (16) has recently used this technique to 

measure the g factors of vibrational 2 + states in even-even 

120 123 
Te isotopes from Te to Te. The mean lives in these 

cases vary from 4 to 13 ps and *t£2"values of about 1 to 2 per cent 

were observed. Assuming the internal field to be 610 + 20 kg 

from Mossbauer effect, thej-f actors were calculated. The 

interesting result is that these values are much larger than 

predicted by the various models and it seems necessary to 

revise our ideas regarding the nature of these levels. 

Another interesting application of this technique is by Boehrn, 

Hagemann and Winther (15) for the study of internal fields 

on rare-earths in iron. They excite the 4+ state and study of + + 

the angular distribution for the 4 —>2 gamma ray. The g 

factors ana the-lifetimes of the 4+ states are computed from 

the known values for the 2 + states assuming the validity of the 

rotational model. The conclusion of these studies is that 

the fields are positive for rare earths in the first half of 

the 4f shell and become negative in the second half. This 

indicates an antiferromagnetic coupling of the rare earth 

and iron magnetic moments. 
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The implantation technique allows one to study the 

fields on impurty atoms in host lattices in extremely small 

concentrations which is not possible by any other method. The 

only doubtful point is whether the recoiling -.nuclei go in the 

host lattice substitutional^ and whether all of them see the 

same field. It would be interesting to check this by a 

Mossbauer experiment combined with implantation technique. This 

technique seems to be a quite promising and powerful tool 

and is sure to come into wider use. 

In conclusion I would say that the perturbed correlation 

techniques have been fairly well developed now and promise to 

be useful as a tool for the study of solid state problems 

also. 
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INVITED TALK 

PROJECTED HARTREE-FOCK SPECTRA POR FINITE NUCLEI 

f 
Chindhu S. Warke • 

Tata Institute of Fundamental Research 

, iCol^Tpa/ Bombay-5. 

There is abundant experimental information available 

about finite nuclei. However, theory is far behind. We all 

know that there are two main obstacles that come in the way of 

development of theories of real nuclei (excluding nuclear matter). 

One is the strong short range forces and the other the finite 

size of the system. There are however some theories available 

which deal with the first problem. Amongst these Moscowaski-

Scott (1) (MS) approach is easier to handle and looks more pro-

mising. Other approaches include those of Brueckner (2), Bethe's 

spectral (3) method, and Shakin and Waghmare®s (4) canonical 

transformation (which can be considered equivalent to MS method). 

All these approaches as we know are directly applicable only to 

doubly closed shell.nuclei which are not degenerate. Recently 

an attempt has been made by Brown and Kuo (5) to extend these 

approaches to obtain the effective interaction for open shell 

nuclei. Here we will not go into the details of these theories 

since we avoided this difficulty by taking a phenomenological 

effective interaction instead of starting from the free two nucleon 

interactions. 

232 



Even if we know the effective hamiltonian-we yet do not 

have ways to solve the many-body system with finite size* In 

such circumstances one naturally investigates models which will 

reproduce the maximum experimental information., The most fruitful 

model which has enjoyed great popularity is the shell model 

proposed by Mayer and Jenson. In order to avoid the above dif-

ficulty one further approximates the model by treating the part-

icles in the closed shells as inert. Even further one assumes 

that the outer particles can only be in a few single particle 

orbitals. The finite size is reflected in constructing good 

angular momentum states for large number of nucleons. One 

of the main formal problems of the shell model theory is the 

construction of antisymmetric N-particle wave functions with good 

angular momentum and finding out the one and two body matrix 

elements with respect to this wave function. This problem is 

also being investigated by group theoretical methods (6). 

Based on physical intuition and good guess there- are various other 

models proposed in order to avoid this many-particle difficulty. 

The basic ones amongst these are Bohr and Mottelson's (7) 

deformed rotating nucleus for even-even case, with the possi-

bility of equilibrium deformation ^ = 0 or/S^f'Q ; a modification 

due to Nilson and Mottelson (8) for A ^ O in order to treat the 
c 

odd-A nuclei. Similar extensions are also made for ^ = 0 

and for other types of deformations. 
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Here we want to discuss a method that allows us to carry 

out the calculations for a large number of nucleons outside (the 

closed shells,. The tests of this method would bes . ...(!") It should 

reproduce results corresponding to configuration mixing calculat-

ions !:.£• oirf«w nucleons, (2) It should also reproduce results 

similar to Bohr-Mo11e1son model for large number of nucleona0 

(3) Further the method should have a consistent success over 

a whole range of nuclei and as general a validity as possible* 

It has been investigated by Redlichs Kurath and Pieman (9)? 

and later on by others (9) that the wave functions generated 

from the deformed single particle orbitals have a remarkable 

similarity to the wave functions of the configuration mixing 

calculations. These wave functions were obtained from the pro-

jection of the angular momentum J from the determinental wave 

function constructed from Uilson type single particle orbitals * 

It is however natural to take the deformed single particle 

orbitals from the Hartree-Fock (HP) theory,, It is our aim to 

find out whether the HF theory together with the angular moment-

um projection is a useful approximation to the configuration 

mixing calculations which become rapidly too complicated as the 

number of particles and the number of shell? increase. 

Since we will be concerned mainly with the study of the 

projected spectra5 we will assume that we have solved the HF 

problem and obtained the determinantal state. <JLof A nucleonsa 
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The single particle HF orbitals thus obtained are of the following 

form 

Let us now define the projected state 

YX "X. 

MIC Z ^ K 
where the projection operator is 

The energy defined by the expectation value of the total 

T T 

Hamiltonian (H) with respect to ^ ^ is denoted by E^. It is 

expected that these E^ are approximately the observed low-lying 

excited states of the nucleus under consderation. There are T 

no valid pro«}f of this statement except that these Eg have the 

variational character in them* First one would like tro in-

vestigate the general properties of such sp.ectra. Though we 

will not prove it here, we take them from Ref» (10). 

^K ~ ^ K 

— 6 1 

In Eq. (3) we observe that the possible nuclear spins are 

1 = 0 , 2, 4, . . Imax for K = 0 band and I = K, K + 1 , . . 

Imax for K ^ 0 band. One- can also prove that the ordering of 
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the spectra would be according to (10) 

E* £ E^'far I < i ' if E^ 55 (4) 

Thus one observes that in order to obtain any reseffillan.ee with 

the experimental situation our interaction and input single 

~T — xr PI? 
particle energies must satisfy the condition ^ E^ . 

It may happen that the two bands K and K/ may come 

close to each others in that case we have to generalize the wave 

function to be projected (11), It is obvious to take the pro-

jected wave function 

yj ^ = a 'w + b 1 

* M MK ° MK* - - - (5) 

and to find out a and b by minimizing the expectation value of 

H« Thus with this technique we can calculate the projected 

spectra for any number of particles outside the closed shell. 

We can also calculate the binding energies of these 

nuclei (11) assuming that the core is inert except that the 

core-nucleon contribution to the binding energy is h (a constant) 

per particle- With this assumption the binding energy BE of the 

nucleus (core + A) is 

BE (core + A) = BE (cor©) + Xa - Projected ground state 

energy of A nucleons, 

In order to test this approachs mere agreement with the 

spectra and binding energy is not a sensitive test. Besidesf 
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this one should test the wave function by calculating magnetic 

moments, quadrupole moments, transition probabilities;, ft values 

in ft -decay, nuclear form factors in electron scattering^ and the 

single particle reduced widths in (d,p) reactions (12). We 

should note that all the above quantities are such that we know 

the interactions involved with the nucleus very well except in 

(d,p) reactions. However, here we know that the results do not 

depend critically on the nucleon-^nucleus interaction except at 

low incident energies. This program is under investigation by 

Dr. Gunye and myself at TIPS. The preliminary results are very 

encouraging. 

There are some disadvantages in this approach (12). It 

may happen some times that the wave functions may not have good 

isotopic spin T~. However it is our belief that in the low 

lying states the mixture of the excited iso-spin states would 

be very small due to the variational character of the HP wave 

function. Secondly one should also investigate how much these 

projected states would change if one takes into account the 

effect of higher shells. The results of the application of the 

above method to few cases are shown in the following diagrams 

and in the tables . (a) are calculated and (b) are the ex-

perimental values. 
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TABLE I 

BINDING ENERGIES 
... . . 

NUCLEUS 
EXPERIMENTAL 

BINDING ENERGY C 0) 
Mav 

CALCULATED 
BINDING ENERGY C O) 

Mev 

• V 26* 78 2 6 • 78 

20Ne 33-27 35-02 

21 
N« 40 02 40 • 56 

2 2 N « 50' 39 48 - 02. 

22Nq 464 77 48-65 

23Na 59-18 57 19 

2 4 No 66*14 64 - 23 

Mg 70-88 69-47 

2 5 A I 73-18 77-09 

TABLE E 

QUADRUPOLE M OMENTS 

NUCLEUS 

EXPERIMENTAL 

QUADRUPOLE MOMENTS 

e(io24cm2 ) 

CALCULATED j 

QUADRUPOLE MOMENTS 
ep" 8*5e«n • 0-5e 

-24 2 e( 10 cm ) 

2 0 F . . . . . 0 • 081 

*Ne 0 • 093 0 • 097 

2 3NA 0 • 097 0 -105 

25 Mg 0 - 2 2 0 • 18 

33 S -0 • 064 -0 • 043 

35$ 0 • 054 0- 025 

35 
CI -0 • 080 -0 • 10 
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TABLE M 
MAGNETIC MOMENTS 

T A B L E TS 

HALF-LIVES OF LEVELS 

NUCLEUS 
Ti/ ? (Jf ) 

EXPERIMENTAL 

(SECONDS) 

a ( E 2 W 
B(E2),p 

CALCULATED 
(SECONDS) 

FIRST 
EXCITED 

STATE Jf 

GROUND 
STATE 

19 F 8-7 x I08 3-2 III x lO8 5/2 1/2 

2°Ne 
-13 

5-3 x 10 14-0 
-13 

iO-9 x 10 2 0 

2,Ne » -13 
(1-3+ M) 10 6 '9 1-3 x lO12 5/2 3/2 

23 
Na 10-0 x I0"13 7-2 3-9 x id'3 5/2 3/2 

24 
Mg 

-13 
100 x 10 15-0 

-13 
19 xlO 0 

25 
Mg 

-14 
i-7 x 10 5-6 

-14 
0 55 x 10 7/2 5/2 

2 8sr 
-13 

5 ! x 10 7-0 
-13 

8-97 X 10 2 0 

3,p 8-5 • 1013 2 • 0 0-92 x I013 3/2 1/2 

24-0 

NUCLEUS 
EXPERIMENTAL 

MAGETIC MOMENTS 
(BOHR MAGNETONS) 

CALCULATED 
MAGNETIC MOMENTS 
(BOHR MAGNETONS) 

20 
F 2 • 09 1-34' (1*73) 

21 Ne - 0 • 662 -0-571 (0-848) 

22 
Na 1 • 746 1-747 (1-73) 

23 
Na 2 • 218 211 (0-124) 

24 
Na 1 • 69 1.*586 (1-73) 

25 . 
Al 3-367 (4-793) 

25Mg - 0 • 855 -0-583 (-1-913) 

32 
P -0 • 252 -0-39 (0-44) 
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DISCUSSION; 

S.S. Jha (Comment)5-

If I understand Dr, Warke's work correctlyf what he means 

is that in his work the number and values of the parameters are 

fixed once for all,, unlike configuration mixing calculations. 

In that sense his method seems to be simpler and more promising 

to fit a wide range of experimental results for different 

nuclei* 

Y.H. Waghmarei Do you get the signs of quadrupole and magnetic 

moments out of the theory? 

O.S. Warke: Yes* 

Indra Mani Govils Did you try this model to explain £ forbidden 

M.-| transition and what do you expect, whether you can explain 

these transitions or not? 

GoS. Warkes We do not calculate these since we are working in 

the s-d shell,, I do not know whether these also would come out 

to be reasonable or not. 

Y.R. Waghmare? As I understand the basic philosophy of Hartree™ 

Fock theory is to make one-particle one-hole diagrams zero. How 

do you account for particle-hole contributions arising from 

core excitations? 

0«S,. Warke? I feel this effect is partially included once you 

take a phenomenological two nucleon interaction, For the outer 

nucleons of courses the off diagonal HF potential would be zero 

and the next contribution would be from second order in the 

potential, only for outer nucleons. 
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L. Satapathy: Some of the excited states obtained by projecting 

from the ground state band, may be having same energy, as the 

state projected from the excited band. What is you comment 

on this? 

CfSc. W.arke: Where the two bands are lying farther., that is, 

their separation is larger than the projected energy separat-

ion then iieruirit̂ ' doe'S- not come across with this difficulty. 

In most of the calculations of low lying states this happens 

only when the bands are close„ In this case one has to take 

into account the band mixing. 

Y.K. Gaobhirs You remarked in your talk the results obtained by 

you in the framework of your model are better than the con-

figuration mixing results of the shell model, My feeling is, 

that the configuration mixing (CM) results must be more accurate 

than the results obtained by your model, because you are making 

all the approximations which are made in the CM and besides that 

more approximations are made in your models, Of course, it is 

essential to construct such models because CM calculations 

are not practical for more than four nucleons-. In fact CM 

calculation results should be used in testing the accuracy of 

such a model. 

CcS. Warke: I remarked it on the basis of possibility of exten-

ding the accuracy of this method. It is possible to make this 

approach accurate enough so that it would give results even 

better than configuration mixing, I agree that at this stage 

it is to be compared with shell-model configuration mixing. 
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I disagree with you that such calculations would be tested from 

configuration mixing calculations, I can do better job than 

configuration mixing though these calculations do 'nt have this 

accuracy-. Any way if your question is simply about the point, 

which is better..at this stage, I will say neither you nor 

we can answer it nows unless you have carried out configuration 

mixing calculations for 8-9 particles in the s-d shell. 
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BAUD-MIXING CALCULATIONS IN 2 5A1 

M.R. Gunye 

Bhabha Atomic He search Centre, Troinbay, Bombay 

INTRODUCTION: 

The Hartree-Fock (HF) calculations with a phenomenological 

inter-nucleon residual interaction are carried out for the K = 5/2 
2 r* 

and K = 1/2 bands in JA1. The low-lying excited states built on 

these bands are obtained by projecting out good angular momentum 

states from the deformed axially symmetric HF states. The interaction 

employed in the calculation is of the form, 

. . ( D 

with fx = 1.37 f. VQ is the strength of the interaction. The 

radial wave-functions used in the calculation of matrix elements 
1 

are those of harmonic oscillator with size parameter Jfyfaj* 1*65 f. 

The intrinsic state of the ^stem is the axially symmetric 

determinantal HF state characterized by the band quantum number 

K. This intrinsic state is composed by superposition of states with 

good angular momentum J. The energies of these states are 

extracted from y angular momentum projection. We define two 

relevant quantities 

r 
kjc 

T ^ a I -r»«T I i \ . . . (2b) 

Pkk' = < < M V > 
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r 
where r>u/is "t*1® usual projection operator for angular momentum. 

" J" 
The projected energies E ^ are then given simply by 

E KK ~ ^KKMk ••• (5) 

If the HP energies t y and tK» corresponding to the 

tv/o bands K and K • are close, as in the case of K = 5/2 and 

/ 25 
K = 1/2 bands in Al, then the projected energies must be eo-

rrected due to band-mixing. The wave-function for the state 

J will then be approximated by a linear combination 

where P ^ ^ / ( t f j * , ^ ^ • 

energy of the state with angular momentum J is then given by 

j " «7" 
where £ a r e gi y e n by etl* (3) and 

Minimizing ^ w i t h respect to a, and a A in eq. (5) one gets the 

corrected energy 

f t ( e [ K + - A * s f } j c „ 

where T x , 7 ^ 

A ~ > C ~ VlKK'J 

* = Ek.K. ( n J - ( e K V 
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RESULTS; 

The single particle energies of ^3/2 a n d s1/2 

are fixed by the strength = - 2.48 MeV of the spin-orbit force. 

By employing V0 = 45 MeV, a = .10 and b - .233 in e<i. (1), the 

P t-! 

calculated energy spectra from K = 5/2 and K ; = 1/2 bands in Al 

are shown in fig. a. The calculated spectra with V = 42.5 MeV, 

a = .056 and b =• .233 are shown in fig. e. Since the two bands 

and the projected energies are quite close, the interaction bet-

ween the projected states with "the same angular momentum must be 25 
taken into sue count. The calculations for Al are, however, very 

lengthy, even considering tile projection from an individual band 

1G 
since we are dealing with 9 particles outside the 0 core. In 

particular the band-mixing calculations described above are quite 

involved and hence some approximations are sought. The overlap 

XT 
integral p ^ f i s neglected and the interband energy term is 

simplified. The resultant a c-xgy spectrum after taking into 

account the band-mixing by the approximate method is shown in fig. 

b (for parameters corresponding to fig. a) anl in fig.d (for . 

parameters corresponding to fig. o). The experimental spectrum 

is shown in fig. c. The agreement between the calculated and the 

experimental spectrum is quite fair. Moreover, the calculated 

spectra are not so sensitive to a slight change in the exchange 

character or the strength of. the two-body interaction as can be 

seen from fig. b and fig. d. 
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DISCUSSION: 

S» Ramamurty: What is the exact energy of interaction of bands 

which you assumed? 

M.R., Gunyei We have not assumed any interaction energy between 

the bands as this sort of assumption is not needed in our 

formalism, 

S.C.K* Nair: I would like to know the magnitude of the band 

mixing coefficient, 

M~RS Gunye: In the calculations reported here, we do not need 

to know the values of ai, and a£ (band-mixing coefficients) 

specifically and hence they are not evaluated; hov/ever, they 

can be easily obtained, 

L* Satapathy: (l) If one first does a non^axial calculation 

OK 
for AI and then projects out, will it be different than the 

25 

present result? (2) According to this calculation^will Mg 

have a different result? 

M«R. Gunye: (1) The intrinsic state employed in our calculations 

is axially symmetric Hartree-Fock state. However, some effect 

of non-axial terms is taken into account in the evaluation of 

4 , If one has to start from a non-axial HF state, 

this formalism would have to be modified. (2) No. The 

25 9^ results of Mg and ^ A I would be.very similar. 
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SU4 SCHEME POR CONFIGURATION MIXING' ACROSS MAJOR SHELL 
AND THE "MO HOP OLE" BREATHING MODE 

S.B. Khadkikar 
Tata Institute of Fundamental Research 

Colaba, Bombay - 5. 

ABSTRACT 

The model interaction in the group classification 

of the shell model states under a single (2, 0, 0) irre-

ducible representation of the group SU4 is analysed. This 

interaction was introduced in a previous paper. It is shown 

that the resonance level in 4He has a possible description 

in terms of the collective monopole oscillation called as 

"breathing"mode , the model interaction could be responsible 

for such a collective behaviour in the same way the quadrupole 

quadrupole interaction is responsible for the collective 

rotation in Elliot's SU3 Scheme. 

Not presented 
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MIXED-PARITY ORBITALS 10R THE LIGHT NUCLEI 

J.C. Parikh and Nasakat Ullah, 
Tata Institute of Fundamental Research, 

Colaba, Bombay-5. 

ABSTRACT.• 

We have looked into the problem of obtaining the 

mixed-parity orbitals for the 1p-shell nuclei® Using an 

exact self-consistent solution, it is shown that no parity 

mixed orbitals can be obtained for the ground-state band of 

1 6 

0 using a reasonable two-body force. Preliminary cal-

14 

culations on N show that a mixed-parity solution can be 

obtained only if the strength of central force is taken to 

be three times the usual strength. The role of time reversal 

Invariance in connection with the mixed parity orbitals w i l l 

also be discussed. 

Net presented. 
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ONE- AND THRIVE-QUASI—PARTICLE STATES OP 
THE Nl ISOTOPES 

Y.K. Gambhir and Ram Raj 
Saha Institute of Nuclear Physics, Calcutta, 

The well-known Super conductivity (BCS or pairing) model 

of the nucleus neatly takes into account the strong pairing 

interaction between nucleons by the Bogoliubov-Valatin trans-

formation resulting in quasi-particles. The model interprets 

the first few excited states of singly closed shell (SCS) odd 

nuclei as independent quasi-particle excitations with respect 

to the new quasi (BCS) vacuum which physically describes 

the ground state of the neighbouring even-even nuclei. The 

further refinement obviously consists of the configuration 

mixing treatment of residual interaction H Q P between quasi-

particles. Most up-to-date description of the collective 

vibrational states of SCS even-even nuclei in this model is 

given in terms of two- (TDA and RPA(1)) and four- (HRPA(2) and 

MTDA(3)) interacting quasi-particles. While SCS odd nuclei 

are described in terms of one- and three-interacting quasi-
\ 

particles. 

H q p is symbolically written as 

H a p - ^ H ® + H^tHo4 -

where suffices withH's denote the number of creation and 

annihilation quasi-particle operators respectively and their 

explicit forms are given in reference (3). 
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The properly antisymmetric ortho-normal states, for 

three quasi-particles can easily be constructed by the standard 

shell-model technique (seniority). OnlyH^* part of H©jp which 

conserves the number of quasi-particles will contribute to 

the matrix elements in the pure three quasi-particle sub-

space. The general matrix elements of H^p between three-

qua.si-particle states can easily be calculated with the help 

of one- particle fractional parentage coefficients (fPG). 

The non-conserving part of H^p will connect the 

different quasiparticle subspaces. The part ^ 3 1 O ^ " ) will 

contribute in the mixing of three-(one) and one-(Three) 

qyasi-particle subspaces. The evaluation of these mixed 

matrix elements require all the quasi-particle states in the 

second quantised form. The second quantized version of three-

quasi-particle basis is straightforward except for the case 

where all the three quasi-particles are in the same angular 

momentum states and can be written as 
-j 

j-

where N is the normalization constant and creates (annihi-

lates) quasiparticel in the state 

The A (<xbJbf) 
is the pair, creation operator for the quasipartides in the 

angular momentum states 'a' and ' b' coupled to a total 

angular momentum J with projection M defined as 
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the notation j f denotes a Clebsch-Gojrian coefficient., She 

case with a = b = c in equation (2) requires a special treat-

ment because the operators 

•<' bf i t 

are not generally independent; in otherwords they are redundant 

and non-orthonormal. Therefore, one to one correspondence has 
< 

been established between the second quantized, version and 

the seniority classification of states and is given by the 

following simple relation 
f * \tjf* 

I - < & * » > } { a V * ^ } j®><$> 
L ' M 

for the case where there is no repeatition of the same J with 

the different seniority ( )« The symbol appearing in 

ean. (5) is the one "ff*^ «, 

We have evaluated the mixed matrix elements by expres-

sing terms of three-quasi-particle states and then 

utilising the ortho-gonality relations and equation (5). In 

a similar way the ground, state correlations ( ^ a n d f|^of 

can be included,, . 

In the actual numerical calculations the nucleons 

outside the core are considered.- The unperturbed single-

particle energies 0 ,0 , 0,78 and 1,08 MeV for the 2p^2s> 1 f5/2 a n d 

orbit"ls have been taken from the experimental spectra of 

59 

Nife The ECS equations are solved for all the odd-Hi 

isotopes using, the numbers listed in references (4) obtained 
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by directly fitting the observed levol energies,, as effective 

two-body matrix elements, l'he dimensions of the various 

matrices for 1/27 3/27 5/27 7/27 and 11/2" states are 5 x 5 , 

1 0 x 1 0 , 1 0 x 1 0 , 6 x 6 , 5 x 5 and 1 x 1 in the pure three 

qua,siparticle subspace said 6 x 6 , 11. x 11, 11 x 11, 6 x 6 , 

5 x 5 and 1 x 1 in the mixed space respectively. 

The spurious states arising due to the hon-con-

servation of the number operator by the Bogoliubov Valatin 

transformation must be projected out before the diagonalization 

of the various matrices. 

The results for all the odd NI isotopes are arranged 

in table I . The first few states of all these isotopes are 

well described in terms of one-quasi~particle excitations. 

Considerable improvement is achieved for the excited states 

in the mixed quasi-particle space (MIX). There are very small 

quasi-particle admixtures except for the first 1/2"° states of 

CjQ 

M. arid EX -vhere mixing coefficients are 15$ and 10$ res-

pectively* The effect of ground state correlations on the . 

energy spectra is quite small, the maximum energy shift is less 

than 5$. These results in mixed one- and three--quasi-particle 

space (MIX) are very close to those obtained by the exact 

shell-model calculations (EXACT). This reflects the accuracy 

of the proposed formalism. 

Thus the proposed Extended Tamm-Dancoff Approximation 

(ETDA) for the description of the states of odd-A nuclei is 

quite accurate. 
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Table I. 

Level Spectra of e C V M isotopes. 

LEVEL EKIRGY ... iff MET 9 

J" 1/27 3 /2 ; 3/2™ 5/2" 5/2~ 

PUBS ,54 ,93 0 .64 .24 1 ,17 

MIX. .51 1.07 0 1 .25 , 26 1 .28 

59, 
EXACT. ,30 1.11 0 ,83 .21 „ 
EXPT« .47 1,32 0 .89 c 34 

PUBE . .19 »58 .05 = 48 0 ,65 

MIX, ,12 .73 ,01 -71 0 .75 

61 NL 
EXACT. ,02 0 0 ,90 

EXPT. ,28 0 .07 = 91 

PURE. .04 .69 .31 . -49 0 ,63 

MIX. 0 .83 .23 .67 - - 0 .67 

63 m, 
EXACT, 0 1,18 ,24 ,90 .01 

EXPT. 0 1 .01 * 16 '53 .09 -

PURE - 0 1,23 ,64 ,71 ' ,11 .97 

65. 

MIX«, 0 1,28 .57 1*02 ,12 1,00 

65. Nl 
EXACT, .05 53 .76 0 

EXPT. ,06 ,32 ,70 0 -v 
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DISCUSSION: 

Mukherjee: How do you know if the -if (states) in Ni, as designated 

by you as and ^ a^e the correct designation? Do you have the 

5.p- strengths for" these states to support your assumption? 

Y ,K . Gambhir: Well* we have described these states as the super-

position of one - and three - quasiparticle states. In this space 

the order of the matrix in 5 x 5 and hence we get five 4 " states 

and the lowest ones are compared with the experimentally observed 

levels. We have simply compared the spin and the energy. However, as 

feras the s,p strength is concerned one should calculate the spectro-

scopic factors, but that is altogether a different story, because we 

did not say that these are s.p states. We have approximately taken 

into account the configuration mixing arising due to the residual 

56 
interaction for all the nuclecos present outside the assumed Ni core 
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L. Satapathy: How was the shell model calculation performed 

on 6 5Ni? 

Y.H. Gambhir: These shell-model results are quoted from the 

paper of lauson et al. They did not mention the details in their 

paper. In fact it. indicates that they have considered all the 

65 

configurations possible for Ni in which all the nucleons 

56 

outside the Hi core are distributed among 2P^^ 5 2 p l /2 a n d 

1 £g / single particle orbitals in all possible ways. 
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TWO AND FOUR PARTICLE SHELL MODEL SPECTRA 

Ram Raj ana Y.K. Gambhir, 

Saha Institute of Nuclear Physics 

Calcutta. 

ABSTRACT. 

Exact shell-model calculations for nuclei haying two-

(^8Ni) and four-(^°Ni) particles in the active shell model 

orbitals have been made using various interactions namely; (1). 

The surface-delta interaction, the conventional Serber ex-

change with Yukawa radial dependence and a potential having 

exchange mixture similar to the Rosenfeld mixture with Yukawa 

radial dependence.(2).An approximate reaction matrix obtained 

by using the Hamada-Johnston and non-local separable Tabakin 

potentials as free two-body interaction. The results are com-

pared with those obtained by using the numbers for two-body 

matrix elements determined by directly fitting the observed 

level energies combined with the reaction matrix theory. 

The overlap of the BCS projected wave functions with the 

exact shell model ground state wave functions and. the 

odd-even mass differences'obtained from the pairing theory 

are calculated and discussed. 
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INVERSE GAP EQUATION AND EFFECTIVE INTERACTIONS 

YoKo Gambhir 

Saha Institute of Nuclear Physics 

Calcutta. 

ABSTRACT. . 

Calculations based on the Inverse Gap Equation (IGE) 

method are made first with the pheaemenological two-body inter-

actions known to give excellent results in the shell-model 

picture for nuclei in the 2p-1f region. Slight'departure of 

the force strength from unity and the smooth variation of the 

Hartree-Fock spectrum with mass number thus obtained provides 

the validity of this model in this region. The pairing nature 

of the various interactions like (1) The surface-delta, a 

potential having exchange mixture similar to the Rosenfeld 

mixture with Yukawa radial dependence and (2) An approximate 

reaction matrix obtained by using the Hamada-Johnston and 

non-local separable Tabakin potentials as free two-body 

nucxeon in teraction, is studied. The results of the Tamm-

Dancoff Approximation (TDA) obtained by using the various 

quantities determined by the IGE model are discussed with 

those obtained by using the corresponding quantities of the 

conventional BCS theory. 
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SHELL MODEL S PEG TEA IN ODD MASS 1 INDIUM ISOTOPES 

V.R, ParriliaripaR^© 

Tata institute of Fundamental Research, 

Colaba, Bombay~5 » 

It is knwon that the (C function residual interaction 

gives singularly large vaL ues for the matrix element 

I 7 ! wlien J is an extreme v^. ue j2 or + j 4 

It was shown (1) that by modifying the & function interaction 

for such states having an extreme value of J one can emperically 

define an effective residual interaction to reproduce the 

spectra of many two particle nuclei with £ow parameters „ The 

interaction proposed is defined by its matrix element as follows 

ĉ j = 1 t if J is not an extreme value jy + o r jj + 

P%J =CL+b J, 
if J is an extreme value + o r + 

The two particle spectra of many nuclei are calculi ted 

with this interaction using harmonic oscillator wave functions 

and simple shell model configurations used by Talmi and 

co-workers (2) in their investigations,, A good agreement is 

obtained for the following vaL ues of the parameters and this 

is shown in fig*1 and fig„2s 
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V - 1630 MeV fm5 

=• 0, 42 

t} = 0.05 

fc - 0 - 1 

The spectra of even Tin and odd mass jlndium isotopes 

are calculated with this interaction.- The neutrons predo-

minantly fill theh1l/2 and 1d3/2 orbitals in going from 

*1"1 f3 
Sn to higher Tin isotopes. So the first shell model 

approximation to the spectra oftfoese Tin isotopes should be 

that of two neutrons in h1l/2 and 1d3/2 orbitals. This 

agreement is very good. 

In the ground state of odd mass Indium isotopes the 

proton hole is in the g9/2 orbital. By coupling this hole with 

the 2 f state in the Tin core one can get a multiplet of five 

positive parity states with spins from 5/2 to 13/2«. Some of 
115 117 

these states are known in Sn and In in the region of 

one MeV* In the weak coupling model of de-Shalit (§) one 

assumes that in the states of this multiplet the neutron wave 

function is the same as that for the 2 r state in Tin* If this 

is denoted by then the energies $ r ) V / n j J 

can be calculated using the^I^ obtained in the previous cal-

culation in Tin. This calculation, however, does not give good 

agreement. 
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We find that the non diagonal matrix elements5 of the 
. —-jj . 

neutron proton interaction of the type J | \/f*j>| T ^ y ^ / x ? ^ 

connecting states with different neutron spins, are snail,. 

Such matrix elements have the product of two 6j symbols in 

their geometyioaCL factors and in the summation over the inteyr 

mediate spin J (np) these do not in general add in phase. 

Hence a better approximation could be to diagonalise the 

interaction between states like j J~ J"J restricting 

the neutron spin to twoP 2h e a e results are s town in fig«3» 

The agreement is fair. Prom this calculation we find that: the 

neutron wave function is different in the v arious states of the 

multiplet and differs considerably from that in the 2 + state of 

Tin® Graeffe et al (4) have also pointed outf by examining the 

experimental data on these levelss that the weak coupling model 

may .not be well applied in these isotopes and that the n-p inter-*? 

action may-have considerable effect on the neutron w ave fun-

ctions in Indium0 
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. SPIN ORBIT INTERACTION AND REGIONS OP DEFORMED NUCLEI 

J.C, Parikh 
Tata Institute of Fundamental Research, Bombay-5. 

and 

K.H. Bhatt 
Physical Research Laboratory, Ahinedabad-9 • 

We discuss here a simple procedure viiich seems to enable 

one to understand in a qualitative way, why nuclei in some regions 

of the nuclear periodic table are deformed whereas in others they 

are not. 

Nuclei are c on s idered to be 'deformed' when they have 

rotational energy sequence. In general, the nuclei whose spectra 

exhibit well developed rotational sequence, have large intrinsic 

quadrupole moment. Hence, if a nucleus is 'deformed® enough to 

exhibit rotational spectrum, the nucleons in it must be filling 

single particle orbits which have large intrinsic quadrupole 

moments. 

We surmise therefore, that a given nucleus will be 'deformed' 

if the energy sequence of the spherical single particle states, 

as determined by the spin-orbit interaction is such that the 

residual interactions between extracore nucleons, can generate 

self consistant orbits with large quadrupole moments. 

We thus expect the spin-orbit interaction to play an im-

portant role in determining whether the nuclei in a given region 

of the periodic table will be deformed or not, even when the 

residual interaction is assumed to have the tendency to form 
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deformed nuclei. This point seems to have received little 

attention. 

The 1d - 2s shgll. Nuclei in the beginning of this shell 

are known to be 'deformed' . So let us start with the deformed 

view point. Consider the nucleons moving in a GL0 quadrupole 

field. 

The single particle states of the nucleons in a Q0 field can be 

labled by the values of i) = <( l-jfr, the expectation valiu-e of the 

component of the orbital angular momentrum along the symmetry 

axis and £ the eigen value of the intrinsic quadrupole moment 

(in units of ft/raw) (2). 

The six single particle states of the 1d-2s shell 
<1 

in a Q0 field are, 

<p(0,4) = m do - So) 

p (± 1, 1) = d ± 1 

f (± 2, - 2) = d t 2 

(P (0, - 2) = X (42 So + do)' 
43 

Here dy and sy are Harmonic oscillator eigenfunctions for the 

1d and 2s states with ^t-z^ — V 

The orbit ^>(0,4) lies the lowest in energy. It has the 

largest possible value for the intrinsic quadrupole moment for 

a single particle in the s - d shell. Note that it contains more 

of the d, than the s state. 

Nov/ let us look at the situation from the spherical point 

of view. The enrgy sequence of the single particle states in the 
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spherical potential with spin orbit interaction is d ^ 2 ~s-|/2 

- ^et u s s^PPo s e that the residual interactions between 

nucleons have a tendency to produce a feL0 field. In that case, 

as we start filling the s - d shell, the main result of the 

residual interaction between the nucleons, will be to generate 

deformed single particle states. These deformed states should 

necessarily contain more of the d than the s* state, in view of the 

ordering of the spherical single particle states. 

We see therefore, that the single particle energy sequence 

d ^ 2 ~ s i / 2 "* d3/2 orbit6 imtearete t̂oi* is such as 

to allow the formation of deformed orbits of the type <p(0,4), 

having large quadrupole moment, 

It is not surprising therefore that nuclei in the beg-

inning the d-s shell show rotational spectra. In addition, we 

can also 'see' some interesting details regarding these nuclei. 

19 19 
1) The nucleus gS^Q is more defoxmed than g O ^ . It 

19 
must be. The two neutrons and the proton in F can all occupy 

orbit of the type <p(0,4) having the largest intrinsic 'quadrupole 

19 

moment. The thn*d neutron in 0 must occupy an orbit of the 

type <p (ii , 1) (Nilsson K = 3/2 orbit) (3) , which has a signi-

ficantly smaller quadrupole moment than <^>(0,4). Similarly 
20 20 

the nucleus Ne should be and is, more deformed than 0. 

It is appatf̂ jfcfe that the nuclei having both protons and 

neutrons outside closed shell cstn have a larger intrinsic 

quadrupole moment because, in that case it is possible to put the 

M^Iuam dumber of nucleons in the orbit having large £ '. Thus 
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the fact that large deformations result when both protons and 

neutrons are present9 seems to be mainly due to (the effect of) 

the Pauli principles, and perhaps only secondarily due to the 

extra deformation producing ability of the-p - n residual in-

teraction, 

23 25 
2) The nucleus Na is more deformed than Na. Note 

25 

that the two extra neutrons of Na must occupy an orbit of the 

type 2, - 2 ) (Nilsson = 5/2 orbit) having a negative 25 
intrinsic quadrupole moment. Thus the quadrupole moment of Na 

23 
must be less than that of Na (by at least four units). 

The 1f-2p shells The single particle energy sequence due 

to the spin orbit interaction is f y ^ ~ ?3/2 ~ "^5/2 a n d 'P.t/2 

a separation of about 2 MeV between the 313(1 f7/2 s'fca'fces<> 

The single particle states in a Afield are 

- P ( o o) = -j=r - t j z n ) 

P t . - p C * ' * ) = j r ( i f ± r r j 

J>±3 =p(±9o) = / ± a 

Pis =f>(*3 -3) = f ± 3 

K , * f ( * > - - i f (/*,.+ a**,) 

= p ( ° o = j ? fat - <G p.) • 
The orbit <pj having the largest quadrupole moment in the f - p 

shell contains more of the p than the f state. 

As we start filling the f - p shell, the main result of 

the inter-nucbon .interaction, which we have assumed to have a 
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tendency to deform the nucleus, would -be to generate self con-

sistent deformed orbits of the type or 1 having a larger 

amount of the f than the p state. It is clear that the spin-

orbit interaction will prevent the formation- of'deformed orbits 

like <pe having w large quadrupole moment, in the beginning of the 

f - p shell. Thus, contrary to the s-d shell nuclei we do not 

expect (nor observe) the nuclei just filling the f-p shell to 

exibit rotational spectra. , 

56 

If we , the nucleus 2 8 ^ 2 8 a s a closed 'core't in 

which the subshell i 0 completely filled, the spherical single 

particle states available to the nucleons outside it have the 

energy sequence Vy/2 ~ ^5/2 "* p1/2 4 aePara'l :ion between the 

f^/o ana p- /̂2 s ^ a ' t e 3 i s only 780 keV. The deformed self cons-

istent orbit with k = 1/2 generated when nucleons are added to 

"^Ni will have ths f-p admixt,.. . .. 

possible £" . The nucleus qZu^q. 

with tho two protons and neutrons occupying such an orbit. It 

is thus quite likely that (like 2 0Ne) would be 'deformed' 
enough to exibit a rotational spectrum. It would be of interest 

fin 

to do an explicit shell model calculation of Zn energy levels, 

since it might be difficult to observe these energy levels ex-

perimentally. 

Larger quadrupole moments can not be built up in this 
C Q 

region of nuclei. Consider ^ N ^ r T h e f i r s t t w 0 neutrons can 

occupy an orbit like (pj but the third one must occupy an orbit 

like (p* (Nilsson k =-3/2 orbit), which has a negative intrinsic 

"quadrupole moment (£ - - 3) . Thus the intrinsic quadrupole 
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moment of ^ N i (also ^ N i ) would tend to decrease compared to 
Q 

that of Ni. It seems therefore that-, the occurrence of a 

rotational spectrum, though possible in this region, will be 

56 

sensitively dependent on the number of particles out side Ni 

core. 

This is in contrast to the situation in the beginning of 

the s-d?'shell where the V = 1 orbit has E = 1 , which has the same 

sign as the quadrupole moment £ = 4 for the V = 0 orbit. It is 

(perhaps) for this reason that 'rotational' behaviour builds up 

and persists in the s-d shell and is not observed in the f-p shell. 

It is amusing-to compare the spectra of gg^e^Q ^ ^ 26^e52 

Prom our discussion, the intrinsic quadrupole moment of the two 

56 

neutrons in Pe will be larger (bysix units!) than that of the 

four neutrons in 5 8Pe. The spectrum of 56Pe (0+ , 2 + (0.34 MeV), 

4+ (2.03) MeV) is more 'rotational', that of 58Pe (0+ , 2+ 

(0.30 MeV), 2 + (1.66 MeV) looks like a 'vibrational' one. 

One can understand in a similar way why many nuclei in 

the higher shells do not exhbit rotational spectra. 
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INTRINSIC STATES IN 20Ca22 A K D 28N i30' 

K.H. Bhatt 

Physical Research laboratory, Ahmedabad-9. 

and 

J.C. Parikh 
Tata Institute of Fundamental Research, Bombay-5. 

Shell model calculations of the wavefunctions of states 
A Q ( T O 

in "Ca and Ni are recently done (1). The extra 'core' neutrons 

in Ca are constrained to be in the £7/2 ancl -^3/2 only> while 

those of Ni are confined to the P3/2' f5/2 p1/2 s'ta"t'es* ^ i s 

shown here that these wavefunctions are just projections with de-

finite angular momenta, of axially symmetrically deforced* intrinsic 

states. X v where K is the angular momentum along the symmetry 
A., 

axis, 

PROJECTION PROM AN INTRINSIC STATE 

States Y m k angular momentum1' I and, projection 

M along the space fixed z axis, can be projected (2) from by the 

Hill - Wheeler integral. 

t N
x

K 6 0 = N ^ j s ^ l t ) ^ ) ^ (,J 
. T 

is a normalization constant. 
Ji 

Axially symmetrically deformed single fairticle states can 

be written as 

f x = f W fjk ^ cj,-k - ( - y ~ % r i 9 , 3 ) 
where ¥ ^ a r e spherical single particle states. A sketch 

of the energy sequence of Nilsson like (3) states is shown in the 

figure. 
272 



273 



The antisymmetrized intrinsic states of ^ C a and ^8Ni 

should be formed by putting the two extra core neutrons in the 

k=+ 1/2 orbits indicated in the figure as (p\/1 an<i 1/2 r e s~ 

pectively. The states with definite angular momenta I generated 

from such an intrinsic state1 q a r e 

¥ JK = A ( j 1 j 2 ; k ^ K ; I) $ J (d1d2> (4) 

Here Cp ^ is antisymmetric two particle wavefunct ion. 

The configuration mixing coefficients A are given by A(j.| ^ j k - ^ K j I ^ 

°j 2k 2 ( ^ J2k1k2/lK)b (5) where ( ^ d 2
kik2 l I K j i s a debsh-

gordan coefficient and the constant b = 1 if anc* ^ =>/5* if 

= ^2° Tlle v a l u e s - 1̂̂ 2 a n d K a r e 1 / / 2 ' ~ 1 / / 2 a n d 0 respectively, 

CHOICE OP THE INTRINSIC STATES 

To determine the best values of the coefficients c we 
» 

could vary their values to maximize the overlaps of the generated 

wavefunctions with the §iell model ones. We suggest a method of 

determining these coefficients in analogy with the structure of 

the single particle states in the quadrupole field, in the absence 

of spin orbit interaction. These orbits in a Q^field are labled 

by V = <lz^ and £= <CQo^the quadrupole moment. The orbits with 

V = 0 and 1 are 

% = PCVo)-- % ( i s A + < ! * * ) ' 

9*, = ? ( * < , « ) - - f t 

91 = p(°> i) = j j ( l ¥ f 0 -Ji P.) 
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Here f and p are the Harmonic Oscillator states with < l z ^ = V . 

The first two states, containing a larger amount of the f than 

the p state would be appropriate for constructing the intrinsic 

A O R A 

state for Ca, the latter two for Ni. We suggest that from 

among the two states which can contribute to the formation of 

a k = 1/2 orbit, we should choose the one having larger quadrupole (1) 
moment £ . Thus the f-p admixture in may "taken to be the 

( 0 ) 

same as in . Similarly the f-p admixture in (p\/2 136 "t^en 

to be the same as in (pj t 

42 / 

Intrinsic State For Ca. A k = 1/2 orbit restricting the 

particle to the f ̂  W'-f/g st^®® is 

(1 ) T 1/2 = C7/2 1/2 f7/2 1/2 + C3/2 1/2 P3/2 1/2. 
Taking the f-p admixture the same as in £ we get 

(1 ) * 1 ' 
^ 1/2 = / 5 ( 2 f7/2 1/2 " p3/2 1/2-) ( 6 ) 

(1 ) 

We use ?q.3 to obtain ^ an<i 'tllen ecl« 5 to generate the wave 

functions. 

58 

Intrinsic State For Ni. A k = 1/2 orbit restricting the 

particle to the p^ /2 -^5/2 p1/2 

(2) 

9 1/2 = °3/2 1/2 P3/2 1/2 + C5/2 1/2 f 5/2 1/2 +1 : 

* C l / 2 1/2 p1./2 1/2 _ / We can take the f-p admixture to be the same as in (P0 if we define 

ake the f-p admixture to be the same as in if 

9 1/2 = P3/2 1/2 + >A1~a2) P1/2 1/2) " ^ f 5 / 2 1/2 

(7). 

(2) 

We use eq.3 to obtain a n d to generate the wave-

functions. The parameter a(=-0.924) is fixed by equating the ratio 
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2 
of the coefficients of the P3/2 AND- P3/2 p1/2 COMP°nents of the 1=2 

generated and shell model wavefunctions. 

DISCUSSION 

The overlaps of the generated and shell model wavefunctions 

shown in the table under column 1, 

Ni Ca 

Overlap Overlap 

X 1 2 1 2 

0 0.990 0.983 0.988 0.996 

2 0*958 0,989 0.967 0.997 

4 0.997 0.999 0.392 0.970, 

are quite good for Ni and good for Ca. The reason for the poorer 

agreement for Ca lies in our neglect of the effect of the spin 

orbit interaction while defining the generating orbits. We took 

(1) (2) 

the f-p admixture in gy ' and (pr to be the same as in ^ 

and (po . The f-p admixture in these latter orbits is obtained 

assuming that the f and p states-are degenerate. In the presence ( 1 ) 
of spin orbit splitting, we should expect that in gy ' the amount 

of the P3/2 state should be reduced since the l ° w e r than 

(2) 

the P3/2 s"ta"te» Similarly in ^r the amount of £5/2 should be 

reduced. Since the ~ f 5 /2 splitting is much smaller 

than the P^/2 ~ ^7/2 spli^i^S* v/e expect the error we made in 
(1 ) (2) 

our choice of (p\/2 to be larger than that for p\/;>-

The overlaps given in the table under column 2.were 

obtained by using the generating orbits 
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^ 1 / 2 = O O 9 5 3 F7/2 1/2 " ° « 2 8 7 P5/2 1/2 A N D 

<f>l/2 = ° : 8 4 ° i03/2 1/2 + ^ ( l " a 2 ) P V 2 l/2> " 0 , 5 4 2 > 

a = - 0.924. 

in which the f-p admixture has been modified to obtain the best 

overall agreement with the shell model wavefunctions. 

The o v e r I a p s < ^ / 2 | p < } > ) a n d ^ f ^ j 

are 0.935 and 0.995 respectively reflecting the accuracy of the 

method suggested here for determining the structure of the in-

trinsic states of nuclei. 
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THE STRUCTURE OP LOW-LYING STATES 

OP EVEN-EVEN NUCLEI IN THE NEIGH-

BOURHOOD OP Sn 

K.H. Bhatt 

Physical Research Laboratory 

Navarangpura, 

Ahmedabad - 9. 

ABSTRACT. 

It is suggested that the low-lying states of even-

even nuclei in the neighbourhood of the tin isotopes may be 

more properly describable in terms of the weak coupling 

between the low-lying states of the protons and neutrons 

rather than in terms of the collective quadrupole 

vibrations of the nuclei 'which imply a strong coupling 

between the protons and the neutrons. 
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THE GENERATING P R O C E D U R E AND THE 
STRUCTURE OP THE LOW L Y I N G STATES 

OF NUCLEI 

J . C . P a r i k h , 
T a t a I n s t i t u t e o f F u n d a m e n t a l Research* C e n t r e 

C o l a b a , Bombay 

and 

K . H . B h a t t , 
P h y s i c a l R e s e a r c h L a b o r a t o r y 

N a v a r a n g p u r a , 
A h m e d a b a d - 9 -

ABSTRACT, 

The wave f u n c t i o n s of t h e low l y i n g s t a t e s o f 

18A21 • tBA22' 22 M 29» 2 2 T i
5 0 ' 42Mo

51 ' 42M°52' 42N b
52 h a v e b e e n 

o b t a i n e d by p r o j e c t i n g them from deformed i n t r i n s i c s t a t e s i n 

w h i c h b o t h the p r o t o n s and t h e n e u t r o n s a r e r e s t r i c t e d t o 
Ars 

s i n g l e j s h e l l s o n l y . Thus f o r example t h e p r o t o n s i n < { ^ 2 2 

a r e c o n s i d e r e d t o be d ^ / 2 a n ( * n e u t r o n s a r e c o n s i d e r e d t o 

be i n the f ^ y ^ s h e l l . The p r o j e c t e d wave f u n c t i o n s a r e shown 

t o have good o v e r l a p s w i t h t h e c o r r e s p o n d i n g s h e l l model o n e s . 
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4.9 A.7> 
A SHELL MODEL STUDY OP C a AND C a ENERGY L E V E L S 

K . S r e e n i v a s a Rao 
M a t s c i e n c e , M a d r a s , 

and 

S . C . K . F a i r and S . K . S i n g h 
S a h a I n s t i t u t e o f N u c l e a r P h y s i c s 

C a l c u t t a 

A c o n v e n t i o n a l s h e l l m o d e l c a l c u l a t i o n o f t h e e n e r g y 

l e v e l s i n 4 2 C a and 4 3 C a i s done w i t h t h e o v e r s i m p l i f i e d 1 r e a l i -

s t i c ' i n t e r a c t i o n o f K a l l i o and K o l t v e i t . The s t a t e d e p e n d e n c e o f 

t h e s e p a r a t i o n - d i s t a n c e i s t a k e n i n t o a c c o u n t , so a l s o t h e c o r -

r e c t i o n t o t h e two body m a t r i x e l e m e n t s stemming f r o m t h e p o l a r i -

s a t i o n o f t h e 4 0 q & C p r e . C o m p a r i s o n i s made b e t w e e n o u r r e s u l t s 

and t h e r e c e n t l y p u b l i s h e d s i m i l a r c a l c u l a t i o n s and w i t h t h e e x -

p e r i m e n t a l n u m b e r s . 
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C O L L E C T I V E NATURE OF 1 , 2 9 MEY 2 + STATE OF " Sn 

S . Sen 
S a h a I n s t i t u t e of N u c l e a r P h y s i c s , C a l c u t t a 

The t i n i s o t o p e s h a v e drawn a t t e n t i o n o f many n u c l e a r 

p h y s i c i s t s , t h e o r e t i c a l a s w e l l a s e x p e r i m e n t a l , b e c a u s e o f i t s 
116, 

s i n g l e c l o s e d s h e l l ( Z = 50 ) n a t u r e . The Sn n u c l e u s c o n t a i n s 

5 0 p r o t o n s and 66 n e u t r o n s . T h e o r e t i c a l . c a l c u l a t i o n s on n u c l e a r 

s t r u c t u r e o f Sn h a v e been done by many a u t h o r s ( 1 , 2 ) u s i n g a 

p a i r i n g i n t e r a c t i o n i n s h o r t r a n g e r e s i d u a l n u c l e a r f o r c e c a l -

c u l a t i o n s . I n t h i s c a l c u l a t i o n we h a v e u s e d a v e r y s i m p l i f i e d 

model i n o r d e r t o e x p l a i n t h e c o l l e c t i v e n a t u r e o f t h e f i r s t e x -

-f* 116 c i t e d 2 s t a t e o f Sn w i t h o u t r e c o u r s e to any p a i r i n g f o r c e c a l -
11 & 

c u l a t i o n . I n t h e c a s e o f S n , 1 6 n e u t r o n s o u t s i d e the c l o s e d 

s h e l l , f i l l i n g ^ y y g ' ^ 1 / 2 s ^ a " ' ; e s a r e assumed t o form a 

c l o s e d s h e l l c o r e a n d we l i m i t o u r s e l v e s to o n l y n e u t r o n e x c i t -

a t i o n w i t h o u t i n c l u d i n g any i s o b a r i c s p i n f o r m a l i s m . 

Methods of C a l c u l a t i o n a n d R e s u l t s ? 

We t o o k 

lp-li n e u t r o n s t a t e s a s o u r b a s i c s t a t e s and 

m a t r i x e l e m e n t s were c a l c u l a t e d u s i n g & - f u n c t i o n i n t e r a c t i o n 

H o l e - p a r t i c l e m a t r i x e l e m e n t s o f ^ - f u n c t i o n i n t e r a c t i o n 

between j - j c o u p l e d a n t i s y m m e t r i z e d s t a t e s a r e g i v e n by 

V i n t = A ^2^^ A U 3 d 4 J ) + 

where 

A(3lJ2j) - & U j j c j j / " " 
, * L i ' i o B C ^ d g J ) = A ' • 

^ ( - i f ' ^ ' l w d 
r e j i 

j 

j- ' J * 1 

CJJ L i i l 
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where Vs i s the s t r e n g t h o f t h e s i n g l e t - s p i n p o t e n t i a l 

J = 2 J + 1 j-l J i a r e C l e b s c h - G o r d a n c o e f f i c i e n t s 

1 i o 2 - 2 O 

i ^ l a a r e t h e o r b i t a l a n g u l a r momenta c o r r e s p o n d i n g t o s t a t e s 

1 and 2 e t c . , and v 

\ f °° 
= ^ J XhJ, KnaU ^ V J 

where fthl i s the r a d i a l w a v e f u n c t i o n . H a r m o n i c o s c i l l a t o r w a v e -
£ l 

f u n c t i o n s w i t h o s c i l l a t o r p a r a m e t e r b a d j u s t e d t o 2 . 1 8 fm to f i t 

116 
r . m . s . r a d i u s of Sn have been u s e d . The m a t r i x was d i a g o n -

a l i s e d i n o r d e r to g e t d i f f e r e n t e i g e n - v a l u e s . 

T r a n s i t i o n p r o b a b i l i t i e s f o r d i f f e r e n t g a m m a - t r a n ) s i t i o n s 

were c a l c u l a t e d u s i n g t h e n o r m a l i s e d e i g e n f u n c t i o n s f o r f i r s t 

e x c i t e d 2 + and second e x c i t e d 2 + s t a t e from the f o l l o w i n g f o r m u l a : 

T ( L ) = U r ( L + >) ^ J - ( & £ f L + ' s ( L t r ) 
K ' t U u - t i ) ! ! ] * * 1 7 

— 1 

where T ( L ) = t r a n s i t i o n p r o b a b i l i t y ( i n s e c ) f o r gamma r a y s o f 

a g i v e n m u l t i p o l a r i t y L 

^ E = t r a n s i t i o n e n e r g y and B(L<r) the r e d u c e d t r a n s i t i o n p r o -

b a b i l i t y g i v e n by 

B < l f f - > . = 5 J p n | < J t | | if II J f > | 3 

R e s u l t s o b t a i n e d w i t h s t r e n g t h o f t h e £ - f o r c e Vs/47Tb = 2 2 MeV 

and d i f f e r e n t c o n f i g u r a t i o n e n t e r i n g i n t o t h e c a l c u l a t i o n s a r e 

g i v e n i n t a b l e I , I I , I I I and I V . The u n p e r t u r b e d e n e r g i e s o f t h e 

v a r i o u s c o n f i g u r a t i o n s have been d e t e r m i n e d v e r y a c c u r a t e l y f r o m > 

t h e e x p e r i m e n t a l 

Cohen ( 4 ) e t a l , 

1 1 7 1 *l 5 
t h e e x p e r i m e n t a l d a t a ( 3 ) on Sn and Sn and from work o f 
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T a b l e I , 

U n p e r t u r b e d e n e r g i e s o f one h o l e , one p a r t i c l e 
C o n f i g u r a t i o n s e n t e r i n g i n the J = 2 + S t a t e 

c a l c u l a t i o n of S n - = 1 1 6 . 

C o n f i g u r a t i o n s U n p e r t u r b e d E n e r g i e s i n MeV« 

1 . 1 g ~ y 2 2 d 3 / 2 3 »97 

2 . 2 d r / o 2 d , / , 3 ° 6 2 
5/2 ^ '3/2 

- 1 
! l / 2 2 d 3 / 2 3 . 3 S r 1

/ o 2 d a / o 2 , 5 9 

T a b l e I I , 

F o r m a l i s e d w a v e f u n c t i o n s f o r f i r s t e x c i t e d 

2 + and s e c o n d e x c i t e d 2 + s t a t e o f S n - 1 1 6 

1 1 1 
S t a t e 1 2 d ~ ^ 2 2 d 3 / 2 3 S ~ / 2 2 d . ^ 2 

F i r s t 2 + - , 1 3 3 8 + . 7 6 3 2 + . 6 3 3 5 

Second 2 + + , 0 6 4 + . 4 1 4 3 1 - . 9 0 2 5 
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•Table I I I . 

C a l c u l a t e d and E x p e r i m e n t a l l e t f e l p o s i t i o n s 
o v e r g r o u n d s t a t e i n MeV. 

S t a t e ( J , TT) C a l c u l a t e d E x p e r i m e n t a l 

1 . 2 9 1 . 2 9 

2 . 6 3 2 . 1 2 

3 . 1 0 3 . 0 6 

Tab l e I V . 

C a l c u l a t e d a n d e x p e r i m e n t a l t r a n s i t i o n p r o b a b i -
l i t i e s f o r d i f f e r e n t gamma t r a n s i t i o n s f o r two 
d i f f e r e n t v a l u e s o f e f f e c t i v e c h a r g e o f n e u t r o n 

Exp e x irhe n t a l 

1 0 1 2 s e c " 1 . 5 S x 1 0 1 2 s e c ~ 1 1 . 4 x 1 0 1 2 s e c " 1 

T ( E 2 ) f r o m s e c o n d 
2 + to g r o u n d s t a t e 

A l l t h e e x p e r i m e n t a l r e s u l t s h a v e been t a k e n from K e f . 5 . 

C a l c u l a t e d v a l u e s 

T ( E 2 ) f r o m f i r s t 2 + . 2 5 x 
t o g r o u n d s t a t e 
T ( M 1 ) f r o m second 
2 + t o f i r s t 2 + 
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PER COMPOUND A l © COMPOUND P A R T I C L E S 
OP DECAY I N NUCLEAR REACTIONS 

E . K o n d a i a h , K . P a r t h a s a r a d h i and V . V . G . S a s t r y • 
The L a b o r a t o r i e s Por N u c l e a r R e s e a r c h 

A n d h r a U n i v e r s i t y , W a l t a i r . 

I n t h e p r e s e n t p a p e r , we h a v e a n a l y s e d t h e d a t a on 

8 0 S e ( p , n ) 3 ° B r ( 1 ) , 9 4 Z r ( p , n ) 9 4 N b ( 1 ) , 1 1 3 S n ( P ? n ) 1 l c i S b ( 2 ) , 

1 2 2 S n ( p , n ) 1 2 2 S b ( 3 ) , 4 0 C a ( n , o c ) 5 7 A ( 4 ) , 5 b * e ( n f < * ) W 0 r ( 4 ) , 

5 8 N i ( n , * ) 5 5 F e ( 4 ) , 2 7 A l ( n , p ) 2 7 M g ( 5 ) , ( 6 ) and 5 9 C o ( n , p ) 5 ^ ( 5 ) , ( 7 ) , 

on t h e same l i n e s as G r i f f i n ( 8 ) d i d u s i n g the " e x c i t e ^ ; . " model 

and p l o t t e d N ( E ) W ( E ) a s a f u n c t i o n of U f o r a l l the c a s e s ; * o p 0 

o n l y some t y p c i a l g r a p h s a r e p r e s e n t e d i n F i g u r e 1 ; h e r e N ( E ) 

s t a n d s f o r t h e number o f p a r t i c l e s h a v i n g e n e r g y E Q a n d W ( E Q ) i s 

t h e c o r r e s p o n d i n g p r o b a b i l i t y f o r " p r e s t a f c f e t i c a l d e c a y " o f the 

compound n u c l e u s . 

The f o l l o w i n g o b s e r v a t i o n s m y be made on an e x a m i n a t i o n 

o f F i g u r e 1 . 

( i ) U s u a l l y one e x p e c t s d i r e c t i n t e r a c t i o n s t o p r e d o m i n a t e 

a t f o r w a r d a n g l e s and g i v e r i s e t o h i g h e n e r g y p a r t i c l e s o f d e c a y ? 

t h i s a n a l y s i s shows t h a t d i r e c t i n t e r a c t i o n , i f i t i s d e f i n e d zo 

i n c l u d e a l l t h e " p r e s t a t i s t i c a l d e c a y " p a r t i c l e s , d o e s seem to 

p r e d o m i n a t e even a t h i g h e x c i t a t i o n e n e r g i e s U , c o r r e s p o n d i n g t o 

low e n e r g i e s o f e m i t t e d p a r t i c l e s ; t h i s i s b o r n e o u t by t h e a b s e n c e 

o f s i g n i f i c a n t r i s e a t h i g h U i n F i g u r e 1 ( a ) , ( d ) , ( h ) , ( j ) and ( k ) . 

So t h e thumb r u l e o f a t t r i b u t i n g f o r w a r d p e a k s i n a n g u l a r d i s t r i -

b u t i o n s t o d i r e c t i n t e r a c t i o n s may n o t , a f t e r a l l , be i n c o r r e c t . 
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118 118 t 
( i i ) F o r S n ( p , n ) S b . r e a c t i o n ( F i g . 1 ( b ) ) , t h e c u r v e 

o 
o b t a i n e d by u s f r o m t h e d i s t r i b u t i o n a t 60 i s s i m i l a r t o t h e one 

122 122 
r e p o r t e d by G r i f f i n ( 8 ) ; S n ( p , n ) Sb a l s o shows s i m i l a r 

b e h a v i o u r . I t seems i n t h e c a s e o f Sn i s o t o p e s , t h e s t a t i s t i c a l 

d e c a y of t h e compound n u c l e u s p r e d o m i n a t e s e v e n a t f o r w a r d a n g l e s 

a t h i g h e x c i t a t i o n , U, o f t h e r e s i d i i a l n u c l e u s S b ; Sn h a s a c l o s e d 

s h e l l f o r p r o t o n s and one m i g h t f u r t h e r e x p l o r e y /hether s i m i l a r 

e f f e c t s c a n be s e e n i n ( p , n ) r e a c t i o n s i n t h e case o f o t h e r c l o s e d 

s h e l l n u c l e i . 

( i i i ) I n t h e c a s e o f . ( n , o C ) r e a c t i o n s a n a l y s e d by u s , F i g e 1 (c) 

t h e s t a t i s t i c a l deoay; p a r t i c l e s : appear 1 ;tO;" be - s m a l l evea. at> b a c k " o 
a n g l e s ' ( 1 0 3 )-; t h i a mdyVoe due t o t h e Coulomb b a r r i e r e f f e c t s . 

( i v ) I t i s i n t e r e s t i n g t o s e e how t h e p r e s e n t a n a l y s i s 

t i e s up w i t h t h e c o n v e n t i o n a l n o t i o n t h a t a s one p r o c e e d s f r o m 

f o r w a r d to b a c k w a r d a n g l e s , t h e s t a t i s t i c a l c o m p o u n d - n u c l e a r d e c a y 

p a r t i c l e s p r e d o m i n a t e o v e r the d i r e c t i n t e r a c t i o n c o n t r i b u t i o n s ; 

t h i s f a c t i s c l e a r l y b r o u g h t o u t i n F i g s . 1 ( d ) t o ( g ) f r o m 

2 7 2 7 

a n a l y s i s o f t h e A l ( n , p ) Mg d a t a ( 5 ) and i n F i g . 1 ( h ) and ( i ) 

f r o m an a n a l y s i s o f t h e same r e a c t i o n u s i n g t h e d a t a o f H a i r e t a l 

( 6 ) . The d a t a o f M o h i n d r a and Hans ( 5 ) was t a k e n w i t h a c o u n t e r 

t e l e s c o p e t h a t d i d n o t r e s o l v e t h e i n d i v i d u a l g r o u p s w h e r e a s t h e 

d a t a o f N a i r e t a l ( 6 ) was t a k e n u s i n g N u c l e a r e m u l s i o n s w h i c h h a s 

shown c l e a r p e a k s a t t h e h i g h e n e r g y end o f t h e p a r t i c l e s p e c t r u m 

e m i t t e d a t f o r w a r d a n g l e s . I t may be m e n t i o n e d t h a t we h a v e t a k e n 

t h e c o n t i n u o u s smooth d i s t r i b u t i o n u n d e r t h e p e a k s f o r our a n a l y s i s 

w h e n e v e r s u c h p e a k s a r e c l e a r l y v i s i b l e i n the s p e c t r a r e p o r t e d . 

B o t h t h e d a t a ( 5 ) ? ( 6 ) show t h a t s t a t i s t i c a l c o m p o u n d - n u c l e a r 
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d e c a y p r e d o m i n a t e s a t b a c k a n g l e s i n t h e h i g h U r e g i o n . 

( v ) The a n a l y s i s o f ^ ^ C b ( n s p ) ^ ^ P e d a t a ( 5 ) p r e s e n t e d i n 

F i g » 1 ( j ) t o (m) a s w e l l a s the a n a l y s i s o f d a t a ( 7 ) on t h e same 

r e a c t i o n p r e s e n t e d i n P i g . 1 ( n ) show a r i s e a t low U ; i n the 

• l a t t e r d a t a ( 7 ) t h e i n d i v i d u a l p e a k s a r e c l e a r l y v i s i b l e a n d h a v e 

been t a k e n i n t o a c c o u n t by u s . 

One m i g n t e x p e c t s u c h a r i s e a t low U ( h i g h e n e r g i e s o f 

e m i t t e d p a r t i c l e s ) due t o s p e c i a l p r o c e s s e s l i k e t h e k n o f c k o f f , 

i f t h e y a r e n o t p r o p e r l y t a k e n i n t o a c c o u n t by t h e " e x c i t a m !l model 

o f G r i f f i n ( 8 ) , h o w e v e r , t h e p e r s i s t e n t r i s e a t low U i n P i g . 1 ( j ) 

t o ( n ) ' a t a l l a n g l e s i s r a t h e r s u r p r i s i n g . I t may, h o w e v e r , be 

n o t e d t h a t t h e r i s e a t low U i n F i g . 1 ( j ) t o (m) d i m i n i s h e s a s 
o o 

one g o e s f r o m 0 t o 1 3 5 s h o w i n g t h e r e l a t i v e i m p o r t a n c e o f c'om-

p o u n d - n u c l e a r p a r t i c l e s at b a c k a n g l e s . 

I n c o n c l u s i o n , one m i g h t s a y t h a t G r i f f i n ( 8 ) h a s g i v e n 

an a d d i t i o n a l method o f t e s t i n g the p r e s e n c e o f d i r e c t i n t e r a c t i o n 

c o n t r i b u t i o n s i n t h e e m i t t e d p a r t i c l e s p e c t r u m and u n d e r s t a n d i n g 

t h e same a s a n a t u r a l c o n s e q u e n c e o f t h e " e x c i t i o n " m o d e l . 
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D I S C U S S I O N : 

5 . K . G u p t a : ( 1 ) ? /here do y o u p u t t h e precompound e m i s s i o n , on 

t i m e s c a l e ? ( 2 ) How much precompound p a r t h a s been o b s e r v e d i n 

t h e d a t a a n a l y s e d by y o u ? 

E . K o n d a i a h : ( 1 ) The t i m e s c a l e e x t e n d s r i g h t f r o m t h e t i m e 

- 2 2 

c o n n e c t e d w i t h t h e u s u a l d i r e c t i n t e r a c t i o n ( t h a t i s r-» 1 0 s e c ) 

u p t o t h e t i m e o f s t a t i s t i c a l ' ' I s o a y ' . w h i c h may be 

anywhere up "to a m i l l i o n t i m e s l o n g e r . ( 2 ) I t i s not p o s s i b l e 

to g i v e an a b s o l u t e v a l u e o f the d i r e c t i n t r a c t i o n c o n t r i b u t i o n 

o r even t h e r a t i o o f t h e D . l / C . N . by t h i s method o f a n a l y s i s . 

The o n l y t h i n g one can s a y i s w h e t h e r t h e r e i s a l a r g e c o n t r i -

b u t i o n o f C . N . ( s t a t i s t i c a l ) d e c a y o v e r t h e precompound d e c a y 

i n t h e e x p e r i m e n t a l e n e r g y d i s t r i b u t i o n . I f t h e r e i s s u c h a 

l a r g e c o n t r i b u t i o n o f the s t a t i s t i c a l d e c a y p a r t i c l e s a t h i g h 

U ( e x c i t a t i o n e n e r g y o f t h e r e s i d u a l n u c l e u s ) t h e n i t i s 

j u s t i f i e d to u s e t h e s p e c t r u m t o o b t a i n s t a t i s t c a l p a r a m e t e r s s u c h 

a s T e m p e r a t u r e e t c . from the p o r t i o n o f the s p e c t r u m where s u c h 
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a s t e e p r i s e o c c u r s . I f t h i s t y p e o f a n a l y s i s d o e s n o t 

show a l a r g e enough r e g i o n where t h e C . N . ( s t a t i s t i c a l ; 

component p r e d o m i n a t e s , i t i s d o u b t f u l w h e t h e r s u c h 

e n e r g y s p e c t r u m can be used t o o b t a i n s t a t i s t i c a l p a r a m e t e r s . 
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FLUCTUATION ANALYSIS OF THE COMPOUND NUCLEUS LEVELS OF 5 2 C r 

C . M . Lamba, N. Sarma and N . S . Thampi 
Bhabha A t o m i c R e s e a r c h C e n t r e 

T r o m b a y , Bombay 
and 

D . K . Sood and V . K . D e s h p a n d e 
I n d i a n I n s t i t u t e o f T e c h n o l o g y 

K a n p u r . 

A b r i e f a c c o u n t o f a l l p o s s i b l e a s p e c t s o f t h e f l u c t -

u a t i o n t h e o r y a s a p p l i e d on the r e a c t i o n " e l a s t i c s c a t t e r i n g of 

5 1 p r o t o n s f r o m V" i s p r e s e n t e d i n t h i s w o r k . 

O O 0 o 

E x c i t a t i o n f u n c t i o n s a t a n g l e s ( 1 0 0 , 1 2 0 , 1 4 0 , 1 6 0 ) 

c o v e r i n g energy r a n g e 4 . 0 0 5 t o 5 . 5 1 5 i n s t e p s , $ & o f 5 keV 

a r e m e a s u r e d w i t h an e x p e r i m e n t a l r e s o l u t i o n , p o f 1 keV and two 

o f th^rn a r e shown i n F i g . 1 . The c r o s s s e c t i o n f o r i n e l a s t i c 

p r o t o n and a l p h a g r o u p s was too s m a l l t o c r o s s b a c k g r o u n d 

b a r r i e r . •, 

1 . 1 . AUTO CORRELATION ANALYSIS FOR F U L L RANGE OF DATA; 

• A u t o - c o r r e H a t i o n f u n c t i o n s ( 1 ) f o r t o t a l e n e r g y r a n g e , 

were c a l c u l a t e d . I t i s found t h a t does not f l u c t u a t e 

a b o u t €. a x i s b u t h a s a l i n e a r m o d u l a t i o n i m p o s e d on i t . T h i s 

b e h a v i o u r i s a t t r i b u t e d t o e n e r g y d e p e n d e n t non f l u c t u a t i n g 

p r o c e s s . I n s u c h a c a s e t h e m o d i f i e d a u t o c o r r e l a t i o n f u n c t i o n (1 ) 

i s a L o r e n t z i a n d i s p l a c e d by an amount (6) f rom € a x i s . 

•/C^C 0 ) i s a measure o f m o d u l a t i o n . The form o f K ^ f e ) c o u l d n o t 

be c a l c u l a t e d a c c u r a t e l y b u t i s v i s u a l l y e s t i m a t e d t o be a 
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INCIDENT ENERGY (MeV) 

FIG -1 

TABLE I 

®LAB 

OEG. 
C p (0) Ko<0) Cp(0)-K>) Cp<°> ACp(O) 

rRAW 

(KeV) 

•CORR 

1 K*V) (KtV) 

'CORTI 

(KeV) 

Ar 
r 

100 0.0636 0.0512 0.0124 0. 0166 10.0040 22.4 3.5 4.0 3.6 10.084 

120 0.03(8 0.0164 0.0184 0.0206 ±0.0048 17.3 3.5 4.4 4.0 10.084 

U O 0.0422 0.0222 0.0200 0.0236 10.0048 34.5 4.0 4.1 4.3 10.084 

160 0.0S83 0.0300 0.0283 0.0363 i0.0065 24.0 3.5 4.0 4.4 10.085 
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s t r a i g h t l i n e . T h i s shows t h e p r e s e n c e o f s t r o n g m o d u l a t i o n . 

The w i d t h f ^ v j ( i g n o r i n g m o d u l a t i o n ) and c o r r e c t e d f o r 

m o d u l a t e s ) a r e shown i n T a b l e 

The m o d u l a t i o n e f f e c t s a r e e l i m i n a t e d by t a k i n g l o c a l 

a v e r a g e of Q p o i n t s o f e n e r g y w i d t h <j^P . The v a l u e o f Ofr P i s 

c h o s e n f r o m t h e q d e p e n d e n c e o f Cjf0°) • The a g r e e m e n t o f C ^ ( p ) 

and — KoC°)) (Of. T a b l e I) shows t h a t t h i s metod 

e l i m i n a t i o n m o d u l a t i o n e f f e c t s . The l e v e l w i d t h a r e a l s o 

shown. 

I n F i g . 1 , t h e a v e r a g e d c r o s s s e c t i o n G ^ £ V ) f o r 

- 4 0 0 keV and R u t h e r f o r d s c a t t e r i n g c r o s s s e c t i o n s a r e 

shown w i t h t h i c k and d o t t e d l i n e s r e s p e c t i v e l y . Minimum 

a t 4 . 9 5 5 MeV a t a l l a n g l e s g i v e s a n i d e a o f t h e p r e s e n c e o f 

i n t e r m e d i a t e s t r u c t u r e o f w i d t h 900 k e V . However, c o n s i d e r i n g 

t h a t ( J ^ ^ E c ) c o m p r i s e s o f so many o t h e r f a c t o r i t i s not p o s s i b l e 

t o i s o l a t e i n t e r m e d i a t e s t r u c t u r e . 

2 o1.•DETERMINATION OP P BY VARIABLE ENERGY RESOLUTION METHOD: 

The a u t o c o r r e l a t i o n a n a l y s i s i s not a v e r y s e n s i t i v e 

t o o l ' w h e n & E and ^ p 1 . As i t h a s been made s u r e t h a t 

C j j<o)and p r o b a b i l i t y h i s t o g r a m s ( s e c t i o n 5 . 1 ) do not v a r y v ; i t h 

s t e p s i a e a method p r o p o s e d by C o r t i i s a more r e l i a b l e t o o l 

f o r e x t r a c t i n g (To e n s u r e t h a t two e x c i t a t i o n f u n c t i o n s o f 

1 5 1 p o i n t s each, w e r e c o n s t r u c t e d a t e a c h a n g l e w i t h S E - 1 0 keV 

u s i n g a l t e r n a t e p o i n t s ) . O ^ C ^ ) "the n o r m a l i s e d v a r i a n c e decreases 
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r a p i d l y a s p i n c r e a s e s , t h e r a t e i f d e c r e a s e depending on 

f * j p <, By s u c c e s s i v e a p p l i c a t i o n o f f o r m u l a 

j - i f - A - ! 

e-CEj) 
-J-

new e x c i t a t i o n f u n c t i o n s w i t h worse r e s o l u t i o n s a r e o b t a i n e d . I f 

s q u a r e r e s o l u t i o n f u n c t i o n , P = cfir new r e s o l u t i o n f o r t h e o 
o p e r a t i o n i s K f ^ » I n t h e p r e s e n t c a s e so f o r 

h. = 1 , 2 , 3 e x c i t a t i o n f u n c t i o n s a r e assumed t o 

h a v e r e s o l u t i o n s 

The f u n c t i o n C ^ i s f i t t e d w i t h G i b b ' s f o r m u l a ( 2 ) f o r 

v a r i o u s p v a l u e s . T h i s f u n c t i o n i s v e r y s e n s i t i v e t o t h e v a l u e 

o f c h o s e n . The v a l u e s o f P o b t a i n e d a r e shown i n T a b l e I 

a s f c o H T I , 

3 . 1 . CROSS CORRELATIONS: 

A n g u l a r c r o s s c o r r e l a t i o n s were c a l c u l a t e d and a r i s e 

w i t h i n c r e a s i n g G i f i s found and i s a s c r i b e d to m o d u l a t i o n 
" o o 

e f f e c t s . We f i n d t h a t c r o s s c o r r e l a t i o n s f o r ( 1 0 0 , 1 2 0 )•, 

( 1 0 0 ° , 1 4 0 ° , ) , ( 1 0 0 ° , 1 6 0 ° , ) a r e . 7 0 3 , . 6 0 7 6 and . 4 9 0 6 r e s -

p e c t i v e l y . 

T h e o r e t i c a l e s t i m a t e o f c o h e r e n c e a n g l e when i s h i g h 

i s d i f f i c u l t to make. 

4 . 1 . The e n e r g y i s t h e n d i v i d e d i n f o u r e q u a l p a r t s (shown by 

v e r t i c a l l i n e s i n P i g . 1 , b e c a u s e f i r s t l y i s l e s s dependent 

on e n e r g y o v e r a s m a l l e r r a n g e so t h a t p r o b a b i l i t y d i s t r i b u t i o n 
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a n a l y s i s t o g e t a s s u m i n g v j ^ c o n s t a n t i s j u s t i f i e d a n d 

s e c o n d l y a s y s t e m a t i c v a r i a t i o n o f C ( o ) & ["'can be s t u d i e d . 

4 . 2 . The a u t o c o r r e l a t i o n a n a l y s i s f o r 4 p a r t s s e p a r a t e l y h a s 

i n d i c a t e d t h e f o l l o w i n g . 

( i ) As does not d i f f e r from d o t t e d l i n e s 

p a r a l l e l t o e n e r g y a x i s i n F i g . 1 . ) , j x ' o C ® ) s m a H a n d 

f u n c t i o n s C ^ C E ) C j j t G ) a r e i d e n t i c a l . 

( i i ) C C ° ) v a r i e s v e r y much w i t h i n e n e r g y range t h u s 

s h o w i n g v a r i a t i o n o f y ^ o v e r e n e r g y r a n g e a s s u m i n g N c o n s t a n t 

( i i i ) P d o e s n o t v a r y with, e n e r g y w i t h i n t h e e r r o r o f 

0 . 3 k e V . 

5 . 1 . P R O B A B I L I T Y D I S T R I B U T I O N : 

3 2 s e t s o f e x p e r i m e n t a l l y n o r m a l i s e d p r o b a b i l i t y 
Ex 

h i s t o g r a m s p ^ f o r f u l l range c o n s i d e r i n g l o c a l a v e r a g e s a r e 

f o u n d q u i t e s i m i l a r . A s N i s q u i t e l a r g e i n c r e a s e i n e i t h e r 

N o r Y p p r o d u c e s s i m i l a r e f f e c t s . A s a r e s u l t l a r g e number o f 

( N ; V / j > ) s e t s f i t e x p e r i m e n t a l d i s t r i b u t i o n s e q u a l l y w e l l . 

T h e s e s e t s w e r e r e s t r i c t e d by f o l l o w i n g c o n s t r a i n t s . 

( a ) N d o e s not v a r y t h r o u g h a n e n e r g y b l o c k 

(b ) 

( c ) s u c h ( f ^ V l O s e ^ s s h o u l d g i v e a C ( o ) v a l u e 

w h i c h a g r e e s t o e x p e r i m e n t a l one w i t h i n e r r o r s . The f o l l o w i n g 

a r e t h e b e s t s e t s . 
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A n g l e N P a r t ( 1 ) ' P a r t ( 2 ) P a r t ( 3 ) P a r t ( 4 ) 
ND Vj> YJ> 

1 0 0 ° 2 4 + 3 0 . 8 5 + 0 . 0 5 0 . 8 5 + 0 . 0 5 0 . 6 0 + 0 . 1 0 0 . 7 0 + 0 . 1 0 

1 2 0 ° 2 0 + 3 0 . 3 3 + 0 . 0 3 0 . 8 7 + 0 . 0 5 0 50 + 0 . 1 0 0 . 7 5 + 0 . 0 5 

1 4 0 ° 2 0 + 3 0 . 8 0 + 0 . 0 7 0 . 7 5 + 0 . 0 5 0 . 6 0 + 0 . 1 2 0 . 7 0 + 0 . 0 7 

1 6 0 ° 1 5 + 3 0 . 7 6 + 0 . 0 4 0 . 6 7 + 0 . 0 5 0 . 5 3 + 0 . 0 3 0 . 6 7 + 0 . 0 6 

As e x p e c t e d by t h e o r y N f a l l s at b a c k w a r d a n g l e s . 
o 

T h e o r e t i c a l v a l u e o f N a t 90 i s 1 2 8 i n t h i s p r e s e n t r e a c t i o n . 

T h i s p r e d i c t i o n o f t h e o r y i s not a t a l l s a t i s f a c t o r y a s from 
I O . . 

d a t a N exp = " ^ T T ^ a t 1 0 0 i s 60 and any d i r e c t p r o c e s s y p 
£ ' 

w i l l l o w e r N e x p . f u r t h e r . 

CONCLUSIONS: 

( 1 ) A l a r g e r a n g e ( e n e r g y and a n g l e ) o f d a t a must be 

s t u d i e d so t h a t m o d u l a t i o n , w h i c h s t a n d a r d t h e o r y d o e s n o t 

d e s c r i b e , may become a p p a r e n t . 

( 2 ) r o b t a i n e d by d i f f e r e n t m e t h o d s a g r e e w e l l but 

C o r t i ' s method i s found to ^be more r e l i a b l e i n p r e s e n t c i r c u m -

s t a n c e s . 

( 3 ) F o r l o c a l a v e r a g e s p r o p e r a v e r a g i n g i n t e r v a l s h o u l d 

be c h o s e n . 

( 4 ) P r o b a b i l i t y d i s t r i b u t i o n a n a l y s i s shows t h a t 

m e a n i n g f u l to d i s t i n g u i s h d i r e c t and compound c o n t r i b u t i o n s 

e v e n at h i g h e x c i t a t i o n s w h e r e compound n u c l e u s l i v e s f o r a 

v e r y s m a l l t i m e . 

( 5 ) P r o b a b i l i t y h i s t o g r a m s and n o r m a l i s e d v a r i a n c e a r e 

u n a f f e c t e d by s t e p s i z e p r o v i d e d s a m p l e i s l a r g e e n o u g h . 
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STUDY OF THE, STRUCTURE I N THE E X C I T A T I O N 

FUNCTIONS FOR THE REACTIONS 2 4lag 
2 7 , ^ 2 4 * V 

AND ' " A K p A , ) 4Mg 

McIIo M e h t a , A . 5 . D i v a t i a , S . S . K e r e k a t t e and K . K . S e k h a r a n 
B h a b h a A t o m i c R e s e a r c h C e n t r e 

T r o m b a y , Bombay. 

ABSTRACT. 

In c o n t i n u a t i o n o f p r e v i o u s work ( 1 ) , t h e y i e l d s f r o m 

t h e r e a c t i o n s 2 7 A l ( p , o p 2 4 i 3 g and 2 7 A I ( p t f ( ) 2 4 M g * h a v e b e e n 

m e a s u r e d a t a few a n g l e s f o r the r a n g e o f p r o t o n b o m b a r d i n g 

e n e r g y f r o m 4 t o 5 . 5 MeV. The e x c i t a t i o n f u n c t i o n s 

r e v e a l a g r o s s s t r u c t u r e on w h i c h f i n e r v a r i a t i o n s are s u p e r -

imposed . A c r o s s - c o r r e l a t i o n a n a l y s i s i s u n d e r p r o g r e s s t o 

d e t e r m i n e w h e t h e r t h e s t r o n g r e s o n a n c e l i k e s t r u c t u r e s a r e 

i n d e e d r e s o n a n c e s r e p r e s e n t i n g i n d i v i d u a l l e v e l s i n the compound 

28 

n u c l e u s S i and n o t t h e s o c a l l e d E r i c s o n f l u c t u a t i o n s . 

R E F E R E N C E S : 

1 . M . K . Mehta a n d A . S . D i v a t i a , P r o c e e d i n g s o f t h e N . P . 

an d S . S . P . Sympo s iurn Borabay. 8 0 1 1 9 6 6 ) . 
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5 1 V ( p , n ) 5 1 C r REACTION BETWEEN 1 . 5 6 AND 5 . 5 5 MEV 

K . K . S e k h a r a n , M . K . Mheta and A « S . D i v a t i a 
Bhabha A t o m i c R e s e a r c h C e n t r e 

Trombay, Bombay. 

The t o t a l n e u t r o n y i e l d f o r t h e ^ V ( p , n ) ^ 1 C r r e a c t i o n h a s 

been measured i n t h e i n c i d e n t p r o t o n e n e r g y r a n g e 1 , 5 6 t o 5 , 5 3 MeV 

u s i n g a 4TT n e u t r o n c o u n t e r . A t h i n V a n a d i u m m e t a l t a r g e t e v a p o r -

a t e d on to a t h i c k t a n t a l u m b a c k i n g was bombarded w i t h p r o t o n s , the 

i n c i d e n t p r o t o n s b e i n g m o n i t o r e d by a c u r r e n t i n t e g r a t o r . The 

s t e p i n w h i c h t h e y i e l d was measured v a r i e d from 6 to 1 0 k e V . 

The e x c i t a t i o n f u n c t i o n a p a r t of w h i c h i s shown i n f i g u r e 1 shows 

a number o f p e a k s w h i c h a r e o v e r l a p p i n g . The d o t s a r e the t o t a l 

c r o s s s e c t i o n v a l u e s o b t a i n e d by a s e p a r a t e measurement u s i n g a 

t h i c k t a r g e t . 

5 1 V+p i n t h e i n c i d e n t e n e r g y r a n g e 1 . 5 6 to 5 . 5 3 MeV l e a d s 

t o an e x c i t a t i o n e n e r g y o f a b o u t 1 2 to 16 MLeV i n the compound 

52 

n u c l e u s C r w h i c h i s t h e s t a t i s t i c a l r e g i o n . The d a t a w a s , 

t h e r e f o r e , a n a l y s e d on t h e b a s i s of the f l u c t u a t i o n t h e o r y . S i n c e 

the n e u t r o n y i e l d i n c r e a s e s r a p i d l y w i t h the i n c i d e n t e n e r g y the 

d a t a was s p l i t i n t o t h r e e r a n g e s o f e n e r g y namely 1 . 5 6 - 2 . 5 5 , 

2 , 5 5 - 3*84 and 3 s 8 4 - 5 . 5 3 MeV* The a u t o c o r r e l a t i o n f u n c t i o n 

C ( £ ) was e v a l u a t e d u s i n g t h e e q u a t i o n 

f r ^ < a - ( i J \ < c r ( £ ; + € ) > J'J 

f o r t h e t h r e e e n e r g y r a n g e s s e p a r a t e l y f o r v a r i o u s v a l u e s o f t h e 

a v e r a g i n g i n t e r v a l , I n f i g u r e 2 C ( 0 ) i s shown a s a f u n c t i o n 
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RELATIVE NEUTRON YIELD 

INTEGRATED CROSS SECTION (mb) 
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o f 8 f o r t h e t h r e e e n e r g y r a n g e s . C ( 0 ) r e m a i n s c o n s t a n t f o r a 

c e r t a i n r a n g e o f v a l u e s o f & f o r a l l t h e t h r e e c u r v e s . A v e r a g i n g 

i n t e r v a l i s chowsen f r o m t h i s r a n g e f o r e v a l u a t i n g t h e a v e r a g e w i d t h , 

F . I n t h e u p p e r p o r t i o n o f f i g u r e 2 , C ( € ) a g a i n s t s m a l l v a l u e s 

o f £ i s p l o t t e d f o r a v e r a g i n g i n t e r v a l s e q u a l to 2 2 5 , 3 1 3 , 2 8 7 , 3 4 5 , 

3 0 4 and 3 7 8 k e V . G r o s s e s a r e t h e e x p e r i m e n t a l p o i n t s . The d o t s 
-p a 

a r e t h e c a l c u l a t e d v a l u e s u s i n g t h e f o r m u l a G(£)~C(<? j~:— ? where 

l"7 i s t h e a v e r a g e l e v e l w i d t h . S i n c e the e n e r g y s t e p i n w h i c h the 

n e u t r o n y i e l d i s m e a s u r e d i s l a r g e compared t o t h e a v e r a g e w i d t h 

o b t a i n e d t h e r e a r e o n l y two or t h r e e e x p e r i m e n t a l p o i n t s w h i c h l i e 

on t h e L o r e n t z i a n . S i n c e t h e r e a r e o n l y two o r t h r e e p o i n t s on t h e 

c u r v e e r r o r a s much as + 5 0 $ o f T c o u l d be a s s i g n e d t o t h e v a l u e o f 

i ' t h o u g h t h e F . R . D . e r r o r i s much s m a l l e r . 

I n the p r e s e n t e x p e r i m e n t t h e e x p e r i m e n t a l r e s o l u t i o n , 

f i s a b o u t 1 . 5 keV w h i c h i s l e s s t h a n the a v e r a g e w i d t h ! and t h e 

e n e r g y s t e p A E . I n an i d e a l c a s e f o r w h i c h f l u c t u a t i o n a n a l y s i s 

i s a p p l i e d \ and A E s h o u l d be l e s s t h a n F <> C o r t i e t . a l ( 1 ) h a v e 

d e v e l o p e d a method o f e x t r a c t i n g 1 where 

F o r a p p l y i n g t h i s 

method a n e c e s s a r y c o n d i t i o n i s t h a t A E s h o u l d be e q u a l t o p . 

I n t h e p r e s e n t e x p e r i m e n t s i n c e \ i s l e s s t h a n A E C o r t i ' s method 

was n o t a p p l i e d . 
T7 52 The a v e r a g e w i d t h , . ; , o b t a i n e d for l e v e l s i n t h e Gr n u c l e u s 

i n t h e e x c i t a t i o n e n e r g y r a n g e 1 2 to 1 6 MeV i s 3 . 5 k e V . 

R E F E R E N C E S : 

1 . M. C o r t i , M.G. M a r c a z z a n , L . M i l a z z o C o l l i and M. M i l a z z o , 
E n e r g i a N u c l e a r e , 13, , 3 1 2 ( 1 9 6 6 ) . 
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FLUCTUATIONS I N THE INTEGRATED CROSS SECTION 
OF THE REACTION 4 5 S c ( p , n ) 4 5 T i 

KcVoKo I y e n g a r and S . K . G u p t a 
T a t a I n s t i t u t e , o f F u n d a m e n t a l R e s e a r c h , C o l a b a , B o m b a y - 5 . 

and 

K . K . S e k h a r a n , M . K . Mehta and A . S . D i v a t i a 
B h a b h a A t o m i c R e s e a r c h C e n t r e , B o m b a y - 7 4 

The i n t e g r a t e d c r o s s s e c t i o n o f t h e r e a c t i o n ^ S c ( p , n ) ^ ' T i 

was m e a s u r e d i n t h e i n c i d e n t p r o t o n e n e r g y r a n g e 2 . 9 1 0 - s 5 . 2 5 0 MeV, 

c o r r e s p o n d i n g t o t h e e x c i t a t i o n e n e r g y r a n g e 1 3 . 1 9 5 ~ ,f l5 .485 MeV 

46 
i n t h e compound n u c l e u s T i . S c a n d i u m e v a p o r a t e d o n t o t h i c k 

a l u m i n i u m was u s e d a s t h e t a r g e t . I t s t h i c k n e s s was d e t e r m i n e d 

27 28 

by o b s e r v i n g the s h i f t o f t h e A l ( p , Y ) S i r e s o n a n c e s a t 

1 . 3 8 MeV due to t h e e n e r g y l o s t by t h e p r o t o n beam w h i l e t r a v e r -

s i n g t h r o u g h t h e s c a n d i u m . The o v e r a l l e x p e r i m e n t a l e n e r g y 

r e s o l u t i o n was ^ 3 . 5 keV ( t a k i n g t h e t h i c k n e s s o f the t a r g e t i n t o 

a c c o u n t ) a r o u n d 4 MeV t h e mean i n c i d e n t e n e r g y . T h i s s c a n d i u m 

t a r g e t was p l a c e d a t t h e c e n t r e o f 4"^ g e o m e t r y n e u t r o n c o u n t e r ( 1 ) 

c o n s i s t i n g o f a BF^ c o u n t e r p a r a f f i n a s s e m b l y , and w a s bombarded 

by p r o t o n s f r o m t h e 5 . 5 - M V Van de G r a a f f a c c e l e r a t o r a t Bhabha 

A t o m i c R e s e a r c h C e n t r e , Trombay, The y i e l d o f t h e n e u t r o n s was 

m e a s u r e d a s a f u n c t i o n o f the p r o t o n b o m b a r d i n g e n e r g y i n s t e p s o f 

"5 keV s t a r t i n g f r o m the t h r e s h o l d a t 2 . 9 1 0 to 5 . 2 5 0 MeV and i s 

shown i n f i g . 1 . T h e s e m e a s u r e m e n t s w e r e r e p e a t e d l y c h e c k e d t o 

e n s u r e t h e r e p r o d u c i b i l i t y o f the d a t a . The neixtron y i e l d shows 

a l a r g e number o f f l u c t u a t i o n s . S i n c e a t t h e e x c i t a t i o n s r e a c h e d 
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EXCITATION ENERGY IN 4®Tl 

FIG-1 

6(keV) 
FIG-2 

?> =300keV 
r =7-3 keV 

F I G - 3 
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i n t h e p r e s e n t e x p e r i m e n t < T > / D i s e x p e c t e d t o be ^ > 1 on t h e -

o r e t i c a l c o n s i d e r a t i o n s a f l u c t u a t i o n a n a l y s i s o f t h e d a t a was 

c a r r i e d o u t . O n l y t h e d a t a i n t h e e n e r g y r a n g e 2 , 9 4 0 - 4 , 3 9 0 MeY 

was u s e d f o r t h e f l u c t u a t i o n a n a l y s i s a s t h ^ r e p r o d u c i b i l i t y was 

p o o r beyond 4 . 9 0 0 MeY, The f l u c t u a t i o n s i n the r e a c t i o n c r o s s -

s e c t i o n a r e s u p e r i m p o s e d on an a v e r a g e c r o s s s e c t i o n w h i c h i n -

c r e a s e s from 1 8 mb to 208 mb o v e r the e n e r g y i n t e r v a l 

3 . 0 0 0 - 4 . 8 9 0 MeV. T h i s i n c r e a s e i n the a v e r a g e c r o s s s e c t i o n 

i s e s s e n t i a l l y due t o the e f f e c t of i n c r e a s i n g p e n e t r a b i l i t y f o r 

p r o t o n s . The a b s o l u t e e r r o r on the measured c r o s s s e c t i o n i s 

2 5 $ . The r a t h e r low a m p l i t u d e of the f l u c t u a t i o n s c o u l d be due 

t o t h e damping by t h e l a r g e number of open n e u t r o n r e a c t i o n c h a -

n n e l s and the h i g h t a r g e t s p i n of 7 / 2 . The o b s e r v e d n e u t r o n y i e l d 

w h i c h i s due t o c o n t r i b u t i o n s f r o m n e u t r o n s l e a d i n g to a l l 

45 
energet ically Fallowed states o f the residual'nucleus T i h a s been 

however assumed to be m a i n l y due to t h e n e u t r o n g r o u p s f e e d i n g 

45 

t h e g r o u n d s t a t e and t h e f i r s t e x c i t e d s t a t e o f T i a t 25 k e V , 

and t h a t t h e i r e n e r g i e s a r e the same. The a u t o c o r r e l a t i o n f u n c t i o n 
c(ej = A L f O ^ 4 ' O - - <<rC&>J 

E.E, < 0 - ( E + £ ) > < c t C E ) > 

where € i s t h e e n e r g y i n c r e m e n t , , a t o t a l a v e r a g e o v e r t h e 

a v e r a g i n g i n t e r v a l t h e energy s t e p i n w h i c h d a t a i s t a k e n , 

E 1 and E g , t h e i n i t i a l and f i n a l e n e r g i e s of t h e e n e r g y i n t e r v a l 

c h o s e n f o r a n a l y s i s , was c a l c u l a t e d f o r v a r i o u s a v e r a g i n g i n t e r -

v a l s S . S i n g h e t a l ( 2 ) , h a v e d i s c u s s e d i n d e t a i l the need and 
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t h e c r i t e r i a f o r c h o o s i q g ' p r o p e r l y t h e a v e r a g i n g i n t e r v a l 8 , 

e s p e c i a l l y when the c r o s s s e c t i o n i t s e l f i s a f u n c t i o n o f b o m b a r -

i n g e n e r g y . I n f i g . 2 i s shown t h e d e p e n d e n c e o f 0 ( 0 ) on & . I t 

c a n be s e e n t h a t C ( 0 ) r e m a i n s f a i r l y c o n s t a n t o v e r t h e i n t e r v a l 

1 0 0 - 3 0 0 k e V . The c o h e r e n c e w i d t h F was d e t e r m i n e d for s i n 

t h e i n t e r v a l 1 0 0 - 3 0 0 keV by l i n e a r l e a s t s q u a r e s f i t t i n g o f t h e 

d a t a t o t h e e x p r e s s i o n G( S ) - C ( 0 ) F , The c u r v e s so 
r * p r v . , 

o b t a i n e d a r e shown i n f i g . 3 and t h e v a l u e s o f i v s d a r e 

p r e s e n t e d i n t a b l e 1 . 

T a b l e I 

C o h e r e n c e e n e r g y , f o r a number o f 
a v e r a g i n g i n t e r v ^ « ^ s o b t a i n e d i n f i g . 4 . 

^ ( k e V ) 
r 
1 (keV) 

80 4 . 1 

1 0 0 4 . 7 

1 5 0 5 . 4 

2 0 0 5 . 9 

2 5 0 6 . 6 

3 0 0 7 . 3 

T h e FRD e r r o r s on t h e T were e s t i m a t e d u s i n g t h e c u r v e s and 

r e l a t i o n s g i v e n by G i b b s ( 3 ) . T h u s a mean v a l u e o f 6 + 1 keV 
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was o b t a i n e d f o r t h e c o h e r e n c e w i d t h F i n the compound n u c l e u s 

46 

T i a t t h e m e a n ' e x c i t a t i o n e n e r g y o f 1 4 * 3 MeV. T h i s v a l u e i s i n 

c o m p l e t e c o n f o r m i t y w i t h t h e v a l u e o f 8 keV o b a t i n e d by Bamb-

e r g e r ( 4 ) a n s t R i c h t e r e t a l ( 5 ) f o r t h e same n u c l e u s ^ T i a t t h e 

mean e x c i t a t i o n e n e r g y o f 1 9 MeV. The v a l u e o b t a i n e d f o r T i n 

t h e p r e s e n t e x p e r i m e n t l i e s w e l l w i t h i n t h e l i m i t s o f 1 . 5 - 2 3 keV 

p r e d i c t e d by C o r t i e t a l ( 6 ) f o r t h i s n u c l e u s on t h e o r e t i c a l 

c o n s i d e r a t i o n s . 
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D I S C U S S I O N : 

D . K . S o o d : What a r e t h e e r r o r s on t h e v a l u e s o f IT y o u h a v e 

d e t e r m i n e d ? 1 G i b b s e s t i m a t e of FRD e r r o r s i s a l m o s t o b s o l e t e 

by now. I f e e l t h e FRD e r r o r s s h o u l d have some v a r i a t i o n 

w i t h t h e v a l u e o f moving a v e r a g i n g i n t e r v a l ? 
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K . V . K . I y e n g a r : You may be r i g h t . But G i b b s FRD e r r o r s a r e f o r 

a s t a t i o n a r y e x c i t a t i o n f u n c t i o n o r r a t h e r when C ( o ) i s not a 

f u n c t i o n o f a v e r a g i n g i n t e r v a l , What we do i n t h i s method, 

i s t o o b t a i n 0 ( o ) as a f u n c t i o n o f a v e r a g i n g i n t e r v a l , choose 

t h e r e g i o n where i t i s a l m o s t i n d e p e n d e n t o f 6 and use i t 

t o d e t e r m i n e T . The e r r o r s are o b t a i n e d then u s i n g G i b b s 

r e l a t i o n s . ' S i n c e C ( o ) i s a l m o s t i n d e p e n d e n t o f " f o r t h e 

$ rkngea c h o s e n , G i b b s e x p r e s s i o n s and r e s u l t s must s t i l l h o l d 

good. We do not t h i n k i t i s i n a p p l i c a b l e u n d e r the c o n d i t i o n s 

s t a t e d a b o v e . 

D . K . Sood: Y o u showed a p l o t o f s y s t e m a t i c v a r i a t i o n o f ' w i t h 

A . D o n ' t y o u t h i n k y o u r v a l u e \ P } i s r a t h e r h i g h i n the 

c o n t e x t o f t h e g e n e r a l v a r i a t i o n s h o w n ? 

K . V . K . I y e n g a r : The r e l a t i o n quoted by me was a n e m p i r i c a l one. 

Our v a l u e i s i n f u l l c o n f o r m i t y w i t h t h e s y s t e m a t i c s w i t h i n 

t h e e r r o r q u o t e d by u s . 
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STOCHASTIC THEORY OP F I S S I O N 

R c Raraanna and-V.S-., Ramamurthy 
B h a b h a A t o m i c R e s e a r c h C e n t r e 

T r o m b a y , Bombay. 

F r a g m e n t mass asymmetry i n low e n e r g y f i s s i o n o f 

•heavy n u c l e i h a s s o f a r d e f i e d a r i g o r o u s t h e o r e t i c a l e x -

p l a n a t i o n . I t h a s been shown e a r l i e r ( 1 , 2 ) t h a t i t i s p o s s i b l e 

t o g i v e a d e s c r i p t i o n o f t h e f i s s i o n p r o c e s s a s a s t o c h a s t i c 

p r o c e s s c I t was a l s o shown t h a t by i n t r o d u c i n g n u c l e a r 

s t r u c t u r e e f f e c t s i n t h e d e s c r i p t i o n i t i s p o s s i b l e t o e x p l a i n 

t h e s y s t e m a t i c s i n t h e f r a g m e n t mass d i s t r i b u t i o n s . 

R e v i e w i n g the p r o p o s e d m e c h a n i s m , a h e a v y n u c l e u s g i v e n 

s u f f i c i e n t e n e r g y to overcome t h e e n e r g y b a r r i e r f o r t h e 

f i s s i o n p r o c e s s , p a s s e s o v e r t h e b a r r i e r , a f t e r which d i v i s i o n 

i n t o two p a r t s becomes i m m i n e n t . H o w e v e r , s c i s s i o n t a k e s p l a c e 

much l a t e x " , .and i n v i e w o f t h e e x p e r i m e n t a l e v i d e n c e f o r t h e 

i n f l u e n c e o f t h e f r a g m e n t s t r u c t u r e e f f e c t s on the f i s s i o n 

p r o c e s s , , one can a s s u m e t h a t a s t h e f i s s i o n i n g n u c l e u s p r o c e e d s 

t o w a r d s t h e s c i s s i o n p o i n t , c e r t a i n g r o u p i n g o f t h e c o n t i t u e n t . 

n u c l e o n s i n t o two p a r t s t a k e s p l a c e / T h e s e two g r o u p s g r a d u a l l y 

s t a r t e x h i b i t i n g p r o p e r t i e s o f t h e i r own. T h e y however r e t a i n 

a n u c l e a r i n t e r a c t i o n between' them and h e n c e do not f l y a p a r t 

, d u e t o t h e Coulomb r e p u l s i o n . As a r e s u l t o f the n u c l e a r 
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i n t e r a c t i o n , the two g r o u p s c a n a l s o c h a n g e t h e i r i d e n t i t y i . e 

c o n t i n u o u s r e g r o u p i n g o f t h e n u c l e o n s a l s o t a k e s p l a c e i n t i m e , 

w h i c h i s assumed t o p r o c e e d t h r o u g h n u c l e o n e x c h a n g e s . S i n c e 

we a r e i n t e r e s t e d i n t h e f i n a l d i s t r i b u t i o n o f t h e f r a g m e n t 

m a s s e s , one c a n s p e c i f y t h e c o n f i g u r a t i o n o f t h e f i s s i o n i n g 

n u c l e u s a t any i n s t a n t t , by s p e c i f y i n g t h e number o f n u c l e o n s 

i n e i t h e r g r o u p . The d i v i s i o n p r o c e s s c a n now be c o m p l e t e l y 

d e s c r i b e d by a s e t o f p r o b a b i l i t i e s , 

= t h e p r o b a b i l i t y t h a t t h e f i s s i o n i n g n u c l e u s h a s a c o n -

f i g u r a t i o n w i t h mass M on one s i d e a t a n y . i n s t a n t t . 

F ^ = t h e p r o b a b i l i t y t h a t t h e f i s s i o n i n g n u c l e u s h a s a c o n -

f i g u r a t i o n w i t h mass M a s the' same s i d e a t i n s t a n t 

t + A t , where i - s "the u n i t o f t i m e . 

% , M = t h e p r o b a b i l i t y t h a t t h e f i s s i o n i n g n u c l e u s h a v i n g a 

c o n f i g u r a t i o n w i t h mass M on one s i d e g o e s o v e r t o one 

w i t h mass M / o n t h e same s i d e , i n u n i t t ime A t . 

T h e s e p r o b a b i l i t i e s a r e r e l a t e d as 

A s s u m i n g t h a t o n l y s i n g l e n u c l e o n t r a n s f e r s t a k e p l a c e and 

t h a t s t e a d y s t a t e i s r e a c h e d b e f o r e s c i s s i o n t a k e s p l a c e , 

one. g e t s 

I M R M H + I 
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where c* i s t h e o b s e r v e d mass d i s t r i b u t i o n . M a k i n g u s e o f 

t h e r e l a t i o n 

one g e t s 

- f h ' - ' i t i 

To e v a l u a t e t h e t r a n s i t i o n p r o b a b i l i t i e s , we c o n s i d e r t h e 

p r o c e s s t o t a k e p l a c e i n two s t e p s . 

( i ) The n u c l e o n r e l e a s e s i t s e l f f r o m t h e s t r u c t u r e 

o f one s i d e and 

( i i ) A t t a c h e s i t s e l f t o t h e o t h e r s i d e 

H e n c e P M , M - 1 = PD P ^ U - * D *£') 

PM,M+I = PD ? A T i PA W 

PD P ^ and .P^ P ^ r e p r e s e n t s t h e s t a t i s t i c a l w e i g h t s f o r t h e 

r e s p e c t i v e p r o c e s s e s and a r e g i v e n b y t h e l e v e l d e n s i t y o f t h e 

f i s s i o n i n g n u c l e u s a f t e r t h e e x c h a n g e . Td and Tj) a r e e x p e c t e d t o 

i n c l u d e t h e s t r u c t u r e e f f e c t s o f t h e two s i d e s i n v o l v e d i n t h e 

e x c h a n g e . 

T o e v a l u a t e Tj> we examine t h e p o t e n t i a l s e e n b y a n u c l e o n 

a l o n g t h e symmetry a x i s o f t h e f i s s i o n i n g n u c l e u s ( P i g . l ) . 

P r i o r t o t h e s a d d l e p o i n t , where t h e r e i s no i n d i c a t i o n o f a 

s e p a r a t i o n i n t o two g r o u p s , t h e p o t e n t i a l e n e r g y d i a g r a m 

i s t h a t o f a d e f o r m e d n u c l e u s . -On t h e o t h e r hand n e a r t h e 

s c i s s i o n p o i n t , t h e f i s s i o n i n g n u c l e u s c a n be a p p r o x i m a t e d 
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by two i n d e p e n d e n t n u c l e i i n c o n t a c t 'and the p o t e n t i a l e n e r g y 

d i a g r a m i s a s shown. Hence d u r i n g t h e p r o c e s s one would e x p e c t 

a g r o w i n g b a r r i e r s s e p a r a t i n g t h e two g r o u p s o f n u c l e o n s . The 

p r o b a b i l i t y T^ c a n t h e n be t a k e n t o r e p r e s e n t the p e n e t r a t i o n 

p r o b a b i l i t y o f a n u c l e o n t h r o u g h t h i s b a r r i e r . Hence T^ w i l l 

depend on t h e energy s t a t e o f t h e t r a n s f e r r e d n u c l e o n and t h e 

n a t u r e o f t h e b a r r i e r . 

S i n c e a t p r e s e n t , no i n f o r m a t i o n i s a v a i l a b l e on t h e 

s p e c t r a m o f e n e r g y s t a t e s o f a n u c l e o n i n a d e f o r m e d n u c l e u s , 

we assume t h a t a l l the n u c l e o n s on the a v e r a g e h a v e an e n e r g y - E , 

where E i s t h e a v e r a g e b i n d i n g e n e r g y o f a n u c l e o n i n the 

n u c l e u s , g i v e n by t h e s e m i e m p i r i c a l mass f o r m u l a . To e v a l u a t e 

t h e p e n e t r a t i o n f a c t o r t h r o u g h t h e b a r r i e r we make uee o f H i l l ' s 

e x p r e s s i o n f o r an i n v e r t e d p a r a b o l a t o g i v e the f u n c t i o n a l f o r m . 

"T* ™ —~— (up. ( - ^/Cir ' 

where"h ^ i s a c o n s t a n t , c h a r a c t e r i s i n g t h e n a t u r e o f t n e b a r r i e r . 

To e v a l u a t e E we make u s e of t h e mass formula, a s g i v e n by 

Mayer and S w i a t e c k i ( 3 ) a c c o r d i n g to w h i c h ABE = (A.dal) i i ( , u i d d r o p * 

' s h e l l + d e f o r m a t i o n . The f i r s t t e r m r e f e r s t o a s p h e r i c a l 

l i q u i d d3?op, a n d t h e s e c o n d t e r m t a k e s c a r e o 

f t h e d e f o r m a t i o n 

and s h e l l s t r u c t u r e e f f e c t s and h a s t o be e \ . 1 . i t e d f o r d e f o r m -

a t i o n s p e r t i n e n t t o t h e f i s s i o n p r o c e s s . A s t a t i c s t u d y o f t h e 

s c i s s i o n c o n f i g u r a t i o n h a s shown t h a t t h e d e f o r m a b l e n u c l e i a r e 

deformed more a t s c i s s i o n . Hence we w r i t e 
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ABE = ( A333) T _ + E (ABE) , , , „ . . x L . D . s h e l l + d e f o r m a t i o n 

where K i s a c o n s t a n t and t h e s e c o n d term i s e v a l u a t e d f o r 

ground s t a t e d e f o r m a t i o n s . 

2 5 2 The r e s u l t i n g m a s s d i s t r i b u t i o n i n t h e c a s e o f C f 

2 3 5 

s p o n t a n e o u s f i s s i o n a n J n e u t r o n i n d u c e d f i s s i o n of U a r e 

shown i n P i g s . 2 and 3 , w i t h K ^ b 

A n o t h e r i n t e r s t i n g p o s s i b i l i t y , s u g g e s t e d by the above 

i n v e s t i g a t i o n s i s the s t u d y o f c h a r g e d i s t r i b u t i o n i n f i s s i o n . 

So f a r WG h a v e assumed t h a t t h e c h a r g e s d i v i d e i n t h e r a t i o o f 

t h e m a s s e s . However i f one w r i t e s t h e p r o b a b i l i t i e s i n t e r m s 

o f t h e number o f n e u t r o n s and p r o t o n s , one c a n t r e a t t h e 

p r o b l e m a s a two d i m e n s i o n a l random w a l k , i n w h i c h c a s e one 

c a n s t u d y t h e c h a r g e d i s t r i b u t i o n a l s o . The p o s s i b i l i t y i s 

b e i n g i n v e s t i g a t e d . 

R E F E R E N C E S : 

1 . R , Ramannay R . S u b r a m a n i a n a n d R a j u . N . A i y e r , N u c l e a r 

P h y s i c s 6 7 , 5 2 9 ( 1 9 6 5 ) . 

2 . R . Ramanna and V , . S . Ramamurthy P h y s i c s l e t t e r s 21_, 4 3 7 ( 1 9 6 6 ) . 

3-i W.J) Myers a n d W . I . ' S w i a t e c k i , N u c l e a r M a s s e s and R e f o r m a t i o n s , 

I I C R L - 1 1 930 ( 1 9 6 5 ) . 

D I S C U S S I O N : 

R . S . K a u s h a l : Do y o u g e t a n y i d e a a b o u t i n d u c e d f i s s i o n , i f s o 

c a n y o u a p p l y i t to e x p l a i n mass d i s t r i b u t i o n o f i n d u c e d 

b i n a r y f i s s i o n ? 

316 



V . S . Ramamurthy: The proposed, m e c h a n i s m a p p l i e s to a l l f i s s i o n 

p r o c e s s e s i r r e s p e c t i v e o f t h e t r i g g e r u s e d t o s u p p l y t h e 

n e c e a s a r y e n e r g y . 

S h a n k a r M u k h e r j e e s By t a l c i n g i n t o a c c a u n t ' t h e charge of the 

t r a n s f e r r e d n u c l e o n , i s i t p o s s i b l e t o p r e d i c t c h a r g e d i s t r i -

b u t i o n i n f i s s i o n ? 

V . S . Ramamurthy? Y e s , t h o u g h c l a c u l a t i o n s w o u l d b e more i n v o l v e d , 

R . K , l a n d o n : I n t h e e x p e r i m e n t a l r e s u l t s , what i s p l o t t e d i n t h e 

Y a x i s f o r r e l a t i v e y i e l d ? How were t h e s e e x p e r i m e n t a l r e s u l t s 

o b t a i n e d ? 

V . S . R a m a m u r t h y : The r e l a t i v e y i e l d p l o t t e d i n ' t h e Y a x i s 

r e p r e s e n t s t h e f r a c t i o n o f t h e t o t a l number o f f i s s i o n e v e n t s , 

g i v i n g r i s e t o mass d i v i s i o n s , c h a r a c t e r i s e d by t h e mass o f t h e 

h e a v y f r a g m e n t . The s i m p l e s t method o f m e a s u r i n g t h e m a s s e s o f 

- t h e f r a g m e n t s i s t o s i m u l t a n e o u s l y m e a s u r e t h e e n e r g i e s o f t h e 

two f r a g m e n t s . C o n s e r v a t i o n o f momentum r e q u i r e s 

I I , / M 2 = l ^ / E , 

M-j + M2 = Mass o f t h e f i s s i o n i n g n u c l e u s . Hence M̂  and M^ can 

be i n f e r r e d . 
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ANGULAR ANISOTROPY OP P I S S I O N FRAGMENTS I N 3 MeV 

NEUTRON INDUCED BINARY AND TERNARY 

F I S S I O N OF 2 3 5 U 

D.M. N a d k a r n i 
B h a b h a A t o n i c R e s e a r c h C e n t r e 

Trombay, Bombay. 

To u n d e r s t m d t h e u e o n a n i s m o f t e r n a r y f i s s i o n , 

f i s s i o n a c c o m p a n i e d by l o n g r a n g e a l p h a p a r t i c l e s ( L R A ) , i t 

i s i m p o r t a n t t o know a t w h a t s t a g e o f the p r o c e s s t h e s e p a r t -

i c l e s a r e e m i t t e d , The measurement o f f r a g m e n t a n g u l a r d i s -

t r i b u t i o n s i n t e r n a r y f i s s i o n c a n be e x p e c t e d to p r o v i d e an 

u n d e r s t a n d i n g a b o u t the s t a g e a t w h i c h LRA a r e e m i t t e d . 

P r e v i o u s m e a s u r e m e n t s ( 1 ) o f a n g u l a r d i s t r i b u t i o n of f r a g m e n t s 

i n t e r n a r y i n d i c a t e d t h a t the a n i s o t r o p i c s i n b i n a r y and t e r n a r y 

f i s s i o n a r e d i f f e r e n t . I n the p r e s e n t ' w o r k u s i n g s o l i d s t a t e 

d e t e c t o r s t h e a n i s o t r o p y o f f r a g m e n t s i n t e r n a r y f i s s i o n of 

2 3 5 

U i n d u c e d by 3 MeV n e u t r o n s h a s been m e a s u r e d . 

EXPERIMENTAL S E T - U P : 

Two d i f f u s e d - j u n c t i o n t y p e s o l i d s t a t e d e t e c t o r s were 

u s e d t o d e t e c t f i s s i o n f r a g m e n t s e m i t t e d a l o n g and a t r i g h t 

a n g l e s to t h e i n c i d e n t n e u t r o n beam d i r e c t i o n arri t h e t h i r d 

s o l i d s t a t e d e t e c t o r was k e p t v e r y c l o s e t o t h e f i s s i l e t a r g e t t o 

d e t e c t IRA i n n e a r l y 2Tr g e o m e t r y . ( _ F i g t l ) t a r g e t was 
2 2 

1 rag/cm t h i c k on a 3 mg/cm A l b a c k i n g w h i c h a l l o w e d o n l y 
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LRA to r e a c h the b a c k d e t e c t o r . 3 MeV n e u t r o n s were produced, 

w i t h T ( p , n ) He r e a c t i o n u s i n g the 5 . 5 MeV V a n - d e - G r a a f f A c c e l e r -

a t o r . The v e r y low c r o s s - s e c t i o n f o r f a s t n e u t r o n i n d u c e d 

t e r n a r y f i s s i o n n e c e s s i t a t e d k e e p i n g t h e f r a g m e n t d e t e c t o r s 
o 

n e a r t h e t a r g e t r e s u l t i n g i n p o o r a n g u l a r r e s o l u t i o n ( ~ 3 5 ) . 
o 

The s p e c t r a o f f i s s i o n f r a g m e n t k i n e t i c e n e r g y i n 0 - a n d 
o 

90 - d e t e c t o r s i n c o i n c i d e n c e and a n t i - c o i n c i d e n c e w i t h t h e 

LRA p u l s e w e r e r e c o r e d e d s i m u l t a n e o u s l y i n f o u r 1 0 0 - c h a n n e l 

a n a l y z e r s . E f f i c i e n c y c o r r e c t i o n f a c t o r s f o r 3 MeV n e u t r o n 

i n d u c e d b i n a r y and t e r n a r y f i s s i o n w e r e made u s i n g the i s o t r o p i c 

f r a g m e n t d i s t r i b u t i o n i n t h e r m a l n e u t r o n i n d u c e d b i n a r y and 

t e r n a r y f i s s i o n . The t h e r m a l n e u t r o n m e a s u r e m e n t s were c a r r i e d 

out by s u r r o u n d i n g t h e f i s s i o n chamber w i t h p a r a f f i n b l o c k s 

and k e e p i n g the chamber c o n f i g u r a t i o n c o n s t a n t . About 8 1 0 

e v e n t s o f 3' MeV n e u t r o n i n d u c e d t e r n a r y f i s s i o n and a b o u t 

1 5 9 0 e v e n t s o f t h e r m a l n e u t r o n i n d u c e d t e r n a r y f i s s i o n w e r e 

r e c o r t d e d i n a s e r i e s of r u n s l a s t i n g n e a r l y 1 0 0 h o u r s . 

R E S U L T S : 

The r e s u l t s o f t h e s e m e a s u r e m e n t s a r e ( i ) B i n a r y 

f r a g m e n t a n i s o t r o p y (N ( 0 ° ) / N ( 9 0 ° ) ) = 1 . 0 4 + 0 . 0 1 

( i i ) T e r n a r y f r a g m e n t a n i s o t r o p y (N ( 0 ° ) / N ( 9 0 ° ) ) = 0 , 8 7 + 0 . 0 6 

( i i i ) The t e r n a r y t o b i n a r y c r o s s - s e c t i o n r a t i o was f o u n d t o 

be a b o u t 5 0 $ and 2 5 $ l o w e r f o r 3 MeV n e u t r o n f i s s i o n a s com-
o o 

p a r e d t o t h e r m a l n e u t r o n f i s s i o n ^ i n the 0 and 90 d i r e c t i o n s 
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r e s p e c t i v e l y , ( i v ) The d e c r e a s e i n t h e average k i n e t i c e n e r g y 

o f t e r n a r y f i s s i o n f r a g m e n t s compared t o t h a t o f b i n a r y f r a g -

m e n t s was f o u n d t o be a p p r o x i m a t e l y e q u a l ( 1 4 + 3 MeV) b o t h i n 

t h e t h e r m a l a n d 3 MeV n e u t r o n i n d u c e d f i s s i o n . 

The r a t h e r low b i n a r y a n i s o t r o p y i s a t t r i b u t e d t o t h e p o o r 

a n g u l a r r e s o l u t i o n a s w e l l a s t o t h e v a r i a t i o n o f t h e n e u t r o n 

f l u x a c r o s s the f i s s i l e t a r g e t . The b i n a r y f r a g m e n t a n i s o t r o p y 

was s e p a r a t e l y m e a s u r e d f o r the c a s e where t h e n e u t r o n f l u x 

i s n e a r l y u n i f o r m a c r o s s t h e f i s s i b l e t a r g e t and was f o u n d t o 

be 1 . 1 . 0 7 + 0 . 0 1 7 . U s i n g t h e v a l u e s o f b i n a r y a n i s o t r o p i c s 

m e a s u r e d i n She p r e s e n t work and t h a t r e p o r t e d by Simmons and. 

I i e n k e l ( 2 ) , a p p r o x i m a t e c o r r e c t i o n f o r t h e a n g u l a r r e s o l u t i o n 

and n o n - u n i f o r m f l u x o f n e u t r o n s a c r o s s t h e t a r g e t h a v e been 

made t o t h e t e r n a r y f i s s i o n d a t a . The c o r r e c t e d t e r n a r y 

a n i s o t r o p y w a s f o u n d . t o be ( 0 . 9 1 + 0 . 0 7 ) . 

D I S C U S S I O N : 

I t i s o f i n t e r e s t to c o r r e l a t e (n,oc) a n i s o t r o p y 

2 3 5 

i n 3 MeV n e u t r o n i n d u c e d t e r n a r y f i s s i o n o f U ( 3 ) w i t h 

t h e a n i s o t r o p y o f t e r n a r y f r a g m e n t s m e a s u r e d i n t h e p r e s e n t 

w o r k . A c c o r d i n g t o t h e E v a p o r a t i o n M o d e l ( 1 ) t h e a n g u l a r 

d i s t r i b u t i o n o f I R A i s g i v e n by 

e ) ~ 1 + » a + L c ^ e 
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I m p o s i n g on t h i s t h e c o n d i t i o n t h a t LRA and t e r n a r y f i s s i o n 

f r a g m e n t s are e m i t t e d a t r i g h t a n g l e s t o e a c h o t h e r , t h e 

t e r n a r y f r a g m e n t a n g u l a r d i s t r i b u t i o n o b t a i n e d i s 

n , , ( e ) a a t kr/im^B • u s i n g t h e LRA a n i s o t r o p y ( 3 ) 
vT 

o f 1 . 3 2 + 0 . 1 2 t h i s g i v e s f o r t h e t e r n a r y f r a g m e n t a n i s o t r o p y 

a v a l u e o f 0 . d 6 + 0 . 0 5 w h i c h i s i n f a i r agreement w i t h the 

v a l u e ' o b t a i n e d i n t h e p r e s e n t m e a s u r e m e n t s . The r e s u l t s o f 

t h e p r e s e n t w o r k s u g g e s t t h a t d u e t o t h e e m i s s i o n o f LRA t h e 

K - d i s t r i b u t i o n a t t h e s c i s s i o n s t a g e i n t e r n a r y f i s s i o n i s 

d i f f e r e n t f r o m t h a t i n b i n a r y f i s s i o n , 

R E F E R E N C E S ; 

1 . R . Raraanna, K . G . N a . i r .aaa S . S . K a p o o r , P h y s . R e v . 1 2 9 , 

1 3 5 0 ( 1 9 6 3 ) ; D .M. N a d k a r n i , P r o c . N u c l . . P h y s . Symposium., 

P . 3 5 ( 1 9 6 6 ) . 

2 . J . E . Simmons and R . L . H e n k e l , P h y s . R e v . . 1 2 0 , 1 9 8 ( 1 9 6 0 ) 

3 . V . A . H a t t a n g a d i , T . M e t h a s i r i , D.M. N a d k a r n i , 

R . Ramanna and P . N . Rama R a o , S M - 6 0 / 7 1 , IAEA S y m p o s i u m , 

on P h y s & Chem. o f F i s s i o n , S a l z b u r g ( 1 9 6 5 ) . 

D I S C U S S I O N : ' 

S . M u k h e r j i : You m e n t i o n t h a t s come out f i r s t and then 

f i s s i o n o c c u r s . A r e we r i g h t i n t a l k i n g a b o u t f i s s i o n a f t e r 

comes out from t h e n e c k ? A f t e r what t ime ( f r o m / e m i s s i o n 

moment) d o e s f i s s i o n o c c u r ? 
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D.M, N a d k a r n i : ' I t • i s p r e c i s e l y f o r t h e r e a s o n t h a t i t i s not 

p o s s i b l e t o f i n d d i r e c t l y from e x p e r i m e n t s whether a r e e m i t t e d 

b e f o r e o r a f t e r s c i s s i o n t h a t t h e p r e s e n t measurements on 

a n g u l a r d i s t r i b u t i o n o f t e r n a r y f i s s i o n f r a g m e n t s were made, I 
j 

b e l i e v e we a r e r i g h t i n t a l k i n g a b o u t coming out from t h e neck 

r e g i o n o f f i s s i o n i n g n u c l e u s t o w a r d s t h e l a s t s t a g e s o f s c i s s i o n 

and b e i n g e m i t t e d i n t h e r e g i o n between the h e a v y f i s s i o n f r a g -

ments a s shown by t h e . (ri,®C) and (n,e4f) c o r r e l a t i o n s . 

A s come a t t h e l a s t s t a g e s o f f i s s i o n , the t i m e between the K 

e m i s s i o n and s u b s e q u e n t s n a p p i n g i s - not d e f i n i t e l y known b u t i t 
—22 

must be p r e t t y s h o r t . ( ^ 1 0 s e c ) . F u r t h e r work on t h i s i n 

f u t u r e , i t i s h o p e d , w i l l . a n s w e r t h i s q u e - s t i o n , 2 3 5 

Q u e s t i o n : What i s "the c r o s s s e c t i o n f o r U ( n , r - ) r e a c t i o n 

a t 3 MeV? 

D - M . N a d k a r n i : Measurements o f ( n , r l ) a t t h e s e i n c i d e n t n e u t r o n 

e n e r g i e s h a v e n o t y e t been r e p o r t e d , a s f a r a s I know. F o r 

t h e r m a l n e u t r o n c a s e a t l e a s t t h e ( n c r o s s — s e c t i o n i s an 

o r d e r o f m a g n i t u d e s m a l l e r t h a n (n^dk) c r o s s - s e c t i o n . 

R . K « Tandons What i s e x p e c t e d t o be t h e e n e r g y o f i n c i d e n t 

n e u t r o n beam b o m b a r d i n g u r a n i u m t a r g e t ? 

D.M. N a d k a r n i : The i n c i d e n t n e u t r o n e n e r g y i s a b o u t 3 MeV w i t h a 

s p r e a d o f a b o u t 1 0 0 k e V . 
S . Mohan B h a r a t h i s What i s t h e e r r o r i n y o u r m e a s u r e m e n t ? 
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D«M» U a d k a r n i : Thes.e a r e p r e l i m i n a r y r e s u l t s a s m e n t i o n e d 
o o 

e a r l i e r and a n i s o t r o p y N ( 0 ) / N ( 9 0 ) m e n t i o n e d was 1 , 0 7 + 0 £ . 0 2 ; 

t h e e r r o r q u o t e d i s s t a t i s t i c a l e r r o r o n l y . C o r r e c t i o n s due to 

f i n i t e a n g u l a r r e s o l u t i o n and non u n i f o r m n e u t r o n f l u x o v e r 

t h e u r a n i u m t a r g e t h a v e n o t y e t b e e n made, T h i s c o r r e c t i o n i s o 

e x p e c t e d t o d e c r e a s e t h e 90 p e a k i n g o f t h e t e r n a r y f i s s i o n 

f r a g m e n t a n g u l a r d i s t r i b u t i o n by a b o u t 5 $ r o u g h l y . However, 

a c c u r a t e c o r r e c t i o n s to t h e d a t a w i l l be made i n f u t u r e , 

S ~ K , G u p t a : How do y o u i d e n t i f y t h e a l p h a p a r t i c l e coming f r o m 
3 3 

t h e f i s s i o n ? I t c a n v e r y w e l l be He o r H e . 

D,M» N a d k a r n i : The J - p a r t i c l e s were not i d e n t i f i e d a s s u c h b u t i t 

h a s been v e r y w e l l e s t a b l i s h e d by e a r l i e r w o r k e r s , t h a t most 

o f t h e l i g h t c h a r g e d p a r t i c l e s e m i t t e d ( ^ ' 9 5 $ ) a r e a l p h a 

p a r t i c l e s , 
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K I N E T I C . E N E R G Y D I S T R I B U T I O N OP F I S S I O N F R A G -
MENTS I N THE F I S S I O N OF 2 5 5 | J INDUCED BY NEUT-

RONS I N THE ENERGY R E -
GION § THERMAL TO 2 MeV. 

D.Mo N a d k a r n i and B * R . B a l l a l 
Bhabha A t o m i c R e s e a r c h C e n t r e 

Trombay, Bombay,, 

ABSTRACT. 

S t u d i e s on t h e a n g u l a r d i s t r i b u t i o n o f f i s s i o n f r a g -

m e n t s h a v e i n d i c a t e d a l a r g e p a i r i n g g a p o f a b o u t 2 * 7 MeV 
\ 

i n the t r a n s i t i o n s t a t e s p e c t r a of h e a v y e v e n - e v e n f i s s i o n i n g 

n u c l e i . To s t u d y the p o s s i b l e d e p e n d e n c e o f f i s s i o n f r a g -

ment a v e r a g e k i n e t i c e n e r g y E~k, on t h e n a t u r e o f t h e t r a n s i t i o n 
— 2 3 5 

s t a t e s , E ^ h a s been measured i n t h e f i s s i o n of U i n d u c e d 

by n e u t r o n s o f e n e r g y r a n g i n g f r o m t h e r m a l t o 2 . 1 MeV. A 

g r i d d e d i o n i z a t i o n chamber f i l l e d vi t h p u r e A r g o n was u s e d t o 

m e a s u r e E ^ and m o n o e n e r g e t i c n e u t r o n s were g e n e r a t e d w i t h 

T ( p , n ) He r e a c t i o n u s i n g t h e 5 * 5 MeV V a n - d e - G r a a f f A c c e l e r -

a t o r , the n e u t r o n e n e r g y s p r e a d b e i n g a b o u t 1 0 0 k e V . The 

i o n chamber c a l i b r a t i o n was done u s i n g t h e r m a l n e u t r o n 

f i s s i o n , r e c o r d i n g t h e f i s s i o n s p e c t r u m on a 1 0 0 c h a n n e l 

a n a l y s e r . M e a s u r e m e n t s were made a t 2 2 d i f f e r e n t e n e r g i e s 

4 4 

i n t h i s r e g i o n w i t h 2 . 5 x 1 0 t o 7 . 5 x 1 0 e v e n t s b e i n g r e -

c o r d e d a t e a c h of t h e s e e n e r g i e s . The m e a s u r e d ^ was 

c o r r e c t e d f o r t h e c e n t r e o f mass m o t i o n . "E, was f o u n d t o 
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r e m a i n c o n s t a n t w i t h i n a b o u t 0 , 6 $ ( ^ 1 MeV) i n t h i s r e g i o n . . 

However ; a a l i g h t d e c r e a s e o f 1 J o f t h ^ o r d e r o f a b o u t 700 k ® 7 , 
i v 

was o b s e r ; ^ a t B ~ 3 7 0 keV and 8 7 0 keV and a s l i g h t i n c r e a s e 

o f a b o u t 900 keV was o b s e r v e d a t E J » 6 5 0 keV and 1 2 4 0 keV a s 
n 

compared t.o I s ^ f o r t h e r m a l . . . n e u t r o n f i s s i o n . . A l t h o u g h t h e s e 

v a r i a t i o n s c o u l d be due to s t a t i s t i c a l f l u c t u a t i o n s the 

p o s s i b i l i t y t h a t t h e s e a r e a s s o c i a t e d w i t h t h e n a t u r e of 

t r a n s i t i o n s p e c t r u m c a n n o t be r u l e d out.. The r e s u l t s o f 

B l y u m k i n a e t a l ( 1 ) who o b s e r v e d i n c r e a s e o f f , a t E ^ 7 7 0 keV & n 

and a. d e c r e a s e a t E ^ 400 keV and t h o s e o f Mather e t a l ( 2 ) n 

who o b s e r v e d s m a l l p e a k s i n V v s d a t a a t E J ^ 2 3 0 keV and n n 

8 4 0 keV f o l l o w e d by a d e c r e a s e a t » 700 keV and 9 3 0 keV 

compare w e l l w i t h t h e p r e s e n t m e a s u r e m e n t s * 

R E F E R E N C E S : 

1 . Y u . A e B l y u m k i n a e t a l » N u c l e a r P h y s i c s 5 2 s N o . 4 » 648 ( 1 9 6 4 ) 

2 , D„S« M a t h e r ©t a l . P h y s . R e v . J 3 3 , No. 6B, B 1 4 0 3 ( 1 9 6 4 ) 
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P-WAYE NEUTRON P I S S I O N OP 2 5 5 U 

GoKo Mehta 
* D e p a r t m e n t o f P h y s i c s 

I n d i a n I n s t i t u t e o f T e c h n o l o g y , K a n p u r 

and 

J.Mo L e b o w i t z and E . M e l k o n i a n 
D e p a r t m e n t o f P h y s i c s 

C o l u m b i a U n i v e r s i t y , New Y o r k 

INTRODUCTION 

A c o r r e l a t i o n between the o b s e r v e d mass d i s t r i b u t i o n s o f 

f i s s i o n f r a g m e n t s and t h e s p i n and p a r i t y o f t h e compound n u c l e u s 

i s e x p e c t e d from t h e " c h a n n e l - t h e o r y " o f Aage B o h r ( 1 ) . A c c o r d i n g 

t o B o h r ' s t h e o r y t h e n u c l e u s a t t h e s a d d l e p o i n t i s r e l a t i v e l y 

u n e x c i t e d , a s most o f t h e e x c i t a t i o n e n e r g y g o e s i n t o t h e d e f o r -

m a t i o n , and s h o u l d h a v e w e l l d e f i n e d s t a t e s . The o r d e r i n g o f t h e s e 

s t a t e s w i t h e n e r g y c a n be g u e s s e d f r o m s t u d i e s o f n u c l e i a t t h e i r 

e q u i l i b r i u m d e f o r m a t i o n , F o r a & e v e n - e v e n n u c l e u s low l y i n g s t a t e s 

a r e 0 , 2 , 4 e t c , f o l l o w e d by 1 , 3 e t c , a t h i g h e r e x c i t a t i o n 

e n e r g i e s . I f we t a k e t h e a c c e p t e d a s s i g n m e n t o f 7 / 2 " f o r ^ ^ U t h e n 

we c a n b u i l d up a s p i n o f 3 o r 4 f o r t h e compound n u c l e u s w i t h 

s l o w n e u t r o n a b s o r p t i o n . C o n s i d e r i n g t h e c a s e w h e r e t h e compound 

n u c l e u s i s formed i n a••3" s t a t e , t h e n u c l e u s h a s t o p a s s t h r o u g h t h e 

s a d d l e p o i n t w h i c h c o r r e s p o n d s to t h i s s p i n v a l u e w h i c h i s few 

h u n d r e d keV h i g h e r t h a n t h e l o w e s t s a d d l e p o i n t ( 0 + ) a v a i l a b l e . 

I f on t h e o t h e r h a n d , t h e compound n u c l e u s i s formed i n t h e 4 " s t a t e 

t h e n t h e b a r r i e r w h i c h i s t o be s u r m o u n t e d i s much h i g h e r , may be 

1 o r 2 MeY h i g h e r t h a n t h e 3 = b a r r i e r . So one e x p e c t s t h a t f i s s i o n 



on t a k i n g p l a c e t h r o u g h t h e s e two c h a n n e l s m i g h t b e a r some d i f f e r -

e n c e s " ' w W t h ' ' c a h e b ^ ^ S ^ & i S f i S ^ I & j P d&tarofrefe nf|gtaebcebefa!r 

men'iial 'evic4'encc^ ci¥ l O f ^ ^ a l f t o 

f i s s i o n i M ^ u ^ h E S n o^eoss r p a ^ t j j i o s i a d d eP&t&t .. . 

a m o r e ' ^ ' s y ® ' ^ ( h t r g ] % r s m i l e y p i ^ j ^ ^ ^ , d i s t r i -

b u t i o n o&Wi;rMat?^8a4 ^ r t f l k & J i t a j d i g f r s a i a ^ f S ^ r i 1 ^ s s £ a t e ^ . . 

b u t l > n c u r v e ) "than t h a t p r o c e e d i:.,*: turo-.u>fe an adda-oar-i* - - • -

I f t h e n e u t r o n e n e r g y i s i n c r e a s e s sd t h a t ' u t h e - ^ - w a v - © ^ i n t e r -

a c t i o n s McSihg oiis ©anra-a£8&<fces©v$fla£a^$y D J^g£;i .s 1 inv. 

a d d i t i o n t o ' ; 3 f r i - I S t l H ^ tW-ifchiae c a s e a b b c i ^ e r ^ i g ^ n ^ J f • 

t h a t t h e s y m m e t r i c f i s s i o n yifeLdostoufl- i i i>@ m T ^ £§><? 

n e u t r o n s , R a e , M a r g o l i s and T r o u b e t s k ^ y b K S ^ o ^ v ^ ^ l ^ ^ a ^ ^ ^ ^ e o c 

p a r t i a l wave f i s s i o n c r o s s - s e c t i o n ( u p t o 1 = ].5a-vb ^ O J I c 4 i L u c f 

A c c o r d i n g t o t h e i r ca lcukfc i o n s t h e p - w a v e i n t e r a c t i o n ' i ^ j l o ^ i p j a t e s 

i n 1 0 0 k e Y to 500 keV r e g i o n , a n d b o t h p a n d d w a v e s 'bontribut,e r . , . 

a p p r e c i a b l y from 500. keV t o MeV. R a d i o c h e m i c a l m e a s u r e m e n t s 

h a v e been m a d e - b y ^ u n n i g h a m e , K i t t a n d Rae ( 3 ) i n t h i s r e g i o n . 

T h e y , found- t h a t . _'the., -mass d i s t r i b u t i o n . . ; i s . ;more a s y m m e t r i c i n t h e 

65 keY. t o "1:25' keV - r e g i o n . than . t h e r m a l mass - d i s t r i b u t i o n ; ; a n d above 

2/00 .keV t h e . s y m m e t r i c - . i f i s s i o n " y i e l d i n c r e a s e s <£ wThe, r e s u l t - . b e t w e e n 

,.6'5 :and '.>125 iteeV; was;^c.;ontrary rtoJ;what.."one r w . o u l d c e ^ e G t -jfrom s i m p l e 

c h a n n e l ; t h e o r y ,-,.;.-;We,;have made a n a t t e m p t >~to;jmake.-tft-ese measurement s 

u s i n g _ba'ck--:to v b a c k so.liduS.tate. d e t e c t o r s . : i i 0 ^rrloc efbhisa - j "i" • v 

" 0 • •• '^tfntf <Ma.tigecih ''ma&s pd i ^ ^ i b u t i b ^ n itf : ' It'3£e ; f%otal 

k i h l t ' f c : ' i ' n e r ^ - c : d \ s t r i W u l t f 6 i i B ^ ' r r e l a / t i o h f o u n d 

i n ' t h e ' ^ y ^ I b t i s " W r k L m e & k i n e t i c 1 ' e n e r g y " S h o u l d C o r r e s p o n d 

H 6 b f g i i e r v a l l e y u ( f m o s y m m e t r i c f i s s£jon - ^ i g H e r k i n e t i c 

FIG.A 
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e n e r g y t o l o w e r v a l l e y ( l e s s s y m m e t r i c f i s s i o n ) . A l s o w i d e r t o t a l 

k i n e t i c e n e r g y d i s t r i b u t i o n s h o u l d l e a d to more s y m m e t r i c f i s s i o n ( 5 ) . 

I n t h e r e s u l t s p r e s e n t e d h e r e t h e w i d t h s o f k i n e t i c e n e r g y 

d i s t r i b u t i o n s and t h e v a l l e y s o f mass d i s t r i b u t i o n c u r v e s a r e e x -

amined f o r s e v e r a l n e u t r o n e n e r g i e s and compared v / i t h t h e c o r r e s -

p o n d i n g t h e r m a l n e u t r o n v a l u e s . 

EXPERIMENT § 

N e u t r o n s v/ere p r o d u c e d by t h e L i ( p , n ) r e a c t i o n u s i n g p r o t o n s 

f r o m C o l u m b i a U n i v e r s i t y 5 . 5 MeV. V a n de G - r a a f f . P o r 60 keV n e u t r o n s 

b a c k w a r d a n g l e was u s e d . The t h i c k n e s s o f the l i t h i u m t a r g e t v a r i e d 

f r o m 2 0 keV t o 1 0 0 k e V d e p e n d i n g upon t h e n e u t r o n e n e r g y d e s i r e d , 

k e e p i n g t h e e n e r g y s p r e a d o f t h e n e u t r o n beam r e a s o n a b l e . The 

f i s s i o n chamber c o n s i s t e d o f a b a c k - t o - b a c k a r r a n g e m e n t o f s u r f a c e 

b a r r i e r s i l i c o n d e t e c t o r s . The d e t e c t o r s were f a b r i c a t e d i n t h e 

l a b o r a t o r y on a t h i n m i c a mount so a s t o keep the s c a t t e r i n g 

2 3 5 2 

minimum. A t h i n l a y e r o f U(50| igm/cm ) was e v a p o r a t e d on one 

o f t h e d e t e c t o r s . The f i s s i o n f r a g m e n t f r o m b o t h the d e t e c t o r s 

were r e c o r d e d i n c o i n c i d e n c e on a 2 - P a r a m e t e r d a t a a c q u i s i t i o n 

s y s t e m . T h e d a t a were r e c o r d e d d i r e c t l y on m a g n e t i c t a p e a n d 

p r o c e s s e d on IBM 7 0 9 0 c o m p u t e r . M e a s u r e m e n t s were made a t 60 k e V , 

1 2 0 k e V , 2 0 0 k e V 5 3 0 0 k e V , 5 0 0 k e V , 7 5 0 k e V , 1 . 0 MeV, 1 . 5 MeV and 

2 . 0 MeV n e u t r o n e n e r g i e s . A t h e r m a l n e u t r o n r u n w a s t a k e n a f t e r 

e a c h change i n n e u t r o n e n e r g y t o keep c h e c k on o v e r - a l l p e r f o r m a n c e 

o f d e t e c t o r s and the e l e c t r o n i c s y s t e m . U n f o r t u n a t e l y a p a r t o f 

60 keV r u n and t h e e n t i r e 1 2 0 keV d a t a was l o s t w h i l e t r a n s f e r r i n g 

t h e d a t a f r o m one m a g n e t i c t a p e t o o t h e r . C o n s e q u e n t l y t h e r e s u l t s 
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p r e s e n t e d h e r e do n o t i n c l u d e t h e s e two e n e r g i e s . A b o u t 4 0 , 0 0 0 

e v e n t s were r e c o r d e d f o r e a c h r u n . 

RESULTS A SID D I S C U S S I O N : 

I n t h e c o m p u t a t i o n s we n o r m a l i z e d t h e two p e a k s i n t h e 

k i n e t i c e n e r g y d i s t r i b u t i o n c u r v e s t o l i n e up a t 6 8 . 4 MeY and 

9 9 . 6 MeY. T h i s way one a v o i d s t h e p r o b l e m o f k e e p i n g t r a c k o f 

d r i f t s i n t h e e l e c t r o n i c s y s t e m from one r u n t o a n o t h e r . H o w e v e r , 

i n d o i n g so we m i s s e d t h e i n f o r m a t i o n a b o u t t h e d e p e n d e n c e o f mean 

k i n e t i c e n e r g y o f f i s s i o n f r a g m e n t s on t h e n e u t r o n e n e r g y . I n 

o r d e r t o g e t t h i s i n f o r m a t i o n one h a s t o go b a c k to the raw d a t a 

and n o r m a l i z e t h e r u n s u s i n g t h e i n f o r m a t i o n from t h e t h e r m a l r u n s 

w h i c h were t a k e n a f t e r e a c h r u n . T h i s h a s n o t b e e n done a s y e t , 

The c o u n t s "in the v a l l e y o f mass d i s t r i b u t i o n s c o r r e s p o n d i n g 

t o d i f f e r e n t e n e r g i e s o f i n c i d e n t n e u t r o n s a r e n o r m a l i z e d and p r e -

s e n t e d i n T a b l e I . I t must be m e n t i o n e d t h a t the mass d i s t r i b u t i o n s 

o b t a i n e d by u s i n g s o l i d s t a t e d e t e c t o r s a r e u s u a l l y d i s t o r t e d 

b e c a u s e o f i n h e r e n t p r o b l e m s a s s o c i a t e d w i t h t h e s e d e t e c t o r s . So 

t h e r e s u l t s on the symmetry o f f i s s i o n s h o u l d be t a k e n w i t h c a u t i o n . 

N e v e r t h e l e s s t h e v a r i a t i o n s o b s e r v e d a r e w e l l o u t s i d e the s t a t i s -

t i c a l d e v i a t i o n s and the d a t a f o r a l l the t h e r m a l r u n s i s c o n s i s t e n t . 

T h e r e f o r e , i t g i v e s u s some c o n f i d e n c e i n t h e s e n u m b e r s . 

The w i d t h s o f t o t a l k i n e t i c - e n e r g y d i s t r i b u t i o n s w e r e d e t e r -

m i n e d , a t s e v e r a l h e i g h t s , f o r each n e u t r o n e n e r g y . T h e s e a r e l i s t e d 

i n t a b l e I I . We o b s e r v e f r o m t h e s e t a b l e s t h a t t h e s y m m e t r i c 

f i s s i o n y i e l d i n c r e a s e s i n t h e e n e r g y r a n g e o f 7 5 0 keV to 1 . 0 MeV 

and d e c r e a s e s a g a i n a t h i g h e r e n e r g i e s b u t r e m a i n s g r e a t e r t h a n t h e 

t h e r m a l v a l u e . • S i m i l a r t r e n d i s o b s e r v e d i n t h e w i d t h s o f t h e 
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k i n e t i c e n e r g y d i s t r i b u t i o n s a l s o . T h i s shows a c l e a r c o r r e l a t i o n 

between t h e v a l l e y o f mass d i s t r i b u t i o n and t h e t o t a l k i n e t i c 

e n e r g y d i s t r i b u t i o n < > Our p l a n i s to r e p e a t some m e a s u r e m e n t s and 

c o n f i r m o u r f i n d i n g s and a l s o g e t the d a t a i n t h e 60 keV t o 

1 2 0 feeV r e g i o n a g a i n b e f o r e d r a w i n g a n y d e f i n i t e c o n c l u s i o n s « 

T a b l e I 

No, 

R e l a t i v e P r o b a b i l i t y o f S y m m e t r i c F i s s i o n 

N e u t r o n E n e r g y N o r m a l i z e d c o u n t s i n t h e 
v a l l e y o f Mass D i s t r i b u t i o n s 

1 . 2 0 0 keV 7 5 3 + 32 

2 . 3 0 0 keV 7 2 2 + 2 7 

3 . 500 keV 2 7 

4c 7 5 0 keV 3 9 8 + 42 

5 . 1 . 0 MeV 9 5 8 + 47 

6 . 1 . 5 MeV 3 0 5 + 30 

7c 2 oO MeV 3 1 5 + 39 

3 . T h e r m a l 
( a v e r a g e o f a l l r u n s ) 

7 3 8 + 1 9 
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T a b l e I I . 

Width. (W) o f t h e t o t a l I C i n e - u i c - E n e r g y - D i s t r i b u t i o n s . 

i 'tv> • • ' t b 
No. i N e u t r o n E n e r g y s W a t '"of Max. W a t i Max. . W a b 1 * of Max 

" ' i d : 1 0 

4 7 . 4 7 

4 7 . 2 3 

46.82 

4 7 . 5 5 

4 3 . 6 5 

4 6 . 7 7 

4 7 . 1 7 

4 7 . 1 5 

* E r r o r s i n Ti a r e o f t h e o r d e r o f 1 $ . 

R E F E R E N C E S ; 

1 . A . B o h r , P a y e r P / 9 1 1 , P r o c . I n t e r n . C c n f . P e a c e f u l u s e s o f 

A t o m i c E n e r g y , G e n e v a ( 1 9 5 5 ) . 

2 . E . R . R a e , B . M a r g o l i s a n d E . S . T r o u b c t s k o y , P h y s . R e v . 1 1 2 , 

492 ( 1 9 5 B ) 

3 . J . G . ' C u n n i n g h a m e , G . p . K i t t and E . R . R a e , N u c l . P h y s . 

2 7 , 1 5 4 ( 1 9 6 1 ) 

4 . G . K . K e h t a a n d E . M e l k o n i a n , T r a n s a c t i o n s A m e r i c a n 

N u c l e a r S o c i e t y V o l 6 , 2 6 2 ( 1 9 6 3 ) 

5 . E . M e l k o n i a n «nd G,.!£. M e h t a , P r o c . I n t e r n . Symposium on 

P h y s i c s and g h o m i s t r y o f F i s s i o n , S a l z b u r g V o l . 1 1 , 3 5 5 ( 1 9 6 5 ) 
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2 0 0 veV 2 5 . 3 4 

300 k s V 1 7 . 2 0 2 5 . 2 5 

5)1 - koY 1 . >:»4 2 5 . 5 9 

7 5 0 keV 13.4-0 2 6 . 6 3 

1 , 0 1 3 . 4 8 2 6 . 6 5 

TJoV 1 6 . 8 0 2 4 . 4 

7 2 . 0 MeV 1 3 . 5 6 2 5 . 5 1 

?he r w a l 1 7 . 9 4 2 5 . 3 
( a v e r a g e o f 

a l l r u n e ) 



D I S C U S S I O H : 

S . M u k h e r j e e : Was t h e r e a s i m u l t a n e o u s c o u n t i n g . i n t h e p e a k r e g i o n ? 

T h e r e m i g h t be a s i m u l t a n e o u s l o w e r i n g i n t h e c o u n t s i n t h e two 

r e g i o n s due t o d e c r e a s e i n f i s s i o n c r o s s s e c t i o n . 

G- .K. M e h t a : Y e s , t h i s was d o n e . 

H. S a r m a : Do y o u o b s e r v e a n y c o r r e l a t i o n b e t w e e n t h e v a l u e s 

y o u h a v e and t h e t o t a l (Tf v a r i a t i o n w i t h e n e r g y ? 

G- .K. M e h t a : Ho. 

R . R a n g a r a j a n : How d i d y o u a s c e r t a i n t h a t Ji = 1 i s p r e d o m i n a t i n g ? 

G . K . M e h t a : Rae e t a l h a v e made c a l c u l a t i o n s on p a r t i a l wave 

f i s s i o n c r o s s s e c t i o n . A c c o r d i n g t o t h a t i n t h e r e g i o n o f 

n e u t r o n e n e r g y 65 k e V t o 1 2 5 k e V JL= 1 wave p r e d o m i n a t e s . 
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ENERGY D I S T R I B U T I O N L I G H T CHARGED P A R T I C L E S 
PROM THERMAL F I S S I O N OP 2 3 5 n 2 3 9 p u AND 

SPONTANEOUS F I S S I O N OF 2 5 2 Q f . 

V . A . H a t t a n g a d i 
B h a b h a A t o m i c R e s e a r c h C e n t r e , T r o m b a y . 

The e n e r g y s p e c t r a o f t h e l i g h t c h a r g e d p a r t i c l e s 

e m i t t e d i n t h e f i s s i o n o f v a r i o u s n u c l i d e s h a v e b e e n s t u d i e d 

i n t h e p a s t u s i n g d i f f e r e n t d e t e c t i o n t e c h n i q u e s ( 1 -5)* How-

e v e r , owing t o t h e p o o r c o u n t i n g s t a t i s t i c s i n v o l v e d i n s u c h 

m e a s u r e m e n t s most o f t h e r e s u l t s r e p o r t e d a r e n o t , i n g e n e r a l , 

c o n s i s t e n t e x c e p t , p r o b a b l y , i n t h e c a s e o f t h e r m a l f i s s i o n o f 

^ ^ ^ U , w h i c h i s t h e most w i d e l y s t u d i e d n u c l e u s . As i t would be 

i n t e r e s t i n g to know i f t h e r e i s a n y d e p e n d e n c e o f t h e c h a r g e d 

p a r t i c l e s p e c t r u m on t h e f i s s i b i l i t y o f t h e f i s s i o n i n g n u c l e u s , 

we h a v e m e a s u r e d , u s i n g a s e m i c o n d u c t o r d e t e c t o r , t h e e n e r g y 

s p e c t r a o f l o n g r a n g e c h a r g e d p a r t i c l e s e m i t t e d i n t h e t h e r m a l 

f i s s i o n o f 235^. 239pu j_n -fc^e s p o n t a n e o u s f i s s i o n o f 2 5 2 Q f . 

S i n c e more t h a n 9 7 % o f t h e c h a r g e d p a r t i c l e s e m i t t e d i n f i s s i o n 

a r e t h e l o n g r a n g e a l p h a p a r t i c l e s t h e y w i l l be r e f e r r e d t o a s 

s u c h i n t h e f o l l o w i n g t e x t 0 

EXPERIMENTAL ARRANGEMENT A l © METHOD: 

The e x p e r i m e n t a l a r r a n g e m e n t , shown, i n F i g . l . c o n s i s t e d 

o f e s s e n t i a l l y a x e n o n f i l l e d g a s s c i n t i l l a t i o n c h a m b e r . The 

t a r g e t f o i l , p r e p a r e d b y c o a t i n g t h e f i s s i b l e m a t e r i a l on a n 
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a l u m i n i u m b a c k i n g was mounted i n t h e c h a m b e r f a c i n g t h e p h o t o 

m u l t i p l i e r tube* The chamber was f i l l e d w i t h p u r e Xenon t o 

a p r e s s u r e o f o n l y a b o u t 25 mm o f Hg, so t h a t , b e c a u s e of t h e i r 

d i f f e r e n t s t o p p i n g p o w e r s , the f i s s i o n s c o u l d be d e t e c t e d w e l l 

above t h e p i l e - H i p n o i s e due to the h i g h n a t u r a l a l p h a a c t i v i t y 

o f the s o u r c e , A s u r f a c e b a r r i e r t y p e s e m i c o n d u c t o r d e t e c t o r , 

mounted b e h i n d t h e t a r g e t f o i l , d e t e c t e d t h e l o n g r a n g e a l p h a 

p a r t i c l e s a f t e r t h e y t r a v e r s e d t h r o u g h t h e a l u m i n i u m b a c k i n g 

w h i c h was o f s u f f i c i e n t t h i c k n e s s t o s t o p a l l the f i s s i o n f r a g -

ments and t h e n a t u r a l a l p h a p a r t i c l e s f r o m t h e s o u r c e . When 

o p e r a t e d a t 80 V o l t s , t h e s e m i c o n d u c t o r d e t e c t o r h a d a d e p l e t i o n 

d e p t h o f 3 2 0 p n s w h i c h i s s u f f i c i e n t t o s t o p a l p h a p a r t i c l e s o f 

e n e r g i e s up t o 28 MeV. The chamber was i r r a d i a t e d i n s i d e a 

beam h o l e o f t h e t h e r m a l column o f t h e A p s a r a R e a c t o r F w h e r e i n 

7 2 t h e t h e r m a l n e u t r o n f l u x i s 1 0 n v / cm /sec, 

The a m p l i f i e d s i g n a l s f r o m t h e two d e t e c t o r s were f e d , 

t h r o u g h a p a i r o f f a s t d i s c r i m i n a t e s ^ t o a c o i n c i d e n c e c i r c u i t 

whose o u t p u t was u s e d t o g a t e t h e i n p u t t o a 50 c h a n n e l m u l t i -

o h a n n e l a n a l y s e r t h a t r e c o r d e d t h e a l p h a p a r t i c l e s p e c t r u m , 

The a n a l y s e r c h a n n e l s were c a l i b r a t e d i n t e r m s o f e n e r g y u s i n g 

s t a n d a r d a l p h a p a r t i c l e s o u r c e s . The d a t a were c o l l e c t e d o v e r 

a number o f s h o r t r u n s . , the o v e r a l l g a i n o f t h e e n t i r e s e t 

up b e i n g m o n i t o r e d w i t h a p r e c i s i o n m e r c u r y r e l a y p u l s e r j s u c h 

o f t h e r u n s s d u r i n g w h i c h a g a i n d r i f t w a s o b s e r v e d * were 

r e j e c t e d , . T h u s , a t o t a l o f a b o u t 5 0 , 0 0 0 t e r n a r y e v e n t s , , on t h e 
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a v e r a g e , were i n c l u d e d i n t h e a n a l y s i s f o r e a c h n u c l e u s s t u d i e d o 

RESULTS AND A N A L Y S I S ? ; 

The o b s e r v e d e n e r g y s p e c t r u m o f t h e l o n g r a n g e a l p h a 

p a r t i c l e s was c o r r e c t e d f o r the l o s s o f e n e r g y by t h e a l p h a 

p a r t i c l e s i n the a l u m i n i u m b a c k i n g w h i c h d e p e n d s u p o n , b o t h , , 

t h e i n c i d e n t e n e r g y a n d t h e r a n g e of the p a r t i c l e i n the a l u m i n i u m . 

The c o r r e c t i o n s were made by f i r s t c o n s t r u c t i n g a r e s p o n s e 

m a t r i x , { j R j ? e a c ^ 1 e lement o f w h i c h r e p r e s e n t e d t h e p r o b a b i l i t y 

o f an a l p h a p a r t i c l e o f e n e r g y , E i e m e r g i n g out o f the a l u m i n i u m 

f o i l w i t h a r e s i d u a l e n e r g y , E r . T h i s was done by m a k i n g 

n u m e r i c a l M o n t e - C a r l o c a l c u l a t i o n s u s i n g t h e CDC - 3 6 0 0 c o m p u t e r . 

The a c t u a l e n e r g y s p e c t r u m o f the l o n g r a n g e a l p h a p a r t i c l e s was 

t h e n o b t a i n e d by s o l v i n g the f o l l o w i n g e q u a t i o n s . 

( E r ) = [ H i • ( Ei ) 

However, i n o r d e r t o a v o i d o s c i l l a t o r y s o l u t i o n s ^ - a n o r m a l o c c u r -

e n c e i n s u c h p r o b l e m s ( 6 ) — b o t h t h e s i d e s o f the a b o v e e q u a t i o n 

were p r e - m u l t i p l i e d by the t r a n s p o s e o f t h e r e s p o n s e m a t r i x b e f o r e 

t h e s o l u t i o n o f the t r a n s f o r m e d e q u a t i o n c o u l d be f o u n d by the 

G a u s s - S i d e l I t e r a t i o n method ( 7 ) . T h i s p r o c e d u r e l e a d s t o a 

s o l u t i o n w h i c h , upon p a s s i n g t h r o u g h t h e o r i g i n a l r e s p o n s e 

m a t r i x , , y i e l d s a l e a s t s q u a r e f i t t o t h e a n a l y s e r s p e c t r u m ( 8 ) . 

The c o r r e c t e d e n e r g y s p e c t r u m o f t h e l o n g r a n g e a l p h a 

2 3 9 

p a r t i c l e s i n t h e c a s e o f P u f i s s i o n i s shown i n P i g . 2 , 

t o g e t h e r w i t h the o b s e r v e d a n a l y s e r s p e c t r u m . The s p e c t r u m 
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shows a p e a k a t 1 4 , 8 MeV + 0*6 MeV. T h i s i s not i n a g r e e m e n t 

w i t h t h e r e s u l t s o f P e r f i l o r e t . a l ( 9 ) who f o u n d r u s i n g photo-

g r a p h i c e m u l s i o n t e c h n i q u e , t h e p e a k a t 1 7 MeV and a w i d t h o f 

7 * 5 MeV (FWHM), The r e s u l t s i n the c a s e o f t h e n u c l i d e s 2 5 5 U 

252 

and Of a r e t a b u l a t e d below and a s can be s e e n t h e y a r e i n 

g e n e r a l a g r e e m e n t w i t h t h e p u b l i s h e d r e s u l t s * 

Compound PRESENT WORK ' PRESENT WORK 

N u c l e u s ~ ~ " " " " " ! ~~ """ " — 
P e a k FWHM P e a k PWHM R e f s 

2 ^ 6 

J V 1 5 « 0 MeV 1 0 , 6 MeV 1 5 = 0 MeV 1 0 . 7 MeV ( 1 0 ) 

2 5 2 C f 1 4 . 3 MeV 1 2 . 0 MeV 1 5 o 0 MeV 1 3 - 0 MeV ( 1 1 ) 
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D I S C U S S I O N : 

S . M u k h e r j i : What were t h e s o u r c e t h i c k n e s s and c o l l i m a t i o n a n g l e ? 

What (J s o u r c e was used f o r s t a n d a r d i z i n g the d e t e c t o r ? 
P 

V . A . H a t t a n g a d i : S o u r c e t h i c k n e s s was 75 yygm/cm and c o l l i m a t i o n a n g l e , 
0 r t / 

5 . S t a n d a r d v ^ f resource was u s e d . 
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ANGULAR' D I S T R I B U T I O N OP HIE PROMPT-GAMMA 
SAYS I N THE SPONTANEOUS F I S S I O N OF 2 5 2 O f , 

S , S : , ICapoor, V » S « Ramamurthy, 
P .3J , Rama Rao and S , R c S , M u r t h y 

Bhabha A t o m i c R e s e a r c h C e n t r e 
T r o m b a y , Bombay, 

The gamma r a y s e m i t t e d by f i s s i o n f r a g m e n t s p r o v i d e 

a p o w e r f u l t o o l f o r - s t u d y i n g t h e d e - e x c i t a t i o n mechanism o f 

n u c l e i w i t h h i g h a n g u l a r momentum* I n a d d i t i o n , t h o u g h t h e 

i n i t i a l s t a g e s of t h e ga.mma c a s c a d e are p r i m a r i l y s t a t i s t i c a l 

i n n a t u r e due t o t h e h i g h l e v e l d e n s i t i e s i n v o l v e d , t h e l a s t 

s t a g e s o f d e - e x c i t a t i o n a r e e x p e c t e d t o p r o c e e d t h r o u g h 

d i s c r e t e s t a t e s , i n c l u d i n g c o l l e c t i v e s t a t e s o f t h e f r a g m e n t s , 

T h e s e low e n e r g y t r a n s i t i o n s a r e e x p e c t e d h a v e a h i g h p r o -

b a b i l i t y f o r i n t e r n a l c o n v e r s i o n , g i v i n g r i s e t o c o n v e r s i o n 

e l e c t r o n s and X - r a y s . Hence a s i m u l t a n e o u s s t u d y o f t h e gamma 

r a y s , X - r a y s and t h e e l e c t r o n s e m i t t e d f r o m t h e f r a g m e n t s can 

y i e l d i n f o r m a t i o n on t h e 1 ow l y i n g s t a t e s o f t h e s e n u c l e i i » e . 

one c a n s t u d y t h e s p e c t r o s c o p y o f n e u t r o n - r i c h n u c l e i , not 

e a s i l y a c c e s s i b l e by o t h e r m e a n s . However , a knowledge about 

t h e i n i t i a l f r a g m e n t s p i n i s n e c e s s a r y to a n a l y s e t h e f r a g m e n t 

d e - e x c i t a t i o n o Fragment-gamma a n g u l a r c o r r e l a t i o n s c a n p r o v i d e 

t h i s i n f o r m a t i o n . 

We h a v e s t u d i e d the a n i s o t r o p y , t h e gamma r a y s e m i t t e d 

2 5 2 by t h e f r a g m e n t s i n s p o n t a n e o u s f i s s i o n of C f , w i t h r e s p e c t 
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t o t h e d i r e c t i o n of f r a g m e n t m o t i o n ? f o r v a r i o u s gamma r a y 

e n e r g y g r o u p s . Th© e x p e r i m e n t a l s e t up i s a s shown i n f i g u r e ( 1 ) . 

Two s e m i c o n d u c t o r d e t e c t o r s ' k e p t . a t r i g h t a n g l e s t o e a c h o t h e r 

2 5 2 and at a d i s t a n c e o f 3 cms from a C f f i s s i o n s o u r c e o f 
c 

s t r e n g t h 5 x 1 0 f i s s i o n / m i n u t e d e t e c t e d the f i s s i o n f r a g m e n t s . 

The a s s o c i a t e d gamma r a y s were d e t e c t e d by a N a l ( T l ) c r y s t a l -

p h o t o m u l t i p l i e r a s s e m b l y ? s i t u a t e d a t a d i s t a n c e of about 50 cm 

f r o m t h e f i s s i o n s o u r c e and p l a c e d i n l i n e w i t h one o f the f r a g -

ment d e t e c t o r s ™ Time o f f l i g h t method was used to e n s u r e c o m p l e t e 

e l i m i n a t i o n o f t h e prompt n e u t r o n s f r o m g e t t i n g r e c o r d e d , s i n c e 

t h e s e a r e known t o be h i g h l y a n i s o t r o p i c . The f a s t n e g a t i v e 

p u l s e from t h e anode o f the p h o t o m u l t i p l i e r and a f a s t p u l s e 

d e r i v e d from, t h e f r a g m e n t d e t e c t o r u s i n g a Time - P i c k - o f f u n i t 

were f e d t o a T i m e - t o p u l s e - h e i g h t - c o n v e r t e r , ( T P H ) . The o u t p u t 

o f TPH, and t h e dynode p u l s e from t h e p h o t o m u l t i p l i e r , c a r r y i n g 

t h e i n f o r m a t i o n a b o u t the e n e r g y o f the gamma r a y were f e d t o 

a t w o - p a r a m e t e r a n a l y s e r , to r e c o r d t h e t ime of f l i g h t s p e c t r u m 

f o r d i f f e r e n t gamma r a y e n e r g y g r o u p s . The f u l l w i d t h a t h a l f 

maximum o f t h e gamma p e a k i n t h e Time of P l i g h t s p e c t r u m was 

a b o u t 8 n s , and a l l c o u n t s h a v i n g a f l i g h t t ime l e s s thafe, 20 n s . 

were t a k e n a s gamma r a y s , ^he e x p e r i m e n t was r e p e a t e d w i t h 
o o o 

t h e f r a g m e n t d e t e c t o r s a t 0 , 90 , and 1 8 0 w i t h r e s p e c t t o t h e 

gamma r a y d i r e c t i o n , ^he o b s e r v e d L a b o r a t o r y a n i s o t r o p i c s 

N ( 0 ) / N ( 9 0 ° ) and U ( 1 8 0 ° ) / N ( 9 0 ° ) a r e shown i n f i g . 2 , where o o o 
N ( 0 ) , N (90 ) and N ( 1 8 0 ) a r e t h e number of gamma r a y s p e r 
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f i s s i o n d e t e c t e d at r e s p e c t i v e a n g l e s . The r e s u l t s seem t o 

i n d i c a t e a s m a l l b u t n o t i c j K b l e v a r i a t i o n o f the gamm r a y a n i s o -

t r o p y w i t h t h e gamma ray e n e r g y . However, s i n c e the o b s e r v e d 

v a r i a t i o n i s s m a l l 9 t h e p u l s e h e i g h t s p e c t r u m h a s t o be c o r r e c t e d 

f o r t h e r e s p o n s e o f t h e N a l ( T l ) c r y s t a l t o e x t r a c t "the e x a c t 

v a r i a t i o n o f the gamma r a y a n i s o t r o p y w i t h energy*. The a n a l y -

s i s i s i n p r o g r e s s ® 

The g r o s s a n i s o t r o p y i r r e s p e c t i v e of the gamma-ray 

e n e r g y i s a l s o o f i n t e r e s t . When t h e o b s e r v e d l a b o r a t o r y 

a n i s o t r o p y i s c o r r e c t e d for the e f f e c t o f fragment m o t i o n ( 1 ) , 
-i- * o 

a v a l u e o f ( 0 . 1 6 ± ? 0 1 ) i s o b t a i n e d f o r t h e a n i s o t r o p y / ^ ~ M 

V n ( 9 0 ° ) / 

i n t h e f r a g m e n t s y s t e m , a s s u m i n g t h a t the l i g h t and the h e a v y f r a g -

ments e m i t e q u a l number of gamma r a y s . T h i s i s c o n s i d e r a b l y 

h i g h e r t h a n t h e v a l u e of ( 0 . 1 1 + . 0 1 ) o b s e r v e d f o r the f i s s i o n 

2 3 5 o f U, i n d u c e d by t h e r m a l n e u t r o n s ( 1 , 2 ) . T h i s i n d i c a t e s t h a t 

t h e a v e r a g e a n g u l a r momentum o f the f r a g m e n t s i n t h e s p o n t a n e o u s 

2 5 2 f i s s i o n o f C f i s h i g h e r t h a n t h a t i n t h e r m a l f i s s i o n o f 
O F* 

T h i s i s c o n s i s t e n t w i t h t h e f a c t t h a t t h e f r a g m e n t s i n 

? 5 2 
C f f i s s i o n e m i t more e n e r g y i n t h e f o r m o f gamma r a y s t h a n 

2 3 5 

t h o s e i n U t h e r m a l f i s s i o n , a l t h o u g h t h e a v e r a g e n e u t r o n b i n d -

i n g e n e r g y i s n e a r l y the same i n b o t h c a s e s . S u c h an i n c r e a s e 

i n the e n e r g y e m i t t e d i n t h e form o f gamma r a y s from n u c l e i 

w i t h h i g h e r s p i n i s e x p e c t e d on the b a s i s of h i g h e r c o m p e t i t i o n 

between n e u t r o n and gamma e m i s s i o n die t o l a r g e r s p i n . 
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GROSS S E C T I O N FOR SOME EAST NEUTRON INDUCED 
REACTIONS AND THE S T A T I S T I C A L MODEL 

P . N . T i w a r i * and E . K o n d a i a h * * 
T a t a I n s t i t u t e of F u n d a m e n t a l R e s e a r c h 

. Bombay - 5 , I n d i a . 

INTRODUCTION: 

A l t h o u g h l a r g e amount of work h a s b e e n d e v o t e d f o r t h e 

measurements of t h e f a s t n e u t r o n i n d u c e d r e a c t i o n c r o s s s e c t i o n ( l ) 

t h e f i e l d i s f a r from c o m p l e t e b e c a u s e t h e c r o s s s e c t i o n s f o r 

most of t h e r a r e r e a c t i o n s l i k e ( n , t ) and ( n , d ) have not y e t b e e n 

m e a s u r e d ; e v e n t h e c r o s s s e c t i o n s f o r many r e a c t i o n s l i k e ( n , p ) , 

( n , a.) and ( n , 2 n ) r e p o r t e d by d i f f e r e n t a u t h o r s f o r t h e same 

r e a c t i o n d i f f e r from e a c h o t h e r by a f a c t o r o f a b o u t two o r m o r e ( 2 ) . 

M a j o r i t y of t h e c r o s s s e c t i o n s f o r t h e f a s t n e u t r o n 
\ 

i n d u c e d r e a c t i o n s have b e e n measured b y t h e a c t i v a t i o n t e c h n i q u e . 

But t h i s t e c h n i q u e h a s not b e e n so e x t e n s i v e l y u s e d f o r t h e m e a s u r e -

ments of c r o s s s e c t i o n s f o r t h e r a r e r e a c t i o n s , b e c a u s e t h e a c t i -

v i t i e s p r o d u c e d ir , s u c h r e a c t i o n s a r e s m a l l and t h e r e f o r e , d i f f -

i c u l t t o m e a s u r e . However t h i s method c a n be u s e d t o measure 

s m a l l c r o s s s e c t i o n s , i f one u s e s l a r g e m a t e r i a l f o r i r r a d i a t i o n , 

h i g h e f f i c i e n c y o f d e t e c t i o n , low b a c k ground o f t h e c o u n t i n g s e t 

up and gamma c o u n t i r g , a p a r t from t h e h i g h e r f l u x and t h e l o n g e r 

* P r e s e n t a d d r e s s : D e p a r t m e n t of P h j r s i c s , B a n a r a s H i n d u U n i v e r s i t y / , 
I n d i a . 

P r e s e n t a d d r e s s : D e p a r t m e n t of N u c l e a r P h y s i c s , A n d h r a U n i v e r s i t y , 
I n d i a c 
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p e r i o d o f i r r a d i a t i o n and c o u n t i n g . Gamma c o u n t i n g o f f e r s d o u b l e 

c h e c k ( p e a k p o s i t i o n a n d h a l f - l i f e ) on t h e a c t i v i t y u n d e r m e a s u r e -

ment and the c o r r e c t i o n s f o r s o u r c e a b s o r p t i o n and s c a t t e r i n g a r e 

n o t t n a t s e r i o u s a s i n t h e c a s e o f b e t a c o u n t i n g * 

Based t h e s e trie a s a c r o s s s e c t i o n m e a s u r i n g n e t - u p was 

W i l t . U s i n g t h i s s e t - i i p some o f the ( n , p ) , ( n , c < ) , ( n . t ) 

and ( n , & ) c r o s s s e c t i o n s h a v e a l r e a d y b e e n m e a s u r e d and. r e p o r t e d ( 4 ) 0 

The same s e t up h a s been u s e d t o m e a s u r e some c r o s s s e c t i o n s on 

s p e c p u r e p o t a s s i u m . 

G r o s s s e c t i o n s f o r - t h e 3 9 K ( n , 2 n ) ^ 6 K ^ _ 4 1 K ( n , p ) 4 1 A r and 4 1 K ( n , o Q 3 8 C l 
' " • s s 

r e a c t i o n s T h e two c o n s e c u t i v e gamua r a y s p e c t r a o f t h e i r r a d i -

a t e d s p e c - p u r e 'K 0 Co^ r e c o r d e d e a c h f o r 7 . 6 min d i d not c o n f i r a 
38 

t h e e a r l i e r r e p o r t e d h r - l f - l i f e ( 5 ) o f ° K r , _ I n o r d e r to d e t e r m i n e g . s . 

t h i s h a l f - l i f e a c c u r a t e l y , t h e d e c a y c u r v e o f the a c t i v i t i e s 

p r o d u c e d by i r r a d i a t i n g s p e c - p u r e K^Co.. was f o l l o w e d i n s u c h a way 

a s t o g i v e jnaximum w e i g h t age to " ^ K a c t i v i t y . T h i s was done g . . 

by f o l l o w i n g t h e d e c a y of 0 . 5 • MeV' p h o t o p e a k , p r o d u c e by the 

a n n i h i l a t i o n o f B i e m i t t e d by "^K,. „ The c o n t r i b u t i o n o f l o n g e r / ^ ^ . o . 

l i v e d a c t i v i t i e s ( 4 l A r arid " ^ C l ) i n t h e d e c a y c u r v e a r e ho s m a l l 

t h a t e v e n i f one makes some m i s t a k e i n s u b t r a c t i n g t h e s e c o n t r i -

b u t i o n , t h e r e w i l l n o t be any a p p r e c i a b l e change i n the s l o p e o f 

t h e s h o r t e s t l i v e d a c t i v i t y i n t h e p r e s e n t c a s t 1 , On t h e a n a l y s i s 

o f . t h i s curve- by l e a s t s q u a r e f i t , t h e h a l f - l i f e o r ' " K r-j © O © 

was f o u n a t o oe 8 . 9 + 0 . 1 4 n i n w h i c h a o e s not a g r e e w i t h i t s 

p r e v i o u s l y rep or t e a v a l u e - o x 7 , 6 tain. ( 5 ) . 
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The 0 - 5 1 Me? and 1 . 2 9 MeV p h o t o p e a k s were u s e d f o r t h e 

d e t e r m i n a t i o n o f t h e c r o s s s e c t i o n s o f t h e # and 

4 l K ( n , p ) 4 l A r r e a c t i o n s r e s p e c t i v e l y . The 1 , 6 MeV .photopeak c a n 

not be u s e d f o r t h e d e t e r m i n a t i o n of t h e c r o s s s e c t i o n f o r t h e 

4 1 K ( n , -< ) 3 8 C 1 r e a c t i o n b e c a u s e t h e s i n g l e e s c a p e p e a k o f 2 . 1 6 MeV 

gamma r a y i n t h e p r e s e n t c a s e b e i n g e m i t t e d b o t h by 3 8 q i a n d 

% g 5 g t f a l l s i n t h i s r e g i o n . T h e r e f o r e in. o r d e r t o measure t h i s 

c r o s s s e c t i o n , a gamma r a y s p e c t r u m was t a k e n a f t e r c o m p l e t e deca; 

o f a c t i v i t y . The 2 * 1 6 MeV p h o t o p e a k from t h i s s p e c t r u m 

was u s e d f o r t h e d e t e r m i n a t i o n of t h e c r o s s s e c t i o n f o r t h e 

4 1 K ( n , RV )38QI r e a c t i o n . The c r o s s s e c t i o n s f o r t h e 3 9 i ^ n ? 2 n ) 3 s K g 

4 l K ( n , p ) 4 l A r and 4 l K ( n , o C ) 3 8 C l were found t o be 2 . 6 + 0 . 4 mb, 

5 0 + 6 mb and 46 + 6 mb r e s p e c t i v e l y . 

The c r o s s s e c t i o n s f o r a l l t h e ( n , p ) , ( n , a n d ( n , 2 n ) 

r e a c t i o n s measured by u s have b e e n c a l c u l a t e d on t h e b a s i s o f t h e 

s t a t i s t i c a l model of t h e n u c l e a r r e a c t i o n , u s i n g o p t i c a l p o t e n -

t i a l p e n e t r a b i l i t i e s . On t h i s model t h e c r o s s s e c t i o n - r" ( a , b ) o f 

t h e r e a c t i o n 

x ( a , b ) y 

i s g i v e n by ( 6 ) ; 

cr (OtM = v aJ T=r:—~ : Tl— — 

where < r ( E a ) i s t h e c r o s s s e c t i o n f o r t h e f o r m a t i o n of t h e com-

pound n u c l e u s , when t h e p a r t i c l e ' a ' w i t h e n e r g y E a s t r i k e s t h e 
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t a r g e t n u c l e u s V , S^ and j l ^ a r e t h e s p i n and t h e r e d u c e d mass o f 

t h e e m i t t e d p a r t i c l e i t s e n e r g y , c ^ ( E ^ ) i s t h e i n v e r s e c r o s s 

s e c t i o n , W(U) i s t h e l e v e l d e n s i t y o f t h e r e s i d u a l n u c l e u s a t t h e 

e x c i t a t i o n e n e r g y U , UL= E + Q ( a , b ) - E - £ . IE i s t h e e n e r g y o f the 
c% ** I d 

i n c i d e n t p a r t i c l e , Q ( a , b ) i s t h e Q v a l u e o f t h e r e a c t i o n , £ i s t h e 

p a i r i n g energyj. The summation e x t e n d s o v e r a l l t h e p a r t i c l e s t h a t 

may be e m i t t e d i n t h e r e a c t i o n . E^c^x - E ^ - t Q. - £ . 

I n t h e p r e s e n t c a l c u l a t i o n s , t h e p r o b a b i l i t y o f d e c a y of 

t h e compound n u c l e u s by e m i s s i o n o f p a r t i c l e s o t h e r t h a n n e u t r o n , 

p r o t o n a n d a l p h a h a v e been assumed t o be n e g l i b l e . The compound 

n u c l e u s f o r m a t i o n c r o s s s e c t i o n s f o r t h e n e u t r o n and p r o t o n as 

t h e i n c i d e n t p a r t i c l e , h a v e been t a k e n f r o m t h e o p t i c a l p o t e n t i a l 

c a l c u l a t i o n o f Mani ejb.aJL ( 7 ) , ( 8 ) and t h a t f o r a l p h a f r o m t h e 

o p t i c a l p o t e n t i a l c a l c u l a t i o n s o f H u i z e n g a e t . a l ( 9 ) . The form 

o f l e v e l d e n s i t y t e r m was t a k e n a s ( 1 0 ) 

W(U) = c exp 2 ( a U 

The Q v a l u e s were t a k e n f r o m t h e N u c l e a r d a t a t a b l e ( 1 1 ) and 

p a i r i n g e n e r g y ( & ) from C a m e r o n ' s t a b l e ( 1 2 ) „ 

The c a l c u l a t i o n was p e r f o r m e d f o r t h e v a r i o u s v a l u e s o f 

t h e l e v e l d e n s i t y p a r a m e t e r on t h e C D C - 3 6 0 0 computor o f o u r i n -

s t i t u t e . The a g r e e m e n t between t h e o r e t i c a l and e x p e r i m e n t a l v a l u e s 

f o r t h e most o f t h e c r o s s s e c t i o n s s t u d i e d i n t h i s w o r k was f o u n d 

t o be good w i t h t h e l e v e l d e n s i t y p a r a m e t e r a = A / 8 , where A i s 

t h e mass number o f t h e p r o d u c t n u c l e u s . T h i s c o m p a r i s o n i s 

shown i n t a b l e 1 . I t can be n o t i c e d f r o m t a b l e l ? t h a t t h e e x p e r i -
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m e n t a l and t h e o r e t i c a l v a l u e s of t h e c r o s s s e c t i o n s f o r the ( n , p ) 
41 41 

r e a c t i o n s a g r e e v e r y w e l l e x c e p t f o r t h e K ( n , p ) A r r e a c t i o n . 

T h a t p a r t o f t h e c r o s s s e c t i o n w h i c h i s not a c c o u n t e d f o r by t h e 

s t a t i s t i c a l model may be a t t r i b u t e d to t h e d i r e c t i n t e r a c t i o n . 

The measured c r o s s s e c t i o n s f o r a l l t h e t h r e e (n,©<) 

r e a c t i o n s a r e h i g h e r t h a n t h e c o r r e s p o n d i n g t h e o r e t i c a l v a l u e s . 

Here a l s o t h e e x c e s s c r o s s s e c t i o n may be a t t r i b u t e d t o t h e d i r e c t 

i n t e r a c t i o n . However, i t i s not p o s s i b l e to a r r i v e at t h i s c o n -

c l u s i o n w i t h any c e r t a l n i t y b e c a u s e o f f o l l o w i n g r e a s o n s . The 

i n v e r s e c r o s s s e c t i o n s f o r t h e (n,c<) r e a c t i o n we r e d e t e r m i n e d by 

i n t e r p o l a t i o n not o n l y f o r v a r i o u s e n e r g i e s but f o r v a r i o u s 

n u c l e i a l s o , b e c a u s e the H u i z e n g a - and. 

T g o t a b l e ( 9 ) • t o t a l r e a c t i o n c r o s s s e c t i o n s f o r o n l y few - 1 - 0 w / g i v e s J 

n u c l e i i n t h e r e g i o n o f t h e re_cont work. M o r e o v e r , i t i s known 

t h a t a s l i g h t change i n the o p t i c a l p o t e n t i a l p a r a m e t e r s c h a n g e s , 

t h e t r a n s m i s s i o n c o e f f i c i e n t a p p r e c i a b l y ( 9 ) » p a r t i c u l a r l y i f t h e 

e n e r g y of the e m i t t e d a l p h a p a r t i c l e i s below the b a r r i e r h e i g h t , 

w h i c h i s t h e c a s e i n a l l the• p r e s e n t l y s t u d i e d (n,ot) r e a c t i o n s . 

T h e r e f o r e t h e a b s e n c e o f good agreement between t h e measured and 

t h e o r e t i c a l v a l u e s s h o u l d not be t a k e n s e r i o u s l y . 

Out of the two ( n , 2 n ) c r o s s s e c t i o n , t h e agreement between 

e x p e r i m e n t and t h e o r e y i s q u i t e good f o r t h e ^ 8 C a ( n , 2 n ) ^ C a 

r e a c t i o n . I n t h e o t h e r c a s e f ^ K ( n , 2 n ) ' 5 ' 3 K 1 the measured c r o s s 

s e c t i o n c o r r e s p o n d s to g r o u n d s t a t e o n l y where as the t h e o r e t i c a l 

one g i v e s t h e t o t a l c r o s s s e c t i o n f o r the ( n 2 n ) r e a c t i o n . The 

d i s a g r e e m e n t i s not o n l y b e c a u s e o f t h i s b u t a l s o b e c a u s e the e n e r g y 
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o f t h e i n c i d e n t n e u t r o n ( 1 4 . 2 + 0 . 2 MeV) i s v e r y c l o s e to the 

y v a l u e ( 1 3 . 0 3 MeV) o f t h i s r e a c t i o n . I n s u c h a c a s e , a s l i g h t 

change i n Q v a l u e w i l l change t h e c r o s s s e c t i o n by an o r d e r o f 

m a g n i t u d e . 
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T a b l e I . 

R e a c t i o n s C r o s s s e c t i o n s C r o s s s e c t i o n c a l c u l a t e d 

m e a s u r e d i n mb i n mb, w i t h a / A 3 

2 7 A X ( n , p ) 2 7 M g • ' ; ' 7 1 + 9 '•• 3 2 . 3 

4 2 C a ( „ , p ) 4 2 K 1 9 3 + 24 - • ' 2 0 3 . 1 

4 5 C a ( n , p ) 4 5 K ... , 93 + 1 2 7 3 . 7 

U C a ( n , p ) 4 4 K . 20 + 3 1 3 . 4 

4 1 K ( n , P ) 4 1 A r " 50 + 6 2 0 . 1 

2 7 A l ( n , o C ) 2 4 H a 1 1 5 + 5 4 5 . 3 1 

4 4 C a ( n , * ) 4 1 A r 35 + 3 1 . 4 

4 l K ( n , ^ ) 5 3 C l 46 + 6 3 3 . 4 
4 8 C a ( n , 2 n ) 4 7 C a 900 + 1 0 3 1 0 1 0 . 1 

3 9 K ( n , 2 n 2 . 6 " + • 4 ~ 6 . ( t o t a l ) 
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D I S C U S S I O N : 

A . C h a t t e r j e e ( C o m m e n t ) : -

( 1 ) 1 n o t i c e t h a t t h e s h i f t e d F e r m i g a s model c o r r e c t s 

o n l y f o r p a i r i n g , n o t f o r s h e l l e f f e c t s . ( 2 ) The n u c l e i 

c h o s e n a r e a l m o s t s u r e t o show d i r e c t e f f e c t s . 

Q u e s t i o n : Does " ^ K h a v e an i s o m e r i c s t a t e ? 

P . N . T i w a r i : Y e s , o f a b o u t . 9 s e c o n d h a l f l i f e . 
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MEASUREMENTS OP NEUTRON CAPTURE CROSS SECTIONS 
AT AN AVERAGE NEUTRON ENERGY OP 25 keV 

P . N . T i w a r i , S . N . C h a t u r v e d i and N . Nat hi 
D e p a r t m e n t o f P h y s i c s 

B a h a r a s H i n d u U n i v e r s i t y 
V a r a n a s i - 5 

ABSTRACT 

A low c o u n t i n g set«-up h a s been b u i l t e m p l o y i n g 

s p e c i a l l y s h i e l d e d w e l l t y p e N a l ( T l ) S c i n t i l l a t i o n c r y s t a l . 

U s i n g t h i s s e t - u p i n c o n j u n c t i o n w i t h t h e 1 c u r i e S b - B e 

N e u t r o n s o u r c e o b t a i n e d from Bhabha A t o m i c R e s e a r c h C e n t r e , 

T r o m b a y , t h e c r o s s s e c t i o n s f o r some o f t h e ( n , Y ) r e a c t i o n s 

h a v e b e e n measured by t h e a c t i v a t i o n t e c h n i q u e . The 

1 9 7 A u ( n , Y ) 1 9 8 A u r e a c t i o n w i t h < o ~ = 640 ± 2 5 mb a t E n = 2 3 . 8 keV 

h a s b e e n u s e d a s t h e s t a n d a r d r e a c t i o n i n t h e s e m e a s u r e m e n t s . 
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MEASUREMENTS OP THE GROSS SECTIONS FOR THE 
( n , d ) AND ( n , t ) REACTIONS WITH 

ENRICHED Ca ISOTOPES 

P . N . T i w a r i * and E K o n d a i a h ** 

T a t a I n s t i t u t e o f F u n d a m e n t a l R e s e a r c h C e n t r e 
C o l a b a , Bombay-5 . 

ABSTRACT. 

C r o s s S e c t i o n s f o r t h e 4 5 C a ( n , d ) 4 2 K and 4 0 C a ( n , t ) 5 8 K 
§ 

r e a c t i o n s have been measured a t B = 1 4 . 2 + 0 . 2 MeV'by a c t i -

v a t i o n t e c h n i q u e u s i n g e n r i c h e d i s o t o p e s . The' c r o s s s e c t i o n s 

f o r t h e s e r e a c t i o n s were found to be 1'300/^b and 1 9 0 + 24/*b 

r e s p e c t i v e l y . The method a d o p t e d f o r t h e measurem eat s o f 

p r e s e n t ( n , d ) - c r o s s s e c t i o n s can be u s e d f o r m e a s u r i n g 

l a r g e number of s u c h c r o s s s e c t i o n s t h a t a r e n o t measured 

t i l l no'.v.. 

* P r e s e n t a d d r e s s - P h y s i c s D e p a r t m e n t , 
B a n a r a s H i n d u U n i v e r s i t y . 

* * P r e s e n t a d d r e s s - N u c l e a r p h y s i c s D e p a r t m e n t , 
A n d h r a Un i v e r s i t y . 
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PAST NEUTRON REACTION CROSS SECTIONS AT 1 4 MeV 
I N SOME RARE-EARTH ISOTOPES 

P . R a m a . P r a s a d , J . Rama Rao and E . K o n d a i a h 
L a b o r a t o r i e s f o r N u c l e a r R e s e a r c h , 

A n d h r a U n i v e r s i t y , V / a l t a i r . 

\ 

INTRODUCTION: 

A s u r v e y o f the 14 MeV n e u t r o n - i n d u c e d , r e a c t i o n c r o s s 

s e c t i o n s r e v e a l s t h e f a c t t h a t s u c h measurements are r e l a t i v e l y 

r a r e i n t h e r a r e - e a r t h r e g i o n o f i s o t o p e s . Even i n c a s e s where 

t h e r e i s more t h a n one measurement o f c r o s s s e c t i o n o f a p a r t i -

c u l a r r e a c t i o n , t h e r e i s w i d e s c a t t e r , by a f a c t o r o f f o u r , 

among t h e v a r i o u s v a l u e s r e p o r t e d . . F u r t h e r , t h e d i s c o v e r y o f 

new i s o m e r i c s t a t e s i n some n u c l i d e s r e n d e r e d t h e p r e v i o u s 

c r o s s s e c t i o n measurements i n a c c u r a t e . L a s t l y , t h e r e a r e many 

c a s e s i n r a r e - e a r t h i s o t o p e s where t h e ( n , p ) and (n,oC) c r o s s 

s e c t i o n s have not been m e a s u r e d so f a r . A s y s t e m a t i c i n v e s t i -

g a t i o n i s , t h e r e f o r e , u n d e r t a k e n i n t n i s r e g i o n u s i n g 1 4 . 2 MeV 

n e u t r o n s and t h e a c t i v a t i o n t e c h n i q u e . N a t u r a l s a m p l e s i n t h e i r 

o x i d e form a r e s u p p l i e d by the C h e m i s t r y D i v i s i o n , BARC, Bombay, 

w i t h c h e m i c a l p u r i t y b e t t e r t h a n 9 9 . 

EXPERIMENTAL D E T A I L S : 

The 1 4 . 2 + 0 . 2 MeV n e u t r o n s a r e o b t a i n e d from the C o c k -

c r o f t - W a l t o n A c c e l e r a t o r o f T I F R , Bombay, e m p l o y i n g t h e T ( d , n ) ^ H e 

7 3 
r e a c t i o n . The n e u t r o n f l u x r a n g e d f r o m ~ 1 0 t o 1 0 n e u t r o n s p e r 

2 cm p e r s e c . I n a l l t h e e x p e r i m e n t s , t h e s a m p l e s f o r i r r a d i a t i o n 

•355 



were e n c l o s e d i n c y l i n d r i c a l p o l y e t h y l e n e c o n t a i n e r s , wrapped 

o u t s i d e w i t h a l u m i n u m f o i l f o r m o n i t o r i n g the f l u x . Optimum 

bombarding t i m e s are u s e d f o r e a c h sample so as t o o b t a i n 

maximum a c t i v i t y o f t h e r a d i o i s o t o p e o f i n t e r e s t w i t h a minimum 

o f o t h e r unwanted a c t i v i t i e s . The c r o s s s e c t i o n measurements a r e 

made by a b s o l u t e gamma c o u n t i n g u s i n g a w e l l t y p e N a l ( T l ) s c i n -

t i l l a t i o n s p e c t r o m e t e r ( 1 ) and TMC 1 0 2 4 - c h a n n e l p u l s e h e i g h t 

a n a l y z e r . S i m u l t a n e o u s l y w i t h the r e c o r d i n g o f t h e v - r a y s p e c t r a / 

t h e h a l f l i f e o f t h e a c t i v i t y i s a l s o f o l l o w e d i n a w i d e window 

s i n g l e c h a n n e l a n a l y z e r - s c a l e r - t i m e r u n i t . T h i s a f f o r d s u n i q u e 

i d e n t i f i c a t i o n o f t h e r e a c t i o n p r o d u c t . 

The c r o s s s e c t i o n s r e p o r t e d h e r e are measured r e l a t i v e 

2 7 24 
t o t h e s t a n d a r d A l ( n , * 0 Na r e a c t i o n whose c r o s s s e c t i o n i s 

t a k e n a s 1 1 5 + 5 mb. I n c a s e s where t h e h a l f - l i f e o f t h e e x -* 
27 2 7 

p e r i m e n t a l a c t i v i t y i s v e r y s h o r t , the 9 mt. A l ( n , p ) Mg r e a c t -

i o n measured by u s i s t a k e n a s the s t a n d a r d w i t h a c r o s s s e c t i o n 

o f 7 1 + 7 mb. 

R e s u l t s a r e summerised i n t h e t a b l e . • . • . 
D I S C U S S I O N : 

U 2 N d ( n , 2 n ) 1 4 1 m , g N d ; The s h o r t - l i v e d m e t a s t a b l e s t a t e formed 

i n t h i s r e a c t i o n d e c a y s t o t h e ground s t a t e t h r o u g h 0 . 7 5 MeV 

i s o m e r i c t r a n s i t i o n w i t h a h a l f - l i f e o f 64 s e c . R e c e n t l y the 

i n d i v i d u a l c r o s s s e c t i o n f o r t h i s i s o m e r i c s t a t e h a s been r e -

p o r t e d by B r o a d h e a d et a l ( 2 ) b u t no a t t e m p t was made t o measure 

t h e g r o u n d s t a t e c r o s s s e c t i o n and i s o m e r i c r a t i o . A g a i n , t h e r e 

•356 



i s a d i s c r e p a n c y o f about 50fo i n the v a l u e s of the t o t a l c r o s s 

s e c t i o n r e p o r t e d by e a r l i e r i n v e s t i g a t o r s ( 3 ) . We have measured 

b o t h t h e c r o s s s e c t i o n s as w e l l a s t h e i s o m e r i c r a t i o . Our v a l u e 

o f the i s o m e r i c c r o s s s e c t i o n 5 7 1 + 60 mb a g r e e s w e l l w i t h t h a t 

o f B r o a d h e a d e t a l . v i z . 545 + 60 mb. The ground s t a t e c r o s s 

s e c t i o n h a s been measured by u s t o be 1 9 5 7 + 2 0 0 mb. However, 

o u r t o t a l ( <r*m c r o s s s e c t i o n 2 5 2 8 mb d i f f e r s s i g n i f i c a n t l y 

from t h e most r e c e n t measurement o f 1 6 7 0 mb (4) but a g r e e s w e l l 

w i t h the v a l u e of 2 4 1 1 + 200 mb r e p o r t e d by Ray b u r n e t a l . ( 5 ) . 

. I n our c a s e , t h e i s o m e r i c r a t i o , d e f i n e d a s o~ /<s~ comes out to in ££ 

be 0 . 2 9 

1 5 3 3 u ( n , 2 n ) 1 5 2 m 1 ^ 2 E i i : The e x i s t e n c e o f t h e i s o m e r i c s t a t e w i t h 

h a l f - l i f e o f 96 m i n . (m2) was f i r s t r e p o r t e d by K i r b y and 

K a v a n a g h ( 6 ) and c o n f i r m e d by T a k a h a s h i et a l . ( 7 ) ; b u t no measure-

ment o f the i s o m e r i c c r o s s s e c t i o n h a s so f a r been made. F o r 

t h e 9 . 3 h o u r m e t a s t a b l e s t a t e (m^) the two v a l u e s a f she c r o s s 

s e c t i o n r e p o r t e d i n l i t e r a t u r e a r e i n w i d e d i s a g r e e m e n t w i t h 

e a c h o t h e r by a f a c t o r of f o u r . We h a v e measured t h e c r o s s 

s e c t i o n o f the m^ s t a t e t o be 295 + 50 mb. Our v a l u e o f m̂  

c r o s s s e c t i o n , 3 7 3 + 90 mb a g r e e s w i t h t h a t measured by W i l l e 

and F i n k (8) w i t h i n e x p e r i m e n t a l e r r o r s . 

1 ^ % b ( n . 2 n ) 1 ^ 8 m T b : The i n t e r e s t i n t h i s r e a c t i o n i s t h e r e l a t i v e -

l y s h o r t h a l f - l i f e o f 1 1 s e c . o f t h e m e t a s t a b l e s t a t e w h i c h d e c a y s 

t o t h e s t a b l e ground s t a t e t h r o u g h 1 1 1 keV i s o m e r i c t r a n s i t i o n . 

I h e r e i s o n l y one measurement of t h i s i s o m e r i c c r o s s s e c t i o n ( 2 ) 
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r e p o r t e d i n l i t e r a t u r e . I n v i e w o f t h e v e r y s h o r t h a l f l i f e , 

s u f f i c i e n t p r e c a u t i o n s h o u l d be t a k e n to see t h a t much o f t h e 

a c t i v i t y i s n o t l o s t b e f o r e the i r r a d i a t e d sample i s t r a n s -

f e r r e d t o t h e c o u n t i n g s y s t e m . I n our c a s e , we have ma.de use 

o f an a u t o m a t i c q u i c k d e l i v e r y s y s t e m . I n our c a s e , we h a v e 

made use o f an a u t o m a t i c q u i c k d e l i v e r y s y s t e m t o a c h i e v e t h i s 

e n d . k m i c r o s w i t c h , o p e r a t i n g a u t o m a t i c a l l y w i t h the s t o p p a g e 

o f i r r a d i a t i o n , r e l e a s e s the sample i n t h e t a r g e t -room and 

s i m u l t a n e o \ i s l y t r i g g e r s an e l e c t r o n i c t i m e r so as to e n a b l e a n 

a c c u r a t e d e t e r m i n a t i o n of the t i m e e l a p s e d b e f o r e c o u n t i n g i s 

s t a r t e d . T r a n s i t t i m e s of the o r d e r o f 1 0 t o 1 1 s e e s c o u l d t h u s 

be a c h i e v e d w i t h t h i s s y s t e m . To f o l l o w t h e h a l f l i f e u s e i s 

made o f the Model 2 1 4 M u l t i s c a l e r u n i t o f t h e TMC 1 0 2 4 c h a n n e l 

a n a l y z e r w i t h the p r e s e t t ime a t 1 s e c . The p r o m i n e n t k - x r a y 

p e a k a t 45 keV i s u s e d f o r t h e d e t e r m i n a t i o n of the c r o s s s e c t i o n 

e m p l o y i n g t h e l a t e s t v a l u e s o f ^ = 56 and aC^.- 1 0 6 r e p o r t e d by 

S c h m i d t - O t t .et a l ( 1 0 ) . Our c r o s s s e c t i o n v a l u e f o r t h i s . i s o -

m e r i c s t a t e i s 2 5 3 + 40 mb w h i c h i s l a r g e r t h a n t h a t r e p o r t e d by 

B r o a d h e a d e t a l . T h i s d i s c r e p a n c y can i n p a r t be e x p l a i n e d by 

the d i f f e r e n c e i n t h e v a l u e s o f the c o n v e r s i o n c o e f f i c i e n t s u s e d 

i n t h e two i nve s t i g a t i o n s . 

1 6 0 G d ( n , 2 n ) 1 5 9 G d : W h i l e l o o k i n g f o r 1 5 8 G d ( n , / . ) r e a c t i o n i n 

n a t u r a l G a d o l i n i u m , t h i s 1 8 h o u r s a c t i v i t y i s e a s i l y formed i n 

l a r g e i n t e n s i t y by v i r t u e of the v e r y h i g h c r o s s s e c t i o n s f o r 

( n , 2 n ) r e a c t i o n i n t h e s e r e g i o n s . I n c i d e n t a l l y , t h e r e f o r e , t h i s 
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c r o s s s e c t i o n i s m e a s u r e d by us. t o b e ' 1 6 7 5 + 1 6 0 mb, w h i c h a g r e e s 

w i t h i n e x p e r i m e n t a l e r r o r s w i t h t h e l i t e r a t u r e v a l u e s ( 3 , 9 , 1 1 ) . 

1 5 8 , , J 5 5 „ n 

u - q i n , ^ m . T h e r e i s no r e p o r t o f c r o s s s e c t i o n m e a s u r e -

ment f o r t h i s r e a c t i o n i n l i t e r a t u r e . By s t u d y i n g t h e d i a r a c t e r -1 5 5 

i s t i c 1 0 5 keV Y - r a y s o f Sm d e c a y i n g w i t h a h a l f - l i f e of 

24 m i n , we have m e a s u r e d t h e c r o s s s e c t i o n a s 1 . 4 + 0 . 2 5 mb. 

The l a r g e e r r o r i s due t o t h e u n c e r t a i n t i e s i n the e x t r a p o l a t i o n 

p r o c e d u r e s u s e d f o r o b t a i n i n g t h e a b s o l u t e e f f i c i e n c y . 

7 5 , / >j75m,gr , 

' A l t h o u g h A r s e n i c i s not a member o f t h e r a r e -

e a r t h group o f e l e m e n t s , we a r e p r e s e n t i n g t h e r e s u l t s o f o u r 

measurements on t h e i s o m e r i c and t h e g r o u n d s t a t e r e a c t i o n s i n 

v i e w o f t h e r e p o r t e d l a r g e d i s c r e p a n c y i n t h e e x p e r i m e n t a l and 

O . N . t h e o r e t i c a l v a l u e s of t h e i s o m e r i c r a t i o i n d i c a t i n g a s t r o n g p r e d o m i n a n c e o f the d i r e c t i n t e r a c t i o n p r o c e s s . Our v a l u e 
o f <T" a g r e e s f a i r l y w i t h t h a t o f Pukuzawa ( 1 3 ) w h i l e o u r <3-^ i s m . . . g 

s m a l l e r , g i v i n g a s l i g h t l y h i g h e r i s o m e r i c r a t i o , v i z . 0 . 5 . 

T h i s v a l u e i s s t i l l s m a l l e r by a f a c t o r of 10 t h a n t h a t p r e d i c t e d 

on t h e b a s i s o f compound n u c l e a r model t h u s c o n f i r m i n g the p r o -

minence o f d i r e c t r e a c t i o n c o n t r i b u t i o n . 

The r a y d e t e c t i o n e f f i c i e n c i e s f o r t h e w e l l - c r y s t a l 

u s e d i n t h e p r e s e n t i n v e s t i g a t i o n h a v e been t a k e n f r o m r e f . ( 1 2 ) 

f o r a l l Y - r a y e n e r g i e s above 1 4 0 k e V . P o r " Y - r a y s o f l o w e r e n e r g y , 

e x t r a p o l a t i o n p r o c e d u r e s are employed t a k i n g i n t o a c c o u n t t h e 

s o u r c e a b s o r p t i o n e f f e c t s . Owing t o t h e u n c e r t a i n t i e s i n v o l v e d 
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TABLE OP GROSS-SECTIONS 

E = 1 4 . 2 + 0 . 2 MeV. 

R e a c t i o n S t u d i e d o b t a i n e d by g i v e n i n l i t e r a - R e f 

u s t u r e * 

2 7 A l ( n , p ) 2 7 M g 7 1 + 7 7 1 + 1 0 . 6 1 

H 2 N d ( n , 2 n ) 1 4 1 m N d 5 7 1 + 60 . 545 + 60 2 

1 4 2 N d ( n , 2 n ) 1 4 1 g N d 1 9 5 7 + 2 0 0 2060 + 200 8 
2411 £ 200 5 

1 5 3 E u ( n , 2 n ) 1 5 2 m 2 E u . 295 + 50 T ^ J 6 5 4 

1 5 3 E u ( n , 2 n ) 1 5 2 m l E u 305 + 90 7 5 0 + 200 8 

1 6 4 + 2 5 9 

1 5 8 G d ( n , « ^ ) 1 5 5 S m 1 . 4 + 0 . 2 5 

1 6 0 G d ( n , 2 n ) 1 5 9 G d 1 6 7 5 + 1 6 0 1 4 7 0 + 3 2 0 1 1 
1 4 5 0 + 300 8 
1 7 2 5 + 1 7 0 9 

1 5 9 T b ( n , 2 n ) 1 5 8 m T b 2 3 8 + 4 0 1 6 0 + 1 9 2 

7 5 A s ( n , p ) 7 5 m G e 8 + 1 1 0 i 2 1 3 

7 5 A s ( n , p ) 7 5 g G e 1 6 + 2 2 5 + 5 1 3 
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i n t h i s , l a r g e e r r o r s a r e a s s o c i a t e d w i t h t h e c r o s s s e c t i o n 

m e a s u r e m e n t s i n 1 5 9 T b ( n , 2 n } p % u ( n , 2 n } 1 . 5 2 - m 2 E u and 1 5 8 G d ( n , « 0 

r e a c t i o n s . E x p e r i m e n t s a r e . i n p r o g r e s s t o e x t e n d t h e e f f i -

c i e n c y m e a s u r e m e n t s on, t h i s c r y s t a l down to t h e X - r a y r e g i o n . 
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D I S C U S S I O N : 

A . C h a t t e r j e e : ( l ) What s o r t o f c a l c u l a t i o n s o f t h e s t a t i s t i c a l 

m o d e l d i d y o u d o ? ( 2 ) Do t h e i s o m e r i c r a t i o s a g r e e w i t h t h e 

s t a t i s t i c a l m o d e l ? ( 3 ) Have y o u a n y comment t o make on t h e 

l o w ( n , o £ ) c r o s s s e c t i o n o f G a d o l i n i u m ? 

J c Rama R a o : ( 1 ) None y e t , r e s u l t s a r e p r e l i m i n a r y . ( 2 ) Y/e h a v e 

y e t t o make t h e o r e t i c a l c a l c u l a t i o n s . ( 3 ) The o r d e r o f t h e 

c r o s s - s e c t i o n v a l u e i s c o r r e c t . T h e r e i s no o t h e r e x p e r i m e n t a l 

r e s u l t f o r c o m p a r i s o n . 
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MEASUREMENT OP ( n , 2 n ) CROSS SECTIONS OP PAST NEUTRONS 

A r u n C h a t t e r j e e , A . Nath and A.M.Ghose 
N u c l e a r P h y s i c s L a b o r a t o r y 

Bose I n s t i t u t e 
C a l c u t t a 

( n , 2 n ) c r o s s s e c t i o n s o f s e v e r a l n u c l e i have been 

m e a s u r e d a b s o l u t e l y by m e a s u r i n g t h e a b s o l u t e v a l u e o f t h e f a s t 

n e u t r o n f l u x by a h e a v i l y b i a s e d p l a s t i c s c i n t i l l a t o r and t h e 

a b s o l u t e v a l u e o f the p o s i t r o n a c t i v i t y u s i n g an a b s o l u t e l y 

c a l i b r a t e d h i g h r e s o l u t i o n c o i n c i d e n c e s p e c t r o m e t e r . 

The measurement of t h e f a s t n e u t r o n f l u x h a s been 

c a r r i e d o u t by t h e f o l l o w i n g p r o c e d u r e d e v e l o p e d i n our l a b -

o r a t o r y . A s m a l l c y l i n d r i c a l p l a s t i c p h o s p h o r 1 . 2 5 cm. i n 

h e i g h t a n d 2 . 5 cm. i n r a d i u s h a s been u s e d i n t h e s e m e a s u r e -

m e n t s . The s i z e , o f the d e t e c t o r r e d u c e s t h e e f f i c i e n c y o f 

d e t e c t i o n f o r Y - r a y s a n <3 t h e r e c o i l p r o t o n s p e c t r u m above 

1 0 MeV i s due e n t i r e l y t o the i n c i d e n t n e u t r o n s . The q u a n -

t i t a t i v e r e l a t i o n s h i p between t h e f a s t n e u t r o n f l u x and t h e 

number o f r e c o i l p r o t o n s a b o v e a s u i t a b l e b i a s h a s been t a k e n 

from our t h e o r y o f f a s t n e u t r o n r e s p o n s e of o r g a n i c s c i n t i -

l l a t o r s ( 1 ) . 

The s a m p l e s have been i r r a d i a t e d u s i n g the Bose I n s t i -

t u t e n e u t r o n g e n e r a t o r k e e p i n g the d e u t e r o n e n e r g y c o n f i n e d 

t o 1 3 0 k e V . The i r r a d i a t i o n s were c a r r i e d out i n t h e forward 

d i r e c t i o n .and the i n c i d e n t n e u t r o n e n e r g y was t h u s 1 4 . 3 + 0 . 1 MeV. 
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' The measurement o f the p o s i t r o n a c t i v i t y h a s been 

c a r r i e d out by f e e d i n g t h e p u l s e s f r o m N a l / T l s c i n t i l l a t o r s 

i n t o a f a s t a m p l i f i e r u s i r g E P ? 60 s e c o n d a r y e m i s s i o n t u b e s 

and a 6AK5 l i m i t e r . A s l o w - f a s t c o i n c i d e n c e c i r c u i t o f f a s t 

r e s o l u t i o n s l i g h t l y g r e a t e r t h a n 3 n s h a s been u s e d . A b s o l u t e 

c a l i b r a t i o n of the s p e c t r o m e t e r h a s been c a r r i e d out using s e c o n d a r y 

s t a n d a r d s o u r c e s of the same d i m e n s i o n s a s t h e s a m p l e s . The 

s e c o n d a r y s o u r c e s have been c a l i b r a t e d by u s i n g r e f e r e n c e s o u r c e s 

a v a i l a b l e t h r o u g h t h e c o u r t e s y o f N . B . 3 . , U . S . A . 

T a b l e I shows t h e e x p e r i m e n t a l ( n , 2 n ) c r o s s s e c t i o n s 

o b t a i n e d i n t h e p r e s e n t v o r k a s w e l l as t h o s e o b t a i n e d by o t h e r , 

w o r k e r s i n t h i s f i e l d . 

The e s t i m a t e d e r r o r i n our measurements i s o f the o r d e r 

o f + 10°/o. F u r t h e r e x p e r i m e n t s 'with b e t t e r g e o m e t r i c a l a r r a n g e -

ment i s i n p r o g r e s s and the p r e s e n t d a t a s h o u l d be c o n s i d e r e d oJ> 

o<nly p r o v i s i o n a l . 

( n , 2 n ) G r o s s S e c t i o n s o f n u c l e i f o r 1 4 MeV n e u t r o n s 

N u c l e i E (MeV) G r o s s S e c t i o n E x p . 
n ( i n mb) 

1 9 F 1 4 . 1 3 8 . 9 + 2 . 3 C e v o l a n i & P e t r a l i a 

1 4 . 4 51 .9 + 9 R a y b u r n 

1 4 . 6 5 3 . 0 + 4 C s i k a i 

1 4 . 3 + . 1 4 9 . 4 + 5 . 0 C h a t t e r j e e , M i t r a & 
Ghose 

1 4 . 8 + . 1 4 6 . 3 + 4 . 6 P r e s e n t Work 
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N u c l e i S (MeV) C r o s s S e c t i o n . E x p . 
n ( i n mb) 

6 5 C u 1 4 5 5 6 + 28 Y a s u m i 

1 4 . 1 409 + 25 C e v o l a n i & P e t r a l i a 

1 4 . 3 7 + 0 . 1 5 443 + 24 W e i g o l d & C l o v e r 

1 4 . 4 503 + 57 R a y b u r n 

1 4 . 6 ± 5 1 4 C s i k a i 

1 4 . 3 507 + 45 F e r g u s o n & Thompson 

1 4 . 3 543 + 1 0 G r i m e l a n d , K j e l l s b y 
V i n e s 

1 4 . 3 ± 544 + 54 C h a t t e r j e e et a l 

1 4 . 3 ± . 509 + 51 P r e s e n t Work 

6 4 Z n 1 4 1 1 9 + 1 4 Y a s u m i 

1 4 . 1 1 0 5 + 7 C e v o l a n i & P e t r a l i a 

1 4 . 3 1 0 7 WeigQld & G l o v e r 

1 4 . 4 1 6 7 + 1 7 R a y b u r n 

1 4 . 6 2 0 1 + 1 3 C s i k a i 

1 4 . 3 + 0 . 1 1 7 4 + 1 7 . 4 C h a t t e r j e e e t a l 

1 4 . 3 + 0 . 1 ' 1 6 5 + 1 7 P r e s e n t Work 

6 9 G a 1 4 . 1 7 3 5 + 44 C e v o J . a n i & P e t r a l i a 

1 4 . 1 923 + 92 Ray b u r n 

1 4 . 3 1 0 7 0 + 1 0 7 K h u r a n a & Hans 

1 4 . 3 + 0 . 1 1 0 1 3 + 1 0 1 C h a t t e r j e e et a l 

1 4 . 3 + 0 . 1 950 + 95 P r e s e n t Work' 
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N u c l e i E (MeV) C r o s s S e c t i o n 
n ( i n rab) L x p * 

1 0 7 A g 1 4 4 5 8 + 5 1 Y a s u m i 

1 4 . 1 734 + 44 C e v o l a n i & P e t r a l i a 

1 4 . 1 889 + 39 R a y b u r n 

1 4 . 5 6 5 7 + 1 0 2 K h u r a n a & Hans 

1 4 . 3 + 0 . 1 5 6 2 + 5 6 C h a t t e r g e e e t a l 

1 4 . 8 + 0 . 1 5 3 5 - + 54 P r e s e n t Work 
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A SURVEY OP RESULTS OP ( n , p ) CROSS SECTIONS OP 
1 4 MEV NEUTRONS I N LOW-Z NUCLEI 

B . M i t r a 
Bose I n s t i t u t e , C a l c u t t a 

We p r e v i o u s l y r e p o r t e d ( l ) a few 1 4 MeV ( n , p ) c r o s s 

s e c t i o n s o f l o w - Z n u c l e i and we have measured a few more i n 

p u r s u i n g o u r programme of s y s t e m a t i c m e a s u r e m e n t s . The 

measured n u c l e i r a n g e between T h e s e d a t a w i l l be 

p r e s e n t e d a l o n g w i t h t h e r e s u l t s o f c o m p a r i s o n o f them w i t h 

o t h e r e x p e r i m e n t a l and s e m i - e m p i r i c a l l y c a l c u l a t e d d a t a 

a c c o r d i n g t o s t a t i s t i c a l model c a l c u l a t i o n s , . A s u r v e y o f 

o u r r e s u l t s v i s - a - v i s r e s u l t s o f e x p e r i m e n t a l ( n , p ) c r o s s 

s e c t i o n s o f d i f f e r e n t w o r k e r s h a s b e e n a t t e m p t e d . 

r 
I t a p p e a r e d t o u s t h a t a s y s t e m a t i c s e t of d a t a r e p o r t e d 

f r o m a s i n g l e l a b o r a t o r y would be more s u i t a b l e f o r c o m p a r i s o n , 

i n s t e a d o f s c a t t e r e d d a t a r e p o r t e d by v a r i o u s g r o u p s . I t h a s 

b e e n found t h a t t h e o n l y e x i s t i n g s u c h s y s t e m a t i c d a t a a r e 

t h o s e o l d d a t a o f P a u l & C l a r k e ( l ) and t h o s e o f B . L . A l l a n ( 3 ) . 

E v e n a s e a r c h t h r o u g h a c o m p i l a t i o n made b y C h a t t e r j e e ( 4 ) c o n -

v i n c e s u s t h a t no o t h e r l a b o r a t o r y ' s s y s t e m a t i c measurement 

e x i s t s u p t o d a t e . We do not p r o p o s e t o d i s c u s s P a u l and C l a r k e ' s 

l e s s a c c u r a t e d a t a , b u t compare o u r d a t a w i t h t h o s e o f A l l a n . 

A l l a n o b t a i n e d h i s r e s u l t s of ( n , p ) c r o s s s e c t i o n b y 

e m u l s i o n p l a t e t e c h n i q u e , w h i l e o u r d a t a a r e a c t i v a t i o n 

a n a l y s i s d a t a . A l t h o u g h t h e two s e t s were o b t a i n e d b y 
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d i v e r s e l y d i f f e r e n t t e c h n i q u e s , y e t i t was g r a t i f y i n g t o 

n o t i c e t h a t b a r r i n g one or two cases, t h e a g r e e m e n t i n t h e two 

s e t s , i n b o t h t h e a b s o l u t e m a g n i t u d e of the v a l u e s and t h e 

t r e n d , a r e r e m a r k a b l e ( F i g . l). The c u r v e showing dependence 

o f C T ^ p on c l o s e d n e u t r o n s h e l l s t r u c t u r e , h a s been drawn by 

A l l a n , where our d a t a h a v e been f i t t e d . The c o m p a r i s o n shows 

t h a t f o r a number o f n u c l e i the agreement i s s u r p r i s i n g l y 

3 1 g o o d . O n l y i n t h e c a s e o f p h o s p h o r u s P , ' t h e d i s p e r s i o n i s 

a b i t l a r g e , - A l l a n ' s v a l u e b e i n g ^ 1 3 4 + 14mb. W h i l e 

o u r a c t i v a t i o n a n a l y s i s v a l u e i s , 1 4 0 + 1 4 mb. However 

t h i s d i s a g r e e m e n t i s a l s o not a s l a r g e a s t o c a s t any doubt 

a b o u t jkresOnce o f b i a s i n E i t h e r o f t h e measurements, ' and 

the g e n e r a l agreement i s h e l d to be good. I n c a s e o f " ^ C l , t h e r e 

i s no d a t a i n A l l a n ' s but o u r d a t a a p p e a r s i n a p l a c e where t h e 

r a t i o o f C T ^ p O f and 5 7 C 1 ( A l l a n h a s d a t a f o r 5 5 C 1 ) i s a s 

t h e r a t i o a p p e a r s t o be i n c a s e of n e i g h b o u r i n g i s o t o p e s o f 

o t h e r n u c l e i . 

The p l a t e d a t a o f A l l a n was o b t a i n e d a t l a b . a n g l e 
o 

1 2 0 t o t h e d e u t e r o n beam a n i a d m i t t e d l y t h e y h a v e no d i r e c t 

i n t e r a c t i o n c o n t r i b u t i o n . But the c r o s s s e c t i o n v a l u e s s h o u l d 

come out to be l a r g e owing t o (n,n|>) c o n t r i b u t i o n . 

The r e s u l t o f c o m p a r i s o n o f our v a l u e s w i t h G a r d n e r * s ( 5 ) 

p r e d i c t e d c r o s s s e c t i o n s i s shown i n P i g . 2 . T h i s shows t h a t 

t h e agreement w i t h G a r d n e r ' s s e m i e m p i r i c a l l y o b t a i n e d c r o s s 

s e c t i o n s i s n o t too good. G a r d n e r i n o b t a i n i n g h i s s e m i e m p i r i c a l 

p a r a m e t e r s depended upon s e l e c t e d v a l u e s and he d i d n o t a v e r a g e 

t h e s c a t t e r e d c r o s s s e c t i o n o b t a i n e d by v a r i o u s w o r k e r s . I n 

c o n t r a d i c t i o n t o G a r d n e r ' s f o r m u l a , w h i c h i s c l a i m e d t o be 
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o b t a i n e d a c c o r d i n g to s t a t i s t i c a l m o d e l , L e v k o v s k i i ( 6 ) p r o p o s e d 

a n o t h e r f o r m u l a w i t h o n l y one e m p i r i c a l p a r a m e t e r , and w h i c h i s 

c l a i m e d t o be d e r i v e d not s t r i c t l y a c c o r d i n g t o s t a t i s t i c a l modelo 

I n P L g . 3 a c o m p a r i s o n o f our d a t a w i t h L e v k o v s k i i ' s h a s been 

a t t e m p t e d . The agreement h e r e a l s o i s n o t so g o o d . The d i p 

a t 20 i s c o n j e c t u r a l and the g r o s s t r e n d cannot be 

s a i d to i n d i c a t e any s h e l l e f f e c t , 

A t t e m p t s to add p r o t o n - s h e l l e f f e c t t o o t h e r s t r u c t u r a l 

e f f e c t s i n s t a t i s t i c a l model c a l c u l a t i o n s h a s been made by 

C h a t t e r j e e ( 7 ) i n c a s e o f c r o s s s e c t i o n . He o b t a i n e d a 

s h e l l d e p e n d e n t l e v e l d e n s i t y f o r m u l a , s t a r t i n g f r o m B l o c h -

R o s e n z w e i g f o r m u l a . Then he t r i e d to f i t the computed c r o s s 

s e c t i o n v a l u e s w i t h v a l u e s o b t a i n e d by a v e r a g i n g o f s c a t t e r e d 

e x p e r i m e n t a l data, . He j u s t i f i e s t h e a v e r a g i n g by c i t i n g 

e x p e r i m e n t s o f e x c i t a t i o n f u n c t i o n measurement o f few n u c l e i 

where n e a r l y no fine s t r u c t u r e was o o t a l n e d at t h e ' b e s t 

r e s o l u t i o n o f o i 60 k e V . I n P i g . 4 i s shown t h e a t t e m p t t o 

f i t our v a l u e s o f C ^ p i n low Z n u c l e i w i t h the computed c u r v e 

o f O f t a t t e r j e e . The f i t i s not v e r y g o o d . T h e r e f o r e i t a p p e a r s 

t h a t s y s t e m a t i c c r o s s s e c t i o n s o b t a i n e d f r o m a s i n g l e s e t 

o f measurements do not show t h e e x p e c t e d p r o t o n s h e l l e f f e c t s 

i n t h e i r t r e n d . I n t h i s c o n n e c t i o n to f i n d o u t how f a r i t i s 

j u s t i f i e d to have a v e r a g e d c r o s s s e c t i o n s f o r s u c h f i t , "vse performed 
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e x p e r i m e n t s , e v e n i n o u r " p o o r - r e s o l u t i o n " way. We have m e a s u r -

ed ( n , p ) c r o s s s e c t i o n s o f 3 1 P , 3 ? C 1 , 6 5 C u and 7 5 a s a t 

E n = 1 4 . 1 + . 1 and E n = 1 4 . 8 + 0 . 0 2 MeY r e s p e c t i v e l y ; w h i l e 

t h e v a l u e o f 3 1 P i s not y e t o b t a i n e d a s a c o n c l u s i v e 

o n e , t h e t a b l e I shows t h e v a l u e s o f o t h e r t h r e e n u c l e i . 

I t may be s e e n t h a t e v e n i n t h i s poor r e s o l u t i o n e x p e r i m e n t , 

t h e r e e x i s t s f l u c t u a t i o n s i n c r o s s s e c t i o n v a l u e s a t e n e r g y 

f l u c t u a t i o n o f 0 . 7 MeY. The v a l u e s o b t a i n e d a r e r e l a t i v e t o 

C T ( n , 2 n ) v a l u e s o f 6 ; 5 C u , t h e e x c i t a t i o n f u n c t i o n o f w h i c h 

r e a c t i o n h a s b e e n c a r e f u l l y done b y C s i k a i ( 8 ) „ We have u s e d 

C s i k a i ' s e x p e r i m e n t a l c u r v e , e x t r a p o l a t e d u p t o 1 4 . 8 MeV. The 

r e s u l t f o r "^As i s r a t h e r s t a r t l i n g s i n c e i t r e p r e s e n t s a f a c t o r 

o f two change6 V a l u e s o f 3 7 C 1 a l s o r e p r e s e n t s a t r e n d , w h i c h 

d o e s not e x p l a i n a v e r y low v a l u e o f i t , > 5 mb a t a h i g h e r e n e r g y 

1 7 MeVo A s c o p e f o r renewed e x c i t a t i o n f u n c t i o n measurement 

e x i s t s i n t h i s e n e r g y r a n g e o f 1 3 - 1 7 MeV, f o r t h i s n u c l e u s , - a s 

w e l l a s f o r Meanwhile C u z z o c r e a and N o t t a r i g o ( 9 ) a l s o 

d i s c o u n t a n y p r o t o n s h e l l e f f e c t i n e x p e r i m e n t a l c r - ( n , p ) . 

T h e r e f o r e , from o u r o b t a i n e d d a t a , and t h e i r c o n c u r r e n c e 

w i t h e x p e r i m e n t a l d a t a o f A l l a n , we g e n e r a l l y c o n c l u d e t h a t 

t h e s e m i e m p i r i c a l t h e o r i e s so f a r d e v e l o p e d t o p r e d i c t cy**(n,p) 

do not a c c o u n t f o r t h e e x p e r i m e n t a l c r o s s s e c t i o n v a l u e s i n 

t h e low Z r e g i o n . 

R E F E R E N C E S : 

l o M i t r a and C h o s e , P r o c . N u c l . P h y s . Symp. C a l » ( 1 9 6 5 ) 

2 , P a u l and C l a r k e , Can= J . P h y s . 3 1 , 2 6 7 ( 1 9 5 3 ) 

3„ A l l a n , N u c l . P h y s . 2 4 , 2 7 4 ( 1 9 6 1 ) 
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4 - G h a t t e r j e e , N u c l e o n i c s , ( 1 9 6 5 ) A u g u s t , 

5 - G a r d n e r , R ^ P h y s . 2 9 , 3 7 3 ( 1 9 6 2 ) 

6 , L e v k o v s k i i s J E T P , 1 8 , 2 1 3 ( 1 9 6 4 ) 

7 C h a t t e r j e e , N u c l . P h y s . 6 0 , 2 7 3 ( 1 9 6 4 ) 

8 j C s i k a i , P b ^ i ^ r l h e l 4 s • -J •>)•.-.••. 

9 , C u a z o o r e a . a n d B a t t a r i g o * . I n t * C o n f A n t w e r p , EANB.0-50.~S, 

C o n t 1 1 5 , ( 1 9 6 5 ) 

T a b l e 1 « 

N u c l e u s E MeV 6 np mb ^ np mb 
n a u t h o r l i t e r a t u r e 

5 7 C 1 1 4 . 1 + 0 , 1 8 2 1 + 3 1 8 + 8 Cohen & W h i t e 

1 4 . 8 + 0 . 0 2 2 5 + 3 3 1 + 7 V 

• 

< 5 a t E n = 1 7 , 5 + . 2 5 n -
•-•x-Sjtan.ic.eti. 

6 5 C u 1 4 , 1 + 0 , 1 8 1 9 + 2 26 + 7 Borman 

1 4 . 8 + 0 . 0 2 2 6 + 3 2 2 + 7 ti 

7 5 A s 1 4 . 1 + 0 . 1 8 1 5 + 4 2 0 , 7 + 1 . 5 B a y h u r s t & 
P r e s t w o o d 

1 4 . 8 + 0 , 0 2 3 3 + 3 1 5 - 9 + . 36 » 
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ISOMERIC CROSS SECTION RATIOS FOR ( n , 2 n ) 
• • REACTIONS AT 1 4 . 3 MEV 

R,. P r a s a d and D . C . S a r k a r 
Department of P h y s i c s , M u s l i m U n i v e r s i t y , A l i g a r h 

1 . INTRODUCTION: 

I n an n u c l e a r r e a c t i o n where t h e r e s i d u a l n u c l e u s h a s an 

e x c i t e d l e v e l o f m e a s u r a b l e h a l f - l i f e , the e x t e n t to w h i c h e a c h 

i s o m e r i s p o p u l a t e d i n the r e a c t i o n may be' e x p r e s s e d by t h e i s o m e r i c 

c r o s s s e c t i o n r a t i o . S i n c e i s o m e r s d i f f e r i n t h e i r s p i n , i t i s 

p o s s i b l e t o c a l c u l a t e t h i s c r o s s s e c t i o n r a t i o t h e o r e t i c a l l y u s i n g 

the s p i n d e n s i t y r e l a t i o n due to Bethe ( 1 ) and B l o c h ( 2 ) . T h i s 

i n v o l v e s the s p i n d i s t r i b u t i o n p a r a m e t e r cT~. . Many measurements o f 

t h e p a r a m e t e r h a v e been performed (3 - 1 0 ) , but the s i t u a t i o n i s 

s t i l l f a r from s a t i s f a c t o r y due t o the l a c k of d a t a . 

We have measured t h e i s o m e r i c c r o s s s e c t i o n r a t i o s e x p e r i -

m e n t a l l y by f o l l o w i n g t h e a c t i v i t i e s produced i n s a m p l e s due to 

( n , 2 n ) r e a c t i o n s a t 1 4 . 3 McV. The e x p e r i m e n t a l l y measured and the 

t h e o r e t i c a l v a l u e s o f t h e i s o m e r i c c r o s s s e c t i o n r a t i o s were com-

p a r e d t o .f ind the p r o b a b l e v a l u e of the s p i n d i s t r i but i o n p a r a -

m e t e r iT~, 

O H'P \ OTTP HT.TTT7" <3 • C . liiJ^AoU 'XiiiiuJ-jj-l j. vj . 

The d e t a i l s o f n e u t r o n p r o d u c t i o n , sample p r e p r a t i o n a n d 

o f the i r r a d i a t i o n t e c h n i q u e have a l r e a d y been d e s c r i b e d p r e -

v i o u s l y ( 1 1 , 1 2 ) . C r o s s - s e c t i o n s were measured w i t h r e s p e c t t o 
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56 56 
t h e E e ( n , p ) Mn r e a c t i o n . 

Am 

The r e s i d u a l n u c l e i i n t h e r e a c t i o n s C l ( n , 2 n ) 0 1 , 

4 5 S c ( n ; 2 n ) 4 4 S c and 9 ^ M o ( n , 2 n ) 9 1 m , S M o d e c a y p a r t i a l l y t h r o u g h 

p o s i t i o n e m i s s i o n . C r o s s s e c t i o n s f o r t h e s e r e a c t i o n s h a v e b e e n 
f o u n d by f o l l o w i n g t h e i r a c t i v i t i e s by t h e e n d - w i n d o w b e t a c o u n t e r . 

92 91m 

P o r a c h e c k i n c a s e o f Mo ( n , 2 n ) Mo, t h e c r o s s s e c t i o n h a s 

a ^ l s o been m e a s u r e d by f o l l o w i n g t h e d e c a y o f 658 keV gamma r a y 

a r i s i n g f r o m t h e i s o m e r i c t r a n s i t i o n of ^ m M o . A 3 . 3 c m x 5 . 3 cm 
N a l ( T l ) c r y s t a l c o u p l e d t o a p h o t o m u l t i p l i e r t u b e h a s s e a r v e d 

91m 

a s t h e gamma r a y d e t e c t o r . A s t h e h a l f l i f e o f Mo i s s h o r t , 

t h e w i n d c w w i d t h and t h e b a s e l i n e o f t h e gamma r a y s p e c t r o m e t e r 

were a d j u s t e d t o i n c l u d e the 6 5 3 koV gamma r a y . The t w o v a l u e s 

o f t h e same c r o s s s e c t i o n o b t a i n e d i n t h i s way were found t o a g r e e * 

w e l l w i t h i n the e x p e r i m e n t a l e r r o r s , N e c e s s a r y c o r r e c t i o n s h a v e 

b e e n a p p l i e d f o r the c o n t r i b u t i o n o f t h e i s o m e r i c s t a t e t o t h e d e c a y 

r a t e o f t h e ground s t a t e i n molybdenum. T h e d e t a i l s of m e a s u r e -

m e n t s f o r t h e r e a c t i o n s 5 5 C l ( n , 2 n ) 5 4 g C l and 1 ' 5 I n ( n , 2 n ) 1 1 4 s I n a r e 

g i v e n e l s e w h e r e ( 1 2 ) . 

3 . CALCULATIONS AND H E 5 U L T S : 

I s o m e r i c r a t i o s a r e t h e o r e t i c a l l y c a l c u l a t e d from t h e 

.method d e v e l o p e d by V a n d e n b o s c h and H u i s e n g a ( 1 5 , 1 6 ) . N e u t r o n 

t r a n s m i s s i o n c o e f f i c i e n t s f o r t h e s e c a l c u l a t i o n s a r e t a k e n f r o m 

r e f . ( 1 7 ) . I s o m e r i c r a t i o s f o r d i f f e r e n t v a l u e s o f < r a r e c a l c u l a t e d 

i n s t e p s of 0 . 5 . The p a r a m e t e r h a s a lso, been ealeukia t e d f r o m 

t h e r e l a t i o n , ; ( 1 0 ) . c - " f i T ' | ' T / i 



I n t a b l e 1 a r e g i v e n the o b s e r v e d c r o s s s e c t i o n s and t h e i r 

h a l f - l i v e s I s o m e r i c r a t i o s f o r t h e s e r e a c t i o n s a r e l i s t e d i n t a b l e 

2 . The b e s t v a l u e of p a r a m e t e r <r i 3 f o u n d by c o m p a r i n g t h e c a l -

c u l a t e d v a ] t o t h o s e found e x p e r i m e n t a l l y , Por c h l o r i n e and 

s c a n d i u m , the p r o b a b l e v a l u e of <T i s found t o be 4 + 1 . I n c a s e s 

o f i n d i u m , and molybdenum the v a l u e o f r i s 6 . 5 + 1 and 0 . 5 + 1 . 5 > 

w h i c h i s h i g h e r t h a n the g e n e r a l v a l u e 4 + 1 . I n they. j c a l c u l a t i o n s 

we have c o n s i d e r e d o n l y the d i p o l e e m i s s i o n . B i s h o p ( 9 ) h a s shown 

t h a t t h e c r o s s s e c t i o n r a t i o i s q u i t e s e n s i t i v e t o the p o l a r i t y 

o f gamma r a y s . I n the l a s t column o f t < i b l e 2 a r e g i v e n . I t 

can be s e e n t h a t t h e r e i s some agreement between i r ^ a n d . 
' a 

T a b l e 1 

A c t i v a t i o n c r o s s s e c t i o ' n s f o r 1 4 . 8 MeV n e u t r o n s . 

R e a c t i o n H a l f - l i f e O b s e r v e d . c r o s s s e c t i o n s 
(mb) 

35 ̂ C l ( n , 2 n ) 3 4 ! 5 l 

3 5 C l ( n , 2 n ) : H s 0 1 

4 5 £ c ( n , 2 n ) 4 4 m S c 

4 5 S c ( n , 2 n ) 4 4 % e 

9 2 M o ( n , 2 n ) : ) 1 m M o 
9 ? , 

Mo n , 2 n ) °Mo 

5 

1 1 5 

1 1 5-r r n \ 1 1 4 m x I n ( n , 2 n ) I n 

' l n ( n , 2 n ) ^ G I n 

33 min 

1 . ? s e c 

2 . 4 d 

4 . 0 h 

6C s e c 

1 6 rain 

50 d 

72 s e c 

1.2 + 2 

. 1 . 5 

150 + 11 

1 0 0 + 1 0 

51 + 1 0 

205 + 25 

1 5 ^ 5 + 79 

360 -f- 40 

b) 

a) R e f . 1 3 ) : b) R e f , H ) 
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T a b l e 2 . 

I s o m e r i c p a i r T a r g e t Competing I s o m e r i c r a t i o 
s p i n l e v e l l i i g l i s p i n / t o t a l ^ 

s p i n s p i n ' l*™ 

3 5 C l ( n , 2 n ) 3 4 m ' g C l 3 / 2 0 3 0 , 6 4 + 0 . 0 2 2 . 5 2 

4 5 S c ( n , 2 n ) 4 4 m ' g 3 c 7 / 2 2 6 0 . 6 0 + 0 . 0 1 4 . 5 2 . 2 c; 

9 2 M o ( n , 2 n ) 9 1 m ' % o 0 1 / 2 9/2 0 . 3 0 + 0 . 1 3 . 5 3 . 3 2 

1 1 5 I n ( n , 2 n ) 1 1 4 a ' S I n 9/2 1 5 0 . 3 4 + 0 . 0 1 6 . 5 4 . 4 4 

REFERENCES: 

1 . H . A . B e t h e , R e v s . Mod. P h y a . 9 , 34 ( 1 9 3 7 ) 

2 . C . B l o c h , P h y s . R e v . 9 3 , 1094 ( 1 9 5 4 ) 

3 . S . K . M a r g a l and P . S . G i l l , N u c l . P h y s . £ i , 3 7 2 ( 1 9 6 3 ) 

4 . S . K . Mangal and P . S . G i l l , N u c l . P h y s . 4 9 , 5 1 0 ( 1 9 6 3 ) 

5 . J . H . C a r v e r , G f E . Coote and T . R . Sherwood, N u c l . P h y s . 3 2 , 4 4 9 ( 1 9 6 2 ) 

6 . A . C . D o u g l a s and N. MacDonald, N u c l . P h y s . 1_3, 3 3 2 ( 1 9 5 3 ) 

7 . C . T . H i b d o n , B u l l . Am. P h y s . S o c . 3 , 43 ( 1 9 5 3 ) 

3 , S . K . Kan g a l and C . S . IChurana, N u c l . P h y s . 6 9 , 1 5 3 ( 1 9 6 5 ) 

9 . C . T . B i s h o p , A N L - 6 4 0 5 

1 0 . D" K a t a , 1 . Peace and H'w Moody, C a n . J . P h y s . 3 0 , 476 ( 1 9 5 2 ) 

1 1 . R . P r a s a d , D . C . S a r k a r and C . S . K h u r a n a , N u c l . P h y s , 3 5 , 4 7 6 ( 1 9 6 6 ) 

1 2 . R . P r a s a d , D . C . S a r k a r and 0 . 3 . K h u r a n a , IJucl. P h y s . 8 3 , 3 4 9 ( 1 9 6 6 ) 
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13. ' I . A . R a y b u r n , F h y s , R e v . 1 2 2 , 1 6 d ( 1 9 6 1 ) 

1 4 . J , R . - P r s s t w o o d a n d 3 . r . B a y t h u r s t , 2 ' h y s . . 1 2 2 , , 1 4 3 3 ( 1 9 6 1 ) 

1 5 . J . S . H u i z e n g a and Ei. V a n d o n b o s o n , Ph.yn. R e v . J_20, 1 3 0 5 ( 1 9 6 0 ) 

1 6 . R . V a n d c n boBch a n d J . R . i f u i a f i c g a , PJayc, Rkv . 1 2 0 , 1 3 1 3 ( 1 9 6 0 ) 

1 7 . T > . T „ F l ' i l d o t • 1 , } p a a t H o u i . r o 1 L a t a P r o j e c t 3 I Y G - 6 3 6 ( 1 9 b ! ) 

1 3 . 3 . K r l c o . - j n , I T u o l . P h y s . . 1 1 , 4 3 1 ( i 9 5 9 ) 
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DETECTION MECHANISM I N SEMICONDUCTOR COUNTERS 

R . Y . Deshpande 
T e c h n i c a l P h y s i c s D i v i s i o n 

Bhabha A t o m i c R e s e a r c h C e n t r e , Bombay 

I . IMTxU)DUCTIOU: 

The u s e o f s e m i c o n d u c t o r d e t e c t o r s i n t h e f i e l d - o f 

n u c l e a r s p e c t r o s c o p y h a s Dee 11 w e l l - e s t a b l i s h e d d u r i n g t h e p a s t 

few y e a r s ( 1 ) . The u n r i v a l l e d e n e r g y r e s o l u t i o n and s p e e d o f 

r e s p o n s e o b t a i n a b l e w i t h t h e s e d e t e c t o r s h a v e l e d to t h e i r 

q u i c k a c c e p t a n c e i n n u c l e a r p h y s i c s r e s e a r c h . T h e s e d e t e c t -

o r s a r e e s s e n t i a l l y s o l i d - s t a t e i o n i z a t i o n chambers and c a n be 

t a i l o r e d t o s u i t t h e r e q u i r e m e n t s o f s e v e r a l s p e c i f i c p r o b l e m s 

T h u s s t a r t i n g f r o m a s i m p l e d i e l e c t r i c c o u n t e r l i k e a g o l d -

p l a t e d s i l i c o n s l a b c o o l e d t o l i q u i d , h e l i u m t e m p e r a t u r e , we 

h a v e s u r f a c e b a r r i e r , d i f f u s e d j u n c t i o n , l i t h i u m - d r i f t e d s i l -

i c o n and germanium and. d E / d x - t y p e s o f d e t e c t o r s . E f f o r t s i n 

t h e p r e p a r a t i o n o f h i g h - Z m a t e r i a l s l i k e G-aSb and CdS f o r t h j 

f a b r i c a t i o n o f h i g h - e f f i c i e n c y "i - d e t e c t o r s a r e a l s o b e i n g pu$ 

T h r o u g h an i n c r e a s e i n . 3 ( f r o m 32 i n Ga t o 5 1 i n 3b) t h e s e 

e r i a l s c a n improve p h o t o c o n v e r s i o n e f f i c i e n c y by an o r d e r o f 

m a g n i t u d e o v e r the p r e s e n t v a l u e s . 

B a s i c p r o c e s s e s r i g h t from t h e p a s s a g e o f c h a r g e d p a r t 

i c l e s t h r o u g h the d e t e c t o r s medium to t h e f o r m a t i o n o f s i g n a l 

a t t h e o u t p u t of the d e t e c t o r h a v e been f a i r l y w e l l u n d e r s t o o d 

C h a r g e d p a r t i c l e s t r a v e r s e t h e d e t e c t o r medium d i s s i p a t i n g 

t h e i r e n e r g y t h r o u g h a m u l t i t u d e of i n e l a s t i c c o l l i s s i o n s w i t h 
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t h e a t o m i c e l e c t r o n s . T h e s e h i g h - e n e r g y e l e c t r o n s t h e n p r o d u c e 

e l e c t r o n - h o l e p a i r s and l a t t i c e p h o n o n s . F i n a l l y , C o l l e c t i o n 

of t h e l i b e r a t e d c h a r g e g i v e s a s i g n a l i n p r o p o r t i o n t o t h e 

amount o f e n e r g y d e p o s i t e d by t h e i n c i d e n t p a r t i c l e i n t h e 

s e n s i t i v e volume o f t h e d e t e c t o r . 

The s t a t i s t i c s o f e n e r g y l o s s , o f c h a r g e p r o d u c t i o n and 

c o l l e c t i o n , and o f b a c k g r o u n d n o i s e and f o r m a t i o n o f s i g n a l , 

have a l s o been e x t e n s i v e l y s t u d i e d , A f a i r l y c o m p l e t e d 

p i c t u r e o f a l l t h e s e p r o c e s s e s i s now e m e r g i n g . T h u s . f o r t h e 

c a s e o f t h i c k a b s o r b e r s ( t h e c a s e where t h e p a r t i c l e r a n g e i s 

s m a l l e r t h a n t h e w i d t h o f t h e d e t e c t o r ) v a n R o o s b r o e c k ( 3 ) h a s 

d e v e l o p e d a t h e o r y r e l a t i n g t h e quantum y i e l d , s t a t i s t i c a l 

d e v i a t i o n and Fano f a c t o r . E x p e r i m e n t a l c o n f i r m a t i o n o f t h e 

t h e o r y c a n be c o n s i d e r e d t o be v e r j g o o d . On t h e o t h e r h a n d , 

d i r e c t v e r i f i c a t i o n o f L a n d a u - e f f e c t i n s i l i c o n d e t e c t o r s by 

Maccabee et a l ( 4 ) c o n f i r m s V a v i l o v ' s t h e o r y ( 5 ) o f f l u c t u a t i o n 

o f e n e r g y l o s s i n t h i n a b s o r b e r s . 

R e c e n t l y s e v e r a l r e v i e w a r t i c l e s have b e e n w r i t t e n c o -

v e r i n g t h e v a r i o u s a s p e c t s o f d e t e c t i o n w i t h t h e s e c o u n t e r s ( 6 ) . 

I n t h e p r e s e n t r e v i e w we s h a l l however c o n f i n e o u r s e l v e s c h i e f l y 

t o t h e f u n d a m e n t a l p r o c e s s e s g o v e r n i n g t h e d e t e c t i o n mechanism 

i n j u n c t i o n - t y p e c o u n t e r s . We s h a l l e x c l u d e s i m p l e c o n d u c t i o n 

o r d i e l e c t r i c - t y p e o f c o u n t e r s . A l s o , we s h a l l not c o n s i d e r 

t h e d e t a i l s o f p r o d u c i n g s e n s i t i v e c o l u m n s , i n c l u d i n g r e c t i -

f i c a t i o n p r o c e s s e s , i n t h e d e t e c t o r medium. An a t t e m p t i s 
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t h e r e f o r e made t o p r e s e n t a c o n s i s t e n t p i c u t r e o f t h e d e t e c t i o n 

m e c h a n i s m o n l y i n j u n c t i o n - t y p e c o u n t e r s . We s h a l l c o n s i d e r 

t h e p r o c e s s e s o f c r e a t i o n of e l e c t r o n - h o l e p a i r s i n t h e d e t e c t -

o r - m e d i u m , c o l l e c t i o n o f the l i b e r a t e d c h a r g e , and t h e d e t e c t o r 

n o i s e l i m i t a t i o n s on t h e e n e r g y r e s o l u t i o n c a p a b i l i t i e s . W h e r e -

v e r p o s s i b l e t h e t h e o r e t i c a l r e s u l t s a r e compared w i t h t h e e x p e r i -

m e n t a l v a l u e s . W h i l e d o i n g s o i t s h o u l d howe'ver be p o i n t e d 

o u t t h a t c o n s i d e r a b l e s p r e a d i n t h e e x p e r i m e n t a l v a l u e s , and 

a t t i m e s c o n t r a d i c t o r y r e s u l t s , have b e e n r e p o r t e d i n t h e l i t -

e r a t u r e . T h i s c o u l d o f c o u r s e be a t t r i b u t e d t o a v a r i e t y o f f a c t -

o r s i n c l u d i n g t h e v e r y a r t o f f a b r i c a t i o n o f the d e t e c t o r s . 

I I . ENERGY PER E E E C I R O N - H O L E P A I R : 

A v e r a g e e n e r g y expended by the i n c i d e n t p a r t i c l e i n 

p r o d u c i n g a c h a r g e p a i r i n a d e t e c t o r medium i s a q u a n t i t y o f 

f u n d a m e n t a l i n t e r e s t i n a s s e s s i n g t h e r e s o l u t i o n c a p a b i l i t y o f 

a p a r t i c u l a r d e t e c t o r . S e m i c o n d u c t o r c o u n t e r s d e r i v e t h e i r 

a d v a n t a g e i n t h a t t h e y r e q u i r e v e r y s m a l l e n e r g y ( ^ 3 . 5 eV) t o 

p r o d u c e one e l e c t r o n - h o l e p a i r . T h e o r e t i c a l a p p r o a c h i n a n a l y -

z i n g t h e f a c t o r s d e t e r m i n i n g £ i s e s s e n t i a l l y t h e s t u d y o f t h e 

w h o l e p r o b l e m o f i n t e r a c t i o n o f r a d i a t i o n w i t h m a t t e r . T h u s £ } 

w h i c h i s a g r a n d a v e r a g e o f a l a r g e number o f i o n i z a t i o n p r o -

c e s s e s , i n c l u d e s i n i t t h e minimum e n e r g y r e q u i r e d , to p r o d u c e 

an e l e c t r o n - h o l e p a i r p l u s t h e e n e r g y i m p a r t e d t o the l a t t i c e 

p h o n o n s . 
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S h o c k l e y ( 7 ) h a s d e v e l o p e d a s i m p l e p h e n o n e n o l o g i c a l 

model t o a c c o u n t f o r t h e p r o c e s s e s d e t e r m i n i n g . The i n -

c i d e n t e n e r g y can bo a c c o u n t e d i n t h r e e ways; 

( i ) T h r e s h o l d e n e r g y i i ^ r e q u i r e d bo p r o d u c e an e l e -

c t r o n - h o l e p a i r . T h i s i s one o f ' t h e a / v j u s t ^ h l e 

p a r a m e t e r s i n tfhockX^y's' t h e o r y and w i l l bo about 

t h e band-fzao o f the s e m i c o n d u c t o r . 
3 - -

1 u i ( i i ) Fnonon e n e r g y rE f ? i m p a r t e d to the l a t t i c e . i !o 

e v e r y i m p a c t i o n i z a t i o n p r o d a c i n g a n e l e c t r o n -

h o l e p a i r r phonons o f h i g h e s t f r e q u e n c y , the 

Raman phonons, c o r r e s p o n d i n g to the e n e r g y a r e 

p r o d u c e d , r i s a n o t h e r a d j u s t a b l e p a r a m e t e r . 

( i i i ) R e s i d u a l e n e r g y o r t h e f i n a l energy E^ u n a b l e to 

p r o d u c e an e l e c t r o n - h o l e p a i r . T h i s e n e r g y i s 

s p e n t i " t h e p r o d u c t i o n o f low f r e q u e n c y phonons 

c o r r e s p o n d i n g t o phonons w i t h n o n - v a n i s h i n g w a v e -

v e c t o r s i n t h e B r i l l o u i n sone p i c u t r e of the s e m i -

c o n d u c t o r . F o r p a r a b o l i c e n e r g y s u r f a c e s S h o e k l e y 

e s t i m a t e s t h i s c o n t r i b u t i o n to be 1 . 

ull 

T h u s summing up a l l t h e t h r e e c o n t r i b u t i o n s t o £ s h o c k l e y p r e -

d i c t s t h a t 
C : = 2 . 2 jjj + r E 0 . uJJ. xt 

U s i n g t h e e x p e r i m e n t a l v a l u e s o f E + V i , r and E,., * Oil i't 

S h o c k l e y h a s c a l c u l a t e d £ . I n t h e c a s e o f Go and S i t h e 
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v a l u e s o f E R have been d e t e r m i n e d by t h e n e u t r o n d i f f r a o t i o n 

e x p e r i m e n t s and a r e E R = 0 . 0 6 3 oV f o r s i l i c o n ( 8 ) a i d 0 . 0 3 7 eV 

f o r germanium ( 9 ) . r i s d e t e r m i n e d f r o m V a v i l o v ' s d a t a ( 1 0 ) 

o f enhanced p h o t o - q u a n t u m y i e l d i n t h e s e c r y s t a l s r r = - 1 7 . 5 

phohons per i o n i s i n g c o l l i s i o n i n S i and 57 i n Go. I'hen 

c h o o s i n g E , , = E (E = 1 . 1 eV f o r S i and 0 . 6 6 ©V f o r Ge a t la-: g g 

3 0 0 ° K ) he p r e d i c t s £ = 3 . 5 eV f o r S i and 3 . 6 eV f o r G e . 

S e v e r a l a u t h o r s ( 1 1 ) have e x p e r i m e n t a l l y d e t e r m i n e d 

t h e v a l u e s o f t f o r b o t h Ge and b i , and f o r v a r i o u s i o n i s i n g 

r a d i a t i o n s . Some o f t h e s e r e s u l t s a r e g i v e n i n T a b l e I . The 

g e n e r a l agreement w i t h v a l u e s p r e d i c a t e d by S h o c k l e y ' s s i m p l e 

model i s s u r p r i s i n g l y good and l e n d s s u p p o r t t o the mechanism 

p o s t u l a t e d by h i m . However, a s p o i n t e d o u t by Fano ( 1 2 ) , 

S h o c k l e y ' s t h e o r y p o s t u l a t e s an e n e r g y l o s s mechanism f o r 

t h e i n c i d e n t h i g h e n e r g y p a r t i c l e t h r o u g h a b r a n c h i n g p r o -

c e s s a t t h e end o f - w h i c h e l e c t r o n - h o l e p a i r s and l a t t i c e 

phonons are c r e a t e d . T h i s i s not w h o l l y c o n s i s t e n t w i t h the 

p r e s e n t t h e o r y o f i n t e r a c t i o n o f r a d i t i o n w i t h m a t t e r where 

t h e main e x c i t a t i o n s a r e o f a c o l l e c t i v e p l a s m a t y p e . T h i s 

s h o u l d n e c e s s i t a t e f u r t h e r t h e o r e t i c a l s t u d y to c l a r i f y the p o i n t . 

P e r t i n e n t to the t h e o r y o f 6 i s a . l so t h e q u e s t i o n of i t s 

t e m p e r a t u r e d e p e n d e n c e . I t h a s been o b s e r v e d by s e v e r a l 

a u t h o r s ( 1 3 ) t h a t t h e p u l s e h e i g h t f o r a m o n o e n e r g e t i c s o u r c e 

d e c r e a s e s on c o o l i n g t h e d e t e c t o r . None of t h e t e r m s i n 

S h o c k l e y ' s f o r m u l a e x h i b i t a n y r a p i d v a r i a t i o n w i t h t e m p e r a t u r e 
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and i t should, be p o s s i b l e to a c c o u n t a n y (£ - v a r i a t i o n w i t h 

t e m p e r a t u r e t h r o u g h E ( T ) . Measurements on w i t h t e m p e r a t u r e 
g 

i n t l i e r a n g e 6 - 7 7 ° K have been c a r r i e d out by Dodge e t a l . 

They fi:.id t h a t the, t e m p e r a t u r e dependence o f £ can be w e l l 

e x p l a i n e d by t h e ^ h o c k l e y t h e o r y t h r o u g h t h e t e m p e r a t u r e d e -

pendence o f the energy g a p . 

Thus i t c a n be s a i d t h a t - , a p a r t from the p o i n t r a i s e d 

by F a n o , the S h o c k l e y t h e o r y , c o n s i d e r i n g i t s s i m p l i c i t y , does 

p r e d i c t r e a s o n a b l y a c c u r a t e £ - v a l u e s and t h e t e m p e r a t u r e d e -

pendence o f £ . 

I n t i m a t e l y c o n n e c t e d w i t h t h e a v e r a g e energy per e l e -

c t r o n - h o l e p a i r j.s a l s o the q u e s t i o n o f Fano f a c t o r B a s e d 

on what he c a l l s t h e " c r a z y c a r p e n t r y " model van H o o s h r o e c k ( 3 ) 

h a s c a r r i e d o u t e l a b o r a t e a n a l y t i c a l .and Monte C a r l o c a l c u l a t -

i o n s o f y i e l d , v a r i a n c e a n d Fano f a c t o r . E s s e n t i a l l y a g a i n , i t 

i s t h e same b r a n c h i n g , p r o c e s s t h r o u g h w h i c h t h e i n c i d e n t h i g h 

e n e r g y p a r t i c l e l o s e s i t s e n e r g y and p r o d u c e s e l e c t r o n - h o l e 

p a i r s and o p t i c a l p h o n o n s . T h e o r e t i c a l l y , the r e l a t i v e quantum 

y i e l d i s d e f i n e d by Y = » the p e r c e n t a g e o f £ - e n e r g y 

w h i c h g o e s i n the p r o d u c t i o n , o f e l e c t r o n - h o l e p a i r s . The d e -

pendence o f Y and F i s t h e n r e l a t e d t o the r a t i o B. = r E - . / E . , , R t h 

t h e r a t i o o f e n e r g y ' l o s s t o phonons t o t h e i o n i z a t i o n 

t h r e s h o l d e n e r g y . The re s u i t s o f h i s c a l c u l a t i o n s a r e g i v e n 

i n F i g . 1 . U s i n g t h e v a l u e s of r , E.., and E j , = E a s g i v e n o o ' R t h g ° 

a b o v e , we can c a l c u l a t e R and t h e n Y a n d F . O r , c o n v e r s e l y , 
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u s i n g t h e e x p e r i m e n t a l v a l u e s o f £ or F we. can c a l c u l a t e t h e 

o t h e r q u a n t i t i e s . Of c o u r s e i n a l l t h e s e c a l c u l a t i o n s an a s s -

umption i s made t h a t B j , = B . 

t h g 

E x p e r i m e n t a l d e t e r m i n a t i o n of and f l i a s been done by 

s e v e r a l a u t h o r s ( 1 4 ) . A l o n g w i t h some of t h e v a l u e s o f P a r e 

a l s o g i v e n i n T a b l e I . As i s o b v i o u s , there serine t o be a 

c o n s i d e r a b l e s p r e a d i n the v a l u e s r e p o r t e d i n the l i t e r a t u r e 

and at t h i s s t a g o n o t h i n g d e f i n i t e can be s a i d r e g a r d i n g t h e 

e x a c t v a l u e s . I n any c a s e the t h e o r y c a n e a s i l y t a k e c a r e 

o f the s p r e a d t h r o u g h t h e a d j u s t a b l e p a r a m e t e r s B ^ and r . Tliu 

a v a r i a t i o n o f H = 1 - 3 g i v e s a v a r i a t i o n i n Y = 0 . 3 5 - 0 . 2 0 

and i n P -- 0 . 2 0 - 0 . 4 0 . To t h i s e x t e n t t h e t h e o r y i s e n t i r e l y 

c o n s i s t e n t w i t h the. e x p e r i m e n t a l r e s u l t s . However, f u r t h e r 

a c c u r a c y can be o b t a i n e d o n l y by d e f i n i n g the p r e c i s e n a t u r e o f 

the t h r e s h o l d e n e r g y E^j . 

I I I . CHARGE COLLECTION PROCESSES: 

The f a i t h f u l c o l l e c t i o n o f t h e t o t a l l i b e r a t e d c h a r g e 

i n the s e n s i t i v e volume o f t h e d e t e c t o r i s o f c o u r s e e s s e n t i a l 

t o o b t a i n r e l i a b l e • i n f o r m a t i o n a b o u t t h e i n c i d e n t p a r t i c l e . 

The d y n a m i c s of c h a r g e c o l l e c t i o n i s h i g h l y c o m p l i c a t e d by 

s e v e r a l p r o c e s s e s , some o f them c o m p e t i n g w i t h e a c h o t h e r . We 

s h a l l b r i e f l y c o n s i d e r some o f t h e s e f a c t o r s i n the f o l l o w i n g . 
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F i r s t l y , i t i s n e c e s s a r y t h a t t h e d e n s e c h a r g e c l o u d 

formed a l mg t h e t r a c k o f the i n d i d e n t p a r t i c l e s h o u l d « e -

p e r a t e so a s to e n a b l e to o x t r a c t the i n f o r m . i t i o n from the 

c h a r g e p a i r o . I n t h e i n i t i a l s t a g e s tho e x t e r n a l f i e l d cannot 

a c t on t h e p l a s m a and s e p a r a t i o n t u k e s p l a c e o n l y by d i f f -

u s i o n u n d e r a h i g h c a r r i e r c o n c e n t r a t i o n g r a d i e n t . Soon the 

e x t e r n a l f i e l d s t a r t s sweeping the c a r r i e r s a t t h e t a i l of t h e 

d i f f u s i o n p r o f i l e and t h r o u g h p l a s m a e r o s i o n c o m p l e t e s the 

c h a r g e s e p a r a t i o n ' . H e n c e - o n w a r d c h a r g e c o l l e c t i o n b e g i n s . 

G e n e r a l l y t h e t ime c o n s t a n t f o r c h a r g e s e p e r a t i o n , the p l a s m a 

t i m e , i s s u f f i c i e n t l y s h o r t l O ^ s e c ) so a s not t o impose 

l i m i t a t i o n s on t i m i n g p o s s i b i l i t i e s . A l s o , i t w i l l not l e a d 

t o any s e r i o u s l o s s o f c h a r g e e i t h e r , t h r o u g h d i r e c t r e c o m -

b i n a t i o n or r e c o m b i n a t i o n v i a r e c o m b i n a t i o n c e n t r e s ; the t ime 

c o n s t a n t s f o r the r e c o m b i n a t i o n p r o c e s s e s a r e a l w a y s much 

g r e a t e r t h a n 1 0 ° s e c . 

However, both d u r i n g the c h a r g e s e p e r a t i o n .and c h a r g e 

c o l l e c t i o n s t a g e s i t i s n e c e s s a r y t h a t t h e medium be c a p a b l e ' o f 

h o l d i n g t h e e x c e s s f r e e , c h a r g e f o r t i m e s long enough t o c o m p l e t e 

t h e s e p r o c e s s e s . Th« n a t u r e o f t h e medium i s c h a r a c t e r i z e d by 

t h e d i e l e c t r i c r e l a x a t i o n t ime 'Xc\ and the e x c e s s c h a r g e d e c a y s 

w i t h t ime t as e x p ( - t / ' ^ - j ) . O b v i o u s l y s h o u l d be g r e a t e r 

t h a n t so a s t o e n s u r e that v e r y l i t t l e c h a r g e i s d i e l e c t r i c a l l y 

d i s s i p a t e d i n the d e t e c t o r medium. I n a p r a c t i c a l s i t u a t i o n 

t h e time c o n s t a n t t h a t need be compared w i t h fCc\ i s t h e c a r r i e r 
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t r a n s i t t ime t a c r o s s the d e v i c e ; o t h e r time c o n s t a n t s are 

g e n e r a l l y much s h o r t e r t h a n t r - Assuming no f i e l d - d e p e n d e n t 
o 

m o b i l i t y and c o n s t a n t f i e l d t = »'///<• E = v/here W i s 

t h e w i d t h o f the d e p l e t i o n l a y e r , / H the c a r r i e r m o b i l i t y , E 

t h e e l e c t r i c f i e l d , and V the a p p l i e d r e v e r s e b i a s . T y p i c a l l y 

t > 1 0 n s e c f o r b o t h Ge and S i c o u n t e r s . On the o t h e r h a n d , 

, T c / = 1 . 1 ( ^ K / 4 " ' ^ )x 1 0 " l 2 s e c v/he r e i s the r e s i s t i v i t y and K 

the d e e l c t r i c c o n s t a n t . Por i n t r i n i s i c S i (K = 1 2 a n d , / > = 10^ 

ohm-cm a t room t e m p e r a t u r e ) M = 1 0 s e c and f o r i n t r i n s i c 

Ge (K = 1 6 and /" = 50 o h m - c m ) = 5 x 1 0 s e c . T h i s c l e a r l y 

i n d i c a t e s t h e n e c e s s i t y o f c o o l i n g Ge c o u n t e r s t o low t e m p e r a t u r e 

i n o r d e r to r e d u c e t h e f r e e c a r r i e r d e n s i t y so a s t o i n c r e a s e 

t h e r e s i s i t i v i t y and hence l ^ j . Here i t may a l s o be p o i n t e d 

o u t t h a t , a s a g a i n s t s i l i c o n , a l t h o u g h germanium can be p u r i f i e d 

t o a l m o s t i n t r i n s i c c o n d i t i o n s i t i s s t i l l e s s e n t i a l to p r o d u c e 

t h i c k Ge c o u n t e r s by the p e r f e c t l i t h i u m c o m p e n s a t i o n t e c h n i q u e s . 

The r e a s o n i s , a s i n i n s u l a t o r s , the d i e l e c t r i c r e l a x a t i o n t ime 

i s g o v e r n e d by the uncompensated i m p u r i t y c e n t r e s p o s s e s s i n g 

c h a r g e . The e f f e c t i v e s c r e e n i n g l e n g t h , t h e Debye l e n g t h , i s 

t r e m a n d o y s l y r e d u c e d by t h e s e a c t i v e c h a r g e c e n t r e s t h u s r e s -

t r i c t i n g the movement o f t h e f r a e c h a r g e . T h e r e f o r e on c o o l i n g 

i f t h e s e c h a r g e c e n t r e s a r e not f r o z e n , the G e ( l i ) c o u n t e r s 

would f a i l to o p e r a t e . A f a m i l i a r s i t u a t i o n o f r e d u c e d Debye 

l e n g t h o c c u r s i n p h o t o - c o n d u c t o r s . 
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A n o t h e r p o i n t t h a t need be c o n s i d e r e d i n c o n n e c t i o n 

w i t h t h e r e l a x a t i o n t i m e i s i t s o p t i m i z a t i o n . Although, too low . 

a v a l u e i s r u l e d out d u e to file d i s s i p a t i o n o f c h a r g e i n the 

d e t e c t o r medium, too h i g h a v a l u e - w i l l l e a d t o i incomplete 

c h a r g e c o l l e c t i o n due t o t h e f i n i t e b a n d w i d t h o f t h e . a m p l i f i e r . 

I t i s t h e r e f o r e ' q u i t e l i k e l y t h a t t h e l i q u i d n i t r o g e n t e m p e r -

a t u r e f o r the o p e r a t i o n o f & e ( I i i ) c o u n t e r s may not be the optimum 

t e m p e r a t u r e . T h i s s h o u l d a l s o p r o b a b l y e x p l a i n t h e r e c e n t o b -

s e r v a t i o n s made by E l - S h i s h i n i and 3 o b e l ( 1 5 ) . 

A f t e r a s s u r i n g t h a t t h e r e i s c o m p l e t e c h a r g e s e p a r a t i o n 

and t h a t the d e t e c t o r medium w i l l not e a t away t h e e x c e s s c h a r g e 

b e f o r e i t i s c o l l e c t e d , we s h o u l d c o n s i d e r o t h e r f a c t o r s w h i c h 

a r e l i k e l y to s h u n t t h e c h a r g e c o l l e c t i o n . M i l l e r and G i b s o n ( 1 6 ) 

have s t u d i e d i n c o n s i d e r a b l e d e t a i l the problem' o f c h a r g e c o l l e c t -

i o n e f f i c i e n c y , d e f i n e d by & CM) where Q i s the c o l l e c t e d 
< / ** * L G 

c h a r g e and Q^ the l i b e r a t e d c h a r g e . They f i n d t h a t t h e i m p o r t a n t 

mechanism l i m i t i n g t h e f u l l c o l l e c t i o n i s t h e t r a p p i n g o f the 

c h a r g e d u r i n g i t s t r a n s i t to t h e r e s p e c t i v e e l e c t r o d e . I n f a c t 

t h e c h a r g e c o l l e c t i o n p r o c e s s i n an e l e c t r i c f i e l d i s d e s c r i b e d 

by t h e e q u a t i o n ( 1 7 ) 

A Q C = 

where £ Q n i s t h e c o l l e c t e d c h a i g e when i t moves o v e r a d i s t a n c e 

A x i n t h e e l e c t r i c f i e l d . As i s c l e a r from t h i s e q u a t i o n , f u l l 

c o l l e c t i o n o f t h e c h a r g e w i l l be r e s t r i c t e d by the i n a b i l i t y 
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o f t h e c h a r g e t o t r a v e r s e the ant i r e d i s t a n c e W. Assuming t h a t 

we a r e d e a l i n g w i t h a c o n s t a n t - f i e l d (ay i n P I N d e t e c t o r s ) and 

f i e l d - i n d e p e n d e n t m o b i l i t y s i t u a t i o n , t h e d i s t a n c e A x c o v e r e d 

i n i t s l i f e t i m e "C by a f r e e c a r r i e r i s i \ x --.13 t . S i m i l a r l y , 

e x p r e s s i n g W i n t e r m s of t r a n s i t t i n e t ~ W / " - E , charge c o l l e c t -

i o n e f f i c i e n c y i s g i v e n by '/ = / t » A f t e r t a k i n g o a r s o f the 

c h a r g e l o s t o r i m m o b i l i z e d i n t ime t , t h e f r a c t i o n o f t h i s c h a r g e 
i-. —? 

i s | 1 ~ e x o ( - t J ' T . ) I , we . have r 

= ( A p ) M - exp ( - t r / T . ) J 

F o r t "T c h a r g e c o l l e c t i o n i s v e r y p o o r . On t h e o t h e r hand., 

when t <^7?? can be w r i t t e n as r 4 

"7 = 1 - ( t r / 2 f L ) = 1 - ( W 2 / 2 / 1 V fC ). 

The i m p o r t a n c e o f l a r g e r e v e r s e b i a s e s f o r good c o l l e c t i o n 

e f f i c i e n c y i s o b v i o u s from t h i s e q u a t i o n ; a l s o i s o b v i o u s t h e 

n e c e s s i t y o f h i g h l i f e t i m e m a t e r i a l . . I n d e v i c e s p r e p a r e d w i t h 

t e c h n i q u e s w h i c h a r e l i k e l y to i n t r o d u c e a h i g h c o n c e n t r a t i o n 

o f r e c o m b i n a t i o n or t r a p p i n g c e n t r e s , a s i n d i f f u s e d s i l i c o n 

d e t e c t o r s , c h a r g e c o l l e c t i o n w i l l be r a t h e r p o o r . The p r e -

p a r a t i o n o f new m a t e r i a l s to t h e l e v e l o f p e r f e c t i o n of Ge and 

S i s h o u l d a l s o be emphasied h e r e . 

P e r t i n e n t to t h e p r o c e s s e s o f c h a r g e c o l l e c t i o n i s t h e 

s u b j e c t o f p u l s e f o r m a t i o n at t h e d e t e c t o r o u t p u t end. But we 

w i l l not c o n s i d e r i t i n any d e t a i l a s i t h a s been r e v i e w e d 
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fchorughly by G o u l d i n g ( 6 ) . However, i t s h o u l d be p o i n t e d o u t 

t h a t t h e r e q u i r e m e n t o f low r e s i s t i v i t y m a t e r i a l f o r f a s t 

r i s e t i m e ( 1 d ) s h o u l d not c l a s h w i t h t h e r e q u i r e m e n t o f h i g h 

d i e l e c t r i c r e l a x a t i o n time- f o r oj-mpls^ te c h a r g e c o l l e c t i o n . 

I V , L I M I T -IT 10-NS TO m ^ K i RESOLUTION: 

A l t h o u g h not a i r s c t l y c o n n e c t e d w i t h t h e p h y s i c s o f 

d e t e c t i o n , s e v e r a l a t a t i s t i c a l p r o c e s s e s .need be c o n s i d e r e d t o 

a s s s s s t h e f u l l u s e f u l n e s s o f a s e m i c o n d u c t o r d e t e c t o r f o r 

n u c l e a r . s p e c t r o s c o p y . Prom t h i s p o i n t o f v i e w i t may be s t a t e d 

t h a t a s compared w i t h tl.se e t u t i s t i c s o f e n e r g y l o s s , o f c r e a t -

i o n o f e l o c t r o n - h o l e p a i r s , and o f c h a r g e s e p e r a t i o n and c o l l e c t -

i o n , t h e s t a t i s t i c s o f - b a c k g r o u n d p r o c e s s e s a r e mors i m p o r t a n t . 

T h u s t h e p r o b l e m o f trie e l e c t r o n i c s o f a semico n d u c t o r c o u n t e r 

i s t h e one of m a x i m i s a t i o n o f s i g n a l t o n o i s e r a t i o . I t may 

be*- p o i n t e d o u t h « r « t h a t a l t h o u g h n o i s e i s h i g h l y u n d e s i r a b l e ; , 

t h e o c c u r r e n c e , o f t h e d e t e c t o r n o i s e p r e d o m i n a n t l y i n t h e low 

f r e q u e n c y r e g i o n of t h e n o i ; : e s p e c t r u m i s a v e r y h a p p y c i r -

c u m s t a n c e ( 1 9 ) ; i t e n a b l e s t o d e s i g n h i g h - p a s s f i l t e r s f o r the 

o p t i m i z a t i o n o f the s i g n a l to n o i s e r a t i o . 

A p r o p o s o p t i m i s a t i o n o f s i g n a l to n o i s e r a t i o , t h e 

d e t e c t o r a n d t h e a m p l i f i e r s y s t e m must be c o n s i d e r e d t o g e t h e r . 

G o u l d i n g a n d Hansen ( 2 0 ) a t t r i b u t e the e n e r g y s p r e a d o f a 

m o n o e n e r g e t i c l i n e to two- i m p o r t a n t s o u r c e s o f n o i s e , v i z . t h e 

i n p u t t u b e s h o t n o i s e and .th.2 c u r r e n t n o i s e . P o r a s i n g l e d i f -

f e r e n t i a t i n g and i n t e g r a t i n g time c o n s t a n t 'Z'a.of the a m p l i f i e r , 
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tfrs; tube s h o t no is?) d e c r e a s e s v / i t h i n c r e a s i n g /^.jmerc.n.3 th.; 

c u r r e n t n o i s e i n c r e a s e s w i t h i n c r e a s i n g , T h e r e f o r e 'there 

e x i J J t s -an opt'imum a m p l i f i e r t ime c o n s t a n t f o r w h i c h t h e b e s t 

e n e r g y r e s o l u t i o n e . j u l d be o'b b:;..ir,ed. Thu& th2 use o f a f i ^ i d -

e f f e c t t r a n s i s t o r c o o l e d t o l i q u i d n i t r o g e n temp:-?nature a l o n g -

w i t h G - e { L i ) d e t e c t o r ( 2 1 ) , t h r o u g h a d e c r e a s e i n 'the s h o t n o i s e , 

i m p r o v e s t h e ' Y - . r a y r e s o l u t i o n t o 0 . 7 JcaV, 

I n c h a r a c t e r i s i n g t h e n o i s s - b e h a v i o u r o f the d e t e c t o r , 

Moulding and Hansen have used t h e reverses c u r r e n t ( l e a k a g e c u r -

r e n t ) a s the pararaet&r d f t ^ r m i n i n g the d e t e c t o r n o i s e . A l t h o u g h 

i t i s a good and s i m p l e c r i t e r i o n , i t f a i l s t o show t h e d e t a i l s 

o f t h e n o i s e d i s t r i b u t i o n . I t i s - ' t h e r e f o r e n e c e s s a r y t o t r a c e 

the o r i g i n o f t h e n o i s e to t h e b a s i c p r o c e s s e s g o i n g on i n a 

r e v e r s e - b i a s e d p - n j u n c t i o n ( 2 2 ) . The r e v e r s e c u r r e n t i t s e l f 

depends upon the c a r r i e r g e n e r a t i o n and r e . c o m b i n a t i o n t h r o u g h 

t h e a g e n c y o f deep r e c o m b i n a t i o n c e n t r e s . - The c h a r g e f l u c t u a t i o n 

a t the re c o m b i n a t i o n c e n t r e s i s compensated by an e q u a l c h a r g e 

f l u c t u a t i o n i n t h e f r e e o a r r i e r . d e n s i t i e s . T h i s i s p a s s e d on 

a s n o i s e , -with a f l u c t u a t i o n t ime c o n s t a n t i n t h e e x t e r n a l 

c i r c u i t . U s i n g t h e B h o c k l e y - H e a d - H a l l ( 2 3 ) s t a t i s t i c s the 

n o i s e s p e c t r u m a s s o c i a t e d with t h i s c h a r g e f l u c t u a t i o n h a s 

been a n a l y z e d by Sah ( 2 4 ) f o r the d e p l e t i o n r e g i o n o f t h e f i e l d -

e f f e c t t r a n s i s t o r . Y/e have extended t h e t h e o r y o f S a h to the 

c a s e o f d e t e c t o r s ( 1 9 ) . I t i s shown t h a t t h e n o i s e power 

s p e c t r u m , d e f i n e d a s t h e mean s q u a r e noi.se p e r u n i t b a n d w i d t h , 
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f o r a d e t e c t o r - a m p l i f i e r s y s t e m i s g i v e n b y 

< S 2 d a > = < E 2 d t > ( 2 / i c ) J V ( l + x 2 ) l I"a x 2 / ( i + a 

I n t h i s e x p r e s s i o n < E ^ ( j a > i s t h e mean s q u a r e d e t e c t o r - a m p l i f i e r 

n o i s e e x p r e s s e d i n k e V 2 ; < E ^ d t > t o t a l mean s q u a r e d e t e c t o r 

n o i s e ( i n k e v 2 p e r u n i t s e n s i t i v e colume o f t h e d e t e c t o r ) i n t h e 
2. I-* 2 

a b s e n c e o f t h e a m p l i f i e r ; x , A x = A c j ^ and a = j C j . 

w i t h e r t h e a n g u l a r f r e q u e n c y where t h e n o i s e i s m e a s u r e d , t h e 

a m p l i f i e r t i m e c o n s t a n t and ^ t h e f l u c t u a t i o n t i m e c o n s t a n t * W i t h 

a c u t - o f f f r e q u e n c y d e f i n e d b y x = x c ( x c -Cfc ^ = 2%fc = 2 i t 2 j p / £ c ) 

l y i n g w e l l b e y o n d t h e maximum o f t h e n o i s e s p e c t r u m a s g i v e n b y t h e 

a b o v e e q u a t i o n , < E 2 ^ a > c a n be e a s i l y i n t e g r a t e d f r o m f = f c t o 

T h e t o t a l mean s q u a r e n o i s e i s t h e n g i v e n b y 

< U 2 d a t > = < E 2 d t > ( 2 A ) / ( 5 a x c 3 ) 

= < B 2 d t > ( 1 / 1 2 ^ ) ( 2 f c 3 / ^ ) 

As i s c l e a r f r o m t h i s e q u a t i o n , e n e r g y r e s o l u t i o n i s e x t r e m e l y 

s e n s i t i v e t o t h e v a r i o u s t i m e c o n s t a n t s and t h e r e f o r e t o t h e 

f a c t o r s t h a t d e t e r m i n e t h e s e t i m e c o n s t a n t s . 

The n o i s e e x p r e s s i o n d e r i v e d h e r e i s q u i t e g e n e r a l a n d 

be u s e d f o r a n y j u n c t i o n - t y p e d e t e c t o r . H o w e v e r , t o c a l c u l a t e 

t h e r e s u l t i o n i t i s n e c e s s a r y t o h a v e c e r t a i n i n f o r m a t i o n 

a b o u t t h e r e c o m b i n a t i o n c e n t r e s . I t i s t h u s n e c e s s a r y t o knovf 
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t h e d e n s i t y , t h e e n e r g y l e v e l . , and the e l e c t r o n - and h o l e -

c a p t u r e c r o s s - s e c t i o n s . U n f o r t u n a t e l y t h i s i n f o r m a t i o n i s 

c o m p l e t e l y l a c k i n g f o r most o f t h e d e v i c e s e x c e p t f o r d i f f u s e d 

s i l i c o n d o t o e t o r s . U s i n g the a v a i l a b l e d a t a f o r s i l i c o n and 

t a k i n g a t y p i c a l catn- o f a = TO ( = 'J.m s e c = 0 . 7 A s e c ) , 

x_ = 1 0 " ( (,. = 0 . 4 5 ,'n s e c ) , / B^., \ - - 10 - l:eVw o e r u n i t volume 
O V \ U L / 

( « 1 0 0 0 o h m - c m ) , W = 10""**cm and a r e a o f the d e t e c t o r = 1 o n * , 

t h e e n e r g y r e s o l u t i o n i s < " ' E , . ^ = 1 5 k e V . T h i s seems to be 
\ u a u / . 

a r e a s o n a b l e v a l u e a g r e e i n g w i t h the e x p e r i m e n t a l l y o b s e r v e d 

b e s t r e s o l u t i o n s ( 5 ) . 

So f a r we have been c o n s i d e r i n g t h e g e n e r a t i o n - r e c o m -

b i n a t i o n n o i s e i n the b u l k o f the s e m i c o n d u c t o r . Of c o u r s e 

p r o c e s s e s c o n t i n u o u s l y o c c u r on t h e s u r f a c e o f t h e s e i a i c o n d u c t o r 

and i n s e v e r a l i n s t a n c e s d e c i s i v e l y d e t e r m i n e the u s e f u l n e s s o f 

t h e d e v i c e . But any a t t e m p t i n e s t i m a t i n g the c o n t r i b u t i o n t o 

n o i s e f r o m t h i s s o u r c e i s c o m p l e t e l y hampered by t h e a w e f u l 

^ i g n o r a n c e a b o u t t h e s u r f a c e . S e v e r a l f a c t o r s a l t e r t h e c h a r a c t -

e r i s t i c s i n many w a y s . T h u s t o enumerate j u s t , a few e x a m p l e ; 

a d s o r p t i o n o f p o l a r m o l e c u l e s w i l l i n d u c e s u r f a c e , s t a t e s w h i c h 

c a n a c t a s t r a p s o r r e c o m b i n a t i o n c e n t r e s ; p r e s e n c e o f c h a r g e 

w i l l e i t h e r a t t r a c t o r r e p e l t h e f r e e c h a r g e f r o m t h e b u l k 

t h u s g i v i n g r i s e t o s p u r i o u s c a p a c i t i v e e f f e c t s ; f o r m a t i o n 

o f i n v e r s i o n l a y e r on the p - n j u n c t i o n w i l l p r e v e n t a p p l i c a t i o n 

o f l a r g e r e v e r s e b i a s e s . However, a w o r k a b l e c o n t r o l o v e r t h e 

s u r f a c e p r o p e r t i e s c a n be o b t a i n e d by c h e m i c a l t r e a t m e n t s , 
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by t h e r m a l c y c l i n g i n d i f f e r e n t a m b i e n t s , by the a p p l i c a t i o n 

o f e l e c t r i c f i e l d s d u r i n g ? s a y . c o o l i n g o f the G e ( l d ) d e t e c t -

o r s , o r by s e v e r a l c o m b i n a t i o n s o f t h e s e p r o c e s s y s . I n e s s e n c e , 

s u r f a c e c o n t r o l i s an a r t and r e c i p e s .have to be worked out f o r 

s p e c i f i c p r o b l e m s , 

Y . COHGTj UDI-TG ftl&IABES i 

I n t h e f o r e g o i n g d i s c u s s i o n we have been c D n s i d o r l a g 

o n l y a few o f t h e b a s i c a s s e c t s c o n n e c t e d w i t h the d e t a i l s o f 

d e t e c t i o n i n a s e n v i c o n d a c t o r c o u n t e r , The d e t e c t o r l i t e r a t u r e 

i s r e p l e t e w i t h s e v e r a l e f f e c t s and d e f e c t s — j u s t t o m e n t i o n 

one o f e a c h c a t e g o r y we h a v e t h e i o n c h a n n e l i n g e f f e c t ( 2 5 ) and 

t h e f i s s i o n f r a g m e n t p u l s e h e i g h t d e f e c t ( 2 6 ) . T h e r e f o r e w h i l l e 

t r y i n g t o p r e s e n t a c o n s i s t e n t p i c u t r e o f t h e d e t e c t i o n m e c h a n i s m 

i t was f e l t n e c e s s a r y t o c o n f i n e t o t h o s e a s p e c t s h a v i n g d i r e c t 

b e a r i n g on the s u b j e c t m a t t e r . A l t h o u g h t h i s i s a d i f f i c u l t 

p r o c e d u r e , a s s e v e r a l a s p e c t s a r e i n t e r - r e l a t e d t o e a c h o t h e r , 

a h e a v y s e l e c t i o n o f t o p i c s h a d t o be made. 

F i n a l l y , b e f o r e c l o s i n g t h i s r e v i e w we s h o u l d l i k e to 

make a m e n t i o n o f the p o s s i b i l i t y o f a p r o p o r t i o n a l s o l i d -

s t a t e c o u n t e r , A n o i s e l e s s p - n j u n c t i o n d e t e c t o r o p e r a t e d 

i n a m u l t i p l y i n g mode s h o u l d show improvement i n e n e r g y r e s o -

l u t i o n b e c a u s e o f the- e f f e c t i v e r e d u c t i o n i n the a v e r a g e e n e r g y 

t o p r o d u c e an e l e c t r o n - h o l e p a i r . B u t n o i s e c o n s i d e r a t i o n s a r e 

q u i t e s e r i o u s and seem t o p r e c l u d e the p o s s i b i l i t y o f s u c h a 
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d e v i c e ( 2 7 ) . However , L o c k e r and H u t h ( 2 8 ) h a v e r e c e n t l y i n 

t r e d u c e d a new c o n c e p t o f d e t e c t i o n o f h i g h spend s i n g n a l s 

e v e n i n t h e p r e s e n c e o f e x c e s s i v e n o i s e , 'They u s e a n a v a l -

a n e h i n g ao u n t o u r e d a i r f a c e - t y y e s i l i c o n d e t e c t o r c o u p l e d t o 

a t u n n e l d i o d e f o r t h e d e t e c t i o n o f e x t r e m e l y low erseryy 

e v e n t s . W i t h t h e i r scheme t h e y L a v e been a b l e t o d e t e c t 

x - r a y s down t o 1 . 4 9 k e Y . T h i s c o r r e s p o n d s to t h e d e t e c t i o n 

o f a p u l s e of 400 e l e c t r o n s i n t r o d u c e d i n t o the a v a l a n c h e 

d e t e c t o r . F u r t h e r work i n t h i s f i e l d w i l l bo w a t c h e d w i t h g 

i n t e r e s t , 



T a b l e I . 

E x p e r i m e n t a l v a l u e s o f t h e a v e r a g e e n e r g y 
p e r e l e c t r o n - h o l e p a i r ( cr ) 

a n d F a n o f a c t o r ( F ) 

( e V ) F T e m p e r a t u r e - T y p e o f 
T ° K R a d i a t i o n 

R e f e r e n c e 

b i 

3.61 
3 .79 500 

5 . 4 7 7 MeY - ^ 
3 6 5 keV-e 

B u s s o l a t i e t a l , P h y s . 
R e v . 1 3 6 A , 1 7 5 6 ( 1 9 6 4 > 

.5 . o;> 

3 . 5 3 

1 
3 . 7 9 

3 . 7 2 

- 3 . 3 6 

3 0 0 I n d e p e n d e n t 
o f r a d i a t i o n 

2 9 7 4 . 3 2 , 5 . 3 0 I&Y-

300 20 5 . 4 7 7 M e Y - aC 
3 0 0 - 2 0 1 . 0 6 MeV-e 

6 - 7 7 1 . 0 6 MeV-e 

G o u l d i n g , N u c l . I n s t r . 
and M e t h . 4 3 , 1 ( 1 9 6 6 ) . 

B u y s , N u c l . I n s t r . and 
M e t h . 4 2 , 3 2 9 ( 1 9 6 6 ) . 

Emery and R a b s o n , P h y s , 
" lev. 1 4 0 A , 2 0 3 9 ( 1 9 6 5 ) 

Dodge e t a l P h y s . R e v . 
L e t t e r s 1 7 , 653 ( 1 9 6 6 ) . 

2 . 3 5 

2 . 9 3 

2 . 3 

0 . 3 3 

0 . 2 3 

O . l p 

0 . 5 0 

0 . 3 5 

0 . 1 6 

7 7 

7 7 

7 7 

: - 2 b 1 4 k e V - Y Ewan a n d T a v e n d a l e C a n . 
J . P h y s . 4 2 , 2 2 3 6 ( 1 9 6 4 ) 

1 2 2 - 2 7 5 4 k e V -Y Antmann e t a l N u c l . I n s t r . 
, and Meth. 4 0 , 2 7 2 ( 1 9 6 6 ) . 

1 2 2 - 1 0 , 0 0 0 k e V - " £ Mann e t a l N S - 1 3 , 2 5 2 
( J u n e 1 9 6 6 ) . 
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D I S C U S 3 I 0 i T : 

So .Raraanna: Can y o u t e l l us s o m e t h i n g about the p r e s e n t s t a t u s 

o f p o s i t i o n s e n s i t i v e d e t e c t o r s ? 

R . Y . D e s h p a n d e : T h e s e d e t e c t o r s v/ere i n t e r o d u c e d i n 1 9 6 3 and 

p r e s e n t l y s e v e r a l l a b o r a t o r i e s a r e w o r k i n g on them. However, 

n o n - l i n e a r e f f e c t s s e e n t o be q u i t e s e r i o u s and compromises 

have t o be made t o o b t a i n good r e s o l u t i o n . 

P . N . T i w a r i s What i s maximum d e p l e t i o n l a y e r o f L i - G e d e t e c t o r 

o b t a i n e d so f a r ? 

R . Y . D e s h p a n d e : About 1 5 am. More a p p r o p r i a t e l y , s e n s i t i v e 

v o l u m e s u p t o 54 e& J have been r e p o r t e d , 

P . K . P a t w a r d h a n : V/hat ab >ut n o n - l i n e a r e f f e c t y o u may e n c o u n t e r 

when u s i n g t u n n e l d i o d e .systems f o r n o i s e d i s c r i m i n a t i o n ? 

. R . Y . Deohpande: The p r o p o r t i o n a l s o l i d - s t a t e c o u n t e r I have 

d e s c r i b e d i s e s s e n t i a l l y a d i g i t a l d e t e c t o r . 
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A H I G H RESOLUTION X.-BAJT SPECTROMETER USING 
L I T H I U M D R I F T E D S I L I C O N DETECTOR FOR NUCLEAR 

CHARGE DETERMINATION 

SffSo K a p o o r a n d P . N . Rama Rao 
Bhabha A t o m i c R s s e a r c h C e n t r e , 

T r o m b a y , Bombay. 

I n t h e r e c e n t y e a r s , t h e s e m i c o n d u c t o r d e t e c t o r s a r e 

b e i n g i n c r e a s i n g l y u s e d f o r the h i g h r e s o l u t i o n gamma ray and 

X - R a y s p e c t r o s c o p y a T h i s h a s been made p o s s i b l e by t h e t e c h n o -

l o g i c a l a d v a n c e s i n t h e f a b r i c a t i o n o f t o t a l l y d e p l e t e d t h i c k _ 

d e t e c t o r s 9 w h i c h i n a d d i t i o n t o g i v i n g h i g h r e s o l u t i o n a l s o 

h a v e good d e t e c t i o n e f f i c i e n c i e s , . 

The p r e s e n t p a p e r d e s c r i b e s a p h o t o n s p e c t r o m e t e r s e t 

up a t 'Trombay f o r t h e d e t e r m i n a t i o n o f n u c l e a r c h a r g e s b y 

m e a s u r i n g t h e c h a r a c t e r i s t i c X - R a y e n e r g i e s , I n p a r t i c u l a r t h i s 

s e t up i s - p l a n n e d t o be u s e d f o r t h e s t u d y o f n u c l e a r c h a r g e d i s -

t r i b u t i o n i n f i s s i o n by p h y s i c a l m e a n s . The c o m p l e t e s e t up 

c o n s i s t s o f a c o o l e d L i t h i u m d r i f t e d s i l i c o n d e t e c t o r ; a c o o l e d f i e l d 

e f f e c t .trans'i 'te® :m£un1?e&. 0|? the- t o p .&f - m low n o i s e . , 

p r e a m p l i f i e r .aadi ma-la a m p l i f e r c o n n e c t e d t o a m u l t i c h a n n e l . a n a l y s e r . 

F i g » 1 shows t h e m o u n t i n g a r r a n g e m e n t : . The c o l d f i n g e r 

i s m a i n t a i n e d a t t h e l i q u i d n i t r o g e n t e m p e r a t u r e by a L t y p e 

c r y o s t a t ( 2 ) . The d e t e c t o r i s a t t a c h e d t o a A l u m i n i u m r i n g 

w h i c h i s s e p a r a t e d from t h e c o l d f i n g e r by means o f t h r e e 
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c e r a m i c r o d s w h i c h e l e c t r i c a l l y - i s o l a t e the d e t e c t o r , and a l s o 

p r o v i d e t h e n e c e s s a r y h e a t l e a k to m a i n t i n t h e d e t e c t o r a t 
O ' 

about - 1 4 0 C s w h i c h was found t o be thfe optimum t e m p e r a t u r e 

f o r b e s t r e s o l u t i o n s A n - ^ a n n e l f i e l d e f f e c t t r a n s i s t o r 

a t t a c h e d t o t h e c o l d f i n g e r and c o o l e d t o l i q u i d n i t r o g e n 

t e m p e r a t u r e i s c o n n e c t e d t o the d e t e c t o r w i t h a s p r i n g 

l o a d e d c o n t a c t . The FET i s f o l l o w e d by a p r e a m p l i f i e r o f t h e 

t y p e d e v e l o p e d by E l a d and Hakamura ( 2 ) . The chamber c o n t a i n i n g 

the d e t e c t o r and t h e f i e l d e f f e c t t r a n s i s t o r i s e v a c u a t e d to —7 

a p r e s s u r e o f a b o u t 1 x 1 0 mm o f Hg, by an i o n puinp. The 

d e t e c t o r was o p e r a t e d a t a r e v e r s e b i a s of 300 v o l t s f o r 

optimum energy r e s o l u t i o n performance* 

F i g . 2 shows the s p e c t r a o f gamma r a y s and L - X R a y s e m i t -

2 4 1 

t e d by Am. The e n e r g y r e s o l u t i o n a s measured i n terms o f 

f u l l w i d t h a t h a l f maximum o f 5 9 » 5 7 keV l i n e i s found t o be 

2 . 6 keVo F i g . 3 shows t h e s p e c t r a of X - R a y s and gamma r a y s 
1 3 7 1 3 3 1 5 3 5 7 e m i t t e d from t h e s o u r c e s of C s , B a , ^Gd and C o . The 

s p e c t r a o f K - X R a y s of A g , e x c i t e d by the 5 9 - 5 7 keV gamma 
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r a y s o f Am i s a l s o shown a l o n g w i t h the p o s i t i o n s o f p e a k s 

e x p e c t e d f o r t h e n e i g h b o u r i n g e l e m e n t s * From F i g . 3 i t i s 

e v i d e n t t h a t f r o m the o b s e r v e d p e a k p o s i t i o n s i n t h e . X - R a y 

s p e c t r a f i t i s p o s s i b l e t o u n a m b i g o u s l y d e t e r m i n e the c h a r g e o f 

t h e e m i t t i n g n u c l e u s . Though f u r t h e r improvement i n t h e 

e n e r g y r e s o l u t i o n i s d e s i r e d , e v e n w i t h the p r e s e n t e n e r g y 
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r e s o l u t i o n the ^ s t e m .oaa bo u s e d • f o r n o c - d e s t r u c t i v e 

i d e n t i f i c a t i o n o f e l e m e n t s by e x c i t i n g t h e i r X - R s y s by a n 

exterr&G. gamma s o u r c ® c and r e c o r d i n g , t h e . . . s p e c t r a 6 f the 

s ' l i t t e d X - B a y s / 

The s y s t e m i s p l a n n e d to be u s e d f o r the s t u d y o f 

prompt K I - K a y s e m i t t e d by f i s s i o n f r a g m e n t s t o e n a b l e a 

p h y s i c a l d e t e r m i n a t i o n o f the c h a r g e s o f the fragments , . 

The s p e c t r a of K - X R a y s e m i t t e d by the f r a g m e n t s i n the 
1 2 5 2 

s p o n t a n e o u s f i s s i o n o f O f , a s o b t a i n e d by t h i s s e t u p , i s 

shown i n F i g ,4c 

F u r t h e r improvements i n "the p r e a m p l i f i e r s y s t e m i n -

c l u d i n g c h o i s e o f p r o p e r FET a r e now b e i n g a t t e m p t e d to f u r t h e r 

improve t h e e n e r g y r e s o l u t i o n . . 
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m e a s u r e m e n t s . 
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ON THE DETERMINATION OP CONVERSION RATIOS 
USING- SEMI-CONDUCTOR DETECTORS' 

L . R . K h a r e 
P h y s i c s D e p a r t m e n t 

I n d i a n I n s t i t u t e o f T e c h n o l o g y , K a n p u r 

ABSTRACT. 

C o n v e r s i o n r a t i o s , c o n v e r s i o n e l e c t r o n s p e c t r u m , ^ - s p e c t r u m 

a n d t h e d e c a y s c h e m e s o f some u n c l i d e s ( l i k e ^ ^ S m ) were s t u d i e d 

w i t h g r e a t a c c u r a c y u s i n g f a s t - s l o w c o i n c i d e n c e , 5 1 2 - c h a n n e l 

a n a l y z e r and a N a l ( T l ) ~f - s p e c t r o m e t e r . The b e t a - d e t e c t o r was a 

Molechem S i p - n j u n c t i o n d e t e c t o r ( d e p t h 2 f t , r e s i s t i v i t y 2 0 , 0 0 0 
2 

ohm.cm, a r e 20 mm and a l e a k a g e c u r r e n t = 1 . 5 / t . a m p a t t h e maximum 

r e v e r s e b i a s o f 2 5 0 v o l t s ) . 

The r e s o l u t i o n o f t h e e n t i r e / 3 - s p e c t r o m e t e r v s . r e v e r s e 

b i a s a p p l i e d V was e x a m i n e d u s i n g t h e 624 keV K - c o n v e r s i o n l i n e 

1 3 7 

o f C s w i t h t h e d e t e c t o r at room and d r y i c e t e m p e r a t u r e s . 

C o o l i n g i m p r o v e s the r e s o l u t i o n , b e i n g 1 . 8 pei^cent a t 2 5 0 v o l t s 

r e v e r s e b i a s and d r y i c e - t e m p . , a t w h i c h t h e s y s t e m w a s o p e r a t e d 

f o r a l l m e a s u r e m e n t s . T h e r e i s an i n c r e a s e i n t h e p u l s e - h e i g h t 

r e s p o n s e o f t h e d e t e c t o r w i t h i n c r e a s i n g V f o r a g i v e n l i n e ; i t s 

g r a p h i s o b t a i n e d by n o t i n g t h e c h a n n e l i n w h i c h the l i n e p e a k was 

l y i n g . A g r a p h was p l o t t e d between t h e t o t a l e n e r g y a b s o r p t i o n 

e f f i c i e n c y ( b e i n g t h e r a t i o o f the c o u n t s a t the a p p l i e d r e v . b i a s .i 

V t o t h a t a t 2 5 0 V o l t s ) v s . F o r t h e above t y p e d e t e c t o r 

d e p l e t i o n w i d t h W and V a r e r e l a t e d a s : 

W = 0 . 3 ( V ) 2 m i c r o n s , where f * i s t h e r e s i s t i v i t y 

i n ohm-cm. 
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The d e t e c t o r was c a l i b r a t e d u s i n g s t a n d a r d s o u r c e s and 

p u l s e h t . r e s p o n s e v s . p a r t i c l e e n e r g y was f o u n d t o be l i n e a r . 

C o n v e r s i o n r a t i o s f a u n d by <3im .method, a g r e e v e r y c l o s e l y w i t h 

t h e v a l u e s o f o t h e r w o r k e r s , who u s e d l e n s , m a g n e t i c a n d o t h e r 

s p e c t r o m e t e r s . 
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MEASUREMENT 'OP CAPTURE GAMMAS PROM R E S O N -

ANCE ABSORBERS USING LEAD SPECTROMETER 

Ko C h a n d r a m o l e s w a r , M . P . N a v a l k a r , M . R . P h i s l c e , 
D . V . S . R a m a k r i s h n a and S . K . S a d a v a r t e 

Bhabha A t o m i c R e s e a r c h C e n t r e , Trombay,Bombay • 

INTRODUCTION: 

The ' p r i n c i p l e o f l e a d s p e c t r o m e t e r w h i c h h a s b e e n b u i l t a t 

BARC i n c o n n e c t i o n w i t h an IAEA r e s e a r c h c o n t r a c t p r o j e c t , h a s 

been d e s c r i b e d i n . o u r p r e v i o u s p a p e r s ( 1 , 2 ) . I n b r i e f i t c o n s i s t s 

i n i n j e c t i n g s h o r t b u r s t s o f f a s t n e u t r o n s i n a l e a d a s s e m b l y a t 

t i m e t = 0 w h i c h s low down w i t h t i m e a s a r e s u l t o f e l a s t i c c o l l i -

s i o n s w i t h l e a d n u c l e i . B e c u a s e o f t h e l a r g e mass number (M = 2 0 7 ) 

m o n o e n e r g e t i c n e u t r o n s w i t h a n a r r o w s p r e a d a b o u t mean e n e r g y a r e 

o b t a i n e d a s a f u n c t i o n o f t i m e e l a p s e d f r o m t = 0. An a b s o r b e r 

and d e t e c t o r p l a c e d a t t h e c e n t r e o f t h e a s s e m b l y , i n c o n j u n c t i o n 

w i t h a m u l t i c h a n n e l t i m e a n a l y s e r g i v e s r e a c t i o n r a t e s i n t h e 

a b s o r b e r due t o m o n o e n e r g e t i c n e u t r o n s . 

When t h e n e u t r o n e n e r g y i s h i g h , i t can be shown t h a t t h e 

mean e n e r g y and d i s p e r s i o n o f the d i s t r i b u t i o n a r e g i v e n by 

When 'ii A a n d V a r e t h e i n v e r s e mass number, s c a t t e r i n g mean f r e e 

p a t h o f l e a d and the n e u t r o n v e l o c i t y r e s p e c t i v e l y . 

< t , > LLtL . J _ 

f A • t ; 
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However when t h e n e u t r o n e n e r g y a p p r o a c h e s t h e e n e r g i e s 

a s s o c i a t e d w i t h t h e r m a l e x i t a t i o n o f m o d e r a t o r n u c l e i , t h e d i s p e r -

s i o n i s no l o n g e r e n e r g y i n d e p e n d e n t and can be c a l c u l a t e d u s i n g t i m e 

moments a s g i v e n by W i l l i u m s ( 3 ) . 

t ( e ) - t , O c ( p . ) 

D ( _ e ) = D f . L i * J i ( r ) « f j . . . . . ( 4 ) 

Y/here G(^<.) and j i ) a r e t h e p o s i t i v e f u n c t i o n s of i n v e r s e na s s 

(jx ) and T i s t h e . m e a s u r e of k i n e t i c e n e r g y o f t h e n u c l e u s . 

The m e a s u r e m e n t s o f gamma r a y i n t e n s i t i e s f r o m i s o l a t e d 

r e s o n a n c e s of v a r i o u s a b s o r b e r s a t e n e r g i e s where t h e r m a l m o t i o n 

i n f l u e n c e s , t h e s l o w i n g down p r o c e s s h a v e been made t o v e r i f y t h e 

abovw r e l a t i o n s and t h e r e s u l t s a r e r e p o r t e d i n t h i s p a p e r . 

EXPERIMENTAL: 

The m e a s u r e m e n t s were c a r r i e d out u s i n g s a m p l e s o f A g , A u 9 

T a , H o e t c . A t h i n p l a s t i c s c i n t i l l a t o r was u s e d i n c o n j u n c t i o n w i t h 

a 4 0 c h a n n e l t i m e a n a l y s e r t o r e c o r d c a p t u r e gamma r a y s . The d e -

t e c t o r was c o v e r e d w i t h a b ismuth, s h i e l d o f 2 m„m t h i c k n e s s t o 

a v o i d d e t e c t i o n o f t r a n s i t i o n a n d a c t i v a t i o n gammas. The c a p t u r e 

gamma i n t e n s i t y l y , was n o r m a l i z e d to n e u t r o n d e n s i t y I g m e a s u r e d 

i t h a 1 / v d e t e c t o r s u c h a s B F ^ . I f I r be t h e c o u n t i n g r a t e w i t h w 

r e s o n a n c e a b s o r b e r t h e n 

x r ( t ) * 
- ( 5 ) 

4 1 0 



Where t i s t h e "burst w i d t h 

t.. i s t h e c h a n n e l w i d t h 

n ' i s t h e mo. o f atoms o f t h e a b s o r b e r e l e m e n t p e r c o . 

" t ; l e & o p p B l e r b r o a d e n e d c r o s s s e c t i o n , 

X i s t h e t h i c k n e s s o f t h e a b s o r b e r 0 

RESULTS AND CONCLUSIONS? 

( l y y / ^ j ) a s a f u n c t i o n o f t i m e f o r e a c h e l e m e n t was 

c a l c u l a t e d u s i n g e x p r e s s i o n s ( 1 - 5 ) . I n o r d e r t o s a v e c o m p u t a t i o n 

t i m e t h e d o p p l e r b r o a d e n e d c r o s s s e c t i o n was r e p l a c e d ' by an 

a n a l y t i c a l e x p r e s s i o n g i v e n by E r a s e r ( 4 ) . Column I I I o f T a b l e 

I shows c a l c u l a t e d v a l u e s o f h a l f w i d t h s ( f u l l w i d t h a t h a l f 

maximum) t a k i n g d i s p e r s i o n a s g i v e n by e x p r e s s i o n ( 2 ) w i t h n u c l e i 

c o n s i d e r e d f r e e and a t r e s t ( n a t u r a l b r o a d e n i n g ) , where a s c o l u m n 

I V i n c o r p o r a t e s e f f e c t s due to t h e r m a l m o t i o n i n a d d i t i o n to 

n a t u r a l b r o a d e n i n g and c o l u m n V clue t o n a t u r a l b r o a d e n i n g , '-{thermal 

m o t i o n and a d m i x t u r e o f o x y g e n i n l e a d . I t h a 3 been v e r i f i e d by 

d e n s i t y m e a s u r e m e n t s arid u l t r a s o n i c t e s t i n g t h a t blow h o l e s a r e 

p r e s e n t and a r e i n t r o d u c e d a s a r e s u l t o f c a s t i n g - . ) • T.h6 e x p e r i -

m e n t a l r e s u l t s o f ( 2 y / . X g j were p l o t t e d a s a f u n c t i o n o f t i m e and 

t h e t y p i c a l curves f o r T a and Ho a r e shown i n F i g u r e s ( 1 ) & ( 2 ) . 

The column V I o f t h e T a b l e I g i v e s t h e e x p e r i m e n t a l v a l u e s o f the 

h a l f w i d t h s . I t i s s e e n f r o m t h e T a b l e t h a t the e x p e r i m e n t a l 

h a l f w i d t h f o r a l l t h e e l e m e n t s , e v e n t a k i n g e r r o r s i n t o a c c o u n t 

a r e much h i g h e r t h a n t h e w i d t h s c a l c u l a t e d f o r p u r e l e a d w i t h o u t 
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FIG.1 ( I v / I f t ) AS A FUNCTION OF 't% FOR To 
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t a k i n g i n t o a c c o u n t t h e b r o a d e n i n g c a u s e d by t h e r m a l m o t i o n . An 

—3 

a d m i x t u r e o f o x y g e n (3 x 1 0 p e r l e a d atom) h a s been u s e d f o r 

c a l c u l a t i o n s . The d i f f e r e n c e between c o l u m n s I V and V o f T a b l e 

I i s not a p p r e c i a b l e and i s o f t h e same o r d e r a s t h e e x p e r i m e n t a l 

e r r o r on t h e d e t e r m i n a t i o n o f t h e h a l f w i d t h s . The e f f e c t o f 

a d m i x t u r e c o u l d h a v e been s e e n a t h i g h e r e n e r g i e s where b r o a d e n i n g 

due t o t h e r m a l m o t i o n "which i s a p r e d o m i n a n t f a c t o r a t low e n e r g i e s 

i s much l e s s . E v e n w i t h t h e p r e s e n t e x p e r i m e n t a l e r r o r s i t can 

be s a i d t h a t t h e r e i s b e t t e r a g r e e m e n t b e t w e e n t h e e x p e r i m e n t a l 

v a l u e s o f h a l f w i d t h s and t h e c a l c u l a t e d o n e s t a k i n g i n t o a c c o u n t 

e f f e c t s o f t h e r m a l , m o t i o n and. a d m i x t u r e t h a n t h o s e c a l c u l a t e d 

w i t h t h e r m a l m o t i o n a l o n e . 
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TABLE I 

C a p t u r e r a y m e a s u r e m e n t s ( H a l f W i d t h s ) 

I s o t o p e o f t h e 
e l e m e n t h a v i n g 
r e s o n a n c e 

R e s o n a n c e 
e n e r g y Eo 
i n ev 

C a l c u l a t e d 
h a l f w i d t h 
i n w r s e c s . 
due t o n a t u r a l 
b r o a d e n i n g 
and a v e r a g e d 
o v e r b u r s t and 
c h a n n e l w i d t h . 

C a l c u l a t e d . 
h a l f w i d t h 
i n fjL-sees, 
due to 
n a t u r a l 
b r o a d e n i n g , 
t h e r m a l 
m o t i o n ^and 
a v e r a g e d o v e r 
b u r s t and 
ch an n e 1 w i d t h s 

C a l c u l a t e d 
h a l f w i d t h 
I n f t - s e e s , 
due t o 
n a t u r a l 
b r o a d e n i n g , 
t h e r m a l 
m o t i o n and 
a v e r a g e d o v e r 
b u r s t and 
c h a n n e l w i d t h s . 

E x p e r i m e n t a l 
v a l u e s of h a l f 
w i d t h s i n ^ - s e c s . 

1 , A 1 09 Ag. . 5 . 2 ev 3 1 33 3 7 41 + 1 0 > 

2 A u 1 ^ 4 . 9 , 3 1 55 39 41 + " 

3 , T a 1 8 1 4 . 2 8 31 3 5 38 3 7 + " 

4 . H o 1 6 5 3 . 9 2 3 2 . 5 38 41 43 + 

5 . I b 1 5 9 3 . 3 5 3 5 . 5 4 3 . 5 4 4 - 5 ' • 40 Hr " 

6 . i n 1 1 5 1 . 4 6 62 1 3 9 1 4 4 1 4 0 + 

7 . H h 1 0 3 1 . 2 6 89 1 2 2 1 2 4 1 3 0 + " 



DISCUSSION: 

G . V . A c h a r y a : ( l ) D o e s y o u r c o m p u t a t i o n t a k e i n t o a c c o u n t , 

t h e s h a d o w i n g e f f e c t o f r e s o n a n c e s ? ( g ) A r e y o u r c a l c u l a t i o n s 

v a l i d f o r t h i c k f i l m s a n d a n i s o t r o p i c b e a m s ? 

D . V . S . R a m k r i s h n a n : ( l ) T h i s d o e s n o t a r i s e i n o u r case® 

( 2 ) As c a n be s e e n from t h e e q u a t i o n , a b s o r p t i o n p r o b a b i l i t y 

t a k e s c a r e o f t h e t h i c k n e s s and i s o t o p y i s t a k e n c a r e o f by 

c o s 0 t e r m . 

M . P . N a v a l k a r (Comment) 

The r e s o n a n c e s a r e i s o l a t e d r e s o n a n c e s a n d t h e w i d t h 

o f t h e r e s o n a n c e i s o f t h e o r d e r o f 2 e v . I f we. . take t h e c a s e 

o f a n y e l e m e n t , s a y , s i l v e r we f i n d t h a t two r e s o n a n c e s ( 5 eV and 

1 6 eY) a r e s e p a r a t e d and h e n c e t h e r e i s no i n t e r f e r e n c e from t h e 

r e s o n a n c e o t h e r t h a n t h e d e s i r e d o n e . 
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I 

THERMAL NEUTRON CAPTURE GAMMA-RAYS PROM 5 % o ( n / Y ) 6 % < 
AND 1 5 9 T b ( n , Y ) 1 6 ° T b REACTIONS 

K . S r i r a m a m u r t y , C h . S u r y a n a r a y a n a , 
D . L o S a s t r y and Swami J n a n a n a n d a . 
L a b o r a t o r i e s f o r N u c l e a r R e s e a r c h , 

A n d h r a U n i v e r s i t y , ¥ a l t a i r . 

INTRODUCTION: 

T h e o r e t i c a l a s w e l l a s e x p e r i m e n t a l s t u d i e s ' o f o d d - o d d 

n u c l e i seem t o be p a r t i c u l a r l y i n t e r e s t i n g s i n c e t h e y p r o v i d e 

i n f o r m a t i o n a b o u t t h e r e s i d u a l n e u t r o n - p r o t o n i n t e r a c t i o n . Most 

o f t h e . o d d - o d d i s o t o p e s c a n n o t be, s t u d i e d by t h e g e n e r a l t e c h -

n i q u e o f r a d i o a c t i v e d e c a y , s i n c e t h e y a r e n o t p o p u l a t e d by 

b e t a - d e c a y and h e n c e r e a c t i o n s o f t h e t y p e ( n , Y ) ( d ? p ) a r e 

t a k e n r e c o u r s e t o . , 

The p r e s e n t s t u d i e s c o n c e r n w i t h t h e l e v e l s t r u c t u r e s 

60 160 

o f 2 7 ^ ° 3 3 a n <^ 65"*'1:>95 o ^ " * 0 ^ i s o t o p e s , t h e former b e l o n g i n g 

t o t h e medium-mass r e g i o n and t h e l a t t e r b e l o n g i n g t o t h e deformed 

mass, r e g i o n o f ' a t o m i c n u c l e i , N e u t r o n c a p t u r e gamma r a y s f r o m 

60 Co h a v e b e e n e a r l i e r r e p o r t e d , b u t c o i n c i d e n c e and a n g u l a r 

c o r r e l a t i o n s t u d i e s a r e u n d e r t a k e n , s i n c e no e x c i t e d s t a t e s p i n 

0 

a s s i g n m e n t s h a v e been g i v e n e a r l i e r . I n f o r m a t i o n on Tb i s 

s c a n t y , and we h a v e u n d e r t a k e n t o s t u d y t h e low e n e r g y p a r t o f 

Tb d e c a y scheme u s i n g gamma-gamma c o i n c i d e n c e m e a s u r e m e n t s . 

EXPERIMENTAL D E T A I L S : 

We p l a n n e d t o use t h e E - 1 2 beam h o l e o f t h e 40 MW 

C i r u s at Trombay. I n t e r n a l and e x t e r n a l c o l l i m a t i o n h a s been 

A 
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done and t h e n e c e s s a r y s h i e l d s t r u c t u r e e r e c t e d . The beam i s 

f i l t e r e d f o r g a m m a - r a y s by a 6" l o n g b i s m u t h p l u g a t t h e c o r e -

end and f u r t h e r by a 4-" l o n g b i s m u t h a t t h e r e a c t o r w a l l - e n d 0 

I n o r d e r t o e n a b l e t h e e f f e c t i v e r e m o v a l o f the s i z e a b l e f a s t -

n e u t r o n c o n t e n t , s e v e r a l s e l e c t e d q u a r t s , c r y s t a l s are c o r e d and 

f a c e d to the 3 . 5 " d i a m e t e r n e u t r o n c o l u m n , f o r a l e n g t h o f 8 " . 

T h i n s a m p l e s o f s p e c p u r e m a t e r i a l s a r e u s e d f o r s i n g l e s 

and c o i n c i d e n c e s t u d i e s i n t h e . l o w - e n e r g y r e g i o n . I n t h e c a s e 

o f c o b a l t , t h e s a m p l e i s a f o i l o f -jjr" d i a m e t e r and i n t h e c a s e 

o f T e r b i u m , T e r b i u m o x i d e powder i s s a n d w i t c h e d u n i f o r m l y i n 

between v e r y t h i n c e l l o p h a n e and f i l t e r p a p e r s o f d i a m e t e r . 

The b a c k - g r o u n d c o n t r i b u t e d due t o c e l l o p h a n e ' i s q u i t e s m a l l , 

and i s t a k e n a c c o u n t o f . F o r a n g u l a r c o r r e l a t i o n s t u d i e s , O o b a l 

i n t h e f o r m o f a r i g h t c i r c u l a r c y l i n d e r , l o n g and 5 cm. i n 

d i a m e t e r , i s e m p l o y e d . 

The. n e u t r o n beam, c o . l l i m a t e d t o 1 " i n d i a m e t e r w i t h , an 
6 2 

i n t e n s i t y o f 1 0 n e u t r o n s / s e c / c m a t - t h e t a r g e t p o s i t i o n , l e a v e s 

t h e s h i e l d i n g t h r o u g h 1 . 5 " i . d . B ^ G t u b e ( s h i e l d e d o u t s i d e w i t h 

l e a d and p a r a f f i n ) , t o be f u r t h e r a t t e n u a t e d and l e d t o t h e beam 

c a t c h e r . The t a r g e t i s l o o k e d a t by two s c i n t i l l a t o r s e a c h 

' mounted on EGA 6 8 1 0 A p h o t o m u l t i p l i e r t u b e s , w e l l s h i e l d e d by 

l e a d , B ^ C , p a r a f f i n and L i 2 C.Oj - and t h e s h i e l d i n g l a y o u t i s a s 

shown i n f i g u r e 1 . . The s c a t t e r e d n e u t r o n s a r e p r e v e n t e d to 

e n t e r t h e c r y s t a l s by e n r i c h e d 6 L I o C 0 , a t t h e i r f a c e s . The 
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b a c k g r o u n d i s f o u n d t o be 2 , 5 0 0 c o u n t s / p e r s e c . o v e r a n i n t e -

g r a l b i a s o f 50 k e V . 

The s p e c t r o m e t e r u t i l i s e s a t r a n s i s t o r i z e d f a s t - s l o w 

t r i p l e c o i n c i d e n c e a s s e m b l y w i t h a r e s o l v i n g t i m e o f 3 0 ns;-;.ec. 

The s i n g l e s and c o i n c i d e n c e s p e c t r a a r e t a k e n u s i n g the TMC 400 

m u l t i c h a n n e l a n a l y s e r of t h e Van de G r a a f f L a b o r a t o r i e s . F o r 

a n g u l a r c o r r e l a t i o n s t h e m o v a b l e c o u n t e r i n t h e v e r t i c a l p l a n e 

i s c o n t r o l l e d and a u t o m a t e d by the e l e c t r o n i c c o n t r o l u n i t . 

EXPERIMENTAL RESULTS % 

The s i n g l e s p e c t r a a r e o b s e r v e d w i t h s c i n t i l l a t i o n c o u n t e r 

1 3 7 w h i c h h a s a r e s o l u t i o n o f 8 . 4 $ f o r the 662 keV Cs p e a k . 

60 

The low e n e r g y s p e c t r u m of Co i s f o u n d to h a v e e n e r g y 

components o f 60 - , 1 5 8 ' - , 2 3 0 - , 2 8 0 - , 390 - , 4 5 0 5 1 0 and 

5 5 0 k e V . The c o i n c i d e n c e s p e c t r a a r e t a k e n by g a t i n g e a c h o f 

t h e s e , c o m p o n e n t s . 

C a l c u l a t i o n s f o r e s t i m a t i o n o f the i n t e n s i t i e s f r o m w h i c h 

t h e b r a n c h i n g r a t i o s n a y be o b t a i n e d are programmed on CDC 3600 

a t T . I . P . R . 

1 6 0 

The low e n e r g y s p e c t r u m o f Tb c o n t a i n s 7 6 , 9 8 , 1 4 5 , 

1 8 5 , 2 2 3 , 2 5 3 , 2 9 2 , 3 4 0 , 4 1 6 and 640 k e V l i n e s and c o i n c i d e n c e s 

o f e a c h o f t h e s e l i n e s w i t h o t h e r s a r e i n v e s t i g a t e d . 

The o b s e r v e d gamma e n e r g i e s and t h e i r c o i n c i d e n c e modes 

f o r t h e low e n e r g y p a r t a r e l i s t e d i n T a b l e I . 
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The n u c l e u s ^ C o h a s 2 7 p r o t o n s and 33 n e u t r o n s and 

a c c o r d i n g to s h e l l model t h e p r o t o n c o n f i g u r a t i o n nay be g i v e n 

a s ( i f , n e u ^ r o n c o n f i g u r a t i o n a s ( £ 5 / 2 ^ p 3 / 2 ^ ° 

F o r t h e o d d - g r o u p model t h e g r o u n d and l o w - l y i n g c o n f i g u r a t i o ns 
6 q ^ 

f o r Co may be r e s u l t i n g due t o t h e ( f y ^ ^ p r o t o n h o l e and 

t h e ( p j ^ ) n e u t r o n h o l e , , S u c h a c o u p l i n g w i l l r e s u l t i n a s e t 

*4" H* H-

o f l e v e l s w i t h s p i n s 2 , 3 > 4 , 5 , t h e o r d e r i n g o f w h i c h w i l l 

be s e n s i t i v e t o t h e n a t u r e of t h e r e s i d u a l p r o t o n - n e u t r o n i n t e r -

a c t i o n a n d t h e o r e t i c a l c a l c u l a t i o n s a i m i n g a t a c h i e v i n g t h e 

l e v e l o r d e r i n g h a v e been a t t e m p t e d by s e v e r a l a u t h o r s . 
"16 0 

The d e f o r m e d Tb n u c l e u s may be t h e o r e t i c a l l y d e s c r i b e d 

by t h e N i l s s o n m o d e l and t h e g r o u n d s t a t e h a s a s p i n o f ' T j w i t h 

t h e c o n f i g u r a t i o n g i v e n a s ^ 4 1 

1 t + 5 2 1 ' ^ l N i l s s o n and M o t t e l s o n 

h a v e a l s o g i v e n e n e r g y l e v e l s i n t e r m s o f N i l s s o n o r b i t a l s f o r 

odd p r o t o n a n d odd n e u t r o n . The p r e s e n t e x p e r i m e n t i s an a t t e m p t 

t o compare t h e o r e t i c a l c o n c l u s i o n s w i t h e x p e r i m e n t a l o b s e r v a t i o n s . 

S i n c e t h e computer c a l c u l a t i o n s h a v e not b e e n r e a d y t h i s d i s -

c u s s i o n may be termed a s i n c o m p l e t e . The r e s u l t s a r e e x p e c t e d 

t o be c o m m u n i c a t e d soon a f t e r the computer c a l c u l a t i o n s are o v e r . 
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T a b l e I . 

The o b s e r v e d l o w e n e r g y gamma r a y s t o g e t h e r 
w i t h t h e i r c o i n c i d e n c e modes. 

6 0 C o l 6 0 T b 

E n e r g y o f E n e r g y compo 
t h e gamma n e n t s wit," 
r a y i n keV w h i c h co i n e -

a r e o b t a i n e d 
i n keV 

6 0 1 5 3 , 2 3 0 , 4 5 0 , 7 6 1 4 5 , 1 3 5 , 2 5 3 , 

5 1 0 , 5 5 0 2 9 2 , 3 4 0 , 6 4 0 

1 5 3 6 0 , 2 8 0 9 3 1 4 5 , 1 8 5 , 2 5 3 

230 6 0 , 2 8 0 , 5 1 0 1 4 5 7 6 , 9 3 , 135 , 

2 9 2 , 4 1 6 

2 8 0 1 5 8 , 2 3 0 1 8 5 • 7 6 , 9 3 , 1 4 5 , 

1 8 5 , 3 4 0 

3 9 0 5 5 0 2 2 3 4 1 6 

4 5 0 6 0 2 5 3 7 6 , 9 8 

5 1 0 6 0 , 2 3 0 2 9 2 7 6 , 1 4 5 

5 5 0 6 0 , 3 9 0 3 4 0 7 6 , 1 3 5 

E n e r g y o f E n e r g y Components 
t h e gamma w i t h w h i c h c o i n c -
r a y i n a r e o b t a i n e d 

k e Y i n 
keV 
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STUDY OF THE A ( n , p ) C l REACTION 

M . L . J h i n g a n , Roshan R i v e t n a and E . K o n d a i a h 
T a t a I n s t i t u t e ' o f F u n d a m e n t a l R e s e a r c h 

C o l a b a , Bombay. 

A p r e l i m i n a r y r e p o r t on t h e s t u d y o f the A ( n , p ) C l 

r e a c t i o n i n d u c e d by 1 4 MeV n e u t r o n s i s p r e s e n t e d h e r e . A 

m o d i f i e d v e r s i o n o f A l l a n ' s Camera ( 1 ) was used f o r t h i s s t u d y . 

I l f o r d K2 e m u l s i o n s o f 400 m i c r o n s t h i c k n e s s were u s e d as 

d e t e c t o r s . The g e o m e t r i c a l s e t up i s shown i n f i g . 1 . The 

c y l i n d r i c a l chamber was l i n e d w i t h l e a d c o a t e d g r a p h i t e to 

s t o p p r o t o n s from t h e b r a s s w a l l s o f t h e chamber. The chamber 

was f i l l e d w i t h c h e m i c a l l y p u r e a r g o n g a s a t one a t m o s p h e r i c 

p r e s s u r e . The p r o t o n s from t h e A ( n , p ) C l r e a c t i o n were r e c o r d e d 

i n the e m u l s i o n p l a t e p l a c e d a t the c e n t r e bottom o f t h e 

c h a m b e r . An i d e n t i c a l e x p o s u r e w i t h vacuum' i n s i d e t h e chamber 

s e r v e d a s t h e b a c k g r o u n d . 

An a r e a o f 1 cm x 1 cm a t t h e c e n t r e o f t h e e m u l s i o n 

was s c a n n e d . T r a c k s o r i g i n a t i n g from t h e s u r f a c e of t h e 
o 

e m u l s i o n and h a v i n g d i p a n g l e s l e s s t h a n 1 0 were measured 

t o e n s u r e t h a t the e f f e c t i v e g a s volume e l e m e n t s were t h e same 

a t a l l a n g l e s . F u r t h e r , o n l y t r a c k s l y i n g above 3 . 3 MeV were 

s c a n n e d . The s p a c e a n g l e and e n e r g y o f each t r a c k was 

c a l c u l a t e d w i t h t h e h e l p o f t h e CDC 3600 Computer o f T . I . P . R . 

The c o r r e c t i o n s f o r d i v e r g e n c e o f n e u t r o n beam and l o s s o f 
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e n e r g y were a p p l i e d . Due t o e x t e n d e d t a r g e t geometry^ t h e 

e n e r g y r e s o l u t i o n was not veqr g o o d . A t a p r o t o n e n e r g y 

o f 8 MeV,. t h e u n c e r t a i n t y i n e n e r g y was + 0 . 5 MeV. 

F i g - 2 shows the e n e r g y d i s t r i b u t i o n o f p r o t o n s a r i s i n g 

from t h e A ( n ' , p ) C l r e a c t i o n . The Q v a l u e f o r t h e ^ A ( n ; . p 

r e a c t i o n i s 6 . 7 1 8 3 MeV and the n a t u r a l abundance o f ^ A i s 

99-.6$-, S o , one s h o u l d n o t e x p e c t t r a c k s above 7 . 3 MeV B u t , 

i n f i g . 2 , q u i t e a good number of t r a c k s a r e p r e s e n t above 

7 . 3 MeV, l^hese may be due t o the c o n t r i b u t i o n from t h e 

5 6 A ( n , p ) 5 6 C l r e a c t i o n f o r w h i c h t h e Q v a l u e i s 0 . 0 6 9 0 MeV. 

The abundance o f 3 6 A i s o n l y 0 , 3 6 $ , but t h e 5 6 A ( n , p ) 5 6 C l 

r e a c t i o n - h a s a c r o s s s e c t i o n 16 t i m e s ' l a r g e r "':han t h a t f o r 

the ^ A ( n , p ) ^ ° C l r e a c t i o n , a s r e p o r t e d by G a r d n e r ( 2 ) , 

F u r t h e r , i t i s p o s s i b l e t h a t most o f t h e c o n t r i b u t i o n s due 

40 / \ 4 0 t o t h e A ( n , p ) C I r e a c t i o n may be l y i n g below 3*8 MeV, w h i l e 
7 /' <7 

the A ( n , p ) C I r e a c t i o n w i l l c o n t r i b u t e q u i t e a b i t i n 

h i g h e r e n e r g y r e g i o n . We a re t r y i n g t o a n a l y s e t h i s p o i n t 

f u r t h e r , F i g . 3 show3 the a n g u l a r d i s t r i b u t i o n o f t h e t r a c k s 

l y i ng ab ove 3 . 8 MeV. 

REFERENCES: 

1 . E« K o n d a i a h and R , P a t e 1 1 ? Nuovo Cifcantoo 

4 2 ; , 2 9 7 ( 1 9 6 6 ) 

2 . D . G . G a r d n e r , N u c l . P h y s , 2 9 , 3 7 3 ( 1 9 6 2 ) 

* On L e a v e 

P r e s e n t a d d r e s s ; P r o f e s s o r and Head o f t h e Department s 
L a b o r a t o r i e s f o r N u c l e a r S t u d i e s , A n d h r a U n i -
v e r s i t y , W a l t a i r . 
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D I S C U S S I O N : 

36 
S . K . G u p t a s The p e r c e n t a g e o f A r i s v e r y s m a l l arri e v e n a 

f a c t o r o f 1 6 c a n n o t a c c o u n t f o r i t . T h i s i n d i c a t e s t h a t the 
-2 £ "z C. 

A r ( n , p ) C I must he much l a r g e r ? 

40 M . L . J h i n g a n s T h i s may be due t o t h e f a c t t h a t Ar may c o n t r i b u t e 

36 

m o s t l y i n t h e e n e r g y r e g i o n o f 3 . 8 MeV o r l o w e r w h i l e A r ( n , p ) 

may c o n t r i b u t e m o s t l y i n the e n e r g y r e g i o n more t h a n 3 . 8 MeV. 

We a r e t r y i n g t o a n a l y s e t h i s p o i n t f u r t h e r . 
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EVALUATION OP NEUTRON CROSS-SECT IONS ON THE 
BASES OP OPTICAL AND S T A T I S T I C A L MODELS 

S . B . G a r g 
R e a c t o r E n g i n e e r i n g D i v i s i o n 

Bhabha A t o m i c R e s e a r c h C e n t r e , Trombay 

The p h e n o m e n o l o g i c a l a p p r a o c h t o O p t i c a l model ( l ) , ( 2 ) 

i s b e i n g w i d e l y u s e d t o u n d e r s t a n d t h e n u c l e o n - n u c l e u s i n t e r a c t i o n s 

f o r h e a v y and medium w e i g h t n u c l e i b o t h i n t h e i n t e r m e d i a t e - and 

h i g h e n e r g y r e g i o n s . O p t i c a l model combines i n i t t h e a s p e c t s o f 

t h e s t r o n g i n t e r a c t i o n (compound n u c l e u s model) and s i n g l e p a r t i c l e 

t h e o r i e s ( s h e l l m o d e l ) . I t p r o v i d e s a mechanism t o a p p l i e d 

s c i e n t i s t s t o i n t e r p o l a t e and e x t r a p o l a t e measured q u a n t i t i e s l i k e 

t o t a l and e l a s t i c c r o s s - s e c t i o n s . I t d e t e r m i n e s t h e " s h a p e e l a s t i c " 

and " r e a c t i o n 1 ' c r o s s - s e c t i o n s . The l a t t e r must be d i v i d e d i n t o 

e l a s t i c and i n e l a s t i c components u s i n g s t a t i s t i c a l t h e o r y o f H a u s e r 

a n d . F e s h b a c h ( 3 ) . T h u s 

(Tt - CT5e -+• (jp, (^Optical tYloJLGl) 

<rr * ^ e T h w n w a r ^ 

The d e s c r i p t i o n o f n e u t r o n - n u c l e u s i n t e r a c t i o n s i s o f g r e a t 

i n t e r e s t t o t h o s e who a r e engaged i n t h e d e s i g n of n u c l e a r power 

r e a c t o r s and i n p a r t i c u l a r t h e knowledge o f * e l a s t i c and i n e l a s t i c 

c r o s s - s e c t i o n s t o g e t h e r w i t h t h e i r a n g u l a r d i s t r i b u t i o n s i s q u i t e 

s i g n i f i c a n t i n d e t e r m i n i n g t h e i r n e u t r o n i c b e h a v i o u r . 

The O p t i c a l -model combined w i t h t h e s t a t i s t i c a l t h e o r y c a n 

be p r o f i t a b l y employed t o o b t a i n i n f o r m a t i o n on e l a s t i c and i n -

e l a s t i c s c a t t e r i n g e v e n i n t h o s e r e g i o n s v/here measurements a r e 
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l a c k tr ig. To c a l c u l a t e i n e l a s t i c . c r o s a - s e c t i o n s t h e knoviL edge o f t h e 

e n e r g y l e v e l s o f the t a r g e t n u c l e u s i s e s s e n t i a l . Anj* u n c e r t a i n t y 

i n t h e e n e r g y l e v e l s - t h e i r s p i n s and p a r i t i e s would be r e f l e c t e d 

i n t h e s e c a l c u l a t i o n s ; Prom the p r e d i c t e d a n ^ i l - i r d i s t r i b u t i o n s 

one c a n o b t a i n p - t h e . a v e r a g e c o s i n e o f t h e s c a t t e r i n g -angle i n 

t h e L a b o r a t o r y s y s t e m an;] t h e n t h e t r a n s p o r t c r o s s - s e c t i o n w h i c h i s 

a k e y to - r e a c t o r c a l c u l a t i o n s a c c o r d i n g ' t o fchs f o l l o w i n g r e l a t i o n : 

< r % . ^ - F^ei 

I n t h e o p t i c a l model a n a l y s i s the S.c l ir '3dinger e«jn. i s 

n u m e r i c a l l y s o l v e d to o b t a i n ty. - the r e l a t i v e a m p l i t u d e of the 

o u t g o i n g wave with the ' f o l l w o i n g c o m a l e x p o t e n t i a l : 

v ( * ) = - U f O ) - i W 3 ( * ) - vs0 k t y /<r-

where 

= ( f a ) * i ( r ^ / ^ J 
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On t h e b a s i s o f H a u s e r - J ? e s h b a c h t h e o r y ( 4 ) the i n e l a s t i c 

c r o s s - s e c t i o n and i t s a n g u l a r d i s t r i b u t i o n a r e - g i v e n by 

= ^ T ) I V (£'\ 

J l 1 r.„. j £ ' \ 

f j ' t v K 

x t f - T 2 ( l ' j ' V j ' , i L ) Z ( l j * j . l L ) 

x V ( j j ' j j i ' L ) u ( r i J J > J i ) 

CA1CUIA T I 0 M 3 : 

I n t h e p r e s e n t work we h a v e computed n e u t r o n c r o s a - s e c t i o n s 

f o r C r , Z r , Mo and Cd w h i c h f i n d a f r e q u e n t u s e i n 

r e a c t o r s i n t h e MeV r e g i o n y / i t h the A B A C U S - 2 Code ( 5 ) . I n t h e 

58 SO 

a n a l y s i s o f O r , ' "LTi we h a v e u s e d the S a x o n f o r m o f p o t e n -

t i a l b o t h f o r t h e • r e a l and i m a g i n a r y parts and h a v e .not i n c l u d e d 

t h e s p i n - o r b i t t e r m s i n c e i t only a f f e c t s t h e p o l a r i z a t i o n ao d 

a n g u l a r d i s t r i b u t i o n s w h i c h we h a v e not c a r e d bo f i t - t h e d a t a b e i n g 

v e r y m e a g r e . The l o c a l o p t i c a l p a r a m e t e r s s c a n n e d t o g i v e good 

f i t s t o t h e measured t o t a l c r o s s - s o o t i o n s i n the e n e r g y r e g i o n 

0 . 1 t o 4 . 0 MoV for C r , and b 0 M are g i v e n b e l o w : 
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C r 

U = 45oO MeY; a = 0 . 5 fm; V 3 0 = 0 ; r = 1 . 4 5 fm and t h e 

v a l u e s of V/ chos en a r e 

( i ) E - 0 5 rfeU ; kf--6>0(*kl/ 

[tij 0-5 < £ <C ^ o flkl; 

5 8 N i & S 0 M 

U = 4 5 . 0 MeY; a = 0 . 5 fe; Y s o = 0 and t h e v a l u e s of r 

and !:7 a r e 

0) 0-1$ E < 0'5 MM ; ts MM ; f 

(iO ?S ) 5 W ' } r * 

(ay /-5 < £* < 3'$Me\J ; U- $ / M ) P- /'3S f*i 

(iv) i-3$fin 

Below 0 . 5 MeY c r o s s - s e c t i o n s show f l u c t u a t i o n s and t h u s i t 

i s n o t p o s s i b l e t o o b t a i n - s u f f i c i e n t l y e n e r g y a v e r a g e d d a t a to make 

o p t i c a l m o d e l c a l c u l a t i o n s ,7hich a r e m e a n i n g f u l . The c a l c u l a t e d 

and measured c r o s s - s o o t i o n s are com pv. r e d i n T a b l e I . I n t h e o e com-

p u t a t i o n s t h e a t t e m p t ha& boon t o f i n d a v e r a g e o p t i c a l p a r a m e t e r s 

w h i c h can g i v e r e a s o n a b l e f i t s i n c e r t a i n e n e r g y r e g i o n s r a t i i o r 

t h a n to f i n d p o i n t - p a r a m e t e r s v/hioh g i v e t h e b e s t f i t t o i n d i v i d u a l 

e n e r g y p o i n t s . U s i n g the a <3 par t-ra^ t o r s an.v1 t h e e n e r g y l e v e l s f r o m 

the d a t a dlicwto wo hr..vu c a l c u l a t e d e l a o t i o aud I n e l a s t i c c r o e a -

s e c t i o n s . 
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I n t h e c a s e o f Z r , Mo and Gd c r o s s - s e c t i o n s h a v e been c a l -

c u l a t e d i n t h e e n e r g y r a n g e 1 . 0 t o 1 0 . 0 MeV. F i v e p a r a m e t e r s 

U , W 9 a , b and r were v a r i e d to o b r a i n b e s t f i t s by k e e p i r g V s o f i x e d 

a t z e r o . The c a l c u l a t e d and m e a s u r e d d a t a a r e compared i n T a b l e I I . 

We h a v e not c a l c u l a t e d compound e l a s t i c and i n e l a s t i c c r o s s - s e c t i o n s 

f o r t h e s e m a t e r i a l s s i n c e we h a v e not h a d a n a d e q u a t e i n f o r m a t i o n jt -> 

on t h e i r e n e r g y l e v e l s . We h a v e u s e d t h e G a u s s i a n f o r m o f p o t e n t i a l 

f o r t h e i m a g i n a r y p a r t and t h e S a x o n f o r m o f p o t e n t i a l f o r t h e 

r e a l p a r t . 1'he p a r a m e t e r s s e a r c h e d are g i v e n b e l o w : 

2% 

0) E-I'O Well ; V^kOMeV; a - U OSfm ; I'SSSA 

(f0 <2 U-tfOM&j fn?-} r = j $6~frr> 

Ma 

( f ) E^/'O/mV) U ~ jfOMzV ^ t f f f k V ; a-4~0S f m ; 

(iO a* o - t A , ; J^e&y^ 

CtL 
~ (i) E - i-otYhtf -f U-iorteVy o * f m ; ^ t'5*** 

( i f ) /<£•< W W ; U r = 6 0 f W j W^llf.flk!/ O S f m ', fir/ JSf*? 

(lit) 
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D I S C U S S I O N : 

E . Ko n d a i ah (C o n e n t ) : -

R o s e n h a s f i t t e d a l a r g e amount o f p o l a r i z a t i o n and o t h e r 

d a t a u s i n g n u c i e o n - n u c l e o n o p t i c a l p o t e n t i a l whose d e p e n d e n c e 

on t h e e n e r g y a n d o t h e r p a r a m e t e r s s u c h a s A and Z i s e x p l i c i t l y 

g i v e n . The v a r i o u s p o t e n t i a l s ' u s e d i n y o u r c a l c u l a t i o n s may be 

e x p l a i n e d i n t e r m s o f R o s e n ' s p o t e n t i a l s . 

A . S . ' D i v a t i a : Have y o u compared t h e s e p a r a m e t e r s w i t h t h o s e 

o b t a i n e d by R o s e n f r o m p o l a r i s a t i o n e x p e r i m e n t s ? How do t h e y 

c o m p a r e ? 

S . B . Grarg; We h a v e not cared, t o compare o u r p a r a m e t e r s w i t h 

t h o s e o f R o s e n , t h o r e a s o n b e i n g t h a t Ho sen o b t a i n e d p a r a m e t e r s 

on p r o t o n s by f i t t i n g t h e p o l a r i z a t i o n and e l a s t i c s c a t t e r i n g 

d a t a and t h e p a r a m e t e r s can v a r y q u i t e a b i t i f a l l t h e s e 

phenomena a r e t o be r e p r e s e n t e d v / e l l . 

4 3 2 



T a b l e I . 

f — 

E 

(MeV J 
' Or ' i 

bO„. 
N i 

f — 

E 

(MeV J •. * 

f — 

E 

(MeV J 
C l a c u l a t e d M e a s u r e d C a l c u l a t e d I M e a s u r e d C a l c u l a t e d l J t 

• n ^ t r t | 

0 . 5 3 , 2 7 3 - 2 7 3 . 9 1 3 -33 3 . 9 6 

0.-3 3 . 0 1 2 . 3 0 3 <. 5 0 3 . 4 2 3 . 5 6 

1 . 0 3 . 1 1 2 . 7 6 3 . 3 3 3 . 3 4 3 * 4 1 

1 . 5 3 . 3 8 3 . 1 0 3 . 2 4 3 . 2 5 3 »23 

2 , 0 3 . 5 2 4 , 1 4 3 . 2 2 3 , 2 1 3 - 2 9 

2 . 5 3 . 5 5 3 . 6 0 3 . 3 2 3 . 2 0 3 , 3 7 

3 . 0 3 . 5 4 3 , 7 0 3 . 3 4 3 . 3 3 3 3 9 

3 . 5 3 . 4 9 3 . 7 6 3 . 3 6 5 . 3 9 3 . 3 9 

4 e 0 3 . 4 3 3 =80 3 . 4 7 3 . 4 5 3 . 5 0 

* A l l c r o s s - s e c t i o n s a r e i n b a r n s 
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T a b l e I I . 

Z r i. : Mo Cd 
j E C a l G a l - • Gal— 
l ( M e V ) i c u l a t e d . M e a a i ^ t d > c u l a t e d ; Measured ! o u l a t ~ d j M e a s u r e d ' 

! J cr-t <r-t r - t <Tt ; 0 % • ( T t | 
; 

1 . 0 7 . 2 4 7 . 2 0 

-

6 . 6 0 6 . 6 0 6 . 6 5 6 , 7 0 

2 „ 0 4 . 2 3 4 - 8 0 4 , 2 0 . 5 . 1 0 5 . 6 5 5 . 5 0 

2 . 5 4 , 4 4 . 4 . 5 0 4 , 2 1 4 . 5 0 5 . 1 2 5 . 0 0 

3 . 5 4 , 3 3 4 . 3 0 4 . 0 8 . 3 , 9 5 4 . 2 5 4 . 2 0 

4 . 5 ' 4 . 0 0 4 . 0 0 3 . 3 6 
• 

3 . 3 0 4 . 1 3 4 . 1 0 

5 , 0 3 . 8 4 3-. 9 0 3 . 7 6 3 . 8 0 4 . 3 0 4 , 1 0 

6 . 5 3 . 7 3 4 , 0 5 4-0 3 . 9 5 4 . 2 3 4 . 1 0 

7-5 - 4 , 2 1 4 . 2 0 3 . 9 9 4 . 0 0 4 . 1 0 4 . 1 0 

3 . 0 4 . 2 7 V 4 . 3 0 3 . 9 3 4 . 0 5 4 . 0 5 4 . 10 

9 . 0 4 . 1 6 4 - 4 0 3 . 3 0 4 . 1 0 . 4 . 0 0 4 . 2 0 

1 0 . 0 3 . 9 4 4 . 3 0 

i 

3 . 6 6 4 . 2 0 4 . 0 7 4 . 4 0 

* A l l c r o s s - s e c t i o n s are i n b a r n s 
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169 
THE GYROMAGNETIC RATIO OP 3 7 9 keV L E V E L OP ^Tm 

AoKo Nigam and R , B h a t t a c h a r y y a , 
S a h a I n s t i t u t e o f N u c l e a r P h y s i c s , 

C a l c u t t a . 

INTRODUCTIONS 

The g - f a c t o r o f t h e 1 1 8 keV l e v e l of h a s b e e n 

m e a s u r e d by Manning a n d R o g e r s ( 1 9 2 ) b u t the g - f a c t o r f o r 

the 3 7 9 keV l e v e l h a s n o t b e e n r e p o r t e d so f a r . We h a v e 

employed t h e D i f f e r e n t i a l - D e l a y R e v e r s e - F i e l d method ( 3 ) 

f o r the measurement o f t h e g - f a c t o r o f t h i s l e v e l . The 

h a l f - l i f e ( 4 ) o f t h i s i s o m e r i c l e v e l i s 50 n s . The g - f a c t o r 

i s d e t e r m i n e d by s t u d y i n g t h e p e r t u r b e d a n g u l a r c o r r e l a t i o n 

u n d e r t h e e x t e r n a l m a g n e t i c f i e l d i n t h e d i r e c t i o n p e r p e n -

d i c u l a r to t h e p l a n e o f t h e c o r r e l a t i o n measurement,, 

EXPERIMENTAL METHOD; 

The t i m e - d e p e n d e n t a n g u l a r c o r r e l a t i o n f u n c t i o n i n a 
» 

m a g n e t i c f i e l d i s 

Sfil ( A ± B , T ) = o(o < G y $ * l ( Q ± 

w h e r e t o , t h e L a r m o r - p r e c e s s i o n f r e q u e n c y o f the i n t e r m e -

d i a t e s t a t e m a g n e t i c moment i s g i v e n by 

where i s t h e p a r a m a g n e t i c e f f e c t c o r r e c t i o n 

f a c t o r * 
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The c o i n c i d e n c e t i m e - s p e c t r a a r e c a r r i e d out at two 

a r m i e s O j - i l T and J J L w i t h the d i r e c t i o n o f the a p p l i e d 
Q 8 

m a g n e t i c f i e l d up and down. We denote t h e s e a s W,j + , W^", W2 

W2 , where W ^ i s the n o t a t i o n f o r . . - W O S ^ , + ft , T ) . We 

calcuDa t e t h e f o l l o w i n g eya r e s s i o n 
(W' + - w1~)+ (w2

+- w2").' 
F ( T ) 

+ 

(w2
+ - w 1

+ )+ (w2'- Wj") 

w h i c h r e d u c e s to a. v e r y s i m p l e form f o r a n g l e s C i f and 
8 o 

i f t h e i n f l u e n c e o f the f i n i t e r e s o l v i n g t i m e i s n e g l e c t e d , i 

p ( T ) = tjUv/^U/T"" 

The o b s e r v a t i o n o f F~ ( T ) w i t h d i f f e r e n t d e l a y T , g i v e s 

r i s e t o an e x p e r i m e n t a l t a n 0 - c u r v e . B a c h p o i n t o f t h i s 

e x p e r i m e n t a l , c u r v e can be used f o r t h e d e t e r m i n a t i o n o f the 

L a r m o r - p r e c e s s i o n f r e q u e n c y and h e n c e the g - f a c t o r : w i t h o u t 

a n y knowledge o f t h e © ^ - c o e f f i c i e n t s and the h a l f - l i f e o f the 

l e v e l . 

EXPERIMENTAL D E T A I L S : 

The measurements were performed w i t h a l i q u i d s o u r c e 

i n the f o r m o f Y b O l ^ i n H O I s o l u t i o n i n a s m a l l p e r s p e x 

c a p s u l e o f 1 / 8 " d i a . x 1 / 8 " l e n g t h , p l a c e d i n the p o l e gap of 

1 / 8 " o f the magnet o p e r a t e d a t a m a g n e t i c f i e l d B = + 1 2 8 7 0 

g a u s s . E x p e r i m e n t a l W - j ^ were o b t a i n e d w i t h a c o n v e n t i o n a l 
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F a s t - S l o w c o i n c i d e n c e c i r c u i t o f r e s o l v i n g t i m e 1 5 n s , by 

I n t r o d u c i n g a v a r i a b l e d e l a y T i n t h e f a s t c h a n n e l c o r r e s -

p o n d i n g t o 93 keV r a d i a t i o n w i t h t h e m a g n e t i c f i e l d d i r e c t i o n 

up and down. 

R E S U L T S . 

The p e r t u r b e d a n g u l a r c o r r e l a t i o n was s t u d i e d w i t h t h e 

9 3 - 6 3 keV c a s c a d e ( F i g . I , ) . T h e s e r a d i a t i o n s do n o t g i v e w e l l 

s e p a r a t e d p e a k s . The r e s p e c t i v e r e g i o n s were s e l e c t e d i n 

o r d e r t o h a v e n e g l i g i b l e c o n t r i b u t i o n o f o t h e r r a d i a t i o n s . 

The h a l f - l i f e o f t h e l e v e l w a s m e a s u r e d u n d e r t h i s c o n d i t i o n 

and a v a l u e o f 5 1 n s was o b t a i n e d i n a g r e e m e n t w i t h p r e v i o u s 

r e p o r t s ( 4 ) . 

On a c c o u n t o f t h e f i n i t e r e s o l v i n g t i m e o f t h e c o i n -

c i d e n c e c i r c u i t t h e function"FiCT) i s d i s t o r t e d i n t h e v i c i n i t y 

o f the z e r o t i m e . The r e s u l t s o f our m e a s u r e m e n t s a r e shown 

i n F i g . 2 . The L a r m o r - p r e c e s s i o n f r e q u e n c y f o r e a c h p o i n t 

o f the F i g . 2 , w a s c a l c u l a t e d and t h e mean v a l u e of co was found 

8 — 1 

t o be ( 0 . 8 5 1 + 0 . 0 3 4 ) x 1 0 s e c " . A s Tm i s a r a r e - e a r t h 

e l e m e n t , t h e e f f e c t i v e m a g n e t i c f i e l d due t o the p a r a m a g n e t i c 

e f f e c t s ( 5 ) a t t h e s i t e o f t h e n u c l e u s i s 5 . 0 8 t i m e s the 

a p p l i e d f i e l d . W i t h the v a l u e s o f and the e f f e c t i v e 

a f i e l d , t h e g y r o m a g n e t i c r a t i o i s c a l q i i t e d g i v i n g 
g = 0 . 2 7 2 + 0 . 0 2 1 
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T a k i n g i n t o a c c o u n t t h e d i a m a g n e t i c c o r r e c t i o n ( 6 ) f o r Tm, 

we o b t a i n 

g = 0 . 2 7 4 + 0 , 0 2 1 
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NUCLEAR 'g* FACTOR OF THE 5 7 keV STATE I N 1 4 3 P r 

P . N . T a n d o n , S . H . D e v a r e and H . G . D e v a r e 
T a t a I n s t i t u t e o f F u n d a m e n t a l R e s e a r c h 

C o l a b a , Bombay. 

1 4 5 

The n u c l e a r ' g ' f a c t o r o f t h e 5 7 keV s t a t e o f ^ P r 

h a s been m e a s u r e d u s i n g t h e p e r t u r b e d a n g u l a r c o r r e l a t i o n 

t e c h n i q u e . T h i s l e v e l i s known to d e c a y w i t h a h a l f l i f e o f 

4 . 1 7 nano s e c . a s m e a s u r e d . b y Graham e t a l ( 1 ) . T h i s l e v e l 

i s s t r o n g l y p o p u l a t e d by a 2 9 5 keV gamma t r a n s i t i o n . The 

2 9 3 - 5 7 keV V - Y a n g u l a r c o r r e l a t i o n i 3 f o u n d t o h a v e a l a r g e 

a n i s o t r o p y . A l l t h e s e f a c t o r s make i t r a t h e r e a s y to m e a s u r e 

t h e m a g e n t i c moment o f t h i s s t a t e . T h e r e a r e a few m e a s u r e -

ments on t h e m a g n e t i c moment of t h i s s t a t e ( 2 - 4 ) but t h e y 

d i s a g r e e c o n s i d e r a b l y . The d i s a g r e e m e n t i s m a i n l y b e c a u s e 

o f t h e p a r a m a g n e t i c c o r r e c t i o n f a c t o r w h i c h e n h a n c e s t h e 

m a g n e t i c f i e l d s e e n a t the n u c l e u s . T h i s f a c t o r i s d i f f e r e n t 

f o r d i f f e r e n t i o n i c s t a t e s of t h e d a u g h t e r n u c l e u s a f t e r 

t h e p a r e n t J b d e c a y . Hence i t i s v e r y e s s e n t i a l t o know the 

f i n a l i o n i c s t a t e o f t h e d a u g h t e r n u c l e u s . I n t h e p r e s e n t 

measurement t h i s d i f f i c u l t y i s overcome by u s i n g t h e p a r e n t 

a c t i v i t y i n d i f f e r e n t i o n i c s t a t e s and t h e n e s t a b l i s h i n g t h e 

i o n i c s t a t e o f t h e d a u g h t e r n u c l e i f r o m t h e e x i s t i n g d a t a . 
1 4 3 

S o u r c e s o f Co were o b t a i n e d by i r r a d i a t i n g e n r i c h e d 

142 
C e 0 o i n C I R U S . Two d i f f e r e n t t y p e s o f s o u r c e s were made 
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( a ) the powder was r e d u c e d by H B r , d r i e d and then f i n a l l y 

d i s s o l v e d i n d i l . H c l . I n t h i s t h e a c t i v i t y i s i n GeCl, . form 

+ / \ 

and t h e i o n i c s t a t e i s 3 . (b) t n e powder was u s e d a s s u c h 

i n C e 0 2 form and t h e a c t i v i t y i s i n 4 + . i o n i c s t a t e . 

The a n g u l a r c o r r e l a t i o n o f t h e 2 9 3 - 5 7 keV c a s c a d e 

was measured on an a u t o m a t i c s e t up w i t h b o t h t y p e o f s o u r c e s . 

The s o u r c e was k e p t i n between t h e p o l e t i p s , i n . t h e same 

g e o m e t r y as f o r the Co Tmeasuremen t . The v a l u e o f t h e k^ 

c o e f f i c i e n t u n c o r r e c t e d f o r g e o m e t r y , o b t a i n e d a r e 

A,, ( l i q u i d s o u r c e ) = 0 . 0 9 2 + 0 . 0 0 6 
c. — 

A - (powder s o u r c e ) = 0 . 1 0 6 + 0 . 0 0 5 

T h i s shows t h a t t h e l i q u i d s o u r c e h a s a t t e n u a t i o n s . 

The powder s o u r c e , Ce02 b e i n g c u b i c , d o e s not seem t o show 

p e r t u r b a t i o n s . To c h e c k f o r the p o s s i b l e t i m e d e p e n d e n t 

a t t e n u a t i o n s t h e d i f f e r e n t i a l a n g u l a r c o r r e l a t i o n was done 

u s i n g a t i m e to a m p l i t u d e c o n v e r t e r . F i g . 1 shows t h e a n i s o t r o p y 

as. a f u n c t i o n o f t i m e . F i g » 1 ( A ) c o r r e s p o n d s t o l i q u i d s o u r c e , 

t h e s o l i d l i n e b e i n g t h e l e a s t s q u a r e s f i t . F i g . 1 ( B ) c o r r e s p o n d s 

t o t h e powder s o u r c e , which c l e a r l y shows t h a t t h e r e a r e no 

p e r t u r b a t i o n s p r e s e n t . The i n t e g r a l a t t e n u a t i o n c o e f f i c i e n t 

G 2 f o r the l i q u i d s o u r c e o b t a i n e d i s G 2 = 0 . 7 5 + 0 . 0 7 . 

F o r t h e measurements i n t h e m a g n e t i c f i e l d , t h e 
o 

d e t e c t o r s we r e p l a c e d a t an a n g l e o f 1 3 5 . The d a t a was 

c o l l e c t e d a u t o m a t i c a l l y . The time t a k e n f o r a f i x e d number of 
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c o i n c i d e n c e c o u n t s was r e c o r d e d . The q u a n t i t y ' R ' d e f i n e d a s 

N ( u p ) - N (dovvn) 
R = 2 — - — : 

N ( u p ) + N (down) c c 

was e x p e r i m e n t a l l y d e t e r m i n e d . T h i s q u a n t i t y can be e x p r e s s e d 

i n t e r r a s of C,. and Os T. a s 

4 0 2 S 2 

C-

R o — 
1 3 3 ~ 1 + ( 2 G 2 G 2 ^ C ) 2 

The t a b l e s u m m a r i s e s a l l t h e m e a s u r e m e n t s made 

S o u r c e f o r m and 
F i e l d i n t i a l i o n i c R G ? gf i> 

(Kg) s t a t e . * ' 

3 . 5 Powder 4 + 0 . 0 7 7 + 0 . 0 0 4 2 . 0 3 + 0 . 5 7 

5 . 6 Powder 4 + 0 . 0 6 1 + 0 . 0 0 4 1 . 5 2 + 0 . 1 8 

5 . 6 L i q u i d 3 + 0 . 0 6 1 + 0 . 0 0 5 2 . 0 0 + 0 . 6 2 

- 0 . 1 5 

0.62 
0 . 3 1 

The l a r g e e r r o r i n Gg gy2>, i s m a i n l y due t o t h e f a c t 

t h a t t h e s e v a l u e s o f ' R 1 l i e on a v e r y f l a t p o r t i o n o f R v s . 

f c u r v e . 

From t h e m e a s u r e m e n t s a t 5 . 6 Kg and 8 . 5 Kg f i e l d , 

u s i n g t h e powder s o u r c e , one g e t s t h e v a l u e o f g f i - 1 . 5 8 + 0 . 1 2 

t h i s b e i n g t h e o v e r l a p between the two v a l u e s f o r t h e powder 

s o u r c e a n d G^ b e i n g e q u a l t o o n e . I t i s s e e n t h a t t h i s v a l u e 
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o f ' g ' f o r powder s o u r c e a g r e e s w i t h t h a t f o r t h e l i q u i d 

s o u r c e the f i n a l s t a t e o f P r i o n i s 3 + ( A = 2 . 0 ) and f o r 

powder s o u r c e i s 4 + ( f i = 1 . 4 ) . T h i s i s a g a i n s u p p o r t e d by 

t h e work o f Zmora e t a l ( 2 ) who h a v e shown t h a t Ge i n l i q u i d 

s o u r c e s g o e s t o 3 + i o n i c s t a t e i n P r no m a t t e r w h e t h e r one 

s t a r t s w i t h a 3+ o r a 4 + s t a t e . H o w e v e r , a s i s shown i n t h e 

p r e s e n t m e a s u r e m e n t , GeC^ g o e s to 4 + s t a t e i n P r a n d r e m a i n s 

i n t h i s s t a t e a t l e a s t t i l l t h e mean l i f e o f t h e 5 7 keV s t a t e 

w h i c h i s a b o u t 6 nano s e c . One t h e n g e t s f o r t h e v a l u e o f ' g ' 

f r o m t h e powder s o u r c e m e a s u r e m e n t s a s 

' »g» / = 1 . 1 3 + 0 . 0 8 

i n v e r y good agreement w i t h t h a t o f Zmora e t a l ( 2 ) . The 

s p i n o f 5 7 keV s t a t e b e i n g 5 / 2 , the. v a l u e o f / * = 2 . 8 3 + 0 . 2 . 

T h i s v a l u e w i l l a g r e e w i t h o t h e r m e a s u r e m e n t s ( 3 , 4 ) i f one 

c o r r e c t s f o r p r o p e r l y . '. 
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t o 20 n s . 

446 



MAGNETIC MOMENT OP THE 1 2 9 0 keV ( 3 / 2 . ) STATE I N 59Go 

Y . K . A g a r w a l , C . V . K . Bab a and S . K . B h a t t a c h e r j e e 
T a t a I n s t i t u t e o f F u n d a m e n t a l R e s e a r c h , 

C o l a b a , Bombay, 

AB STRAP T . 

The l i f e t ime and the m a g n e t i c d i p o i e moment o f t h e 

59 

1 2 9 0 keV ( 3 / 2 ) s t a t e i n Co h a v e been m e a s u r e d t o be 

T 3 - ( - 0 . 5 9 + 0 . 0 2 ) u s e e , a n d JU/= 1 . 9 0 + 0 . 3 5 n . i a . The 

e l e c t r o m a g n e t i c p r o p e r t i e s o f t h e 1 1 0 0 keV and t h e 1 2 9 0 . keV 

s t a t e s h a v e b e e n e x p l a i n e d by a s s i g n i n g a m i x t u r e o f P - ^ y ^ - ^ ^ 

{ ^ 7 / 2 ' 3 / 2 ~ c o n f i g u r a t i o n s t o the 1 1 0 0 keV and 

1 2 9 0 k e V s t a t e s . 

D I S C U S S I O N : 

P.. S e n : What i s t h e s l o p e o f y o u r prompt c u r v e ? I s i t w i t h 

p l a s t i c s c i n t i l l a t o r ? 

Y . K . A g a r w a l : The s l o p e i s /v»0.2 n s . P l a s t i c s c i n t i l l a t o r s 

were u s e d . 
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FERMI MATRIX ELEMENTS I N MEDIUM AND HEAVY N U C L E I 

S . K . M i t r a and H . C . P a d h i 
T a t a I n s t i t u t e o f F u n d a m e n t a l R e s e a r c h , 

C o l a b a , Bombay. 

ABSTRACT. 

A c o m p i l a t i o n h a s been made o f m e a s u r e m e n t s o f F e r m i 

m a t r i x e l e m e n t M ,̂ i n d i f f e r e n t r e g i o n s o f the p e r i o d i c t a b l e . 

The p r e s e n t l y a v a i l a b l e d a t a a r e r e v i e w e d i n t h e l i g h t o f 

i s o s p i n i m p u r i t i e s o f n u c l e a r w a v e - f u n c t i o n s . 
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FERMI TO GAMOW-TELLER MATRIX ELEMENT RATIOS 
I N ALLOWED BETA T R A N S I T -

IONS I N C o , 5 8 C o AND 1 5 4 C s . 

S . K . B h a t t a c h e r , j e e , S . K . M i t r a and I I . C . P a d h i , 
; u i e o f P u - i ' l a m e n t a l R e s e a r c h . C e n t r e 

Colatea, Bombay, 

ABSTRACT 

The a n g u l a r c o r r e l a t i o n a s y m m e t r y p a r a m e t e r f o r 

c i r c u l a r l y p o l a r i s e d gamma r a y s f o l l o w i n g a l l o w e d b e t a d e c a y 
56 58 1 3 4 

h a s b e e n m e a s u r e d f o r t h r e e - n u c l e i C o , Co and ' C s . 

The p o l a r i m e t e r employed t h e U s u a l f o r w a r d Compton s c a t -

t e r i n g o f gamma r a y s . The m e a s u r e d a s y m m e t r y p a r a m e t e r 

A and t h e F e r m i t o G a m o w - T e l l e r m a t r i x e l e m e n t r a t i o X i n t h e s e 

d e c a y s a r e a s f o l l o w s i 

A _ X 
5 6 C o 0 . 0 1 4 + 0 . 0 2 2 0 . 1 3 1 + 0 . 0 3 0 

' 8 C o - 0 . 1 6 + 0 . 0 4 - 0 . 0 0 J + 0 . 0 5 0 

Cs - 0 . 0 7 2 + 0 . 0 1 8 . 0 . 2 1 3 + 0 . 0 2 5 
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THE NUCLEAR COUPLING SCHEIvIE OP 1 2 1 S b and 1 2 5 S b 

Mo Co J o s h i 
T a t a I n s t i t u t e o f F u n d a m e n t a l R e s e a r c h 

C o l a b a , B o m b a y - 5 . 

Our p r e v i o u s i n v e s t i g a t i o n s ( 1 , 2 ) on t h e n u c l e a r l e v e l s 

1 2 1 1 ^ 3 3 
o f Sb and Sb u s i n g d i f f e r e n t n u c l e a r r e a c t i o n s ( H e , d ) , 

(dd) and fo'Vf) s u g g e s t e d a n a p p r e c i a b l e c o u p l i n g between the 

odd p r o t o n and the c o r e - the s e m i - m a g i c n u c l e i o f T i n . I t was 

s u g g e s t e d t h a t t h e r e s h o u l d be f o u r l e v e l s o f s p i n 7 / 2 + , 9 / 2 + , 

and 1 l / 2 f a t a b o u t one MeY o f e x c i t a t i o n e n e r g y p r e s e n t i n b o t h 

the n u c l e i . And t h e s e l e v e l s h a v e l a r g e components o f one 

phonon c o u p l e d t o two s h e l l model s t a t e s 1 S - j / o and ^ 5 / 2 0 

1 2 3 
a r e f o u r l e v e l s o b s e r v e d i n Sb a t about t h e e x p e c t e d e n e r g y 

121 

r e g i o n w n e r e c a a o n l y two were o b s e r v e d i n S b . I f the o t h e r 

two l e v e l s have a v e r y l a r g e a m p l i t u d e o f one phonon c o u p l e d t o 

g y / 2 s h e l l model s t a t e one does e x p e c t them to be e x c i t e d i n 

t h e r e a c t i o n s m e n t i o n e d a b o v e . One m y e x p e c t them t o be p o -
•"I O "1 

p u l a t e d i n t h e r a d i o - a c t i v e d e c a y o f h i g h s p i n i s o m e r m Te 

( 1 l / 2 " ) J £ l >
1 2 1 S b , 

I t was an o b j e c t o f t h i s b r i e f -i-rfce g i v i n g a f u r t h e r 
•j 21 

c l a r i f i c a t i o n on t h i s p o i n t . I n the Sb ( d d ' ) measurements 

t h e e n e r g i e s o f t h e l e v e l s a t ( 1 0 2 4 + 5 ) keV and ( 1 1 4 3 + 5 ) keV 

were d e t e r m i n e d -with the m a g n e t i c s p e c t r o g r a p h . The e n e r g i e s 

o f t h e "f r a y s ( 1 0 2 4 + 5 ) and ( 1 1 4 1 + 3 ) keY o b s e r v e d i n the 

coulomb e x c i t a t i o n o f ^ 2 l S b (JfofoV) were measured u s i n g a 

G e ( L i ) d e t e c t o r . The l e v e l s 1 0 2 4 and 1 1 4 3 keY w h i c h were 

•450 



s t r o n g l y e x c i t e d i n the i n e l a s t i c s c a t t e r i n g m e a s u r e m e n t s 

d e c a y d i r e c t l y t o t h e ground l e v e l w i t h a b r a n c h i n g l e s s 

t h a n 1 0 $ . W h e r e a s i n a s t u d y o f the r a d i o - a c t i v e d e c a y o f 

^ I m ^ o the l e v e l s " at • 1 - 141 and 1 0 3 8 keV h a v e b e e n p o r p o s e d 

by A u b l e y e t a l ( 3 ) based on t h e i r Y V c o i n c i d e n c e m e a s u r e -

ments u s i n g N a l ( T l ) ' c r y s t a l and p r o p o r t i o n a l c o u n t e r s a s 

d e t e c t o r s . A l t h o u g h t h e l e v e l s p r o p o s e d i n t h e ' d e c a y scheme 

work a r e v e r y c l o s e to t h o s e o b s e r v e d i n t h e i n e l a s t i c s c a t -

t e r i n g m e a s u r e m e n t s t h e i r d e c a y mode i s d i f f e r e n t . T h e s e two 

l e v e l s d e c a y m a i n l y to t h e . 3 . 5 . k e V ( 7 / 2 + ) l e v e l . T h e r e a r e no 

d i r e c t t r a n s i t i o n s t o t h e ground l e v e l o b s e r v e d . I t i s c o n -

c l u d e d t h a t t h e 1 1 4 1 a n d . t h e 1 0 3 3 keV l e v e l s p r o p o s e d i n t h e 

r a d i o - a c t i v e d e c a y m e a s u r e m e n t s are n o t t h e same a s t h o s e 

o b s e r v e d i n t h e i n e l a s t i c s c a t t e r i n g m e a s u r e m e n t s and i t i s 

f u r t h e r s u g g e s t e d t h a t t h e s e a r e the two m i s s i n g members o f t h e 

f o u r l e v e l s a s e x p e c t e d a b o v e . I n v i e w o f t h i s i n t e r e s t i n g 

f e a t u r e o f t h e l e v e l s i t was v e r y n e c e s s a r y to s t u d y t h e 

s i n g l e s s p e c t r u m ' o f t h e Y" r a y s u s i n g a . G e ( L i ) d e t e c t o r i n 

o r d e r t o r e d e t e r m i n e t h e l e v e l p o s i t i o n s more a c c u r a t e l y . 

T e l l u r i u m a c t i v i t i e s were p r o d u c e d by i r r a d i a t i n g 

A n t i m o n y o x i d e w i t h 20 MeV d e u t e r o n s f r o m the c y c l o t r o n o f 

t h e I n s t i t u t e o f A t o m i c P h y s i c s . S t o c k h o l m . S e v e r a l months 

a f t e r i r r a d i a t i o n t h e Te a c t i v i t i e s were c h e m i c a l l y s e p a r a t e d . 

A f t e r r e p e a t e d s e p a r a t i o n .the "Y r a y s p e c t r u m was t a k e n w i t h 
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a G e ( L i ) d e t e c t o r (2mm x 1 8 . 5 mm d i a ) w h i c h i s shown- i n F i g . 1 . 

The Y - r a y s 4 7 1 , 5 0 6 , 5 7 3 , 9 9 7 , 1 1 0 0 keV ( w i t h an e r r o r o f 

+ 3 keV) were o b s e r v e d . T h e r e i s an e v i d e n c e f o r t h e e x i s t e n c e 

o f a weak f - r a y ' o f 997 keY w h i c h had been shown i n t h e ' X f c o i n -

c i d e n c e measurements by A u b l e e t a l ( 3 ) . One can r e l y oh t h e 

e x t e n s i v e Y Y c o i n c i d e n c e - m e a s u r e m e n t s by the se wo r k e r s . The 

d e c a y scheme i s t a k e n a s w e l l e s t a b l i s h e d . A c c o r d i n g t o new 

e n e r g y d e t e r m i n a t i o n of t h e Y " - r a y s t h e l e v e l s p o p u l a t e d i n 

the r a d i o - a c t i v e , d e c a y a r e p l a c e d a t 1032' + 5 and 1 1 3 5 + 5 k e Y . 

I t i s t o be n o t e d t h a t the d e c a y mode o f t h e s e t w o l e v e l s i s 

s i m i l a r t o t h e c o r r e s p o n d i n g l e v e l s at 1 0 2 9 keY ( 9 / 2 , 1 f / 2 + ) 

1 0 8 7 keV ( 1 l / 2 + , 9 / 2 + ) i n 1 2 3 S b . 

T h i s c l a r i f i c a t i o n r e g a r d i n g t he l e v e l s around 1 MeV 
-121 

g i v e s a f u r t h e r s u p p o r t t o t h e t h e o r e t i c a l d e s c r i p t i o n o f Sb and 
1 2 3 ^ / x 

Sb by P . D . B a r n e s and C . E l l e g a a i d ( 4 ) w h i c h i s shown i n 

t h e F i g . 2 . 
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on N u c l e a r P h y s i c s , G a t l i n b e r g ( 1 9 6 6 ) 

3 . R . L . A u b l e and W.H. K e l l y , N u c l . P h y s . 5 8 , 3 3 7 ( 1 9 6 4 ) 

4 . P . D . B a r n e s and C . E l l e g a a r d , R e p o r t e d a t t h e I n t . C o n f . 

on N u c l . P h y s a n d P r i v a t e c o m m u n i c a t i o n . 
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D I S C U S S I O N : 

J . Varraa: The new " T - r a y p e a k i s too s h a r p g i v i n g an 

i m p r e s s i o n t h a t i t i s more a c c i d e n t a l t h a n r e a l . , O n l y , i f 

t h e peak i s p r e s e n t i n o t h e r s i m i l a r o b s e r v a t i o n s i t s h o u l d 

be r e g a r d e d a s r e a l . 

M . C . J o s h i : P r e s e n c e o f t h e w e a k * V - r a y peak i s c e r t a i n from 

o t h e r m e a s u r e m e n t s 0 
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DECAY OF 1 8 2 T a * 

p i c , M a n g a l , S . P . Sud and P . N . T r e h a n 
Department o f P h y s i c s , 

Pan.iab U n i v e r s i t y 
C h a n d i g a r h . , 

ABSTRACT. 

1 8 2 

The d e c a y o f T a h a s been s t u d i e d by u s i n g a sum P e a k 

c o i n c i d e n c e s p e c t r o m e t e r i n a l m o s t 4TTgeomet2y* T h i s s p e c t r o -

m e t e r i s found t o be a good t o o l f o r i n v e s t i g a t i n g the low 

i n t e n s i t y c a s c a d i n g gamma r a y s b e c a u s e t h e c o i n c i d e n c e d e t e c t i o n 

e f f i c i e n c y i n t h i s s p e c t r o m e t e r i s t h e h i g h e s t and t h e s e t up 

i s f a i r l y i n s e n s i t i v e t o the m i n o r e l e c t r o n i c d r i f t s * From 

t h e sum p e a k c o i n c i d e n c e s p e c t r a , r u n f o r a s u f f i c i e n t l y l o n g 

t i m e by s e t t i n g t h e i n t e g r a l b i a s a t 80 K e V , two some p e a k s a t 

580 and 1 7 4 0 keV a r e o b s e r v e d w h i c h a r e i n a d d i t i o n t o the sum 

p e a k s a r i s i n g b e c a u s e o f t h e summing o f t h e w e l l e s t a b l i s h e d 1 8 2 

d o u b l e o r t r i p l e c a s c a d e s i n W. The sum peak a t 580 keV w h i c h 

a r i s e s b e c a u s e o f the summing o f 2 2 9 and 3 5 1 keV Y - r a y s i n d i -

c a t e s a l e v e l a t 680 k e V . T h i s i s f u r t h e r c o n f i r m e d by t h e 

o b s e r v a n c e of a s m a l l peak a t 680 keV c a s c a d e d e e x c i t i n g t h e 

680 keV l e v e l . A sum p e a k a t 1 7 4 0 keV can be e x p l a i n e d o n l y 

* T h i s work h a s been done u n d e r the s p o n s o r s h i p o f N a t i o n a l 

B u r e a u o f s t a n d a r d s , Washington. , D . C c 
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by a s s u m i n g a new l e v e l a t 1 7 4 0 keV* T h i s l e v e l d e e x c i t e s by 

a t r i p l e c a s c a d e o f 1 4 1 0 - 2 2 9 - 1 0 0 k e V , S i n c e i n 4 T T g e o m e t r y 

c h a n c e summing i s i n c r e a s e d t o a l a r g e e x t e n t , t o t a k e c a r e o f 

t h i s c o n t r i b u t i o n i n t h e r e g i o n o f 1 8 1 0 k e V , t h e sum p e a k 

c o i n c i d e n c e s p e c t r u m h a s been r u n by s e t t i n g the i n t e g r a l b i a s 

a t 3 9 0 k e V . A f t e r s u b s t r a c t i o n o f t h i s s p e c t r u m f r o m the f i r s t 

s p e c t r u m a sum p e a k a t 1 7 4 0 keV shows up m o r e . c l e a r l y w h i c h 

s t r o n g l y i n d i c a t e s the e x i s t a n c e o f a new l e v e l a t 1 7 4 0 keV,, 
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THE L E V E L STRUCTURE OP 

K.'Gf, P r a s a d , V . R . p a n d h a r i p a n d e a n d R » P Sharma, 
T a t a I n s t i t u t e o f F u n d a m e n t a l R e s e a r c h , 

C o l a b a , Bombay, „ - • 

1 1 7 ' 
The e n e r g y l e v e l s of one p r o t o n h o l e I n a r e s t u d i e d i n 

t h e d e c a y o f 2 * 8 hr. and 1 ^ m C d „ S i n c e i t i s e n e r g e t i c a l l y p o s s i -

1 1 7 

b l e t o f e e d t h e l e v e l s u p t o about 2 . 5 MeV i n I n i n t h i s d e c a y , 

i t i s s u i t a b l e f o r i n v e s t i g a t i n g the n a t u r e o f v a r i o u s t y p e s o f 

e x c i t a t i o n s s u c h a s s i n g l e p a r t i c l e , c o l l e c t i v e and t h o s e due to 

b r e a k i n g o f a n e u t r o n p a i r e t c » 

The gamma-ray s p e c t r u m was s t u d i e d w i t h a G e ( L i ) d e t e c t o r 

o f 6 . 5 keV F1HM a f t e r p u r i f y i n g the i r r a d i a t e d sample by i o n 

1 1 7 exchange method. The g a m m a - r a y s i n the decay o f Cd a r e s e e n 

t o e x t e n d u p t o 2 4 1 2 k e V . The 1 5 5 } 5 5 3 and 7 1 0 keV gamma r a y s a r e 

1 1 7 1 1 7 
f o u n d to be due to the 1 . 8 h r d e c a y o f I n to S n . 

I n our e a r l i e r work ( 1 , 2 ) we had r e p o r t e d an e x t e n s i v e 

b e t a - g a m m a , gamma-gamma c o i n c i d e n c e s t u d i e s i n o r d e r t o e s t a b l i s h 

1 1 7 

t h e l e v e l scheme o f I n , I n the p r e s e n t w o r k we h a v e c a r r i e d 

out some more gamma-gamma c o i n c i d e n c e s i n t h e l i g h t o f n a n y new 

gamma r a y s p r e v i o u s l y not o b s e r v e d . 

The l i f e t ime o f 658 keV l e v e l h a s been m e a s u r e d t o be 

55 r\:;si„ u s i n g t h e c a s c a d e 8 8 - 3 4 5 k e V , We h a d e a r l i e r r e p o r t e d 

the measurement o f t h e l i f e t i m e o f 746 keV s t a t e a s 4.,9 n , 
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117 T h e l e v e l scheme ;of ' I n i s shown f i g . 1 . The v a r i o u s 

l e v e l s a r e e s t a b l i s h e d by f i t t i n g t h e g a m m a - r a y i n t e n s i t i e s , 

gamraa-gamma and b e t a - g a m m a , c o i n c i d e n c e d a t a - The s p i n and p a r i t y 

o f t h e g r o u n d s t a t e and the 3 1 3 keV i s o m e r i c s t a t e a r e known t o 
+ ] 

be 9 / 2 and 1 / 2 r e s p e c t i v e l y . We h a v e measured t h e a n g u l a r 

c o r r e l a t i o n of 1 3 0 6 - 2 7 4 keV c a s c a d e and f o u n d t h e s p i n and 

p a r i t y o f 5 3 0 keV l e v e l to be 3 / 2 " , 

The s p i n and p a r i t y o f 658 keV l e v e l i s e s t a b l i s h e d 

a s 5 / 2 ~ b e c a u s e i t i s f e d by a 9 / 2 ~ l e v e l a t 1 9 9 7 keV and t h e r e 

i s a t r a n s i t i o n f r o m 658 keV l e v e l t o 1 / 2 " l e v e l , , 

The s p i n and p a r i t y o f t h e 746 keV l e v e l can be 5 /2"", 3 / 2 " 

o r 3 / 2 + f r o m t h e l o g f t v a l u e . H o w e v e r , i f i t i s 5 /2"" , t h e n 

t h e d i r e c t i o n a l c o r r e l a t i o n o f t h e 1 8 0 0 keV b e t a g r o u p and 

t h e f o l l o w i n g 4 3 5 keV r a y s h o u l d show an a n i s o t r o p y o f a b o u t 5 0 $ . 

We h a v e m e a s u r e d t h i s b e t a gamma d i r e c t i o n a l c o r r e l a t i o n and 

f o u n d i t t o be n o t more t h a n 5 $ . I n o r d e r t o s e e i f t h e r e i s a n y 

a t t e n u a t i o n o f the d i r e c t i o n a l c o r r e l a t i o n we h a v e a l s o m e a s u r e d 

t h e d i f f e r e n t i a l ; b e t a gamma d i r e c t i o n a l c o r r e l a t i o n . . The a n a l y -

s i s d o e s n o t show a n y l a r g e a n i s o t x - o p y 0 So we c o n c l u d e t h a t 

the p r o b a b l e s p i n and p a r i t y o f t h i s l e v e l t o be e i t h e r 3 / 2 + 

o r 3 / 2 " ' . 

The l e v e l s from 3 8 0 - 1 4 3 0 k e ? h a v e one common f e a t u r e . 

They a l l d e c a y to t h e g r o u n d s t a t e - T h e s e fiiay -bfe / : aq' 
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1 1 8 + 

t o t h e c o u p l i n g of g 9 / 2 h o l e t o t h e Sn 2 s t a t e I f t h i s 

i s t h e c a s e t h e n 5 l e v e l s are e x p e c t e d . The o r i g i n o f the two 

e x t r a l e v e l s i s v e r y d i f f i c u l t t o u n d e r s t a n d - I n t h i s context-

i t i s w o r t h w h i l e m e n t i o n i n g t h a t a s i m i l a r s i t u a t i o n o c c u r s 
, 1 1 5 t xn I n 

T h e r e a r e many n e g a t i v e p a r i t y s t a t e s a r o u n d 2 MeV-

T h e s e may be due t o t h e c o u p l i n g o f t h e o c t u p o l e e x c i t a t i o n 

w i t h t h e g 9 / 2 h o l e . The o t h e r p o s s i b i l i t y i s d u e t o t h e b r e a k i n g 

up o f a n e u t r o n p a i r and f o r m a t i o n o f t h e t h r e e p a r t i c l e s t a t e s . 

The p a i r i n g e n e r g y i n c i d e n t a l l y i.s 2 MeV i n t h i s r e g i o n - The 

measurement o f h a l f l i f e o f t h e s e l e v e l s may t h r o w some l i g h t 

on t h e n a t u r e o f t h e s e l e v e l s . , 

R E F E R E N C E S : 

1 , R - P , S h a r m a , K , P „ G o p i n a t h a n and S R , A m t e y , P h y s , Rev,. 

1 3 4 , B 7 3 0 ( 1 9 6 4 ) 

2 , V• R P a n d h a r i p a n d e , K , G , P r a s a d , R . M . S i n g r u and R , P , S h a r m a , 

P h y s a R e v . , 143, 7 4 0 ( 1 9 6 6 ) 
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E X C I T E D L E V E L S I N 
61 Co FROM THE DECAY OF 6 l F e 

S . C . G u j r a t h i a n d S . K . M u k h e r j e e 
S a h a I n s t i t u t e o f N u c l e a r P h y s i c s 

C a l c u t t a - , 

ABSTRACT. 

I r r a d i a t i o n o f e n r i c h e d 64 N i s a m p l e s w i t h t h e . 1 4 -,8 MeV 

n e u t r o n s was f o u n d t o p r o d u c e an a c t i v i t y o f 5 . 8 + . 0 , 5 - m i n 

6 1 

h a l f - l i f e w h i c h was a s s i g n e d t o F e . The a s s i g n m e n t was , 

c o n f i r m e d by f o l l o w i n g t h e d e c a y o f t h e i r o n a c t i v i t y 

s e p a r a t e d from t h e i r r a d i a t e d s a m p l e s of. t . p e c - p u r e n i c k e l . 

The s c i n t i l l a t i o n s f i e . c t r o m e t e r s t u d i e s showed t h a t gamma 

r a y s o f e n e r g i e s 1 3 0 , 1 7 0 , 2 3 0 , 2 9 5 , 4 0 0 , 1 0 1 0 and - 1 1 3 0 . keV 

and b e t a g r o u p s o f maximum e n e r g i e s 280.0 + 1 0 0 ( 3 1 $ ) , 

2 6 3 0 + 1 0 0 ( 5 4 $ ) and 2 5 0 0 + 1 0 0 ( 1 3 $ ) keV Wore d e c a y i n g w i t h 

a h a l f - l i f e o f 5 . 8 m i n . The gamma-gamma and .the b e t a - g a m m a 

c o i n c i d e n c e s t u d i e s were p e r f o r m e d w h i c h showed t h e e x i s t e n c e 

o f t h e e x c i t e d l e v e l s a t 1 0 1 0 , 1 1 8 0 , 1 3 0 5 and 1 4 1 0 keV i n 6 1 C O 6 1 

A d e c a y scheme o f Fe i s p r o p o s e d and t h e . r e s u l t s a r e 

d i s c u s s e d i n t h e l i g h t o f t h e s i n g l e ^ p a r t i c l e ' s h e l l m o d e l . 

To be p u b l i s h e d i n Phys,. Rev,. 
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L I F E T I M E MEA.SUR3ME?GS OF THE E X C I T E D STATES OF 

4 6 m . 84 D , 99m 1 6 2 , , 1 6 4 ^ . 1 9 6 . 
• T x , l ib , T c , D y , E r a n d Au 

3 . S e t h i and S . K . M u k h e r j e e 
S a h a I n s t i t u t e o f N u c l e a r P h y s i c s 

C a l c u t t a . 

The measurement o f l i f e t i m e s o f e x c i t e d s t a t e s o f 

30me n u c l e i l a s been p e r f o r m e d u s i n g the d e l a y e d c o i n c i d e n c e 

t e c h n i q u e . A l l m e a s u r e m e n t s w e r e c a r r i e d out w i t h RCA 7 8 5 0 

P h o t o m a l ' o i p i i e r s . F o r d e t e c t i n g b e t a r a y s , - - . 2 . 5 cm d- ia x 3 mm 

S h i c h NE 31,0 p l a s t i c s c i n t i l l a t o r was u s e d , ,w here&s.• f o r _ 

ga-nma-r.ay- - d e t e c t i o n NE 102.' s c i n t i l l a t o r s of: v a r i o u s s i z e s . 

e . g . 2 . 5 cm- - d i a x .5 cm l o n g and 5 cm d i a x 5. cm l o n g were 
* - • 

u s e d . Y/hert t h e h a l f l i f e to be meo.ou-rod was s u f f i c i e n t l y . 

l o n g 5 cm x 5 oia I T a l ( T l ) phon&phorp were e m p l o y e d . F o r d e t e c t i o n 

o f low e n e r g y x - r a y s .a-nd V - r a y s 3 - 7 5 cm d i a x. 2 mm t h i c k N a l ( T l ) 

s c i n t i l l a t o r was- u s e d . The o u t p u t o f t h e t i m e - t o - p u l s e - h e i g h t 

c o n v e r t e r was a n a l y s e d - b y means o f a 5 1 2 c h a n n c l a n a l y z e r . 

The t i m e c a l i b r a t i o n w a s p e r f o r m e d w i t h r e s p e c t to. t h e v e l o c i t y 

o f gamma r a y s - . The d a l y s i n t r o d u c e d , by t h e c a b l e s were found 

t o a g r e e w i t h i n 2fo w i t h the v a l u e s c a l c u l a t e d from t h e i r 

c h a r a c t e r i s t i c c o n s t a n t s . 

The l i f e - t i m e s o f the n u c l e a r l e v e l s i n v a r i o u s c a s e s 

were d e t e r m i n e d from the s l o p e a s i v e l l as t h e moment a n a l y -

s i s o f t h e d e l a y e d c u r v e s . The moment a n a l y s i s i n a l l c a s e s 



was c a r r i e d , out on a c o m p u t e r . Moments u p t o t h e t h i r d o r d e r 

were u s e d i n t h e a n a l y s i s . 

MEASUREMENTS AMD R E S U L T S : 

46. . 4 6 
1 . . T i . The l i f e t i m e s o f t h e s e c o n d e x c i t e d s t a t e s o f T i 

60 
and N i were compared "by u s i n g "beta- gamma c o i n c i d e n c e . The 

46 " 60 
s o u r c e s o f So and So were p r e p a r e d by d e p o s i t i n g them-

o v e r a r e a s o f a b o u t 1 sq.mm* on m y l a r f o i l s . The r a d i a t i o n s 

were d e t e c t e d i n p l a s t i c s c i n t i l l a t o r s and t h e m e a s u r e m e n t s 

were done a l t e r n a t e l y w i t h t h e two s o u r c e s , u s i n g t h e same 

g e o m e t r y i n e a c h c a s e . F o r e a c h measurement t h e s o u r c e was 

k e p t i n c o n t a c t w i t h t h e b e t a d e t e c t o r . The a l t e r n a t e s e t s 

o f b e t a were s e p a r a t e l y r e c o r d e d . The moment a n a l y s i s o f 

t h e d a t a l e a d s t o a v a l u e o f 1 0 p s , w i t h a s t a t i s t i c a l e r r o r 

o f a b o u t 8 0 $ , f o r t h e d i f f e r e n c e b e t ween t h e h a l f l i v e s o f 
+ 46 60 

t h e 4 s t a t e s o f T i and N i . T h e r e f o r e , i t i s c o n c l u d e d 

t h a t t h e d i f f e r e n c e b e t w e e n t h e i r h a l f l i v e s i s l e s s t h a n 20 p s , 

8.4 84 
2 « R b . The h a l f l i f e o f t h e 2 5 0 k e V s t a t e o f Rb was 

d e t e r m i n e d by m e a s u r i n g t h e d e l a y b e t w e e n t h e c o n v e r s i o n 

e l e c t r o n s o f t h e 2 1 6 k e V t r a n s i t i o n and t h e 2 5 0 k e V gamma r a y s . 84 

The s o u r c e u s e d was t h e 2 0 mixi, i s o m e r o f Rb p r o d u c e d b y 

( n , 2 n ) r e a c t i o n w i t h 1 4 MeV n e u t r o n s on n a t u r a l r u b i d i u m e 

The v a l u e o f t h e h a l f l i f e f r o m t h r e e i n d e p e n d e n t m e a s u r e m e n t s - 1 0 
was ( 3 . 0 8 + 0=>55) x 1 0 s e c -
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3 . ^ T c . The e x c i t e d s t a t e s of ^ x c a r e p o p u l a t e d i n t h e 

99 99 b e t a d e c a y o f ' ivio. The 67 h o u r Mo was p r o d u c e d by ( n , 2 n ) 

r e a c t i o n w i t h f a s t n e u t r o n s on e n r i c h e d 1 0 0 K o . By m e a s u r e -

x-aerit o f .1 s l a y between 'the 450 keV b e t a group a i d the 740 

c.ni 7 3 0 keV gamma. r a y s , t h e h a l f l i f e of. t h e 920 keV l e v e l 

99 - 1 0 o i T c was found t o be l e s s t h a n 1 0 s e c , i n a g r e e m e n t 

w i t h t h e f i n d i n g o f M e i l i n g e t a l ( 1 ) . The h a l f l i f e o f the 

1 8 1 keV l e v e l was d e t e r m i n e d f r o m t h e s l o p e of d e l a y e d c u r v e 

find f o u n d t o be 5 . 4 0 + 0 . 1 0 n s . 

4 . I o 2 3 : v . The h a l f l i f e of t h e 1 1 5 5 keY l e v e l o f i 6 2 'Dy was 

a l s o d e t e r m i n e d by measurement o f fee beta-gamma d e l a y . - The 

d e t e c t o r s used were the same a s i n p r e v i o u s c a s e s . The p a r e n t 
't 6 2 

a c t i v i t y was t h a t o f Tb ( 7 . 5 m i n ) produced by ( n , p ) r e a c t i o n 
1 (5 P 1 ^ 

on e n r i c h e d ^ D y . The 1 1 5 5 keV s t a t e of 0c:'Dy i s f e d by t h e 

1 4 5 0 keV ( 3 0 ^ ) b e t a g r o u p . The most i n t e n s e gamma r a y 

e m i t t e d i n the d e - e x c i t a t i o n o f t h i s l e v e l h a s 265 keY en e r g y . 

'I1 he d e l a y of t h i s gamma r a y w i t h r e s p e c t to t h e f e e d i n g b e t a 

r a y s was measured i n o r d e r t o d e t e r m i n e the h a l f l i f e o f t h e 

1 1 5 5 keV l e v e l . The h a l f l i f e was found, to be ( 2 . 1 0 + 0 . 4 0 ) x 

10 s e c . 

5 - ' n 4 K r . The h a l f l i f e of t h e 90 keV l e v e l o f 1 6 4 S r was 

d e t e r m i n e d by measurement o f t h e d e l a y of the 90 keV gamma ray 

w i t h r e s p e c t t o t h e '375 keY b e t a r a y s from the d e c a y . 

The s o u r c e , 1 ^ ' ^ H o ( 3 9 . 0 & 2 3 . 9 m i n . ) , was p r o d u c e d by 

•464 



\ 

165 
H o ( n , 2 n ) 1 6 4 H o r e a c t i o n w i t h 1 4 MeV n e u t r o n s . The h a l f 

1 6 4 
l i f e o f t h e 90 keV l e v e l o f B r , t a k i n g t h e mean o f f o u r 

- 9 

m e a s u r e m e n t s , was f o u n d t o be ( l „ 5 2 + 0 . 0 6 ) x 1 0 s e c . 

1 9 6 

6 * A u . Measurement o f t h e h a l f l i f e o f t h e 85 keV l e v e l 

o f l 9 6 A u v/as a t t e m p t e d by d e t e c t i n g t h e 1 8 8 k e V gamma r a y s 

f e e d i n g t h e 85 keV l e v e l and t h e L x - r a y s e m i t t e d i n t h e d e » 

c - x c i t a t i o n o f t h i s l e v e l b y i n t e r n a l c o n v e r s i o n . B o t h r a d i a t i o n s 

were d e t e c t e d b y means o f N a l ( T l ) s c i n t i l l a t o r s . The s o u r c e 

u s e d was t h e 9 , 7 h o u r 1 9 6 m A u p r o d u c e d b y 1 9 7 A u ( n , 2 n ) 1 9 6 A u 

r e a c t i o n w i t h f a s t n e u t r o n s . S e p a r a t e r u n s were g i v e n f o r 

g e n u i n e and random c o i n c i d e n c e s . I t i s c o n c l u d e d f r o m a 

s e r i e s o f m e a s u r e m e n t s t h a t t h e h a l f l i f e o f t h e 85 k e V l e v e l 

o f i s g r e a t e r t h a n 4 ^ t t s e c . 

The r e s u l t s o f a l l m e a s u r e m e n t s a r e s u m m a r i s e d i n t h e 

f o l l o w i n g t a b l e . 

465 



T a b l e I . 

PARENT RADIATIONS 
NUCLIDE L E V E L A C T I V I T Y ' ' SELECTED 

HALF L I F E 

PRESENT WORK E A R L I E R MEASUREMENTS 

1155 keV 1 5 2 l b bo " y o , 
( 7 . 5 ) ' y 2 6 5 ke.V. 

1 4 5 0 k e V —1 0 
( 2 . 1 0 + 0 . 4 0 ) x 1 0 s e c . 

1 6 4 -
6 3 

1 6 4 © ti keV " / S 375 IceV. 

( 3 9 . 0 and V 9 0 k e V . 

2 3 . 9 rain)' 

( 1 . 5 2 + C . 0 6 ) x i 0 " J s e c . 1 . ( 1 . 4 + 0 . 5 ) x 1 0 " 9 s e c . 

Brown & B e c k e r ( 7 ) . 

2 . ( 1 . 7 3 2 + 0 , 0 0 3 ) x 1 0 ~ 9 s e c , 
B o e r e t a l ( 8 ) 

3 . ( 1 . 4 3 + 0 , 0 5 ) x 1 0 " - ' s e c . 

F o s s a n e t a l ( 9 ) . 

1 , 
r-r / 5 .i'i- keV 

1 

f r-. 

\ :> 

JIU 
V. 

7" ) 

/ l 1-.3 keV 

L x - r a y 

J > 0 . 3 / ( s e c , N D S ( 1 9 6 2 ) . 
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R E F E R E N C E S : 

1 . w. M e i l i n g ond F . S t a r y , N u c l . P h y s . 7 4 , 1 1 3 ( 1 9 6 5 ) 

2 . R . E . . A z u m a , P h i l . Mag. 4 6 , 1 0 3 1 ( 1 9 5 5 ) 

3 . Y . K . Lee and 0 . 3 , Wu, P h y s . R e v . 1 3 2 . , 1 2 0 0 ( 1 9 6 3 ) 

4 . P . Lehmann and J . M i l l e r , Compt. R e n d . 2 4 0 , 1 5 2 5 ( 1 9 5 5 ) 

r>. E . B o & e n s t e l t , M a t t h i a s a.nd H . J . K o r n e r , Z . P h y s i k 

4 2 3 ( 1 9 5 9 ) 

6 . P . D . R , A n d r a d e e t a l . , N u c l . P h y s . 6 6 , 5 4 5 ( 1 9 6 5 ) 

7 . H . N . Brovjn a n d R . A . B e c k e r , P h y s . R e v . 9 6 , 1 3 7 2 ( 1 9 5 4 ) 

3 . T . J . De B o e r , E . V / . Ten Nap e l and J . B l o k , Physi. c a 

2 2 , ' 1 0 1 3 ( 1 9 6 3 ) 

9 . D . B . P o s s a n B . H e r s k i n d , N u c l . P h y s . 4 0 ^ 24 ( 1 9 6 3 ) . 

D I S C U S S I O N : 

N . N . A j i t a n a n d : How was t h e time r e s o l u t i o n i n y o u r s y s t e m 

m e a s u r e d ? What was t h e t y p e o f c o n v e r t e r u s e d ? 

B . S e t h i : The t i m e r e s o l u t i o n i n o u r s y s t e m was measured f r o m 

t h e f u l l w i d t h a t h a l f maximum o f t h e prompt c u r v e . The t i m e -

t o - a m p l i t u d e c o n v e r t e r was a t r a n s i s t o r i s e d o n e , u s i n g a t u n n e l 

d i o d e memory a s i t s m a i n e l e m e n t . 

1 So H-OO 



I . M . G o v i l : What i s t h e t i m e r e s o l u t i o n f o r fi-f c o i n c i d e n c e s , 

I mean, f o r a s p e c i f i e d e n e r g y and c h a n n e l w i d t h ? 

B . S e t h i : The t i m e r e s o l u t i o n f o r f&~Y c o i n c i d e n c e d e p e n d s on 

t h e r a n g e s o f e n e r g i e s s e l e c t e d . A t y p i c a l v a l u e o f t h e t ime 

r e s o l u t i o n , i . e . FvTHM, w i t h t h e b e t a r a y s i n t h e e n e r g y r a n g e 

2 0 0 t o 2 5 0 keV and gamma r a y s s e l e c t e d w i t h 8 0 0 t o 1 0 0 0 keV 

- 1 0 e n e r g y l o s s i n t h e s c i n t i l l a t o r , i s 6 . 8 x 1 0 s e c . 
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L I F E T I M E OF THE 5 3 1 k e Y STATE I N U 7 P m -

M . T . Rama R a o , V . Y . Ramamrthy and Y . L a k s hm.i n a r ay an a 
L a b o r a t o r i e s f o r N u c l e a r R e s e a r c h 

A n d h r a U n i v e r s i t y , \7ALTAIR.. 

INTRODUCTION: 

1 4 7 

The- l i f e t i m e o f the 91 keY s t a t e , i n - Pm p o p u l a t e d by 

1 4 7 

i h u o e t a d e c a y o f Nd was d e t e r m i n e d ( 1 ) a c c u r a t e l y . The 

g r o u n d and the 91 keY s t a t e s p i n s b e i n g 7 / 2 and 5 / 2 r e s p e c t i v e l y , 

t h e Ml t r a n s i t i o n p r o b a b i l i t y was d e t e r m i n e " and the l a r g e h i n -

d r a n c e o b s e r v e d was a t r r i b u t e d to 1 - f o r b i d e r i n e s s . The d e t a i l e d 

w a v e f u n c t i o n s f o r t h e s e two s t a t e s a r e r e c e n t l y f u r n i s h e d by 

K i s s l ' i n g e r and S o r e n s o n ( 2 ) . I n an a t t e m p t t o s t u d y t h e s t r u c t u r e 

o f t h e s e c o n d 5 / 2 + s t a t e a t 5 3 1 keY i n 1 4 7 P m , i t s h a l f l i f e i s 

m e a s u r e d e m p l o y i n g a t i m e - t o - p u l s e h e i g h t c o n v e r t e r s i m i l a r t o 

t h a t o f G r e e n and B e l l (3) . EXPERIMENTAL D E T A I L S : 

The e x p e r i m e n t a l a r r a n g e m e n t c o n s i s t s o f 2 p h o t o m u l t i p l i e r 

c r y s t a l c o m b i n a t i o n s ( R C A ' 6 3 1 OA and N E - 1 0 2 P l a s t i c s c i n t i l l a t o r s ) 

i n a c o n v e n t i o n a l f a s t - s l o w c o i n c i d e n c e a r r a n g e m e n t . The f a s t 

p u l s e s a r e t a k e n from t h e a n o d e s , l i m i t e d w i t h E 3 3 C C t u b e s and 

c l i p p e d w i t h RG 6 3 - U c a b l e s . The slow c h a n n e l s r e c e i v e p u l s e s 

f r o m t h e e i g h t h d y n o d e s . The t i m e - t o - h e i g h t c o n v e r t e r i s b a s e d on 

63N6 o p e r a t e d c o n v e n t i o n a l l y a t r e d u c e d p o t e n t i a l s . The r e s u l t a n t 

t i m e s p e c t r u m i s r e c o r d e d on 1 0 0 c h a n n e l a n a l y s e r g a t e d by s low 

c h a n n e l c o i n c i d e n c e p u t p u t . The prompt r e s o l u t i o n c u r v e o b t a i n e d 
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60 w i t h a Go s o u r c e y i e l d e d a - f u l l w i d t h a t h a l f maximum o f 

- 1 0 1 
7 . 6 x 1 0 s e c . and i n t r i n s i c s l o p e o f 3 . 0 2 x 1 0 ' s e c . The 

c e n t r o i d s h i f t method i s e n p l o y e d f o r t h e measurement o f the m e a n -

6 0 - • 
l i f e , the prompt s o u r c e b e i n g Go. The b e t a s p e c t r u m . f e e d i n g t h e 

53 1 keV s t a t e i n the e n e r g y i n t e r v a l - 2 2 5 - 5 0 0 fceV i s a c c e p t e d i n 

t h e e a r l y c h a n n e l and t h e c o n p t o n edge o f t h e 5 3 1 k e y ' gamma i s 

a c c e p t e d i n t h e l a t e c h a n n e l . The r e s u l t a n t t ime s p e c t r u m i s shown 

i n F i £ . 1 . t o g e t h e r • w i t h .the' s p e c t r u m , o b t a i n e d , . w i t h - 0 ' Co u n d e r 

s i m i l a r c o n d i t i o n s, The c e n t r o i d s h i f t e s t i m a t e d a s a mean o f 

5 i n d e p e n d e n t d e t e r m i n a t i o n s i s g i v e n by ( 1 . 2 + 0 . 2 2 ) x 1 0 " ' J s e c 

w h i c h c o r r e s p o n d s 'to t h e n e a n l i f e o f the 5 3 1 .keV s t a t e . No a t t e m p t 

seems t o h a v e been made e a r l i e r t o d e t e r m i n e t h i s l i f e t i m e . H a n s ( 4 ) 

e t . " a l . - h o w e v e r . ' f i x e d an- u p p e r l i m i t t o the'- l i f e o f t h i s s t a t e a s 

0 . 6 n s . 

D I S C U S S I O N : . 

The e x p e r i m e n t a l M1. and S2 t r a n s i t i o n p r o b a b i l i t i e s a r e 

e s t i m a t e d from-, t h e m e a r i l i f e . r e p o r t e d a b o v e e m p l o y i n g t h e m i x i n g 

r a t i o o f W e s t e p n b e r g e r ( 5 ) e t . a l . and t h e known ( 6 ) b r a n c h i n g 

r a t i o ( R ) o f t h e t r a n s i t i o n ( 0 . 9 5 and R = 1 0 0 / 1 2 1 ) and g i v e n 

b e l o w : 

T ( M 1 ) = ( 3 . 6 0 + 0 . 6 0 ) x 1 0 9 s e c . " 1 

and T ( E 2 ) = ( 3 . 2 4 + 0 . 5 5 ) x 1 0 9 s e c . " 1 
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The c o r r e s p o n d i n g v a l u e s f r o m the-, s i n g l e p a r t i c l e e s t i m a t e s 

a r e g i v e n by 

t h e h i n d r a n c e i n M 1 . a n d t h e enhancement i n E2 b e i n g a b o u t 

2 0 0 0 and 4 r e s p e c t i v e l y , T h e . M I h i n d r a n c e i n t h i s c a s e , n a y be 

due t o the 1 - f o r b i d d e n n e s s ( a s i n t h e c a s e - o f t h e 9 1 ; k e V t r a n -

y , t ; i o n ) o r t o t h e d e s c r i p t i o n o f the 5 / 2 + s t a t e a t 5 3 1 keV 

a s o f c o l l e c t i v e t y p e . A p u r e d e - S h a l i t t y p e o f r w a v e - f u n c t i o n 

however r e q u i r e s c o n s i d e r a b l e E 2 enhancement _which i s n o t o b -

s e r v e d i n t h e p r e s e n t c a s e . I t t h u s a p p e a r s t h a t , t h e K i s s l i n -

g e r S o r e n s o n t y p e o f wave f u n c t i o n may be assumed and t h e . p a r t -

i c l e and c o l l e c t i v e p a r t s c a n be e s t i m a t e d f r o m the p r e s e n t 

e x p e r i m e n t a l r e s u l t . P o r t h i s p u r p o s e t h e g r o u n d s t a t e o f 

1 4 7 

Pm i s t a k e n from K i s s l i n g e r and S o r e n s o n and t h e wave f u n -

c t i o n o f t h e 5 3 1 keY s t a t e i s t a k e n t o be p r e d o m i n e n t l y d e t e r -

mined by t h e p a r t i c l e s t a t e 5 / 2 and t h e p a r t i c l e 7 / 2 + ' p h o n o n 

s t a t e t h u s : 

Prom t h e s e f u n c t i o n s t h e M1 t r a n s i t i o n p r o b a b i l i t y i s o b t a i n -

ed i n t e r m s o f A and e q u a t e d t o the p r e s e n t e x p e r i m e n t a l v a l u e . 

T ( E 2 ) - 3 . 2 1 x 1 0 ° s e c 

(Ml ) = 7 . 2 x 1 0 1 2 s e c " 1 

/ -no \ o „ _ " I 
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The v a l u e o f A t h u s o b t a i n e d i s g i v e n by 

A = 0 . 9 9 + 0 . 1 6 

a n d J i - A 2 = 0 . 0 5 + 0 . 0 2 

T h e s e v a l u e s a r e employed t o p r e d i c t B ( E 2 ) a s 

B ( E 2 p r e d i c t e d = C 2 - 1 ± x 1 0 ~ 3 

w h i l e t h e c o r r e s p o n d i n g e x p e r i m e n t a l v a l u e i s g i v e n by 

B ( E 2 ) , , = ( 4 . 9 5 + 0 . 8 3 ) x . 1 0 " ° 
WXP I ~ 

I t c a n be s e e n f r o m t h e s e v a l u e s t h a t t h e agreement i s o n l y 

a p p r o x i m a t e . However i n e s t i m a t i n g t h e e x p e r i m e n t a l v a l u e o f 

B ( E 2 ) t h e e r r o r i n O i s not t a k e n i n t o a c c o u n t . I n v i e w o f t h a t 

t h e a g r e e m e n t seems t o be s a t i s f a c t o r y . I t t h e r e f o r e a p p e a r s 
1 4 7 

t h a t t h e 5 3 1 keV s t a t e i n Pm c o n t a i n s a l a r g e 5 / 2 p a r t i c l e p a r t 

and a s m a l l c o l l e c t i v e p a r t . 

R E F E R E N C E S : 

1 . K . M . M . S . A y y a n g a r e t . a l . C u r r e n t S c i e n c e 3 4 , 606 ( 1 9 6 5 ) 

2 . L . S . K i s s l i n g e r and R . A . S o r e n s o n , R e v . Mod. P h y s . 35 • 

8 5 3 ( 1 9 6 3 ) 

3 . R . E . G r e e n and R . E . B e l l , N u c l . I n s t . 3 , > . 1 2 7 ( . 1958) 

4 . H a n s - D i e t r i c h e t . a l . N u c l . P h y s . 2 0 , 1 6 9 ( 1 9 6 0 ) 

5 . G . A . W e s t e r n b e r g e r e t . a l . P h y s . R e v . 1_23., 1 8 1 2 ( 1 9 6 1 ) 

6 . E . S p r i n g P h y s . L e t t . 7 , 2 1 8 ( 1 9 6 3 ) 

7 . A . d e - S h a l i t , P h y s . R e v . 1 ,22, 1 5 3 0 ( 1 9 6 1 ) 
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D I S C U S S I O N : 

P . S e n : W i t h s u c h a c r u d e r e s o l u t i o n , t h e v a l u e o f T hy p e a k 

s h i f t method i s not v a l i d u n l e s s moment c a l c u l a t i o n s a r e made? 

z. 

V . l a k s h m i n a r a y a n a : Y e s . B u t t h e v a l u e o f $ i s not a l s o known 

t o s u f f i c i e n t a c c u r a c y . More a c c u r a t e v a l u e s a r e o f c o u r s e 

needed f o r a c c u r a t e e s t i m a t e s o f A . The p r e s e n t v a l u e s , 

h o w e v e r , throw some l i g h t on t h e s t r u c t u r e o f t h e s t a t e . 
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BRANCHING RATIO I N THE ELECTRON CAPTURE TRANSITIONS OP 6 5 Z n 

H . K . Sahoo and U . C . G u p t a 
B h a b h a A t o m i c R e s e a r c h C e n t r e , Trombay 

ABSTRACT. 

B r a n c h i n g r a t i o i n t h e e l e c t r o n c a p t u r e t r a n s i t i o n s of 

65 

Zn h a s been measured us .uig a c o i n c i d e n c e s e t up d e v e l o p e d i n 

t h i s L a b o r a t o r y i n c o n j u n c t i o n w i t h a gamma r a y s p e c t r o m e t e r . 

The s e t u p employs a h i g h p r e s s u r e 4 " j T * - p r o p o r t i o n a l c o u n t e r f o r 

t h e d e t e c t i o n o f X - r a y s and A u g e r e l e c t r o n s . Gamma r a y s a r e d e -

t e c t e d i n a N a l ( T l ) c r y s t a l p l a c e d o u t s i d e t h e p r o p o r t i o n a l c o u n t e r . 

The c o i n c i d e n c e measurement g a v e t h e t o t a l e l e c t r o n c a p t u r e 

r a t e w h i l e t h e gamma s p e c t r o m e t e r g a v e the gamma e m i s s i o n r a t e . The 

b r a n c h i n g r a t i o was c a l c u l a t e d from t h e s e two m e a s u r e m e n t s and was 

f o u n d t o be ( 0 . 5 3 + 0 . 0 3 ) . T h i s v a l u e i s i n good a g r e e m e n t w i t h 

t h e v a l u e s o b t a i n e d by o t h e r methods ( 1 , 2 ) . 

R E F E R E N C E S : 

1 . G . I G l e a s o n , P h y s . R e v . J_1_3, 237 ( 1 9 5 9 ) 

2 . J . G . V . T a y l o r and J . S . M e r r i t t , P h y s . C a n a d a j_9, N o . 3 , 1 7 ( 1 9 6 3 ) 
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DECAY OP 9 9 Mo 

P . Jagam and V L a k s h m i n a r a y a n a 
L a b o r a t o r i e s f o r N u c l e a r R e s e a r c h 

A n d h r a U n i v e r s i t y -V/ALT A I R . 

99 

T h e r a d i o a c t i v e d e c a y o f Mo was s t u d i e d by a few i n -

v e s t i g a t o r s ( 1 , 2 ) . R e c e n t i n v e s t i g a t i o n s o f C r e t z u and Ilohmuth ( 3 ) 

h a v e e f f e c t e d a few c h a n g e s i n the e a r l i e r r e s u l t s . They a l s o f o u n d 

e v i d e n c e ' f o r 2 new gamma r a y s 4 1 0 and 6 2 0 lceV i n c o i n c i d e n c e w i t h 

t h e 3 7 0 keY gamma r a y . The r e s u l t s o f Crow t h e r and E l r i d g e (4) a r e 

i n good agreement w i t h t h e s e r e s u l t s e x c e p t f o r t h e 2 new gamma 

r a y s , sum ( 5 ) ''and s u m - p e a k " ( 6 ) c o i n c i d e n c e t e c h n i q u e s b e i n g i d e a l l y 

s u i t e d f o r s t u d i e s on c a s c a d e modes o f d e c a y the p r e s e n t s t u d y i s 

u n d e r t a k e n . 

99 

P i v e s a m p l e s of c a r r i e r - f r e e l i q u i d s o u r c e o f •'Mo a r e 

o b t a i n e d a t d i f f e r e n t t i m e s from AEET and s t u d i e d w i t h the e x -

p e r i m e n t a l a r r a n g e m e n t s shown i n P i g . 2 . The two c h a n n e l s a r e 

a s s e m b l e d w i t h DuMont 6 2 9 2 p h o t o - m u l t i p l i e r s and Harshaw t y p e 

N a l ( T l ) c r y s t a l s of d i m e n s i o n s i f " ( d i a . ) x 2 " . The e x p e r i m e n t a l 

a r r a n g e m e n t i s o f t h e c o n v e n t i o n a l f a s t - s l o w t y p e w i t h a 1 0 0 - c h a n n e l 

a n a l y s e r . The s p e c t r a a r e r e c o r d e d i n sum c o i n c i d e n c e , 7 cm 

s u m - p e a k and 4 7 T s u m - p e a k c o i n c i d e n c e modes1. o f o p e r a t i o n . '. T h e z e r o -
b i a s 7 cm s u m - p e a k c o i n c i d e n c e s p e c t r u m i s shown i n Pig.."3. 
i t shows p e a k s a t 1 2 7 0 , 1 1 3 0 ' , 920 and 2 6 0 k e V . P e a k s i n 7 cm 
s u m - p e a k c o i n c i d e n c e a r r a n g e m e n t can o n l y o c c u r f o r two gamma c a s c a d e e v e n t s . I t t h e r e f o r e a p p e a r s p o s s i b l e t h a t t h e h i g h e s t 

9 9 

e n e r g y l e v e l f e d i n t h e b e t a d e c a y o f Mo i s 1 2 7 0 k e Y . The same 

f i g u r e a l s o shows t h e 200 keY b i a s s p e c t r u m i n w h i c h t h e p r e s e n c e 
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3) ego i7'/. as 

49/230 8*/, 7-1 

tZ70 

t/Sl 

56 

3/4 

fSO 

'4-1 
/4-0 

£/2 + 
'/} -

yt. + 

9/Z + 

SUM PBQIC COINCIDENCE SUM COlNCtDGNCE. 

7l3—C3 
/. e ht s. F/isr coinciDE.Nce.. 3. J>ecaae scaun. 
S. VETeCTORi <r LiNBA/e. AAtPtWSZ,. tO-COINClV£AtC£-

i-A/H/re.cr. , 7.swaie ctif*NNi-.L /tNRiyitu,. Hare 

4 . Z i r lCA/ i fiLDBR, 0. SlOtJ COJ/lCW£tiC£. /t< /OOC/tfiNNBL 
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o f p e a k s a t e n e r g i e s 7 3 0 and 990 k e Y s u p p o r t s t h e e v i d e n c e f o r t h e 

two new g a n m l i n e s r e c e n t l y o b s e r v e d ( 3 ) „ -Th* sum c o i n c i d e n c e 

s p e c t r u m w i t h g a t e a t 1 2 7 0 keY i s r e c o r d e d sliov/ii i n P i g , 4 . Two 

l i n e s a t e n e r g i e s 1 4 0 and 1 1 3 0 k e V s u g g e s t t h a t fche 1 2 7 0 keV s t a t e 

p r e e m i n e n t l y d e c a y s t o t h e • 1 4 0 k s Y s t a t e . The sum c o i n c i d e n c e 

s p e e t r u r e c o r d e d f o r g a t e s a t 1 1 3 0 and 9 2 0 keY confiri.isd t h e 

c a o c i d e r e l a t i o n a p r o p o s e d e a r l i e r ( 3 ) . The h a l f l i f e o f t h e 

s o u r c e i s f o l l o w e d i n t h e 4fi~sur.i -po ik mode and the. v a r i o u s component 

a r e f o u n d to d e c a y with .a h a l f - l i f e ' . o f 6 5 + 2 h o u r s ; -The 'decay v ' §eheme 

i s shown in P i g . 1 . w i t h t h e new l e v e l and gamma line now b e i n g 

i n t r o d u c e d shown by d o t t e d l i n e s . 

K S P E I W H U E S : 

1 . 3 . 3 . Dr'.fslepov and L . S . P e k e r , D e c a y ' s c h e m e s of ' l a / . ' . i n a c t i v e 

n u c l e i : Pergaraon P r e s s ( 1 3 6 1 ) . « 

2 . E . B o d ' e n s t e d t e t . a l . , 3 . P h y s . 1 5 3 , 4 2 3 ( 1 9 5 9 ) 

3 . T . G r e t z u and K . Hohmuth , N u c l . P h y s . 6 6 , 3 9 1 - ( 1 9 6 5 ) 

4 . P . Or o u t l i e r and J . 3 . E l d r i d g e , N u c l . P h y y . 6 6 , 4 7 2 ( 1 9 6 5 ) 

5 . A . M . Hoogenboom, N u c l . I n s t . 3 , 5 7 ( 1 9 5 3 ) 

6 . J. K a n t e l e and R . T / . P i n k , N u c l . I n a t . & M e t h . 3 3 ( 1 9 6 2 ) 

D I S C U S S I O N : 

IT. N a t h : When one t r i e s t o d o s u m - c o i n c i d e n c e or ever. s i m p l e 

c ' o i n c i d e n c - 3 s t u d i e s i n v o l v i n g . ; a h i g h o n o r r ; / nnd a v e r y low e n e r g y 

•y-ray- ( a s i o the e a s e for y o u r l e v e l predict io': ui 1270 keV 

w i t h 1 1 3 0 and 1 4 0 keY a s c a s c a d e s ) it i e b&zc-*r to t r y a s e l e c t i v e 



a b s o r p t i o n e x p e r i m e n t t o e l i m i n a t e t h e p o s s i b i l i t y o f summing 

i n t h e c r y s t a l r e s u l t i n g i n a n e r r a n e o u s c o n c l u s i o n ? 

V„ L a k s h m i n a r a y a n a : We h a v e , o f c o u r s e , n o t done t h a t . B u t we 

h a v e e n s u r e d t h a t t h e e f f e c t o f summing e v e n t s t o be s m a l l . 

S . P . S u d : G o u l d y o u e s t i m a t e t h e b e t a f e e d i n g t o t h e 1 2 7 0 ' k e V 

l e v e l s ? 

V . L a k s h m i n a r a y a n a : No. I n t e n s i t y e s t i m a t e s a r e not a t t e m p t e d 

i n v iew o f p o o r s t a t i s t i c s . 

P . O . H a n g a l : How d i d y o u t a k e c a r e o f t h e c h a n c e c o i n c i d e n c e 

c o n t r i b u t i o n s i n sum-peal? c o i n c i d e n c e s t u d y ? 

V . L a k s h m i n a r a y a n a : S i m p l e . T a k i n g t h e r e s o l v i n g t i m e a n d t h e 

s i n g l e s r a t e s . 

P . G . M a n g a l : D i d y o u f i n d any d i f f e r e n c e i n t h e c h a n c e r a t e i n 

s i m p l e c o i n c i d e n c e s t u d y a n d i n s u m - p e a k c o i n c i d e n c e s t u d y ? 

V . L a k s h m i n a r a y a n a : C h a n c e r a t e s h o u l d be about the t h e same. 

But t r u e - t o - c h a n c e r a t i o o f t h e s u m - p e a k a r r a n g e m e n t i s b e t t e r . 
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DECAY O E ' ' 3 7 Z r 

? . J a g am and V . L a k s h & i n a r . & y a n a 
L a b o r a t b.rijesrfGi!t!»Waeie'"©^/ R e s e a r c h 

Andhr&L PniLffiersity 
•yt ~ X U * 

, ti w-c'pT? 'i ,~l rp 

The. e u v - a a d y u m - p e a k - o o i n c i d e n c e t e c h n i q u e s w i t h . 

a 1 0 0 c h a n n e l a n a l y s e r a r e u s e d f o r the.- I n v e s t i g a t i o n o f 
rr 

t h e d e c a y , scheive o f - - Zr.. The, .7 cro-sum-peak .arra>ig,ement 

e l i m i n a t e s c o m p l e t e l y 'the s i n g l e s gammas i n -che. s e r o . b i a s 

s u m - p e a k s p e c t r u m r e c o r d s o n l y c a s c a d e , e v e n t s . . I n t h e 
07 

c a s e o f S r s u c h a - sero< b i a s sum p e a k c o i n c i d e n c e s p e c t r u m 

shows a p e a k a t 2 5 8 0 k e Y . The s u m - c o i n c i d e n c e s p e c t r u m 

w i t h g a t e - a t . . t h i s . - e n e r g y shows t h e d e c a y a s . - a r i s i n g out..:' 

o f two c a s c a d e s . The h a l f l i f e i s f o l l o w e d i n the 4 J T s u m -

p e a k a r r a n g e m e n t and i s f o u n d t o be c o n s i s t e n t w i t h t h e 

a c c e p t e d h a l f l i f e o f 1 7 h o u r s . A t h o u s a n d keY component 

o b s e r v e d i n the s p e c t r u m however i s found to d e c a y w i t h 

a h a l f - l i f e o f a b o u t 3 0 h o u r s and i s t e n t a t i v e l y a s s i g n e d 

t o t h e d e c a y o f ^ ^ H b . 
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BETA-CAMia D I R E C T I O N A L CORRELATION STUDIES 

I N THE DECAY OP 1 o 0 T b . 

Y . S e s h a g i r i ' . R a o and Y . L a k s h m i n a r a y a n a 
I i H o g ^ - a t o r i e s f o r N u c l e a r Reaetflrch, 

A n d h r a U n i v e r s i t y 
W a l t a i r , 

i V Vl*- 9 

Be'ta-Gfumna d i r e c t i o n a l c o r r e l a t i o n s ' a r e s t u d i e d ' f o r 

— -f 1 6 0 lite 3 ; '2 , 3 6 0 weV b e t a t r a n s i t i o n i n t h e decay of 10 Tb 

a c c e p t i n g t h e f o l l o w i n g gammas of e n e r g i e s 3 5 0 koY and 

9 7 0 .keY i n t h e g amma c h a n n e l . The r e d u c e d c o r r e l a t i o n 

c o e f f i c i e n t ' s ' a f t e r - a l l o w i n g f o r t h e combined e f f e c t o f the 

two gammas a r e o b t a i n e d , a n d p l o t t e d a g a i n s t e n e r g y . 

The b e s t ' f i t t h r o u g h the. v a r i o u s p o i n t s gives the e n e r g y -

depend isnt - -and. ' ' independent c o e f f i c i e n t s a s 

R„ - 0 . 1 1 0 + 0 . 0 1 1 and 

, a > 0 . 0 0 0 1 1 0 + 0 . 0 0 0 0 6 2 

T h e s e v a l u e s i n d i c a t e a s t r o n g s u p p o r t f o r t h e a p p r o x i -

m a t i o n w h i l e t h e l a r g e l o g - f t ( 8 . 3 ) v a l u e i s i n c o n s i s t e n t 

w i t h t h i s c o n c l u s i o n . 
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ANQUIAR CORRELATION STUDIES I N T H E DECAY OP 

1 l 5 C d AND ' 9 2 I r U S I I S SUM C O I N -
C I D E N C E TECHNIQUES 

N. R a n a k u m a r and V . L a k s h m . i n a r a y a n a 
L a b o r a t o r i e s f o r ' r N u c l e a r Res e a r c h , 

A n d h r a U n i v e r s i t y 
W a l t a i r . 

ABSTRACT. 

A n g u l a r c o r r e l a t i o n s are s t u d i e d on the 2 3 2 + 2 6 0 keV 

c a s c a d e between t h e l e v e l s 6 2 7 and 3 3 5 keV i n I n - 1 1 5 u s i n g 

the 2 0 0 keV b i a s s u r a - p e a k s p e c t r u m . 'x>he c o r r e l a t i o n c o u l d 

be f i t t e d a s 

= 1 - ( 0 . 2 4 3 + 0 . 0 1 5 ) P ^ ( C o s 9 ) 

+ ( 0 . 0 0 0 + 0 . 0 1 5 ) P ^ ( C o s 9 ) 

Tho s e r e v a l u e f o r t h e A^ c o e f f i c i e n t ' s u g g e s t s 

a s p i n a s s i g n m e n t o f 3/2" f o r t h e 5 95 keV s t a t e . A n g u l a r 

c o r r e l a t i o n s a r e a l s o m e a s u r e d f o r t h e c a s c a d e s 5 3 3 + 6 1 2 k e V 

and 3 1 6 + 334 keV s i m u l t a n e o u s l y u s i n g t h e s u m - c o i n c i d e n c e 

s p e c t r u m - w i t h g a t e at 1 2 0 0 keV i n t h e d e c a y o f I r . The 
1 9 2 

a «<j<iy u i 

values obtained f o r . t h e s e c a s c a d e s a r e 

W ( 9 ) = 1 + ' ( 0 . 0 9 7 + 0 . 0 1 0 ) P 2 ( C o s 9 ) + ( 0 . 0 0 1 + 0 . - 0 1 0 ) P ( C o s 9 ) 

and 

W ( 9 ) - 1 + ( 0 , 0 3 6 + 0 . 0 1 0 ) P 2 ( C o a 9 ) + ( 0 . 0 0 0 + 0 . 0 1 0 ) P ( C o s 9 ) 

T h e s e r e s u l t s i n d i c a t e a s p i n a s s i g n m e n t o f 4 + f o r 1 2 0 0 keV 

s t a t e i n J P t . 
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GAMMA-.--GAMMA ANGULAR CORRELATION MEASUREMENTS BY SUM-PEAK 
COINCIDENCE I E THOD* 

' S'cP. ' S u d s K»K« S u r i , P C , M a n g a l and P = No T r e h a n 
D e p a r t m e n t o f P h y s i c s , 

P a n j a b U n i v e r s i t y , 
C h a n d i g a r h o 

ABSTRACT. 

S u m - p e a k c o i n c i d e n c e method h a s b e e n u s e d f o r t h e gamma-

gamma a n g u l a r c o r r e l a t i o n m e a s u r e m e n t s . T h i s s e t up h a s been 

f o u n d t o h a v e some s p e c i a l a d v a n t a g e s o v e r the c o n v e n t i o n a l iL o w -

f a s t C o i n c i d e n c e method.-, The "aum-peak s p e c t r o m e t e r b e i n g f u l l y 

s y m m e t r i c a l r e g i s t e r s a l l t h e w a n t e d c o i n c i d e n c e s and h a s t h e r e -

f o r e a l m o s t d o u b l e c o i n c i d e n c e d t e c t i o n e f f i c i e n c y . ^he p e r -

f o r m a n c e o f t h e s p e c t r o m e t e r i s i n s e n s i t i v e t o m i n o r e l e c t r o n i c 

d r i f t s . S l i g h t e l e c t r o n i c d r i f t s d o n o t change the a r e a u n d e r 

the s u m - p e a k b u t o n l y b r o a d e n i t . T h i s makes i t p a r t i c u l a r l y 

u s e f u l i n a n g u l a r c o r r e l a t i o n s t u d i e s i n v o l v i n g weak c a s c a d e s 

y^here l o n g r u n s a r e needed t o o b t a i n good s t a t i s t i c s , By s t u y -

i n g s e v e r a l s u m - p e a k s a t the same t i m e , i t i s p o s s i b l e t o 

m e a s u r e s e v e r a l a n g u l a r c o r r e l a t i o n f u n c t i o n s s i m u l t a n e o u s l y , ) 

I f a sunwpeak i s due t o more than one c a s c a d e , t h e s e t - u p c a n 

be u s e d t o d e t e r m i n e t h e c o n t r i b u t i o n s o f t h e unwanted c a s -

c a d e s i n t h e s u m - p e a k . 

She f e a s i b i l i t y of the t e c h n i q u e was checked by s t u d y -

fin 

i n g 1 . 1 7 Me V — 1 , 3 3 MeY gamma c a s c a d e i n N i . The a n g u l a r 

T h i s . w o r k ) w a s d o n e ^ h n d e r t h e s p o n s o r s h i p o f l i N i t a i S h a i B u r e a u 

,Q:f S t a n d a r d s - W a s h i n g t o n - , D»C, 
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c o r r e l a t i o n f u n c t i o n o b t a i n e d by a l e a s t s q u a r e s f i t ( 2 ) 

o f t h e d a t a a f t e r c o r r e c t i n g f o r t h e a t t e n u a t i o n due t o 

f i n i t e s o l i d a n g l e o f t h e d t e c t o r s ( 3 ) was found t o be 

The 3 5 6 - 8 2 k g a m m a C a s c a d e i n 1 3 3 C s was s t u d i e d 

u s i n g t h i s t e c h n i q u e , - The a n g u l a r c o r r e l a t i o n f u n c t i o n 

c o r r e c t e d f o r f i n i t e s o l i d a n g l e of t h e d e t e c t o i r s was f o u n d 

t o be \ v 

y ( e ) - 1 +0 C&* * ) - i ™ V t 0 ' ° ° i 0 ) 

The r e s u l t s a r e i n a g r e e m e n t w i t h t h e r e s u l t s o f o t h e r 

a u t h o r s ( 4 - 9 ) , and f a v o u r l / 2 + s p i n a s s i g n m e n t t o t h e 4 3 8 keV 

l e v e l i n 1 5 5 C s « B - N - Subba Rao ( 1 0 ) a s s i g n s 3 / 2 + s p i n t o 

t h i s l e v e l on t h e b a s i s of 8 2 K - 3 5 6 KeY e l e c t r o n gamma a n g u l a r 

c o r r e l a t i o n , but R O t h a z ( 1 1 ) on the b a s i s o f 8 2 K - 3 5 6 keV 

/ + 

e l e c t r o n gamma a n g u l a r c o r r e l a t i o n a s s i g n s a s p i n 1 / 2 t o 

t h i s l e v e l , 
R E F E R E N C E S : 

1 , Jo K a n t e l e and R.W'. F i n k , N u c l . I n s t s . J_5, 6 9 - 7 3 ( 1 9 6 2 ) 

2» M . E . R o s e , P h y s . R e v . 9 2 , 6 1 0 ( 1 9 5 3 ) 

3 , M . J . L . Y a t e s i n A l p h a B e t a - Gamma-rays s p e c t r o s c o p y 

e d i t e d by K . S i e g b a h n V o l . 2 . 

4n A.Po A r y a „ P h y s , R e v . J 22 , 549 ( 1 9 6 1 ) 

5« FoM, C l i k e m a n d and M.G, S t e w a r t P h y s . & e v . 1 0 5 2 ( 1 9 6 0 ) 
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6 . E , B o d e n s t e d t , J „ H , K o r n e r a n d E , / M a t h i a s N u c l - P h y s 

JM'. 584 ( 1 9 5 9 ) 

7 . F . Munich , K« F r i c k e and U, Welner . , Z e i t s P h y s , 1 7 4 , 

68 ( 1 9 6 3 ) 

8 . L . I , Y i n & W i e d e n b e c k ; N u c l , P h y s , 5 4 , 86 ( 1 9 6 4 ) 

9 : J , E . Thun e t a l f N u c l , . P h y s , 8 8 , 2 8 9 ( 1 9 6 6 ) 

1 0 . 13,N. Subba R a o , N u c l . P h y s . 2 7 , 2 8 ( 1 9 6 1 ) • ' " . . / , „i, 

1 1 . R . O t h a z P r o c . I n t e r n , C o n f . I n t e r n a l Gonv. P r o c e s s e s , 

e d i t e d by J , H . H a m i l t o n , 
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GAMMA.-GAMMA . D I R E C T I O N A L CORRELATIONS I N d 2 K r 

M.M. • BaJsf^'-^lj.jGupia -and- U.K.'.Saha .. 

D e p a r t m e n t o f P h y s i c s and. A s t r o p h y s i c s , 
U n i v e r s i t y o f ' D e l h i D e l h i . 

I N T R O D U C T I O N : 

82 
The e n e r g y l e v e l s t r u c t u r e o f " K r f o l l o w i n g t h e b e t a 

3 2 d e c a y o f 3 6 h ''Br h a s b e e n i n v e s t i g a t e d by maqy w o r k e r s ( 1 - 1 0 ) . 

R e c e n t s t u d i e s ( ' 4 , 6 - 1 0 ) h a v e c o n f i r m e d t h e e x i s t e n c e of a h i g h l y 

3 2 

e x c i t e d - l e v e l i n .Kr a t 2 4 2 5 ke\ r w h i c h d e p o p u l a t e s by a weak 

gamma quanturn e m i s s i o n o f e n e r g y 1 6 4 3 k e V l e a d i n g t o t h e f i r s t 

e x c i t e d s t a t e a t 7 7 7 keV ( f i g . 1 ) . R e c e n t l y E t h e r t o n and K e l l y ( 6 ) 8 2 

s t u d i e s t h e e n e r g y l e v e l s t r u c t u r e o f "Kr u s i n g . h i g h r e s o l u t i o n 

G e ( l i ) d e t e c t o r s and. p e r m a n e n t magnet e l e c t r o n s p e c t r o m e t e r s . 

T h e i r m e a s u r e m e n t s s u r e s t t h r e e p o s s i b l e s p i n v a l u e s t o t h e 

2 4 2 5 keV . l e v e l , n a m e l y , 2 , 3 and 4 . We h a v e made d i r e c t i o n a l 

c o r r e l a t i o n rne.asuremetits on 1 6 4 3 - 7 7 7 k e V c a s c a d e t o a r r i v e a t a 

u n i q u e s p i n v a l u e o f t h e 2 4 2 5 keV l e v e l and a l s o t o i n v e s t i g a t e 

t h e m u l t i p o l a r i t y o f ' t h e 1 6 4 8 keV t r a n s i t i o n . I n a d d i t i o n d i r e c t -

i o n a l c o r r e l a t i o n m e a s u r e m e n t s a r e made on t h e 1 3 1 7 - 7 7 7 and. t h e 

6 1 9 - 1 4 7 5 k e V c a s c a d e s and t h e E 2 l i f e t i m e s o f the 1 3 1 7 and 6 1 9 keV 

t r a n s i t i o n s a r e e s t i m a t e d f r o m t h e i r o b s e r v e d m i x i n g r a t i o a n a l y -

s i s . 

A l l c o i n c i d e n c e and d i r e c t i o n a l c o r r e l a t i o n m e a s u r e m e n t s 

w e r e c a r r i e d o u t u s i n g a f a s t - s l o w N a l ( T l ) s c i n t i l l a t i o n c o i n -

c i d e n c e s p e c t r o m e t e r w i t h an e f f e c t i v e r e s o l v i n g t i m e o f «r- 3 0 n s . 
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R E S U L T S : 

The s o l i d a n g l e c o r r e c t e d d i r e c t i o n a l c o r r e l a t i o n f u n c t i o n 

f o r t h e 1 6 4 3 - 7 7 7 keV c a s c a d e was found t o be W ( B ) = 1 + 

( 0 . 0 4 2 7 + 0 . 0 1 52)P,-, ( o o s 0 ) - ( 0 . 0 5 1 7 + 0 . 0 3 0 8 ) P , . ( c o s 0 ) ( 1 ) 
— c — t 

T h i s c a s c a d e , a l s o r e c e n t l y s t u d i e d by K o c h e t a l . . , i„y p r a c t i c a l l y 

f r e e from a l l i n t e r f e r i n g c o n t r i b u t i o n s , b e c a u s e t h e t h r e e h i g h 

e n e r g y gamma r a y s 1 7 7 7 , 1 3 7 1 and 2 0 5 2 keV a l s o c a s c a d i n g w i t h 

i 7 7 7 a r e e x t r e m e l y weak. As m e n t i o n e d e a r l i e r , E t h e r t o n .and 

K e l l y ( 6 ) , a s s i g n e d t h r e e spin., v a l u e s 2 , 3 o r 4 t o the 2 4 2 5 keV 

l e v e l . The s p i n and p a r i t y o f t h e g r o u n d s t a t e o f e v e n - e v e n 
82 + + 

K r i s 0 and t h a t o f t h e f i r s t e x c i t e d s t a t e 2 , w h i c h d e c a y s 

by a pure E2 t r a n s i t i o n . T h r e e p o s s i b l e s p i n seq.ue.nces, t h e r e f o r e , 

f o l l o w f o r t h e above c a s c a d e : ( i ) 2 ( D , Q ) 2 ( Q ) 0 , ( i i ) 3 ( D , ^ ) 2 ( Q ) 0 

and ( i i i ) 4 ( Q ) 2 ( Q ) 0 . The ( i i i ) s p i n s e q u e n c e i s n o t c o m p a t i b l e 

w i t h eq. , ( 1 ) b e c a u s e t h e t h e o r e t i c a l e x p a n s i o n c o e f f i c i e n t s f o r 

t h i s s e q u e n c e a r e A 2 = + 0 . 1 0 2 0 and A^ = + 0 . 0 0 9 1 . The o b s e r v e d 

Ag c o e f f i c i e n t a l o n e a p p e a r s to be c o n s i s t e n t w i t h t h e s e q u e n c e 

( i ) , i f t h e 1 6 4 3 lceV gamma t r a n s i t i o n i s assumed to c o n t a i n a 

m i x t u r e o f e i t h e r ~ 9 3 $ d i p o l e and ^ 7 $ q u a d r u p o l e or—98$ q u a d r u p o l e 

and 2 $ d i p o l e r a d i a t i o n s . But i n b o t h t h o s e c a s e s , t h e f i n i t e 

n e g a t i v e v a l u e ( - 0 . 0 5 1 7 + 0 . 0 3 0 3 ) o f t h e o b s e r v e d A^ c o e f f i c i e n t 

c a n n o t be a c c o u n t e d f o r . T h e r e f o r e , • t h e o n l y p o s s i b l e s p i n 

s e q u e n c e w h i c h c o u l d be a s s i g n e d t o t h i s c a s c a d e i s 3 ( D , Q ) 2 ( Q ) 0 . 

M i x i n g r a t i o a n a l y s i s o f t h e o b s e r v e d A,., e x p a n s i o n c o e f f i c i e n t i n 

t e r m s o f t h i s s p i n s e q u e n c e l e a d s t o t h e q u a d r u p o l e c o n t e n t of 

Q 1 6 4 3 = 0 . 0 2 1 0 -i- 0 . 0 0 3 5 o r 0 . 9 0 2 5 + 0 . 0 1 2 5 f o r t h e 1 6 4 3 keV 
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r a d i a t i o n . T h e r e f o r e t h e 1 6 4 3 k e Y gamma r a y i s e i t h e r p r e d o -

m i n a n t l y d i p o l e i n c h a r a c t e r w i t h a q u a d r u p o l e a d m i x t u r e o f 

( 2 . 1 0 + 0.35) 'f° o r p r e d o m i n a n t l y q u a d r u p o l e i n ' c h a r a c t e r w i t h a 

d i p o l e a d m i x t u r e o f ( 3 . 7 5 + 1 . 2 5 ) $ . As t h e i n t e r n a l c o n v e r s i o n 

c o e f f i c i e n t o f t h i s r a d i a t i o n i s n o t known, n o t h i n g d e f i n i t e c a n 

be s a i d , a b o u t i t 3 m u l t i p o l a r ! t y . H o w e v e r a s i m i l a r m i x i n g r a t i o 

a n a l y s i s made on the o b s e r v e d A^ e x p a n s i o n c o e f f i c i e n t f a v o u r s a 

p r e d o m i n a n t l y q u a d r u p o l e c h a r a c t e r f o r t h e 1 6 4 6 k e V gamma r a y . 

T h i s c o n c l u s i o n i s i n c o n t r a s t w i t h t h e r e s u l t s of K o c h e t a l , 

( 1 0 ) who p r e f e r a p r e d o m i n a n t l y d i p o l e c h a r a c t e r f o r t h i s t r a n -

s i t i o n f r o m t h e i r d i r e c t i o n a l c o n e l a t i o n m e a s u r e m e n t s . 

F o r t h e 1 3 1 7 - 7 7 7 k e V c a s c a d e , t h e s o l i d a n g l e c o r r e c t e d 

d i r e c t i o n a l c o r r e l a t i o n ' f u n c t i o n i s 

•W( a ) = 1 - ( 0 . 0 3 0 1 + 0 . 0 0 6 9 ) P Q ( c o s S ) - ( 0 . 0 4 5 2 + 0 . 0 1 4 0 ) P , ( c o s <?) ( 2 ) 

The c o n t r i b u t i o n o f t h e 1 6 4 3 - 7 7 7 keY c a s c a d e t o t h e p r e s e n t 

one h a s b e e n e s t i m a t e d t o - b e . ^ 2 . 5 $ f r o m a c a r e f u l a n a l y s i s o f 

o u r s i n g l e s arid c o i n c i d e n c e s p e c t r a . • A s t h i s i s q u i t e n e g l i g i b l e , 

we h a v s made no c o r r e c t i o n s f o r i t . 

A c c o r d i n g t o e y . ( 2 ) . t h e most l i k e l y s p i n s e q u e n c e f o r 

t h i s c a s c a d e i s 3 ( D , Q ) 2 ( Q ) 0 . A s a r e s u l t , the m i x i n g r a t i o . a n a l y -

s i s shows t h a t t h e E 2 and M1 c o n t e n t s o f i f 1 3 1 7 a r e ( 9 5 . 5 + 0 . 5 

a n d ( 4 . 5 + 0 . 5 ) ? o » r e s p e c t i v e l y . T h e s e c o n c l u s i o n s a r e i n e x c e l l e n t 

a g r e e m e n t w i t h t h o s e r e p o r t e d by E t h e r ton' ic K e l l y ( 6 ) a-nd B e n c s e r -

K o l l o r ( 2 ) . 



F o r t h e 6 1 9 - 1 4 7 5 keV c a s c a d e t h e s o l i d a n g l e c o r r e c t e d 

d i r e c t i o n a l c o r r e l a t i o n f u n c t i o n i s 

W ( 0 ) = 1 + ( 0 . 0 9 9 2 + 0 . 0 0 2 9 ) P 2(COS 9) - ( 0 . 0 0 2 2 + 0061 - ) P 4 ( c o s 0 ) ( 3 ) 

W i t h the c h a n n e l s e t t i n g s and e n e r g y Windows u s e d , t h e c o n t r i -

b u t i o n o f the i n t e r f e r i . r g c a s c a d e s 5 5 4 - ( 6 1 9 ) - 1 4 7 5 , 5 5 4 = 1 3 1 7 , 

1 3 1 7 - 7 7 7 and 1 6 4 8 - 7 7 7 keV to the i n v e s t i g a t e d o n e , h a s been e s t i -

mated t o be ^ 2 $ e a c h . T h e r e f o r e e q . ( 3 ) n e e d s no c o r r e c t i o n . 

The d i r e c t i o n a l c o r r e l a t i o n d a t a a r e c o n s i s t e n t w i t h the 

s p i n s e q u e n c e 3 ( D , Q ) 2 ( Q ) 0 . The misting r a t i o a n a l y s i s c a r r i e d o u t 

i n t e r m s o f t h i s s p i n s e q u e n c e shows t h a t y 6 1 9 i s ( 8 4 . 5 + 0 . 5 ) $ E 2 

w i t h a M1 a d m i x t u r e o f ( 1 5 - 5 + 0 . 5 ) $ . T h e s e r e s u l t s a r e q u i t e com-

p a t i b l e w i t h t h e e a r l i e r s t u d i e s ( 1 , 2 , 6 ) made on t h i s c a s c a d e . 

T a b l e I shows t h e E2 l i f e t i m e s f o r the 6 1 9 and t h e 1 3 1 7 keY 

gamma t r a n s i t i o n s , computed by u s , u s i n g the m e a s u r e d v a l u e s o f 

T r / 2 ( e x p t ) ( 5 ) and t h e ( 2 ) . The E2. component, i n t h e c a s e 

o f / 6 1 9 , a p p e a r s t o be enhanced by a f a c t o r r J 2 , w h e r e a s i n t h e 

c a s e o f Y 1 3 1 7 , i t i s r e t a r d e d by a f a c t o r o f ^ 1 0 . The E 2 l i f e t i m e 

v a l u e s seem t o f o l l o w trie o r d e r o f .the s i n g l e p a r t i c l e values.-• 

and t h u s do n o t r e f l e c t the m a n y - b o d y c o l l e c t i v e b e h a v i o u r -

•erf e v e n - e v e n n u c l e i * U s u a l l y t h e c o l l e c t i v e t r a n s i t i o n i n v o l -

v i n g many p a r t i c l e s a r e c o n s i d e r a b l y f a s t e r t h a n t h e s i n g l e p a r t i c l e 

o n e s . The ab w e r e s u l t s , t h e r e f o r e , 'seem t o f o l l o w t h e a i m p i e 

s h e l l model c o n s i d e r a t i o n s f o r t h e a e t r a n s i t i o n s . 
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T a b i c I . 

E n e r g y o f M i x i n g . T ( E 2 ) T ( E 2 ) 
t l i e t r a n s i t i o n r a t i o e x p t e x - t 

( k e V ) , x 1 C r ^ 8 6 c x 1 0 - 1 1 s e c ' — 
_ 

- 2 . 3 4 + 0 . 0 5 < 2 3 . 5 2 41 .67 ^ 1 . 8 

1 3 1 7 - 4 . 6 1 + 0 . 2 6 < 1 1 . 2 3 O . 9 5 ^ 0 . 0 9 

R E F E R E N C E S : 

1 . R . C . W a d d o l l and E . N . J e n s e n , P h y s . R e v . 1 0 2 , 3 1 6 ( . 1 9 5 6 ) 

2 . IT. ' B e n e 3 e r - K o I I e z - , C'U-1'77 ( 1 9 5 8 ) 

3 . . V . S . D u b e y , - C . E . M a n d e v i l l e and M.A- Rothman', P h y s . 

R e v . 1 0 3 , 1430 ( 1 9 5 . 6 ) 

4 . X . . S i m o n s , 3 . Ber -gstrom and A . A n t t i l a , N u c l e a r P h y s i c s , 

, 5 4 , 6 3 3 ( 1 9 6 4 ) 

5 . W. P l a u g e r and H . S c h n e i d e r , N u c l e a r P n y s i c r 55,, 2 0 7 ( 1 '-jb4} 

6 . 'R.. .0'.':^ E t h e r t o n and 7? . i t . K e l l y , N u c l e a r P h y s i c s 34., 1 2 9 ( 1 9 6 6 ) 

7 . . T . J . E e n n e t t , . 1 . 3 , W e b s t e r av,d 7 / . y . P r e - ' i t w i c h , N u c l e a r P h y s i c s 

53> 56 ( T 9 6 4 ) 

o . I , M o , P . Hfcu and u . o , t,u, S a i l . .Lj:':e;i?. .triiyts. DOG. 1 Oj 3 1 (196*>) 

9 . 1 3 . 3 . N i e s c h m l d t , J . 13. Mond <:vi ina L . D . • E l l s v o i ' t h , B u l l . 

Amer. P h v s . S a c . ";29 ( 1 9 6 5 ) 

1 0 . J . K o c h e t a l . , Zait. f u r M a t u r f o r a c h . 2 0 a , 3 4 5 ( 1 9 6 5 ) 
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D I S C U S S I O N : 

J . Rama R a o : Have y o u u s e d the ' p e a l i n g o f f ' t e c h n i q u e f o r 

t h e m e a s u r e m e n t o f gamma r a y i n t e n s i t i e s ? I f s o , what i s 

t h e o r d e r o f a c c u r a c y ? 

M.M. B a j a . j : Y e s . O r d e r of a c c u r a c y i s ^ 5 $ . 

P . C . M a n g a l : .What, was t h e p e r c e n t a g e c o n t r i b u t i o n i n t h e 

c o i n c i d e n c e r a t e f o r 1 6 4 8 - 7 7 7 k e V c a s c a d e b e c a u s e o f the 

o t h e r t h r e e i n t e r f e r i n g c a s c a d e s ? 

M.M. B a . j a j : The o t h e r t h r e e c a s c a d e s ( 1 7 7 7 - 7 7 7 , 1 8 7 1 - 7 7 7 

and 2 0 5 2 - 7 7 7 k e Y ) a r e e x t r m e l y w e a k . The c o n t r i b u t i o n due 

t o t h e s e a r e e x p e c t e d t o be 0 . 0 0 5 $ i n t h e p r e s e n t c a s c a d e . 

R . P . V a r s h n e y a : What a r e y o u r r e s u l t s f o r a n g u l a r c o r r e l a t i o n 

o f 1 3 1 7 - 7 7 7 and , 6 1 9 - 1 4 7 5 keV c a s c a d e s ? 

M.M. B a j a j : D i r e c t i o n a l c o r r e l a t i o n f u n c t i o n s f o r the 1 3 1 7 - 7 7 7 

and 6 1 9 - 1 4 7 5 keV c a s c a d e s a r e 

W ( 9 ) = 1 - ( 0 . 0 3 0 1 + 0 0 0 6 9 ) Pp ( c o £ 0) - ( 0 . ©45 2 + 0 . 0 1 4 0 ) P ^ ( c o s 9 ) 

W(9) = 1 + ( 0 . 0 9 9 2 + 0 . 0 0 2 9 ) P 2 ( C O S 0 ) . - ( 0 . 0 0 2 2 + 0 . 0 0 6 1 ) P 4 ( c o s 9 ) 
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GAMMA-GAMMA. ANGULAR CORRELATIONS I N U 7 N d 

Mo So R a j x j u t and M . L . S e h g a l 
D e p a r t m e n t o f P h y s i c s , A l i g a r h M u s l i m U n i v e r s i t y , A l i g a r h 

INTRODUCTION: 

1 4 7 1 4 7 
The e n e r g y l e v e l s o f Pm f r o m t h e b e t a d e c a y o f Nd h a v e 

b e e n s t u d i e d by s e v e r a l w o r k e r s ( 1 - 1 4 ) . S p i n and p a r i t y a s s i g n m e n t s 

h a v e b e e n made on the b a s i s of c a l c u l a t e d l o g f t v a l u e s by Wendt and 

K l e i h e n t z ( 1 ) and n u c l e a r a l i g n m e n t e x p e r i m e n t s by V / e s t e n b a r e g e r 

and S h i r l e y ( 2 ) . Some a s s i g n e m n t s h a v e a l s o been made on the b a s i s 

o f d i r e c t i o n a l c o r r e l a t i o n s t u d i o s by A r y a ( 1 0 ) , S a r a f ( 1 2 ) and 

B o d e n s t e d t ( 3 ) . B u t t h e s p i n a s s i g n m e n t s o f a l l t h e s e w o r k e r s 

a r e n o t i n good a g r e e m e n t w i t h e a c h o t h e r . T h e r e i s a m b u i g i t y 

a b o u t t h e s p i n a s s i g n m e n t s o f the l e v e l s a t 9 1 , 1 3 2 , 5 3 3 and 690 keY 

r e s p e c t i v e l y . Hence i t was f e l t w o r t h w h i l e to r e i n v e s t i g a t e t h e 

1 4 7 a n g u l a r c o r r e l a t i o n o f some gamma c a s c a d e s i n Nd. 

2 . RESULTS AND A N A L Y S I S : 

2 , 1 . A n g u l a r C o r r e l a t i o n o f 91 - 91 keV c a s c a d e . 

A f t e r a p p l y i n g t h e g e o m e t r i c a l c o r r e c t i o n , t h e c o r r e l a t i o n 

f u n c t i o n was o b t a i n e d to b e , 

W ( 0 ) = 1 + ( 0 o 0 5 5 + 0 . 0 1 3 ) P 2 ( c o s 0 ) - ( 0 . 0 3 3 + 0 . 0 2 1 ) ? 4 ( c o s 0 ) 

1 47 

Due t o the complex l e v e l s t r u c t u r e o f Pm, t h e c o r r e l a t i o n 

c o e f f i c i e n t s a r e t o be c o r r e c t e d f o r t h e i n t e r f e r r i n g c a s c a d e s . 

The i n t e r f e r r i n g c o i n c i d e n c e s a r e o b s e r v e d between the l o w e r 91 keV 

gamma r a y and the gamma r a y s o f e n e r g y 1 2 0 , 1 9 9 , 3 2 0 , 4 0 0 , 4 4 2 and 

5 9 9 k e Y . T h e - c o n t r i b u t i o n s f o r t h e s e c a s c a d e s a r e c a l c u l a t e d f r o m 
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t h e i r r e l a t i v e c o n t r i b u t i o n i n t h e 91 - 91 keV c o i n c i d e n c e ® I t 

was e s t i m a t e d t h a t t h e c o n t r i b u t i o n s due t o t h e s e c a s c a d e s a r e ; 

3 2 0 - 91 keV = ( 2 . 5 + 0 . 5 ) $ , 400 - 91 keV .= ( 1 . 5 + 0 . 4 0 ) $ , 

44-2 - 91 keY = ( 1 . 6 + 0 . 4 ) $ and 599 - 91 keY = ( 1 . 2 + 0 . 4 ) $ . 

O t h e r i n t e r f e r e n c e s were f o u n d n e g l i g i b l e . A f t e r a p p l y i n g c o r r e -

c t i o n s f o r t h e s e i n t e r f e r r e n c e s , t h e c o r r e l a t i o n f u n c t i o n became. 

W ( & ) = 1 + ( 0 . 0 5 8 + . 0 2 9 ) P 2 (COS Q ) - ( 0 . 0 4 9 + 0 . 0 4 2 ) P 4(COS< 9 ) 

1 4 7 

The g r o u n d s t a t e s p i n o f pm h a s b e e n m e a s u r e d by 

O a b e z a s ( 5 ) t o be 7 / 2 . The K - c o n v e r s i o n c o e f f i c i e n t o f t h e l o w e r 

91 keY gamma r a y i s m e a s u r e d t o be 1 . 6 + 0 . 2 by R a j p u t and S e h g a l (9). 

T h i s v a l u e o f c o n v e r s i o n c o e f f i c i e n t a g r e e s w i t h M^, E^ o r M̂  + E^ 

n a t u r e o f t h i s gamma r a y . So t h e p o s s i b l e s p i n s o f t h e f i r s t 

e x c i t e d s t a t e c a n b e 3 / 2 , 5 / 2 , 7 / 2 , 9 / 2 a n d 1 1 / 2 . The n u c l e u s 1 4 7 1 4 7 Nd d e c a y s 6 5 $ t o t h e f i r s t e x c i t e d s t a t e o f Pm and the 

1 4 7 / -

g r o u n d s t a t e s p i n o f Nd i s 5 / 2 • So f r o m t h e b e t a i n t e n s i t y c o n -

s i d e r a t i o n s t h e p o s s i b l e s p i n s o f t h e f i r s t e x c i t e d s t a t e c a n o n l y 

be 3 / 2 o r 5 / 2 , a s t h e l o g f t v a l u e o f t h e b e t a t r a n s i t i o n s f e e d i n g 

t h i s l e v e l i s 7 . 6 . The l i f e t i m e o f t h i s l e v e l i s m e a s u r e d t o be 

4 . 7 3 + 0 . 0 4 n s by B e e k h u i s s ( 3 ) . T h i s a g r e e s w i t h t h e 1 - f o r b i d d e n 

M̂  t r a n s i t i o n . T h u s t h e s p i n o f t h e l e v e l a t 91 keY can o n l y be 
/ 1 4 7 5 / 2 . The s e c o n d e x c i t e d s t a t e - o f Pm i s a t 1 8 2 keV and t h i s l e v e l 

1 4 7 

i s p o p u l a t e d o n l y t h r o u g h t h e b e t a d e c a y o f Nd w i t h l o g f t v a l u e 

8 . 1 a s m e a s u r e d by Wendt and c o n f i r m e d by R a j p u t and S e h g a l ( 9 ) . 

Prom t h e b e t a l o g f t v a l u e c o n s i d e r a t i o n s , t h e p o s s i b l e , s p i n s o f 

t h i s l e v e l c a n be 1 / 2 , 3 / 2 , 5 / 2 , 7 / 2 , and 9 / 2 . I f the s p i n of t h i s 

l e v e l i s e i t h e r 5 / 2 , 7 / 2 o r 9 / 2 , i n t h a t c a s e t h e c r o s s o v e r t r a n -

s t i o n o f 1 8 2 keV t r a n s i t i o n s h o u l d be more p r o m i n e n t t h a n t h e 
. 1 4 7 

UTDper 9 1 keV gamma r a y , a s a b o u t 1 0 $ o f t h e t r a n s i t i o n s o f Nd 
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d e c a y s t o t h i s l e v e l . I n t h e s i n g l e s o r i n c o i n c i d e n c e we h a v e not 

s e e n any 1 8 2 keY gamma - r a y . So t h e p o s s i b l e s p i n o f t h i s l e v e l 

c a n be o n l y 1 / 2 o r 3 / 2 . I f t h e s p i n o f t h i s l e v e l i s 1 / 2 , the l o g 

f t v a l u e o f t h e b e t a t r a n s i t i o n a r e s t i s f i e d b u t i t r e q u i r e s an 

a p p r e c i a b l e l i f e t i m e o f the o r d e r o f few m i c r o s e c o n d s . ¥/e h a v e 
. 1 4 7 

p e r f o r m e d t h e / 3 - o d e l a y e d c o i n c i d e n c e s i n Nd w i t h 91 keY gamma 

r a y s and d i d not f i n d a n y l i f e t i m e o f t h i s o r d e r . Hence t h e 

s p i n o f t h i s l e v e l c a n n o t be 1 / 2 and t h e most p r o b a b l e s p i n o f 

t h i s l e v e l i s 3/2"!" 

By t h e g r a p h i c a l a n a l y s i s of the c o r r e l a t i o n f u n c t i o n i n 

t e r m s o f 3 / 2 ( 1 , 2 ) 5 / 2 ( 1 , 2 ) 7 / 2 s p i n s e q u e n c e t h e q u a d r u p o l e 

a d m i x t u r e i n t h e u p p e r 91 k e V gamma r a y s was o b t a i n e d to be 

( 1 . 7 5 + 1 . 2 5 ) $ « I h e l i m i t s f o r t h e l o w e r t r a n s i t i o n w e r e t a k e n 

f r o m t h e work o f W e s t e n b a r g e r and S h i r l e y ( 2 ) . 

2 , i2. A n g u l a r C o r r e l a t i o n o f '442 - k e f - C a s c a d e . 

A f t e r a p p l y i n g t h e g e o m e t r i c a l c o r r e c t i o n s t h e a n g u l a r 

c o r r e l a t i o n f u n c t i o n was f o u n d t o b e ; 

W( 6 ) = 1 . + ( 0 . 0 5 3 + 0 . 0 1 3 ) P 2 ( C O S £ ) - ( 0 . 0 3 2 + 0 , 0 1 6 ) P ^ c o s S ) 

I n t h e above f u n c t i o n t h e i n t e r f e r r i n g c o i n c i d e n c e s a r e 

p r e s e n t due t o 400 - 91 keY and 599 - 91 keY c a s c a d e s . An e s t i m a t e 

o f t h e s e i n t e r f e r r e n c e s was made and were f o u n d to be n e g l i g i b l e . 

Ho c o r r e c t i o n was a p p l i e d f o r them. The a b o v e c o r r e l a t i o n f u n c t i o n 

i s i n agreement w i t h o t h e r m e a s u r e m e n t s ( 3 , 1 0 , 1 2 ) . 

The s p i n s o f t h e g r o u n d s t a t e and t h e f i r s t e x c i t e d s t a t e 

a r e 7 / 2 and 5 / 2 . The f o l l o w i n g s p i n s a r e p o s s i b l e f o r t h i s c a s c a d e : 

1 / 2 , 3 / 2 , 5 / 2 , 7 / 2 and 9 / 2 . S i n c e t h e l e v e l at 5 3 3 keV i s p o p u l a t e d 
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by t h e f i r s t f o r b i d d e n b e t a d e c a y w i t h l o g f t v a l u e 7 . 1 a s m e a s u r e d 

by Wendt ( 1 ) , i t e x c l u d e s t h e p o s s i b i l i t i e s o f t h e s p i n s 1 / 2 and 9 / 2 

f o r t h i s l e v e l . I f one t a k e s t h e s p i n v a l u e s 3 / 2 o r 7 / 2 f o r t h i s 

l e v e l , t h e y r e q u i r e a p o s i t i v e A^ t e r m i n t h e a n g u l a r c o r r e l a t i o n 

f u n c t i o n . Hence t h e o n l y p o s s i b l e s p i n o f t h i s l e v e l c a n be 5 / 2 . 

T h i s a s s i g n m e n t s i s c o n s i s t e n t w i t h t h e a n g u l a r c o r r e l a t i o n 

e x p e r i m e n t s ' ( 1 3 ) . The c o r r e l a t i o n c o e f f i c i e t s when a n a l y s e d i n 

t e r m s o f t h e s p i n s e q u e n c e 5 / 2 ( 1 , 2 ) 5 / 2 ( 1 , 2 ) 7 / 2 , y i e l d e d 

( 3 2 + 3)a/o q u a d r u p o l e a d m i x t u r e i n the 442 keY gamma r a y . 

2 . 3 A n g u l a r c o r r e l a t i o n o f 5 9 9 - 9 1 keY c a s c a d e . 

A f t e r a p p l y i n g v a r i o u s - c o r r e o t i o n s t h e a n g u l a r c o r r e l a t i o n 

. f u n c t i o n was found t o b e , 

W ( 0 ) = 1 + ( 0 . 0 6 1 + 0 . 0 1 3 ) P 2 ( c o s 0 ) - ( 0 . 0 5 2 + 0 . 0 2 2 ) P 4 ( c o s £ ) 

T h e a b o v e f u n c t i o n i s i n good a g r e e m e n t w i t h t h a t o f 

S a r a f ( 1 2 ) . S i n c e t h e l o g f t v a l u e o f t h e b e t a t r a n s i t i o n f e e d i n g 

t h e 690 keV l e v e l i s m e a s u r e d to be 6 . 5 by Wendt and K l e i n h e n t z ( 1 ) , 

t h i s r e q u i r e s t h i s beta, g r o u p to be o f f i r s t f o r b i d d e n i n n a t u r e . 

I t t h e r e f o r e e x c l u d e s t h e p o s s i b i l i t i e s of t h e s p i n s 1 / 2 o r 9 / 2 f o r 

. t h i ' s V l f e v e ^ i s 5/2'"h Thus' t h e p o s s i b l e 

s p i n s o,f,, t h i s - • l e v e 1 a r e 3 / 2 ^ 5 / 2 a n d 7 / 2 . . o n l y . I f one t a k e s t h e 

' • ; ; h t i p i n s 3 / 2 " d i ? 7 / 2 f o r t h i s l e v e l s t h e y r e quire a^ positive A^ t e r m i n t h e 

a n g u l a r c o r r e l a t i o n , b u t t h e e x p e r i i a e n t a l v a l u e i s n e g a t i v e . 

Hence t h e s p i n o f t h e 6 9 0 keY l e v e l i s p r o b a b l y 5 / 2 . By t h e 

g r a p h i c a l a n a l y s i s of t h e . co r r e l a t i o n c o e f f i c i e n t i n t e r m s o f t h e 

5 / 2 ( 1 , 2 ) 5 / 2 ( 1 , 2 ) 7 / 2 s p i n s e q u e n c e , the q u a d r u p o l e a d m i x t u r e 
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i n t h e 599 keY g a m m a - r a y s v/as f o u n d t o be ( 3 7 . 5 + 1 2 . 5 ) $ 
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V . L a k s h m i n a r a y a n a : ( 1 ) The e x i s t e n c e or o t h e r w i s e o f the 

1 3 2 keY s t a t e h a s "been a s u b j e c t o f g r e a t d i s p u t e . How w e l l 

d i d y o u e s t a b l i s h i t s e x i s t e n c e ? ( 2 ) What i s the c o n t r i b u t i o n 

o f 91 - 91 keV c h a n c e s t o y o u r c o i n c i d e n c e r a t e ? 

M . S . R a j p u t : ( 1 ) F o r t h e e x i s t e n c e o r non e x i s t e n c e o f t h i s 

l e v e l we h a v e p e r f o r m e d t h e e f f i c i e n c y e x p e r i m e n t s . By 

c o m p a r i n g t h e t o t a l d e t e c t i o n - e f f i c i e n c y o f t h e N a l ( T l ) c r y s t a l 

i n a f i x e d g e o m e t r y w i t h s t a n d a r d v a l u e o f t h e d e t e c t o r 

e f f i c i e n c y , we o b t a i n e d t h a t a n o t h e r 91 keV gamma r a y e x i s t s 

and i t comes f r o m t h e 1 ^ 2 keV l e v e l . T h i s l e v e l i s f e d w i t h 

1 4 7 

t h e b e t a d e c a y o f Nd o n l y . The p e r c e n t a g e o f the b e t a 

g r o u p f e e d i n g t h i s l e v e l i s ( 1 0 + 2 ) . ( 2 ) The c o n t r i b u t i o n i s 

l e s s t h a n 1 0 $ . 
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GAMMA-GAMMA ANGUIAR CORRELATION I N 7 5 A s 

R . P . Y a r s h n e y a and M . L . S e h g a l 
P h y s i c s D e p a r t m e n t . 

' A l . i g & i h - - M u s l i m U n i v e r s i t y , A l i g a r h , 

ABSTRACT 

Gamma-gamma a n g u l a r c o r r e l a t i o n s f o r t h e two i n t e r f e r i n g 

c a s c a d e s 1 2 1 - 2 8 0 keY and 1 3 6 - 2 6 5 keV and t h e w e a k e r c a s c a d e s 

6 6 - 1 9 9 k e Y , 6 6 - 1 3 6 keV and 1 3 6 - 1 9 9 keV f o l l o w i n g t h e d e c a y o f . 

7 5 

Se h a v e b e e n s t u d i e d u s i n g t h e c o i n c i d e n c e m e t h o d . The r e s u l t s 

o f t h e a n g u l a r c o r r e l a t i o n s a r e the f o l l o w i n g : 

W(®, 1 2 1 - 2 8 0 ) = 1 - ( 0 . 3 9 5 + 0 . 0 2 0 ) P 2 ( c o s 0 ) - ( 0 . 0 1 5 + 0 . 0 2 6 ) ? 4 ( c o s © ) 

V / ( $ , 1 3 6 - 2 6 5 ) = 1 - ( 0 . 0 3 5 + 0 . 0 1 5 ) P 2 ( c o s © ) + ( 0 . 0 1 2 + 0 . 0 2 0 ) P ^ c o s G ) 

W ( 0 , 6 6 - 1 9 9 ) = 1 - ( 0 . 0 1 9 + 0 . 0 2 0 ) P 2 ( c o s @ ) - ( 0 . 0 0 3 + 0 . 0 2 5 ) P ^ c o s O ) 

W ( 6 , 1 3 6 - 1 9 9 ) = 1 - ( 0 . 0 1 5 + 0 . 0 1 3 ) P 2 ( c o s < 9 ) - ( 0 . 0 0 6 + 0 , 0 2 2 ) P ^ c o s O ) 

¥ ( § , 6 6 - 1 3 6 ) = 1 + ( 0 . 0 1 9 + 0 . 0 1 0 ) P 2 ( c o s 0 ) - ( 0 . 0 0 3 + 0 . 0 1 3 ) P 4 ( c o s 0 ) 

The 6 6 - 1 9 9 keV and 1 3 6 - 1 9 9 keY gamma-gamma a n g u l a r c o r r e -

l a t i o n s h a v e been f o u n d c o n s i s t e n t w i t h t h e s p i n 1 / 2 f o r the 1 9 9 keV 

75 

l e v e l i n ^ A s . The m u l t i p o l e E 2 a d m i x t u r e s o f ( 2 . 9 + 1 . 9 ) $ ( 1 3 . 0 + 4 . 3 ) $ 

and ( 1 . 6 + 0 . 3 ) $ h a v e been o b t a i n e d i n 66 k e Y , 2 3 0 keV and 2 6 5 keV 

t r a n s i t i o n s r e s p e c t i v e l y f r o m t h e g r a p h i c a l a n a l y s i s o f the 

a n g u l a r c o r r e l a t i o n d a t a . 
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NUCLEAR STRUCTURE E F F E C T S I N INTERNAL CONVERSION 

Go N a g e s w a r a Rao and R . J a n a k i Raman, 
I n d i a n I n s t i t u t e o f T e c h n o l o g y , 

K a n p u r . 

ABSTRACT 

The m i x i n g r a t i o s f o r t h e Ml and E 2 t r a n s i t i o n s i n 

t r a n s i t i o n s i n e v e n n u c l e i o b t a i n e d f r o m t h e (gamma-gamma) 

a n g u l a r c o r r e l a t i o n m e a s u r e m e n t s a r e u s e d t o o b t a i n t h e t h e o r e -

t i c a l K and L s h e l l I n t e r n a l C o n v e r s i o n C o e f f i c i e n t s m a k i n g u s e 

o f S l i v and B a n d s v a l u e s . T h e s e v a l u e s a r e compared w i t h t h e 

a v a i l a b l e a c c u r a t e e x p e r i m e n t a l d a t a o f t h e I n t e r n a l C o n -

v e r s i o n C o e f f i c i e n t s o f t h e K and L s h e l l s . The e x p e r i m e n t a l , 

and t h e o r e t i c a l v a l u e s of t h e p u r e Ml t r a n s i t i o n s a r e a l s o 

c o m p a r e d . T h e s e s t u d i e s showed t h e e x i s t e n c e o f some n u c l e a r 

s t r u c t u r e e f f e c t s i n I n t e r n a l C o n v e r s i o n . 
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POSITRON RADIAL WAVE.FUNCTIONS FOR THE ANALYSIS OF U - D E C A Y * 

S . C . K , N a i r 
S a h a I n s t i t u t e o f N u c l e a r P h y s i c s , C a l c u t t a . 

I n c o n n e c t i o n w i t h t h e e x t r a c t i o n o f G v , t h e p o l a r 

v e c t o r - d e c a y c o u p l i n g c o n s t a n t f r o m t h e e x p e r i m e n t a l d a t a 

on s u p e r a l l o w e d - d e c a y s we h a v e r e c a l c u l a t e d t h e p o s i t r o n 

r a d i a l wave f u n c t i o n s I n c l u d i n g b o t h t h e f i n i t e n u c l e a r s i z e 

e f f e c t a n d t h e s c r e e n i n g due t o a t o m i c e l e c t r o n s . The t e n t a t i v e 

f t v a l u e s c a l c u l a t e d w i t h o u r r a d i a l wave f u n c t i o n s a r e g i v e n 

i n t h i s a n d t h e p o s s i b l e i m p l i c a t i o n s d i s c u s s e d , , A m i s t a k e i n 

t h e p r e v i o u s work o f B h a l l a and Rose (where t h e s c r e e n i n g e f f e c t 

was n e g l e c t e d ) p o i n t e d out r e c e n t l y by B u h r i n g i s c o n f i r m e d 

and " i t i s f o u n d t h a t t h e e r r o r i n t h e B h a l l a - R o s e t a b l e f o r 

p o s i t r o n r a d i a l wave f u n c t i o n s f o r h e a v y n u c l e i and f o r l a r g e 

v a l u e s o f momentum i s a s much a s 4 $ . 

A s h o r t ' a c c o u n t o f t h e work i s t o be f h u n d i n R „ J 0 B l i n -

S t o y l e and S . C . K . N a i r s A d v a n c e s i n P h y s i c s 1 5 , 5 2 1 ( 1 9 6 6 ) 

More d e t a i l e d r e p o r t i s to b e p u b l i s h e d e l s e w h e r e . 
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DEVELOPMENT OP A PAST T I M E - T O - A M P L I T U D E CONVERTER 
SYSTEM POR L f F E TIME MEASUREMENTS 

P . Sen and A . P . P a t r o 
S a h a I n s t i t u t e o f N u c l e a r P h y s i c s 

C a l c u t t a - 9 . 

ABSTRACT. 

A f a s t t i n e - t o - a m p l i t u d e c o n v e r t e r ( T . A . C ) , s i m i l a r 

t o - t h a t o f B e l l , Tao and G r e e n h a s b e e n c o n s t r u c t e d . The 

l i n e a r i t y r a n g e i s 1 2 0 nano s e c o n d s . W i t h e l e c t r o n i c p u l s e 

—11 

g e n e r a t o r a r e s o l u t i o n ( f . w . h . m . ) o f b e t t e r t h a n 7 . 0 x 10"" s e c . 

h a s been o b s e r v e d . When u t i l i s i n g s c i n t i l l a t i o n p u l s e s f r o m 

p l a s t i c p h o s p h o r s ( 1 " x 1 " ) and RCA 6 8 1 0 A photo m u l t i p l i e r s , a _Q 

r e s o l u t i o n o f o n l y 0 . 7 2 x 1 0 s e c . i s u s u a l l y a c h i e v e d , t h e 

l i m i t i n g f a c t o r .being, m a i n l y i n the p h o s p h o r , p h o t o m u l t i p l i e r 

c o m b i n a t i o n . T h e s e f a c t o r s i n f l u e n c i n g the r e s o l u t i o n h a v e 

b e e n c o n s i d e r e d . A r e s o l u t i o n o f 0.64- x 1 0 "^sec. h a s b e e n 

a c h i e v e d by r e d u c i n g t h e f a c t o r s i n f l u e n c i n g the t u b e . 

F u r t h e r i m p r o v e m e n t s t o i m p r o v e the r e s o l u t i o n w i l l be 

d i s c u s s e d and some t y p i c a l l i f e time m e a s u r e m e n t s w i l l be 

p r e s e n t e d . 
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Z-DEPENDENCE OP EXTERNAL BREMS STRAHLUNG 

T . S . Mudhole and N. Umakantha 
D e p a r t m e n t o f P h y s i c s , K a r n a t a k U n i v e r s i t y , D h a r w a r 

ABSTRACT. 

I n t e g r a t e d i n t e n s i t y of e x t e r n a l b r e m s s t r a h l u n g due to b e t a 

p a r t i c l e s from a S r - Y - 9 0 s o u r c e f a l l i n g o n f o i l s o f d i f f e r e n t 

a t o m i c numbers ( 2 9 , 3 4 , 4 3 , 8 2 ) , i s m e a s u r e d f o r d i f f e r e n t t h i c k -

n e s s e s of r a d i a t o r s . I t i s f o u n d t h a t f o r a t h i c k n e s s o f r a d i a t o r 

l e s s t h a n a b o u t 0 . 4 t i m e s t h e r a n g e o f b e t a p a r t i c l e s , t h e i n t e n -

n - ^ / f c s i t y can be e x p r e s s e d a s I ' = IC Z N e . where Z i s a t o m i c number, 

2 

N t h e number o f a t o m s , t t h e t h i c k n e s s o f r a d i a t o r i n mg/cm and K , n 

a n d ^ a r e c o n s t a n t s . L o g ( l / N ) v e r s u s t I s found t o be a s t r a i g h t -

l i n e w i t h a s l o p e i n d e p e n d e n t o f Z . A p l o t o f Log (KZ ) v e r s u s 

Log Z i s found t o be a s t r a i g h t l i n e h a v i n g a s l o p e n = 1 . 9 7 - 0 . 0 6 

showing t h a t t h e e x t e r n a l b r e m s s t r a h l u n g i n t e n s i t y i s p r o p o r t i o n a l 

2 

t o Z a s , e x p e c t e d from B e t h e - I I e i t l e r t h e o r y . . The e x p e r i m e n t i s 

r e p e a t e d f o r b r e m s s t r a h l u n g s p e c t r u m a b o v e 400 keV and i t i s f o u n d 

t h a t n = 2 . 0 5 + 0 . 0 7 . 

As t h e t h i c k n e s s o f t h e r a d i a t o r .is i n c r e a s e d beyond a b o u t 

0 . 4 t i m e s t h e r a n g e o f the b e t a p a r t i c l e s , t h e b r e m s s t r a h l u n g 

i n t e n s i t y f a l l s d u e t o s e l f ' a b s o r p t i o n s t r o n g l y d e p e n d s on the 

a t o m i c number o f t h e r a d i a t o r , showing t h a t a l l m e a s u r e m e n t s w i t h 

a t h i c k n e s s o f r a d i a t o r s u f f i c i e n t t o s t o p a l l b e t a p a r t i c l e s , 

a r e s u b j e c t t o h e a v y s e l f a b s o r p t i o n e f f e c t s , and do n o t r e p r e s e n t 

505 



t r u e b r e r a s s t r a h l u n g s p e c t r u m . The Z - d e p e n d e n c e o f the o b s e r v e d 

b r e m s s t r a h l u n g s p e c t r a r e p o r t e d i n l i t e r a t u r e w a y be a t t r i b u t e d 

t o t h e n e g l e c t o f s e l f a b s o r p t i o n . 
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E L A S T I C SCATTERING OF 1 . 3 3 MEV GAMMA RAYS AT ~ 
H I G H MOMENTUM TRANSFER AS A FUNCTION OP ATOMIC NUMBER £ 

G. B a s a v a r a j u and P . P . Kane 
P h y s i c s D e p a r t m e n t , 

I n d i a n I n s t i t u t e of T e c h n o l o g y , Bombay - 7 6 . 

M e a s u r e m e n t s h a v e been- made o f t h e a t o m i c d i f f e r e n t i a l 

c r o s s s e c t i o n s f o r t h e e l a s t i c s c a t t e r i n g o f 1 . 3 3 MeV gamma r a y s 
o 

t h r o u g h 1 2 4 . 5 . S c a t t e r i n g f r o m a l u m i n i u m . , c o p p e r , z i r c o n i u m , 

molybdenum, s i l v e r , t a n t a l u m , t u n g s t e n , m e r c u r y and l e a d was 

s t u d i e d . The work was u n d e r t a k e n w i t h a v iew to d e t e r m i n i n g t h e 

v a r i a t i o n o f t h e R a y l e i g h s c a t t e r i n g . c r o s s ^ s e c t i o n w i t h a t o m i c 

number a t a r e l a t i v e l y h i g h momentum t r a n s f e r ( 4 . 6 mc u n i t s i n 

o u r c a s e ) a n d , i f p o s s i b l e , t h e p r e s e n c e o f the D e l b r u c k s c a t -

t e r i n g a t a n e n e r g y o n l y s l i g h t l y above t h e p a i r - p r o d u c t i o n t h r e s -

h o l d . P r e v i o u s e x p e r i m e n t s of a s i m i l a r k i n d ( 1 ) , c a r r i e d o u t 

between 0 . 2 3 0 MeV and 1 . 1 2 MeV b u t w i t h a p o o r a n g u l a r r e s o l u t i o n , 

e x t e n d e d o n l y u p t o a b o u t 3 . 5 mc momentum t r a n s f e r . S i n c e the 

e x o e c t e d c r o s s s e c t i o n s w e r e o f t h e o r d e r o f m i c r o b a r n s p e r s t e r -

a d i a n , b a c k g r o u n d had to be r e d u c e d as much as x o o s s i b l e . C o n v e n -

t i o n a l ' s c a t t e r i n g g e o m e t r y ' was u s e d . Under t h e g i v e n e x p e r i m e n t a l o 

c o n d i t i o n s , 1 2 4 . 5 ./as' t h e : l a r g . e J t , ap.jgle; t h a t c o u l d be s t u d i e d . 

To r e d u c e the i m p o r t a n c e o f s e c o n d a r y e f f e c t s a s f a r a s p r a c t i c a b l e , 

an e f f o r t was made t o c a r r y out t h e m e a s u r e m e n t s i n good g e o m e t r y , 

w i t h t h i n s c a t t e r e r s and a r e l a t i v e l y weak s o u r c e . The s e l e c t e d 

C o b a l t - 6 0 beam s o u r c e h a s a n o m i n a l s t r e n g t h o f 1 . 3 c u r i e s . The 

§ Work a s s i s t e d i n p a r t by a g r a n t f r o m t h e N a t i o n a l B u r e a u o f 
S t a n d a r d s , W a s h i n g t o n , D . C . 
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d i s t a n c e s o f t h e s c a t e r e r f r o m t h e s o u r c e and t h e 3 / 2 " x 2" s o d i u m 

i o d i d e c o u n t e r were 5 6 . 7 cm and 4 6 . 5 cm r e s p e c t i v e l y . I n most 

c a s e s , t h e t h i c k n e s s e s o f t h e s c a t t e r e r were a b o u t 1 / 3 / * , where 

^ i s t h e l i n e a r a t t e n u a t i o n c o e f f i c i e n t o f t h e s c a t t e r e r . O n l y 

i n t h e c a s e of t u n g s t e n and m e r c u r y , the t h i c k n e s s e s were as h i g h 

a s 1 / ( 1 . 4 5 )/*' and 1 / ( 0 . 7 8 4 ) / * r e s p e c t i v e l y . The h o m o g e n e i t y o f 

t h e beam i n t h e p l a n e o f t h e s c a t t e r e r w a s a s c e r t a i n e d by a 

s t u d y o f t h e c o u n t s f r o m an a u x i l i a r y l e a d s c a t t e r e r o f d i m e n -

s i o n s 1 1 , 5 cm x 6 . 0 0 cm x 0 . 5 4 7 cm f o r d i f f e r e n t p o s i t i o n s i n 

t h e beam. 

The d i f f e r e n t i a l e l a s t i c s c a t t e r i n g c r o s s s e c t i o n w a s d e -

t e r m i n e d by an a p p l i c a t i o n o f t h e w e l l - k n o w n e q u a t i o n 

- ( 4 - ) x ( S | 2 l « ) X ( x f e l . . ( 1 ) 
c a l i b 

whete r i s t h e d i s t a n c e o f t h e s c a t t e r e r f r o m t h e s o u r c e , N i s 

t h e number o f s c a t t e r i n g a t o m s , T i s t h e a v e r a g e t r a n s m i s s i o n 

o f t h e s c a t t e r e r , S; and s a r e t h e s t r e n g t h s of t h e c a l i b r a t i o n 

and t h e beam s o u r c e s r e s p e c t i v e l y , and C
c a ; j . i b a r e t h e "counts 

due to t h e s c a t t e r e d gamma r a y s a n d t h e c a l i b r a t i o n s o u r c e i n t h e 

s c a t t e r e r p o s i t i o n r e s p e c t i v e l y and i s t h e f r a c t i o n o f 

a t t r i b u t a b l e t o e l a s t i c s c a t t e r i n g . 

1 The r a t i o , S c a l i b , was d e t e r m i n e d by a c o m p a r i s o n o f the 
S 

c o u n t s i n t h e s o d i u m i o d i d e c o u n t e r p l a c e d 2 . 1 ' m e t e r s f r o m t h e 

c a l i b r a t i o n and t h e beam s o u r c e s u n d e r i n d e n t i c a l c o l l i m a t o r c o n -

d i t i o n s , I n t h e c a s e of t h e beam s o u r c e , a n a b s o r p t i o n c u r v e h a d 
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t o be t a k e n and t h e r e s u l t s e x t r a p o l a t e d to z e r o a b s o r b e r t h i c k -

n e s s , I n s e p a r a t e r u n s , t h e c o l l i m a t o r a p e r t u r e was v a r i e d b e t -

ween 3 / 4 i n c h and 1 - 1 / 2 i n c h e s . Twenty f i v e i n d e p e n d e n t m e a s u r e -

ments g i v e a n a v e r a g e v a l u e f o r t h e r a t i o o f 1 / 1 7 7 0 w i t h a s t a n d a r d 

d e v i a t i o n o f 4 p e r c e n t . The a t t e n u a t i o n c o e f f i c i e n t o f l e a d t u r n s 

o u t t o be 0 . 0 5 3 8 cm /gm a n d i s i n good a g r e e m e n t w i t h s t a n d a r d 

v a l u e s . 

F o r t h e d e t e r m i n a t i o n o f a n < ^ ® C a l i b a a b o u t 

90 keV i n w i d t h and e x t e n d i n g u p w a r d s f r o m a v o l t a g e a l i t t l e a b o v e 

t h e 1 . 3 3 MeV p h o t o p e a k h e i g h t , was u s e d , ^ i j f c was d e t e r m i n e d 

s e v e r a l t i m e s d u r i n g a d a y . T h i s d e t e r m i n a t i o n h e l p e d a l s o i n a 

c h e c k o f p u l s e h e i g h t s h i f t s , w h i c h were l e s s t h a n 1 p e r c e n t , 

C o u n t s C , , w i t h t h e l e a d s c a t t e r e r w e r e t a k e n at r e g u l a r i n -
SC3. "CT 

t e r v a l s b o t h as a n i n t e g r a l p a r t o f t h e m a i n e x p e r i m e n t a n d a s an 

a d d i t i o n a l c h e c k on t h e o v e r a l l o p e r a t i o n . B a c k g r o u n d was about 

2 0 p e r c e n t o f t h e c o u n t s w i t h t h e l e a d s c a t t e r i n p l a c e . The 

f i n a l s t a t i s t i c a l p r e c i s i o n i s a b o u t 1 . 5 p e r c e n t i n t h e c a s e o f 

l e a d and' 10 p e r c e n t i n t h e case o f t h e o t h e r s . 

The f r a c t i o n , was d e t e r m i n e d b o t h by a d e t a i l e d p u l s e 

h e i g h t a n a l y s i s of t h e c o u n t s due t o t h e s c a t t e r e r and by a b s o r -

p t i o n m e a s u r e m e n t s on The p u l s e h e i g h t s p e c t r u m o f c o u n t s 

due to p r o c e s s e s o t h e r t h a n e l a s t i c s c a t t e r i n g i s e x p e c t e d t o h a v e 

a smooth c o n t i n u u m t y p e s t r u c t u r e and to f a l l o f f w i t h i n c r e a s i n g 

p u l s e h e i g h t . fe -^ was d e t e r m i n e d w i t h t h e h e l p o f t h i s c r i t e r i o n 
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and t h e e x p e c t e d d i s t r i b u t i o n f o r 1 . 3 3 MeV gamma ra5^s0 A b s o r p t i o n 

m e a s u r e m e n t s c o n f i r m e d t h e c o r r e c t n e s s o f t h e s e e s t i m a t e s o f f , . 
e l 

The e r r o r s i n f ^ c a n n o t be d e t e r m i n e d a c c u r a t e l y b u t a r e a b o u t 

d (T* 

1 0 p e r c e n t t o 1 5 per c e n t . The r e s u l t s f o r fe]_> (""djjx^el' 

c a l c u l a t e d ( • — f o r a c o h e r e n t c o m b i n a t i o n o f n u c l e a r Thomson 

and R a y l e i g h s c a t t e r i n g a r e s u m m a r i z e d i n T a b l e 1 . 
T a b l e I 

D a t a a t 1 2 4 . 5 ° and 1 , 3 3 MeV -

E l e m e n t A l Cu Z r Mo Ag T a W Hg Pb 

f e l 0 . 6 5 0 . 6 0 0,60 0. 60 0 . 6 0 0 . 5 5 0 . 5 5 0 . 5 0 0 . 5 0 

d - n - h i . 
e x p e r i m e 
i n 1 0 ~ 3 C 

0 . 8 9 

m t a l , 
c m 2 / S r 

3 . 6 6 6. 30 6. 96 So 2 3 3 5 . 0 3 6 . 5 4 0 . 0 5 8 . 5 

( d C ~ ) ^ d j i . R+T 0 . 6 5 3 . 5 5 - — — — — 9 9 . 0 1 1 1 . 0 

c a l c u l a t e d i n 

1 0 " 3 0 c m 2 / S r . 

DISCUSSIONS 

I n t h e c a s e o f a l u m i n i u m and c o p p e r , t h e R a y l e i g h s c a t t e r i n g 

a m p l i t u d e s a r e c e r t a i n l y l e s s t h a n 4 p e r c e n t and 1 7 p e r c e n t r e s -
» 

p e c t i v e l y o f the c o r r e s p o n d i n g n u c l e a r Thomson s c a t t e r i n g a m p l i -
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t u d e s . T h e r e f o r e , i r r e s p e c t i v e .of u n c e r t a i n t i e s i n R a y l e i g h 

s c a t t e r i n g c a l c u l a t i o n s , t h e c r o s s s e c t i o n s f o r t h e s e e l e m e n t s 

c a n be computed t o a good a c c u r a c y . Our e x p e r i m e n t a l v a l u e s a r e 

i n agreement, v : i t h t h e computed o n e s , and w i t h t h o s e o f S t a n d i n g 

and Yovanovi^h(2f) i f a l l o w a n c e i s made i n a s t r a i g h t f o r w a r d way f o r 

v a r i a t i o n w i t h a n g l e . T h u s , t h e c o r r e c t n e s s o f o u r p r o c e d u r e i s 

e s t a b l i s h e d . 

Y e t , o u r r e s u l t s f o r medium Z e l e m e n t s a r e somewhat l o w e r 

t h a n t h e v a l u e s o b t a i n e d by e x t r a p o l a t i o n s from t h e r e s u l t s o f 

o t h e r w o r k e r s f o r t i n . I n t h e c a s e o f m e r c u r y and l e a d , o u r 

r e s u l t s a r e l o w e r t h a n t h o s e o f t h e o t h e r s by a f a c t o r o f a t 

l e a s t two. The r e s u l t s ' f o r some o f t h e medium Z e l e m e n t s and f o r 

t h e o t h e r h i g h Z e l e m e n t s h a v e n o t been p u b l i s h e d e a r l i e r . 

S i n c e t h e d i s a g r e e m e n t d e p e n d s on Z , t h e p o s s i b i l i t y o f a 

s y s t e m a t i c e r r o r i n S j ^ / S c a n n o t be i t s c a u s e . I f f ^ i s 

a r b i t r a r i l y t a k e n t o be u n i t y , o u r c r o s s s e c t i o n s f o r h i g h Z w i l l 

be brought i n t o b e t t e r agreement w i t h t h e e a r l i e r v a l u e s . But s u c h 

a h i g h v a l u e o f f ^ i s e x t r e m e l y u n l i k e l y i n v i e w o f the many com-

p e t i n g p r o c e s s e s and t h e a b s o r p t i o n d a t a . F u r t h e r , i n t h a t c a s e , 
5 

a s e r i o u s d i s c r e p a n c y o f t h e o p p o s i t e s i g n w i l l r e s u l t e s p e c i a l l y 

t h e c a s e o f t h e medium' Z e l e m e n t s . A c a r e f u l a n a l y s i s o f the 

p o s s i b l e s y s t e m a t i c e r r o r s i n C g c a - f c t / ^ c a l i b 3 ^ 0 W S t h e y c a n n o t 

be r e s p o n s i b l e f o r t h e o b s e r v e d t r e n d o f o u r d a t a . So we c o n c l u d e 
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t h a t t h e d i s a g r e e m e n t w i t h some o f t h e e a r l i e r d a t a i s g e n u i n e 

and t h a t i t i s p r o b a b l y due t o an i n c r e a s e d a c c u r a c y i n o u r e x p e r i -

ment o The t h e o r e t i c a l i m p l i c a t i o n s o f t h e r e s u l t s w i l l be d i s c u s s e d 

s u b s e q u e n t l y . 

1 . N . C i n d r o and K . I l a k o v a c , N u c l . P h y s . 5 , 647 ( 1 9 5 3 ) ; 

and Mo S i n g h and B . S . S o o d , N u c l . P h y s . 6 4 , 502 ( 1 9 6 5 ) 

2 . E . G . S t a n d i n g and J . Y . Y o v a n o v i c h , C a n . J . P h y s . 4 0 , 622 ( 1 9 6 2 ) 
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REAL PART OP THE DELBRUCK SCATTERING- .AMPLITUDE 

AND I T S EXPERIMENTAL V E R I F I C A T I O N AT' 1 2 $ : 5 ° . 

P . P . K a n e , 
P h y s i c s D e p a r t m e n t , 

I n d i a n I n s t i t u t e o f T e c h n o l o g y 
P o w a i , Bombay. 

ABSTRACT. 

M e a s u r e m e n t s o f t h e d i f f e r e n t i a l e l a s t i c s c a t -

t e r i n g c r o s s s e c t i o n o f l e a d f o r . gamma r a y s o f 1 . 3 3 MeV 

a t 1 2 4 . 5 > saade by B a s a v a r a j vC 'and t h e a u t h o r , a r e d e f i n i t e l y 

i n d i s a g r e e m e n t w i t h ( i n p a r t i c . u l a r much 1 ower t h a n ) t h o s e 

o f S t a n d i n g and Y o v a . n o v i c h , and o f H a r a e t a l . The i m -

p l i c a t i o n of the d i s a g r e e m e n t i s e i t h e r t h a t o u r m e a s u r e -

ments may i n v o l v e u n s u s p e c t e d s y s t e m a t i c e r r o r s o r t h a t 

t h e e f f e c t o f the d i s p e r s i v e D e l b r u c k s c a t t e r i n g a m p l i t u d e i s 

b e i n g d e t e c t e d f o r t h e f i r s t t i m e . D e t a i l e d a r g u m e n t s w i l l 

be p r e s e n t e d f o r t h e r e j e c t i o n o f t he f i r s t a l t e r n a t i v e . 

T h e s e i n c l u d e the a c c u r a c y o f t h e m e a s u r e d c r o s s s e c t i o n s i n 

t h e c a s e o f e l e m e n t s o f low a t o m i c number, '-̂ he c o n c l u s i o n s 

r e g a r d i n g the d e t e c t i o n o f t h e d i s p e r s i v e D e l b r u c k e f f e c t do 

not depend s e n s i t i v e l y upon t h e d e t a i l s o f R a . y l e i g h s c a t -

t e r i n g c a l c u l a t i o n s . 
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R A Y L E I G H SCATTERING OP POLARISED PHOTONS 

D . R . S . S o m a y a j u l u and V . L a k s h m i n a r a y a n a 
L a b o r a t o r i e s f o r N u c l e a r R e s e a r c h 

A n d h r a U n i v e r s i t y , v7 ALT A I R . 

Two t h e o r i e s e x i s t f o r t h e d e s c r i p t i o n of R a y l e i g h S c a t -

t e r i n g o f gamma r a d i a t i o n - one due t o F r a n z ( 1 ) ( f r o m f a c t o r 

a p p r o x i m a t i o n ) and t h e o t h e r due to Brown and M a y e r s ( 2 ) . S t u d i e s 

on p o l a r i s a t i o n e f f e c t s a r e more s e n s i t i v e t e s t s o f t h e o r i e s t h a n 

m e a s u r e m e n t s o f c r o s s - s e c t i o n s . B r i n i ( 3 ) e t . a l „ t h e r e f o r e 

m e a s u r e d asymmetry i n R a y l e i g h s c a t t e r i n g o f p a r t i a l l y p o l a r i s e d 
o o 

p h o t o n s , (hY= 0 . 6 4 mc , ^ = 0 . 3 0 7 and hV = 1 . 2 8 mc , § = 0 . 3 2 2 ) . 

I n b o t h c a s e s t h e y u s e d a 2 - c u r i e 60 Co s o u r c e and a s i n g l e c r y s t a l 

s c i n t i l l a t i o n s p e c t r o m e t e r a r r a n g e m e n t . T h e y m e a s u r e d the a s y m m e t r y 

by p l a c i n g the same c o u n t e r s u c c e s s i v e l y i n d i f f e r e n t o r t h o g o n a l 

p l a n e s . The p r e s e n t s t u d y i s an a t t e m p t t o e x t e n d t h e i r i n v e s t i -

g a t i o n s to" ^ = 0 . 5 and 0 . 6 w i t h an improved e x p e r i m e n t a l a r r a n g e -

m e n t . 

1 7 

A 1 0 - c u r i e J C s s o u r c e i s u s e d i n the p r e s e n t s t u d y w i t h 

two c o u n t e r s i n the two o r t h o g o n a l p l a n e s t o c o l l e c t t h e d a t a s i m u l -

t a n e o u s l y . The e x p e r i m e n t a l a r r a n g e m e n t i s shown i n P i g . 1 . The 

p r i m a r y p h o t o n s , a f t e r c o l l i m a t i o n , tare s c a t t e r e d by an a l u m i n i u m 

t a r g e t ( V d i a , x -f" h i g h . ) . The Oompton s c a t t e r e d p a r t i a l l y o j 2 

p o l a r i s e d p h o t o n ' b e a m s a t 2 a n g l e s (0 = 90 , n V = 0 . 5 6 mc , 

^ = 0 . 5 8 a n d < 9 = 6 0 ° , / ? y ~ 0 . 7 3 me** = 0 . 5 0 ) a r e u s e d t o measure 

t h e asymmetry r a t i o s . T h e s e p a r t i a l l y p o l a r i s e d p h o t o n beams 
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a r e f u r t h e r c o l l i m a t e d and made i n c i d e n t on a h a l l o w l e a d c y l i n -

d r i c a l t a r g e t of w a l l t h i c k n e s s 1 mm. The R a y l e i g h s c a t t e r e d 

p h o t o n beams a r e d e t e c t e d by two N a l ( T l ) c r y s t a l s p l a c e d i n t h e 

s c a t t e r i n g - and o r t h o g o n a l p l a n e s . I n i t i a l l y the two c o u n t e r s a r e 

2 0 3 

a d j u s t e d t o m i n i m i s e t h e i n t r i n s i c asymmetry u s i n g a Hg s o u r c e 

i n t a r g e t p o s i t i o n . 
The s c a t t e r e d s p e c t r u m of p h o t o n s r e c o r d e d i n t h e s c i n ~ 

Q 

t i l l a t i o n c o u n t e r p l a c e d i n t h e s c a t t e r i n g p l a n e at & = 90 i s 

shown i n F i g . 2 . I t shows a b r o a d peak a t 290 k e Y , the low e n e r g y 

s i d e of w h i c h i n c r e a s e s s t e e p l y . T h i s s p e c t r u m c o n t a i n s 4 t y p e s 

o f e v e n t s - : e l a s t i c - e l a s t i c , e l a s t i c - i n e l a s t i c , i n e l a s t i c - e l a s t i c 

and i n e l a s t i c - i n e l a s t i c t y p e s , Tne m a g n i t u d e s o f t h e s e - e v e n t s a r e - 1 0 - 3 
i n i n c r e a s i n g orcier a.nd i n tne r a t i o s 1 0 ; 1 0 ; 1 : 32 f o r t n e 

0 0 

p r e s e n t c a s e ( 9 0 - 9 0 s c a t t e r i n g ) . Thus the e f f e c t o f t h e f i r s t 

two t y p e s o f e v e n t s c o u l d be n e g l e c t e d . The h i g h e n e r g y p a r t o f 

t h e r e c o r d e d s p e c t r u m ( s h a d e d a r e a i n F i g . 2 . ) i s a c c e p t e d i n t h e 

c h a n n e l t o m i n i m i s e t h e i n t e r f e r e n c e o f t y p e 4 e v e n t s . A u x i l i a r y 

e x p e r i m e n t s a r e c o n d u c t e d t o a s s e s t h e r o l e o f b a c k g r o u n d and t a r g e t 

h o l d e r e f f e c t s . The asymmetry r a t i o s a r e o b t a i n e d by c o l l e c t i n g a 

minimum o f a b o u t 1 0 , 0 0 0 t r u e c o u n t s i n the c o u n t e r p l a c e d i n t h e _ o 

o r t h o g o n a l p l a n e ( e x c e p t i n the c a s e o f 1 0 5 s c a t t e r i n g f o r w h i c h 

4 , 0 0 0 c o u n t s a r e c o l l e c t e d ) . The e x p e r i m e n t s are c o n d u c t e d a t 
c o o o o 

45 s SO , 7 5 ? 90 , and 1 0 5 . The r e s u l t i n g asymmetry r a t i o s are 

shown i n T a b l e I . 
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Tab l e I 

V a l u e s . o f Asymmetry R a t i o s 

,. S m t t e r i f i g ^ ^ E x p e r i m e n t a l T h e o r e t i a l V a l u e s 
. a n g l e - "' ; u v a l u e s F r a n z Brown e t . a l . 

1 . 
0 

45 1 . 5 0 + 0 . 0 2 1 . 4 3 1 , 5 6 

2 . 
o 

60 2 . 1 7 + 0 , 0 4 2 . 0 6 2 . 2 6 

3 o 7 5 ' 2 . 9 9 i 0 . 0 7 3 . 0 4 3 . 1 3 

4 . 
o 

90 3 c 36 + 0 , 1 1 3 . 7 3 3 . 5 5 

5 o 1 0 5 2 . 1 5 + 0 . 2 1 3 . 0 4 2 . 4 4 

1 . 
0 

45 1 . 4 1 + 0 . 0 2 1 . 4 0 1 . 4 6 

2 . 
0 

60 1 , 9 ' i + 0 . 0 3 1 . 3 5 1 . 9 9 

. 3» 
O r*7 r-

1 D 2 . 4 8 i 0 . 0 6 2 . 5 5 2 . 6 0 

4 . 
o 

90 2 „ 63 + 0 . 0 9 2 . 9 9 2 . 7 9 

5 . 
0 

1 0 5 1 . 7 6 0 . 1 3 2 . 5 5 2 . 0 0 

The f i r s t p a r t o f t h e t a b l e r e f e r s t o t h e d a t a a t p r i m a r y 

s c a t t e r i n g a n l g e o f 90 ( £ f » 0 . 5 8 ) w h i l e t h e s e c o n d p a r t r e f e r s 
o 

t o the s c a t t e r i n g a n g l e 60 ( § - 0 . 5 0 ) . The t h e o r e t i c a l v a l u e s 

i n c l u d e d i n t h e t a b l e a r e o b t a i n e d i n a manner s i m i l a r - t o t h a t o f 

B r i n i . e t , a l . I t c a n be seen f r o m the t a b l e t h a t t h e p r e s e n t o o o 

e x p e r i m e n t a l v a l u e a f o r s c a t t e r i n g a n l g e s 60 , 90 and 1 0 5 

s u p p o r t t h e t h e o r e t i c a l v a l u e s o f Brown c t . a l . A t o t h e r a n g l e s 

however' t h e d i f f e r e n c e s between the t h e o r e t i c a l v a l u e s t h e m s e l v e s 

a r e s m a l l » 
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AN E X P I R I C A L FORMULA. FOR COHERENT 

SCATTERING OP GAMMA RAYS. 

A . N a t h a n d A . M . G h o s e 
N u c l e a r P h y s i c s L a b o r a t o r y , 

Bose I n s t i t u t e , 
C a l c u t t a . 

' ABSTRACT. 

An e m p i r i c a l f o r m u l a f o r t h e d i f f e r e n t i a l c o h e r e n t 

s c a t t e r i n g c r o s s s e c t i o n s o f gamma r a y s o f v a r i o u s e n e r g i e s 

and Z o f the s c a t t B r e r s a p p l i c a b l e f o r momentum t r a n s f e r s 

u p t o s e v e r a l in c w i l l be p r e s e n t e d . C o m p a r i s o n w i l l be 

made w i t h t h e e x p e r i m e n t a l d a t a a v a i l a b l e i n t h i s f i e l d . 
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DETERMINATION OP K - S H E L L PHOTOELECTRIC 
C R O S S - S E C T I O N S FOR 6 0 C o GAMMA RAYS 

B . S . Ghumman, S . Anand and B . S . Sood 
P u n j a b i U n i v e r s i t y , P a t i a l a 

' ABSTRACT. 

The t e c h n i q u e of a b s o l u t e i n t e n s i t y measurements o f t h e 

K - s h e l l f l u o r e s c e n t r a d i a t i o n t h a t f o l l o w t h e p h o t o e l e c t r i c i n -

t e r a c t i o n h a s been f u r t h e r employed to measure the p h o t o e l e c t r i c 

60 

c r o s s - s e c t i o n s f o r Co gamma r a y s . The e f f i c i e n c y o f 1 " x 1 " 

N a l ( T l ) d e t e c t o r u s e d i n t h e e x p e r i m e n t h a s b e e n d t e r m i n e d 

e x p e r i m e n t a l l y f r o m t h e ^ 6 - X c o i n c i d e n c e m e a s u r e m e n t s u s i n g a 1 98 

Au s o u r c e and i t s v a l u e a g r e e s w e l l w i t h t h a t o b t a i n e d from 

t h e c o r r e c t i o n f a c t o r s o f i o d i s e e s c a p e , p e a k , a b s o r p t i o n i n t h e 

a i r and a b s o r p t i o n i n t h e c r y s t a l , c o n t a i n e r . T h e c r o s s - s e c t i o n s 

o b t a i n e d a r e 3 . 9 + 0 o 5 ? 3 . 3 + 0 . 5 and 2 , 7 + 0 . 4 b a r n s r e s p e c t i v e l y 

f o r l e a d , g o l d and t u n g s t e n w h i c h show a good a g r e e m e n t w i t h 

t h e a v a i l a b l e d a t a w i t h i n the r a n g e o f e x p e r i m e n t a l u n c e r t a i n t y . 
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ISOMERIC C R O S S - S E C T I O N RATIO FOR (n ,7f) REACT ION AT 24- KEV 

A.Ko Chaubey and M .L . S e h g a l 
D e p a r t m e n t o f P h y s i c s 

A l i g a r h M u s l i m U n i v e r s i t y , A l i g a r h , I n d i a 

I . INTRODUCTION; 

The i s o m e r i c c r o s s - s e c t i o n r a t i © h a s been s t u d i e d by a 
t 

number o f a u t h o r s ( 1 , 7 ) . The i s o m e r i c c r o s s - s e c t i o n r a t i o s h a v e 

been u s e d t o h a v e an i d e a ab m t n u c l e a r l e v e l d e n s i t y p a r a m e t e r (J"" . 

T h e - e a r l i e r r e p o r t e d - work. ( 1 , 7 ) g i v e s . the i n f o r m a t i o n a b o u t C " 

m o s t l y a t t h e r m a l e n e r g i e s . O b v i o u s l y a n y o t h e r i n f o r m a t i o n 

a b o u t <5 a t h i g h e r e n e r g i e s w i l l be v e r y imp©rt'ant„ The a i m ©f 

t h e p r e s e n t measurement was t o d e t e r m i n e t h e e n e r g y d e p e n d e n c e o f G T 

CALCULATION OF ISOMERIC C R O S S - S E C T I O N R A T I O : 

The i s o m e r i c c r o s s - s e c t i o n r a t i o ( d e f i n e d a s ^ K ^ — , where 

and Q j a r e t h e c r o s s - s e c t i o n s f © r t h e p o p u l a t i o n ©f i s o m e -

r i c and f o r b o t h the s t a t e s r e s p e c t i v e l y ) f a r i s o m e r i c p a i r s p r o -

duced by ( n , r e a c t i o n i s c a l c u l a t e d i n two m a i n p a r t s f o l l o w i n g 

t h e method ©f H u i z e n g a and •Vandenbosch ( 1 , 2 ) » The f i r s t p a r t 

• i n c l u d e s t h e f © r m a t i ® n of t h e compound n u c l e u s h a v i n g d i f f e r e n t 

" v a l u e s of J", t h e t o t a l s p i n o f the compound• n u c l e u s , - ' a n d s e c o n d 

t h e c o m p o u t a t i o m o f t h e s p i n d i s t r i b u t i e n f © 1 1 owing gamma r a y em-

i s s i o n . - The m e t h o d - o f c a l c u l a t i o n o f i s o m e r i c c r o s s - s e c t i o n r a t i o s 

was same a s g i v e n i n . , r e f e r e n c e ( 7 ) , I n t h i s method o f i s o m e r i c 

c r o s ^ - s e c t i o n r a t i o c a l c u l a t i o n , t h e number o f gamma r a y s , V , 
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e m i t t e d i n t h e p r o c e s s o f compound n u c l e u s d e - e x c i t a t i o n , and the 

p a r a m e t e r , a r e v a r i a b l e . I f one o f t h e s e two p a r a m e t e r s i s 

known t h e o t h e r c a n be c a l c u l a t e d , by c o m p a r i n g t h e e x p e r i m e n t a l l y 

m e a s u r e d v a l u e o f t h e i s o m e r i c c r o s s - s e c t i o n r a t i - ' \ ' i t h t h e o r e -

t i c a l l y computed v a l u e . The a v e r a g e .number ®f gamma r a y ( m u l t i p l i -

c i t y , V ) i n t h e d e - e x c i t a t i o n p r o c e s s can be e v a l u a t e d f i v m t h e 

r e l a t i o n ( 3 ) 

where E . i s t h e e x c i t a t i o n e n e r g y a f the compound n u c l e u s and © 

a i s t h e l e v e l d e n s i t y p a r a m e t e r w h i c h g i v e s the dependence o f 

l e v e l d e n s i t y ' ©n t h e a t o m i c w e i g h t A. T h e r e f o r e knowing t h e 

v a l u e o f V , G c a n be c a l c u l a t e d . 

RESULTS AND D I S C U S S I O N : 

T a b l e I shows t h e i s o m e r i c c r o s s - s e c t i o n r a t i ® f o r a l l t h e 

c a s e s r e p o r t e d i n e a r l i e r p a p e r s ( 9 , 1 0 ) . T a b l e I a l s o shows the 

c r o s s - s e c t i o n r a t i o at t h e r m a l e n e r g i e s f o r a i l t h e above c a s e s 

and a t 1 MeV f o r some c a s e s t a k e n from o t h e r p a p e r s ( 4 - 7 , 1 1 - 1 4 ) . 

Prom t h i s t a b l e i t i s c l e a r t h a t i n c r e a s e s w i t h the i n c r e a s e s i n 

i n c i d e n t n e u t r o n e n e r g y . T h i s i 3 s© b e c a u s e a s n e u t r o n e n e r g y 

i n c r e a s e s , h i g h e r v a l u e o f a n g u l a r momentum s t a r t s t a k i n g p a r t and 

t h e s e w i l l p o p u l a t e h i g h e r s p i n s t a t e s m©re. 

I n T a b l e I I t h e v a l u e s o f Eq and (X a r e g i v e n w h i c h were 

t a k e n f r o m r e f e r e n c e ( 1 5 ) . The v a l u e r o f Q v / h i c h g i v e s t h e c a l -
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c u l a t e d v a l u e o f e q u a l t o t h e e x p e r i m e n t a l v a l u e o f ^ i j C Z ^ 

f o r g i v e n v a l u e o f V a r e a l s o l i s t e d i n same t a b l e . I n t h e case 

o f 6 8 - Z n , 7 6 - G e , and 1 3 0 - T e t h e v a l u e s o f E Q and ( X a r e not g i v e n . 

F o r 6 8 - Z n t h e v a l u e o f G ~ i s g i v e n f o r two v a l u e s o f m u l t i p l i c i t y . 

I n 7 6 - G e i f V i s t a k e n 2 them <T~coines o u t t o be 4 and i f V i s 

t a k e n a s 3 then t h e u p p e r l i m i t o f CP"comes out t o be 2 . I f V i s 

f u r t h e r i n c r e a s e d G""* w i l l d e c r e a s e . I n 130—Te i f V i s t a ] © n 5 

a s i s t h e v a l u e i n the n e i g h b o u r i n g n u c l e i t h e n the v a l u e o f 

comies out t o be e q u a l t o 5 . I f l o w e r v a l u e s o f ] / a r e t a k e n 

t h e n t h e s e w i l l f u r t h e r i n c r e a s e t h e v a l u e o f , when i s 

t a k e n 6 .the l o w e r l i m i t of C P s h i f t s t o 4 . Ir. g e n e r a l i t i s s e e n 

t h a t i n a l l t h e a b o v e c a s e s < > ~ l i e s i n t h e r a n g e 3 + 1 . 

I n t h e c a s e o f 7 9 - B r t h e v a l u e o f l e v e l d e n s i t y p a r a m e t e r 

was a l s o computed a t v a r i o u s e n e r g i e s o f n e u t r o n l y i n g i n between 

0 - 3 MeY. The e x p e r i m e n t a l v a l u e s o f i s o m e r i c c r o s s - s e c t i o n r a t i o s 

) were t a k e n from t h e r e s u l t s of B a c s o e t a l ( 7 ) and 

J o h n s u r d e t a l ( 1 2 ) . An e r r o r o f 1 5 $ was t a k e n i n t h e r e s u l t s of 

J o h n s u r d e t a l . U s i n g the method ( 7 ) a s d e s c r i b e d p r e v i o u s l y t h e 

c r o s s - s e c t i o n r a t i o s w e r e c a l c u l a t e d . From r e l a t i o n ( 1 ) i t i s 

s e e n t h a t a t t h e r m a l e n e r g i e s \ f - 4 . 7 9 and at 3 MeY y = 5 . 7 6 , b u t 

we n a v e t ^ k e n V = 5 a t a l l tr ie e x c i t a t i o n e n e r g i e s u p t o 3 MeY arid 

h a v e c a l c u l a t e d t h e v a l u e o f <5 . The v a l u e o f v e r s u s e n e r g y i s 

shown i n f i g . 1 . I t i s s e e n t h a t a s e n e r g y i n c r e a s e s a l s o i n -

c r e a s e s s l o w l y . At 2 . 6 MeV we h a v e a l s o c a l c u l a t e d the v a l u e of 

C T t a k i n g V = 6 , w h i c h i s e q u a l t o 3 . 5 + 0 . 8 and i s v e r y n e a r t o 
" 0 . 5 
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t h e v a l u e f o r ")) as 

W h i l e c a l c u l a t i n g .the- i s o m e r i c c r o s s - s e c t i o n r a t i o the 

v a l u e s o f t r a n s m i s s i o n c o e f f i c i e n t s were t a k e n from the tables o f 

M o l d a u e r ( 1 6 ) . The c o n t r i b u t i o n o f . £ = 2 n e u t r o n s was taken i n t o 

a c c o u n t from 24 keV t o 3 5 0 keV and a'- h i g h e r e n e r g i e s l i , v a l u e s 

u p t o £ = 4 we r e u s e d . B a c s o e t a l ( ) h a v e a l s o c a l c u l a t e d t h e 

v a l u e s o f CP a t d i f f e r e n t e n e r g i e s . U s i n g t h e i r e x p e r i m e n t a l v a l u e s 

f o r --'f^fef,-- we h a v e a l s o c a l c u l a t e d t h e v a l u e o f ( j ~ w h i c h i s d i f -

f e r e n t from t h e i r value. l:he m a i n r e a s o n o f this i s p r o b a b l y 

t h a t t h e y h a v e t a k e n o l d v a l u e s o f t r a n s m i s s i o n c o e f f i c i e n t s . 

A l s o t h e y h a v e not m e n t i o n e d upto what v a l u e o f JL t h e y h a v e t a k e n 

i n t o a c c o u n t . 

B a c s o e t a l h a v e c a l c u l a t e d t h e v a l u e of x'rom t h e e x p r e -

s s i o n ; 

cr2" — aTfl^ & 
I n t h i s e x p r e s s i o n (X i s t h e same p a r a m e t e r a s d e f i n e d p r e v i o u s l y 

and T i s t h e t e m p e r a t u r e o f t h e r e s i d u a l n u c l e u s . The v a l u e o f 

C f o r 7 9 - B r f r o m t h e a b o v e e x p r e s s i o n comes out t o be 4 a s c a l -

c u l a t e d by B a c s o e t a l . T a k i n g t h i s v a l u e o f we h a v e s e e n t h e 

e n e r g y d e p e n d e n c e o f m u l t i p l i c i t y , f r o m t h e i r g r a p h s . I n f i g . 2 i s 

p l o t t e d t h e m u l t i p l i c i t y v e r s u s e n e r g y for(J~~ = 4 o b t a i n e d f r o m 

t h e r e s u l t s o f B a c s o et a l . The l i n e shown i n t h e same f i g u r e r e -

p r e s e n t s t h e l i n e f r o m e q . ( 2 ) . Prom f i g u r e i t i s c l e a r t h a t a t 
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T a b l e I , 

k c o m p a r i s o n of i s o m e r i c c r o s s - s e c t i o n r a t i o s 
a t d i f f e r e n t e n e r g i e s 

T a r g e t S p i n . 
i s o m e r i c 
l e v e l s 

S p i n o f H a l f l i f e 

o f l e v e l s 
( J - h i g h / ( J - t o t a l 

T h e r m a l 
e n e r g i e s 

24 keV 1 MeV 

6 8 - Z n 0 

7 6 - G e 0 

8 0 - S e 0 

7 9 - B r 3 / 2 

1 0 3 - R H 1 / 2 

1 1 5 - I n 9 / 2 

1 3 0 - T e 0 

9 / 2 + •13.9 h 0 . 0 9 + 0 . 0 1 4 ) 0 . 1 8 5 + 0 . 0 4 1 0 ) 

1 / 2 " 52 m 

1 / 2 " 59 s 0 . 2 3 + 0 . 0 2 1 1 ^ 0 . 1 8 1 + 0 . 0 4 * 
7 / 2 + ' 1 1 . 3 h 

0 . 0 2 4 ) 
0 . 1 4 1 0 ) 7 / 2 + 5 7 m 0 . 1 7 + 0 . 0 2 4 ) 0 . 5 3 8 + 0 . 1 4 1 0 ) 

1 / 2 " 1 8 m 

5 
- . + 

5 

1" 

5" 
1 ' 

• + 

4 . 5 

18 

4 . 4 

42 

b 

m 

m 

1 1 / 2 " 

3 / 2 + 

2 . 5 s and 54 m 
1 3 s 

1 . 2 d 

0 . 2 4 + 0.(D24^ 0 . 1 2 3 + 0 . 0 1 3 1 0 ^ 

0 . 2 8 + 0 . 0 1 7 > 0•424+063 

U ) 1 3 ) 

12 

0 . 0 7 + O . O a P 0 . 1 0 8 + A A C 1 0 ) 
- - 0 . 0 5 

0.106 

0 . 7 4 1 3 ^ 0 . 7 2 5 + 0 . 7 4 4 1 3 ^ 

0 . 1 2 9 5 ^ 0 . 2 3 4 + 0 . 0 7 * 

2 5 m 

* P r e s e n t m e a s u r e m e n t s 
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Table I I . 

Level density parameter ( <3~~ ) at 24 keV 

Target OL 
(MeV~1) 

E0 
(B + E) 
(MeV) 

V cr-

68-Zn 3 2.85 + 0.55 
- 0.40 

76-Ge 4 2.35 + 0.20 76-Ge 
_ 0.15 

2 4 .0 + 3 .0 
— 1 .8 

3 2 

80-Se 14.96 6.845 J 5 3.75 + 2 .0 
- 1 .25 

79-Br 13.77 6.672 5 2«22 + 0.07 
- 0.05 

103-HH 15.69 6.814 5 2.5 + 0.05 

115-In 18.15 6.634 5 3.25 + 0.60 
- 0.40 

130-Te 5 > 5 

6 3 .8 
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thermal energies two values of t h e y are same while at higher ener-

gies the multiplicity starts decreasing. This means that the 

number of gamma rays emitted in the de-excitation of the compound 

nucleus decreases as the excitation energy increases. But it is 

not possible, when other channels are absent the number of gamma, 

rays in the de-excitation process should not decrease. This means 

that if V decreases with energy either eq. (2) is wrong or the 

experimental results of Bacso et al are wrong. Similar type of 

calculations are in progress in 103-Rh and 115-In. 

REFERENCES: 
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NANOSECOND LIFETIMES OP EXCITED STATES THROUGH 

NEUTRON INELASTIC SCATTERING 

WITH INTENSE PULSED BEAMS 

N. NATH , A.K.M. SIDDIQ AND G. MURRAY 

Nuclear Physics Division, AERE,. Harwell. 

Low intensities and background problems associated with 

neutron scattering greatly restricted its utility in the study of 

nuclear excited states. Recent availability of intense proton 

beams from the IBIS Van de Graaff at Harwell with pulse durations 

of ^ 1 ns at repetition rate of 1 Mc/sec and 5-1 Oy** A mean currents 

provides variable energy neutron pulsed-beams to facilitate such 

studies. 

Figure 1 gives the experimental set-up for looking at the 

-•gamma rays that follow excitation of levels in a given sample by 

neutron inelastic scattering. Cylindrical samples could be sus-

pended In from of a neutron producing target while an appropriately 

shielded scintillation detector coupled to a 56 AVP photomultiplier 

looked at the gamma rays as well as scattered neutrons reaching 

it mainly from the sample. Fast pulses from the photomultiplier 

were fed to the "Start" input of a TPH convertor whose "Stop" input 

was derived from a beam pick - up loop through a variable delay. 

The output the convertor was observed in' coincidence with'..a., 

suitable gate on the gamma-ray energy spectrum derived from the 

slow linear output of the photomultiplier. It could be displayed 

on a multichannel analyzer. 

* Present Address: Dept. of Physics, Banaras Hindu University, 
Varanasi (India) 

* Present Address: Physics Dept., Dacca University, Dacca (E.Pakistan) 
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Figure 2 shows the tine-spectrum observed with an iron 

56 

sample when a 'gamma' gate was. set on the first' level of Fe at 

845 keV ('no sample' baclcgound contribution already subtracted). 

It indicates well-separated contributions in time due to gamrna-56 

rays following ( n , n ' ) reaction in Fe and those produced in 

the ilia tor on the arrival of scattered neutrons. The time 

distribution due t© the former was observed to be symmetrical in 

accordance with fast lifetime ©f the 845 keV level. A measureable 

lifetime shall produce an exponential tail in this distribution. 

As a test of the method, measurements were made on the 532 keV 
25 

first excited state in Mg which is known to. possess a half -life 

of 3 .5 ns (1 ) . Using a scattering sample of natural magnesium 

at 1MeV neutron bombarding energy, only this state could be ex-

cited by inelastic scattering. Time spectrum as shown in Figure 

3 was observed by Setting a gate on the 532 keV photopeak, ('Ho 

sample' contribution already subtracted). Comparison was made 

Using the same energy gate on the Compton distribution of the 56 , 

845 keV transition from Fe (n,r) ) reaction to obtain a prompt 

distribution. Tine calibration was effected by observing the dis-

placement of the prompt curve as a function of known variable 
' 25 

nanoseconds delay. The rie an lifetime of the 582 keV state in Mg 

was then computed from the slope of the exponential part of the' 

delayed distribution to be 4 . 9 + 0 .3 ns in agreement with the 

known value. 
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The 11 30 keY state in , < : lSb v/as attributed a half-life of 

(1 'i + 2 , 5 } ns ( 2 ) . It was considered a good case to confirm using 

the 'technique .mentioned here. A gamma ray c f energy 1.12 MeV was 

firtt estc.bIish.od as arising f rem. the 3 b ( n 5 n M reaction in the 

time-gated gamma-ray spooirum obtained vith a sample of natural 

antimony -it neutron energy of about 1.35 MeY» A narrow g3.be was 

then sot on its peak and the time distribution was looked for 

the predicted delayed nature. It was however observed to be . 

pro mot to the limit .0 ns in contradiction with the report-

ed measure »»ont. 

REFERENCES: 

1 . Ferguson, Graee and Newton, Nuclear Physics 1 (1360) 

2 . , Bhattacharya R. and Shastry S . , Nuclear Physics 4_1_, 134 (1963) 

DISCUSSION: 

A . S . Divatia : ¥b.at v/as the resolution for 1 MeY neutrons in keY or 

per cent? 

N. Naths Undo-- the best conditions it could be as good as 1-2$. 

S . S . Kapoor" WhatLWA§ ,:th§.:%ime re"sol^t.iqn.:; in Y QUI? measurement ? 

N. Nath: Nearly 0 2.;.* 5 ^av si or ithe :prompt $ /.Qop^-idering 

that the time;vrfsolutionoher9 .-ari^S' out .jQf^g^utron energy spread, 

sample size as well as the detector, it was-not -much. 
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S.K. Guptas I feel the gamma peak which you get in the time 

spectrum should be a sum of spurious gamma prompt peak plus a 

peak having a life time character? How do you eliminate the 

prompt peak contribution in your measurement? 

N. Nath: The prompt contribution depends on the gamma-gate 

selection. In our experiment we could control neutron energy 

and thereby the excitation of states in the sample. In the 

25 

case of Mg we only excited the 562 keY state, the first 

excited states in ^ M g and ^ M g , the more abundant isotopes L 

our natural magnesium sample, were not excited. There could 

be prompt contributions if the (T^Y) reaction is significant 

in the sample as the contribution of such T^rays shall lie in 

the same time peak as obtained due to (*»!,>>) )f-rays. This was 

negligible in our particular case. However, when we did the 

experiment with antimony^ (n ,y ) cross section was significant 

to cause prompt contributions but unfortunately the 1147 keY 

state de-excitation was also found to be prompt. 
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THIN CARBON FILMS FOR TARGET BACKINGS 

S .S . Kerekatte, K.K. Sekharan and K.B. Nambiar 
Bhabha Atomic Research Centre, Trombay 

ABSTRACT 

Thin carbon films are useful as target backings in charged 

particle reactions involving fine energy resolution. Such films 

have been made in our laboratory in the following way. A layer 

of sodium chloride was evaporated on to glass slides in a vacuum 

chamber. The carbon films were then deposited on the sodium 

chloride layer by evaporation from an electric are struck between 

two carbon electrodes. The films were floated off in 'water and 

picked up on suitable frames. 

Five MeY alpha particles from the accelerator were scattered from 

a carbon film, A spectrum of the elastically scattered alpha part 

icles at 150 and of 1.37 MeY energy, was taken with an without 

the sample carbon film in the path of the scattered beam. The 

energy lost by the alphas in passing through the film, was given 

by the shift in the spectrum, and was found to be 17.6 keV with 

an error of 1 .3$ . However, when the energy loss was converted 

published tables of atomic stopping cross-sections. The thickness 

The thickness of a carbon film was measured as follows 

o 

was introduced due to errors in the 

of the films was found to be 10 + 2yugm/.cm' 
2 
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A SIMPLE ffl DEVICE FOR A MOSSBAUER SPECTROMETER 

P.K. Iyengar and P.S. Parvathanathan 
Bhabha Atomic Research Centre, Trombay 

One of the vital parts of a Mossbauer spectrometer is 

the modulator that provides a means of shifting the energy of 

a nuclear gamma r ay by a precisely controlled amount, making it 

possible to examine a region in the vicinity of the nuclear 

transition energy. 

In principle the energy shift is introduced by a Doppler 

shift in the frequency of the gamma ray as observed by the 

absorber nucleus given by the relation 

y = v [ 1 - £ 

where ^lis the frequency of the emitted radiation, ^ is the 

velocity of the absorbing nucleus, and 9 the argle w . r . t , the 

incident gamma ray. This is illustrated in Pig. 1. Many of 

the existing methods of Mossbauer spectroscopy use a continuous 

variation in the Doppler velociety ^ignoring the angular 

factor It occurred, to the first author that this angular 

factor could be advantageously varied keeping W constant. 

Confining oneself to uniform circular motion, the 

component of velocity of a particle executing uniform circular 

motion along a direction as shown in Fig.1 is 
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Thus if the gamma rays are observed along parallel directions 

displaced from the centre of rotation by equal increments in X» 

the absorber will present different Doppler velocities as a 

function of X ° For a typical value of OJ - 0.1 roughly 

corresponding to a rotation speed of 1 r.p.m. anl X ranging 

from 0 to 20 cms, Doppler velocities in the range 0 to 20 mm/sec 

aESobtained. This is quite an interesting range for -the s tudy 

of hyperfine strucutre effects. It is easily possible to change 

U) to cover different Doppler velocity ranges. 

Fig.2 illustrates the experimental f̂et up? a fractional 

horse power induction motor is geared dcwn to provide a rotat-

ional'*''speed' of about 1 r.p.m. It is connected by an endless 

belt to the main rotating shaft. The absorber is struck to a 

circular frame. The detector consisting of 1 mm Nal(Tl) 

scintillator coupled to a photomultiplier is carried on a lead 

screw arrangement such that it could be made to traverse in the 

desired direction. The source is rigidly attached to this 

carriage as shown. The recording device is a conventional gamma 

ray spectrometer using automatic time control. A typical measure-

57 

ment using a 200 microcurie Co on stainless steel source and 

on thou thick stainless steel absorber is shown in Fig.3® 

The method is perhaps extremely simple. It could be 

easily automated by just coupling a motor drive to the detector 

lead screw and controlling its position in steps. One main 

advantage arises from the fact that the' speed, of the motor 
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does not have to be varied as in the case of cam devices and 

in principle* a uniform circular motion is very much easier 

to obtain than a complicated motion cam device needs to 

generate» 

The only limitation to this device is the fact that a 

long piece of absorber is being used around the circumference of 

the 15 cm radius circle. It is possible to overcome this by 

several means, A few adaptations of this principle are shown 

in the Pig.4c The source can be coated on the periphery of the 

revolving frame. It is then possible to do several experiments 

using the same source and several absorbers simultaneously- The 

absorber and the photomultiplier are together moved to differ-

ent positions enabling different Doppler shifts or the centre 

of rotation of the source can be displaced However; to avoid 

the limitation that a fairly large sour ce is required -it is 

possible to coat the source over a short length of the peri-

phery and use the oscillation mode. 

The method has also quite interesting applications when 

used in conjunction with Mossbauer nuclei which are being con -

tinuously produced through either a neutron beam or charged 

particle beam,, In the case of neutron beam, some of the short 

lived nuclei could be explored for any possible Mossbauer 

resonances.-
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DICUSSIOH: 

VoS. Indurkars (1) Is there any feed back employed to obtain 

the compensation for the instantaneous changes in velocity 

e .g . these due to the supply variations? (2) In the 

oscillatorjr motion does there exist any nonlinearity of 

motion in the peak amplitude positions, where it changes 

the direction? 

P .K . Iyengar; (l) We use an induction motor operating on line 

frequency and has proved satisfactory. (2) When used, in the 

oscillatory mode, the counting will be gated such that the end 

effects are eliminated. 

V.Gr. Bhide j Since the absorber will be all round the circumference, 

the thickness will not be uniform and this will cause line 

broadening. 

P.K. Iyengars The effect of non-uniformity in the thickness of 

the foil is the same for all positions, since the counts are 

accumulated on several rotations for each value of x° There 

is of course a known variation in thickness as a function 

of X ' However, if the source is coated on the rotating drum 

this method is in no way different from other methods in that 

small samples could be used. 
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A STUDY OP THE METHOD OP SEPARATION OP 

ISOTOPES USING TIME-OP-FLIGHT PRINCIPLE 

JoVo Ramana and M.P. Navalkar 
Bhabha Atomic Research Centre,Trombay 

INTRODUCTION; 

The conventional method of separation and detection of 

isotopes is by observing its trajectories in.a combination of 

electrostatic and electromagnetic fields. A method which' measures 

charge-to-mass ratio of an ion by its^transit time was first used 

by Wilson (1) and later by Glenn (2) and Michel (3) . An instrument 

based on this principle is constructed and some of its features 

are reported in this paper, ... 

In conventional'electromagnetic machines, for good re-

solution the transmission rarely exceeds 2 per-cent of the ions 

formed,. The time-of-flight method offers reasonably good reso-

lution combined with increased transmission of about 20 per-cent. 

This gain in transmission is of great importance, added advantages 

being its physical simplicity and the ease with which it can be ' 

decontaminated while working with radio-active samples. 

PRINCIPLE OP OPERATIONS 

A block-diagram of the apparatus is shown in Pig.' 1 . 

fositive ions from the sample are formed at the thermal source 

S(4) and are accelerated to the first buncher grid G^. Ion source 

S, all the accelerator Plates A, and buncher grid G^ are applied 

an additional saw -tooth voltage over and above D.C. acceleration 
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FIG. 1 BLOCK DIAGRAM OF THE APPARATUS 

FIGllRE-2 
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voltageo As ions cross between buncher grids G^-Gg, they re-

ceive an additional acceleration voltage varying linearly with 

time. The ions then enter drift tube. Those that leave the 

buncher in the early part of the saw-tooth cycle have lower 

velocity and those arriving later in the cycle receive addi-

tional acceleration enabling them to overtake ions which have 

passed earlier in the cycle. Thus all ionsof a given mass 

bunch down the drift tube. A theoritical analysis of Ion 

Bunching has been given by Dutt ( „ ) . The conditions for bun-

ching is such that not only the desired mass but adjacent 'masses 

will also be bunched. It-will be noted that the time of arrival 

of ion bunch-will be proportional to the square root of mass of 

ion. As shown in Pig.1 , repeller grid G^ is placed at a positive 

potential above the maximum value of accelerating voltage plus 

bunching voltage. Hence no ions pass through G^ unless they 

acquire an additional energy greater than that due to repelling 

potential. As ions pass between G^-G^, coincident with the 

arrival of the desired bunch of ions, a sharp negative pulse 

is applied to accelerate the ions.' Those ions which have been 

accelerated during this pulse duration can now pass through G^ 

and get collected on a collector plate. The resulting current 

is measured on a DoC. amplifier. The ions of undesired mass which 

do. not receive accelerating pulse are repelled back the drift-tube 

by G^ and eventually discharged on the walls, 

CONSTRUCT10HAL DETAILS s 

The fundamental choice in the design of this instrument is 

the size of drift tube which has been chosen as 60 cms length 

and 10 cms diameter. Inner side of the drift tube is polished to 
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reduce the effect of cojulomb force exerted on the beam by any stray 

charge collected on the walls. Ion source consists of a 1 cm 

wide tantallum ribbon mounted flush with accelerator assembly, 

Bunching grids are separated by 25 mils so that ion travel time 

between grids becomes a negligible fraction of saw-tooth cycle. 

Similarly gate-grids are separated by 20 mils. The grids are 

constructed of 2 mil wire, 3 mils apart would on a copper ring. 

Each grid will have a transparency of about 7) per cento. Since 

the ions must go through four grids, the total transparency of 

the system will be about 24 per cent. The transit time has been 

chosen as 40 times the saw-tooth period (0,455 u Sec) in order to 

similify bunching requirements. Accelerating'voltage is about 

1000 volts, sufficiently high so that thermal energy spread of 

ions is negligible. 

RESULTS: 

The sample is canted on the filament and its temperature 

raised by passing A.G. current, Accelerating and bunching voltages 

are optimised for proper bunching of ions as indicated on D.G0 

amplifier. Ion current intensities were measured as a function of 

accelerating voltage for Rubedium, Cesium, and Thallium and the 

results are shown in Fig. 2. As seen from the graph the reso-

lution is about one mass unit. The areas under.curves compare 

with natural abundances. A graph of mass versus acceleration 

voltage shows the linearity of mass scale calibration. 

REFERENCES: 
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2 o W.E. Glenn, Ph,d. Thesis, University of California, Radiation 

Laboratory, Declassified UCRL - 1928 (January 1953). 
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DISCUSSION 1 

So Chatterjee§ What is the order of magnitude of peak currents . 

in Rubidium isotopes,? . : 

J0V0 Ramanas Rubidium is very suitable for thermal ion source. 

—8 

We have gone to ion peak current of about 8.x 10 with a 

filament current of about 40 Amp. 

P0K0 Patwardhan: What is the drift in your D.C. amplifier? 

J.Vo Ramana: We do not expect any drift in D.C. amplifier as 

it is stabilised over a long time before the start of the 

experiment. There can be a drift due to variations in 

accelerating voltage which can be. controlled to a high degree. 
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ON A METHOD FOR THE STUDY OP ANGULAR AND ENERGY 
DISTRIBUTION OP FISSION FRAGMENTS 

L.R. Khare 
Department of Physics 

Indian Institute of Technology,Kanpur.U.P 

Roy (1) and others (2,3) have studied the fission frag-

ments using a gridded ionization chamber. Our chamber was de-

signed on the same principle. 

Since the analysis of photograps is both inaccurate and 

time-consuming, we. use an electronic technique to determine all 

the parameters with good accuracy and good statistics in a 

shorter time. 

When a gas like argon is ionized by radiation, there is 

a time-delay of the order of a few milli-secs between the coll-

ection of electrons and + ions. Also, since the projection of 

the rarge R of the fission fragment on the electric field is 

given by p = R cos 0and since P cxTT , the time of collection of 
c 

+ ions and RoCh, the height of the + ion. pulse, therefore cos & - K 

(Tc/h). The value of constant K is determined by the maximum 
o 

value of Tc/h, when 9 = o. 

We can differentially select a^^ray coming parallel to 

the electric field and look at the coincident fission fragments <=• 

The information required to determine the energies and 

the angles of emission 9 and (180-8) (See CRO picutre in figurel) 

are t^ , t^, h and t 7 , t^, h7 (t^ , t' are the time for the first 

+ ion to reach the cathodes or the delay-times between the collect-
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ion of electrons and + ions; tg» t^ are the times of collection of 

the + ions; h,h' are their pulse heights). However, since the 

fragments are emitted approximately in opposite directions, it 

was considered sufficient to determine only t^ , t^, h and h 

A Y-e coincidence pluse starts the first (time delay) 

counter and opens different gat es (Fig. 1) . The + ion pulse from 

gate 1 triggers a univibrator, a differentiator and a memory 

circuit. The Univibrator stops the counter Ho. 1 (time t 1 ) and 

starts the second (rise-time) counter, which is stopped by a 

sharp pulse from the differentiator occuring at the peak of the 

+ ion pulse (time tg) . The 'memory' converts the pulse to a -volt-

age level proportional to the peak of the pulse which is recorded 

on a digital voltmeter. When the scanner is triggered, the above 

information (t^ , tg, h, hy ) is fed to a printer for automatic 

recording, after which a singnal is sent out by the scanner, which 

resets all equipment. 

The pulse height was calibrated using (a) alphas of known 

235 

energy from IT and other alpha-sources and (b) by plotting a 

double-humped yield curve of the fragments and identifying the 

peaks of the heavy and light fragments and the valley with the 

corresponding values of Fowler (2) . Sums and ratios of the kinetic 

energies were determined, the latter giving the mass-ratio. Thus, 

yield curves of mass-ratio and total energy (or a graph of total 

energy Vs. mass-ratio) could be plotted (Fig.2) and their'most 

probable values determined. 
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Knowing the average number of neutrons emitted per fission 

and the sum and the ratio of masses, one can get the absolute 

values of fragment masses. Angular distribution graph (fig.3) 

is found to be isotropic. 

Since the sum of (t^ + tg) = a constant, so a Gaussian 

yield curve was plotted and only the data corresponding to the 

half-width limits were taken as the valid data ( f ig .2 ) . 

More information can be obtained by differentially select— 

ing one fragment and looking at the integrally selected fragment 

on the other side coming : in coincidence with it . One could measure 

angles in both the chambers by determining t^, t^ and t^m tp and 

could use electron pulses in place of + ion pulses. 

The method is also suitable for fast neutron fission and 

Photo-fission studies and for recording time-intervals (0.001 m.Sec.) 

and pulse heights (accuracy 0 . 2$ ) . The scanner can handle infor-

mation from 25 channels. 
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DISCUSSION: 

P.K . Patwardhan: What was time factor involved in data logging? 

L .R . Khare: 5 coincidences/min. 

S . S . Kapoor: What is the angular resolution obtained by this 

method? 

L .R . Khare: Error in ^(cos9) = .347. So, = 0 .347/Sin 9 . 

, V .S . Indurkar: What is the effect of the finite size of the 

235 

source U foil . What is the error introduced? "'""•>'. 

L .R. Khare: Error estimated from the yield curve of the total 

energy peak was 1 .42$. 
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RANGE MEASUREMENTS OP FISSION FRAGMENTS 

IN THERMAL FISSION OF 2 5 5 U 

R&ngarajan, K.N. Iyengar and M.R. Hiranandani 

Tata Institute of Fundamental - Research^ 

y C olaba, Bombay* >„ 

INTRODUCTIONS 

^Ranges of fission fragments are usually studied 

either fey;radiochemical methods or using nuclear emul-

sions. Radiochemical studies of the various frag-

235 

ments in thermal fission of U have been attempted 

by several workers (1) . Experimental data are confined 

to the most probable groups of fission fragments (2 ) . 

This paper reports a work using "LEXAN" 

as a detector of the fission fragments (3 ) . 

The method, as in the nuclear emulsion technique, 

suffers from the disadvantage of not being 
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able to identify either the fragment (maas, charge etc.) or 

its energy. The disadvantage is discounted by the easy hand-

ling and the lack of background in these "specific-ionisation-

threshold" detectors. Here the raises of the two fragments 

are found simultaneously by using a"sandwich technique*. A 

mass-yield distribution is obtained by employing a general 

range-energy relationship for heavy ions and an iteration 

method. 

EXPERIMENT 5 

A sandwich of natural uranium was prepared by pressing 

a drop of 10$ uranium nitrate between two layers of Lexan joined' 

together at one end. The layers which were held pressed bet-

ween two perspex plates with screws were exposed to a beam of 

neutrons in the thermal column of OIRUS for about a day where 

7 2 

the thermal neutron flux is about 3 x 1 0 n/cm /sec. After 

exposure the sandwich, was-washed in water and etched in a 6N so-o 

lution of NaOH at 70 C for about 30 min. . The fragment tracks 

were measured by viewing the sandwich under a magnification of 

about 1000 X. It -was found that a drop of sandal wood oil 

between the layers kept the too surfaces in close contact. The 

introduction of commercially .available dyes like "Nigrosine" 

enhanced the contrast characteristics. Greater accuracy in 

measurement was thus, possible. The two surfaces of the sand-

wich were found to have a lateral displacement of between 

5 and 40 microns. This did not affect the identification of 
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correlated tracks, since the correlation could he obtained by 

the similarity in direction. All range measurements were 

corrected for an error due to the etching - a factor connected 

with the dip of the track (3) . 

RESULTS: 

The range distributions of the light find heavy groups as 

obtained by measurements of correlated fragments are shown in 

fig .1 . It can be seen that the ranges of the light and heavy 

groups are well separated. The average ranges of the light and 

heavy groups obtained in Lexan with total statistics of 1000 are 

found to be 20,1 + 0 .033 /^ and 16.3 + 0,037/f respectively. 

DISCUSSION: 

The assumption of a direct proportionality between 

ra'nge energy of a fragment has been. used by Manley (4) to 

get the relation 

R L M L = R I i M H (i 

which is implied in assuming that the range ratio is a measure 

of the mass ratio. Lindhard et al (5) using a Thomas-Fermi 

model of the atom calculated theoretically a range-energy relat-

ionship for fission fragments. Aras et al (6) used these for-

mulae in their measurements of fragment ranges and found that 

the energies thus obtained are true with minor variations for 

556 



""A 

160 o - p r e s e n t r e s u l t s 

o n c h a m b e r d a t a 

120-
t x j ^ 

80-
q 
- j 1aj 

N o -

/ x u 
/ x 

x 

1*0 1-2 
. i — i ——| 

l ' 4 1-6 1*8 2 - 0 2 - 2 
m a s s r a t i o 

557 



alumium but are not applicable in the varied form for air or 

uranium. 

We have used' a composite range-energy relationship given 

by Barkas (7) of th& form 

* = ( A + 8 2 ) (2) 

w; x 

M 

flhere X ^ (11 -01 + 1.34 I a d . 5 / 3 ) < - A - ) ^ 1 g / c m 2 (2a) 

and 

Bz ^ ( 4 6 . 0 + 5 .3 I a d . 5 / 8 ) 4 ^ > > x 1 0 " 5 ^ 5 / 3 g/cm2 (2b) 

v/here 2 , au<3 beta, the. charge and. velocity of the ion and. J ^ L ^ 

refers to average mass,to charge ratio of the stopping medium. 

To check the accuracy to vvhich this relation held we calculated 

the range of protons of ^various energies in emulsion using a 

value of •=' 300 eV (8) . We found about 25$ discrepancy for 

0.4 MeV protons ard less than 9$ for 1 MeV protons. Using the 

composition of Lexan as PL ..,C, ,-0.., we determined IT to be 63.45 eV 
• 1 3 16 3 Lexan 

From Eqn. (1) and constancy of total mass (233 .5) , an 

approximate value of mase was obtained. We assumed constant 

charge distribution equal to that of the fissioning nucleus 

235 

g^U i .e . 0.394. This was the starting point of •iteration,.! 

Eqn. (2) together with the experimental range gave a value 
of . New values of the mass given by 

. C^-ct — M , ^ M ^ , M (a) 
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were used in Eqn. (2) for fresh values of and so on. The 

iteration, written in FORTRAN for oomputer GDC 3600 was done 

thrice and the result thus obtained is shown in f ig .2 . It is . 

seen to compare well with ionisation measurements (9 ) . 

FIGURE CAPTIONS: 

Fig .1 . Range-frequency plot of correlated tracks. 

Fig.2 . Plot of mass ratie vs. yield (See text) 
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DISCUSSION: 

M.L. Jhingan: You pointed out the advantages of threshold detector 

' over nuclear emulsion. One of the advantages is that emulsion 

has got a shrinkage factor of 2 . 5 . But this disadvantage of 

emulsion can be eliminated by non shrinkage development 

technique , 

K.N. Iyengar: This is true if the shrinkage is inhibited 

completely and the other advantages weigh more in favour 

of the solid state detector at least in the case of fission 

studies. 
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MASS DISTRIBUTION SPECTRUM OP 2 3 5 U EMPLOYING A RATIO-CIRCUIT 

P.K. Patwardhan and V.S . Indurkar 
Bhabha Atomic Research Centre 

Electronics Division 
Trombay - Bombay 

I . INTRODUCTION: 

Although the radiometric and mass spectrometeric te-

chniques are practiced for the study of yield-mass distribution 

of fission fragments, there is a lacuna in terms of a more ele-

gant and efficient method which will employ faster electronic 

techniques and will lend itself to quicker diagnostics of ex-

perimental conditions« The newly developed Ratio-Circuits 

(pulse-voltage-dividing-circuits) are promising in this respect (1 

I I . BASIC RATIO-CIRCUIT: 

The present system is based on the comparision of a ramp 

voltage with a stretched pulse (6) . The output pulses from two 

independent detectors (Prisch double grid ionization chamber or 

solid state detectors placed back-to-back), after suitable am-

plification are algebraically added. This sum-pulse is then 

stretched (pulse width = T/isec.) and allowed to charge a cap-

acitor with constant current, thus generating the ramp. This 

is compared with another stretched pulse (also T/^secs.) from 

one of the detectors. The comparator yields an "Index Pulse" at 

the instant equality is achieved. This divides the total time 

T ^ s e c . into two parts (t1 and tg/Ksec.) carrying the information 

regarding the ratio of the two input pulses. It has been shown 
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"earlier (6) that t^ is given by 

V V (G - G ) 
A m 'B A B t_ . T o — • V 

^ V 

+ -P - ( A . , u & m- f -I \ ' r \ - — - / e ^ • • « • « © « « \ * / 
(A+B) ( Ga ) 

where V^ and Vg..are the two pulses proportional to the energy 

of the fragments and 

T ( A + 3 ) ' \ + Y B 

If the amplifiers have ind,entical gains G^ = Gg then it follows 

V ~ W ^ - - * (2) 
(A+B) 

I I I . PRE - T HE ATM SIT AND PULSE-SHAPING: 

Although, there can be many ways of achieving pulse vol-

tage addition, a simple passive attenuation network with a common 

attenuation point is used, Pig. 1. The analytical treatment of 

the possible effects of attnuation are discussed elsewhere (7) . 

The two pulse stretchers have to fulfill stringent design 

requirements in order to provide for the identical performance, 

in terms, of rise time, stretching time, percentage droop and fall 

time. Further, the percentage attenuation of both the pulse 

stretchers should be equal and should remain constant for all 

working ranges of input pulse height cvnd frequency. 

The emitter followers Q̂  and Q̂ j admit the two pulses 

to the memory capacitor C and Cg respectively which are dis-

charged simultaneously after a time T/^sec. , through the 
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transistors Q^ and . Pulse also triggers the delay time 

univibrator, which gives out a discharge pulse after time, 

T -- 8/<sec. The choice of the stretching time • T-/'-sec. is a 

matter of convenience,, Discharge switches and operate 

in common base mode. i'he variable resistances at the emitters 

of them could be adjusted to compensate for the slight mis-

match which might be present in order to equalize the pulse 

heights. 

IV. ADC TECHNIQUE: . 

The novel feature of present design was to incorporate 

the analog-to-digital conversion technique, namely to make the 

ratio time proportional, thus utilizing the pricision obtainable 

from time measurements„. Provision is made, either to. obtain 

the digital output or, an analog pulse, as output of the Rat io-

Circuit. In case the digital output is required, the rectangular 

pulse of duration gates a crystal controlled oscillator. 

When multichannel analyser facility is available analog "Output 

is preferred. 

Schematic of the present Ratio-Circuit is shown in Pig.2 . 

and indicates fairly straight forward logic, illustrated with 

appropriate waveforms* Used in common base mode Q^ is a con-

stant current generator. The transistors Q^q and Q ^ constitute 

a comparator in difference configuration with a common mode 

rejection to improve the thermal stability. Q ^ and Q ^ con-

stitute the rate-of-rise amplifier and a high speed switch, 
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which converts the waveform to give a rectangular pulse with 

a duration equal to t 0 A s e c s . Q^g and Q^q constitute the 

time-to-pulse height converter for obtaining analog output, in 

which high linearity exists because of boot-strapping. The 

performance of the Ratio-Circuit gives the maximum deviation 

from linearity to be 2$ for the ratio 0 .2 to 0 .9 and maximum 

fluctuations to be + 2$. 

V . ELECTRONIC. STIMULATION: 

The electronic simulation of fission e xperimeatal con-

ditions -are brought about by deriving two simultaneous pulses 

from-a single. pulse obtained from a mercury pulser. . Emitter 

followers are used for the adequate isolation of each other 

and minimizing their pulse-height-interdependance. The two 

coincident pulses fed to the pre-amplifers, amplifiers, adder, 

pulses-stretchers, and Ratio-circuit assembly are varied inde-

pendently to achieve amplitude randomization to near experi-

mental conditions. The added pulse is kept within the total 

dynamic working range of the system - 1.5 V ^ V^^-q) — 5 V. 

V. 
The ratio curcuit output V . is plotted gainst ( _ 

• • o u t ( V ^ T V 

calculated from the observed values of Y. and V.Q at the adder 
A £> 

Nodes ( I ) and (V). It is observed that the deviation from 

linearity and fluctuations are less than 4$ for the overall 

system (including the pulse-stretchers and the adder) for 
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the ratio 0.2 to 0 .9 which compares favourably with that reported 

in the literature. It should be noted that electronic simul-

ation and subjecting the overall system for such tests brings to 

light the real performance of the system. This aspect will 

be discussed elsewhere (7) . 

VI . MASS DISTRIBUTION MEASUREMENT : 

The expei'iment was carried out at APSARA swimming pool 

reactor site. The fission fragment induced pulses are obtained 

from the solid state detectors and the output voltages pro-

portional to energies of the corresponding fragments are ampli-

fied. The two sets of preamplifier and amplifiers chosen for 

the two channels, should be nearly identical from the point of 

view of gain, rise time., and the RC-tirae constant. Pig.3 shows 

the mass-distribution, spectrum for thermal neutron induced 

2 3 5 

fission of U, using a T.M.C. 1024 channel analyser, in a 

single parameter moade. The area under the light and heavy 

mass-groups, was given by 26977 counts and 27299 counts res-

pectively and shows that the areas under the peaks are nearly 

equal. The results obtained, using the Ratio-circuit compare 

well with the standard mass-distribution profile for thermal 
2 3 5 neutron fission of U, obtained by other methods. 

V I I . OTHER APPLICATION: 

Besides the main use of Ratio-circuit for mass distri-

bution measurements in lowr-yield situation, such as photo-

fission, it finds application in multiparameter fission ex-



fig.3 mass distribution spectrum 
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periments, such as, fission angular correlation or, fission 

associated gamma ray -spectra etc. This is an important ad^a^t-

age of Ratio-circuit. 

It can also be easily adapted to monitor the amplifier 

gain-;,oread, while an experiment involving long time periods 

is in progress. Further, it can be put to use for the measure-

ment of gain or, attenuation factor in various experimental 

set-ups, such as - the attenuation measurement s in Inospheric 

Back-Scatter stud ies'. 
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SOME OBSERVATION-ON THE SCINTILLATION PERFORMANCE 
CHARACTERISTICS OF SOLIUM IODIDE THALL- . 

IUM" ACTIVATED CRYSTALS 

G.K. Bhide, G.V.N. Ramamurthy & S.C. Karandikar 
Technical Physics Division 

INTRODUCTION: '' 

Ever since" the Sodium Iodide-Thallium activated crystals 

are used in gamma ray spectrometry, considerable effort has been 

put in to understand the complexities involved in the resolution 

(FWHH) attainable with this scintillator. 

According to Breitenberger (1) inhomogenous luminescence 

process itself contributes.to the instrumental line width via a 

non normal (non propertional) scintillation variance. According 

to Sham'ovskii (2) the activator, which can be present as a separate 

phase in the crystal causes quenching and hence deterioration in 

p e r f o r m a n c e . . . 

Harshaw et al have reported that the pulse height is 

independent of impurity centre concentration within fairly wide 

limits (3 ) . 

Our earlier studies (4) have indicated that; there is a 

decrease in the pulse heights of Nal(tl) crystals with increase-

in Thallium Iodide concentration higher than 0 .20 percent by 

weight. Nal being considerably hygroscopic, inorder to eliminate 

the additional uncertainties involved such as polishing and canning 

the characteristics of a large number of crystals have been reviewo 

on a statistical basis in the oresent text. 
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EXPERIMENTAL DETAILS: 

Starting materials our crystals are granular Sodium 

Iodide (Regent Grade of Banker and Adamson). All the 105 crystals 

were grown employing the technique based on Stockbarger1s modi-

fication of Bridgeman's method (5) under identical conditions of 

initial doping concentration, rate of growth, temperature gra-

dients in the growing furnaces, polishing canning and testing of 

the crystals within practical limits. The crystals were tested 

on an automatic recording gammaray spectrometer employing the 

137 

RCA 8054 multiplier tube with 662 keV gammarays from Cs, The 

photo peak pulse heights were normalised by expressing as a 

percentage to that of a Harshaw crystal of 1-g" dia and 1" height. 

RESULTS: 

All the 105 .crystals studied are grouped into five cate-

gories, their averages and. mean deviations as regards to photo 

peak pulse heights and FWHM„ are presented in table I . Photo peak 

pulse height VS FWHM for crystals under category 4 of table I is 

shown in Figure I . 

Table I . 

Cate- Details Average photo- Average 

gory. peak pulse ht. FWHM 

1. 14 crystals of dla.-l£» ht. 75.37 + 12.54 11.3 + 2 .0 

2. 14 Crystals of 1-&" dia. ,1" ht. 73.1 + 10.1 9.76+ 1.1 
obtained from Category (1) 
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3. 14 Crystals .of' dia 1" ht. -95.6 .+ 10.45 9.1 + 0.33' 
obtained from' 1-J" dia. ingot 

4. All 33 Crystals of 1|-,! dia and.1" 33.8 + 11.7 9.3 + 0.95 
ht. whose FWHM• lie'between 7 & 
12$ ' 3 

5. 17 Crystals of d ia *1" ht. 70.2 + 10.4 14.3 + 1.57 
whose FWHM,,. are 12$ ... . • : " 

DISCTJSSIOII: 

It will be observed from the table that the average FWHM 

of the crystals of category 2 is very much better than that of 

the crystals of category 1, though the improvement in the pulse 

height is only very little. It has been pointed out by the authors 

that smaller crystals give larger pulse heights probably because 

the attentat ion suffered by the light pulses within the crystal 

is"smaller in a small crystal. The slight improvement in the pulse 

height is due to this effect. The average performance of the 

crystals belonging to category 3 is the best of all . This is also 

felt to be in keeping with the expectation that the crystals 

having been machined out of larger ingots 1 (if" dia. x 2" ht. in 

this instance) exhibit-much better uniformity of the activator 

concentrations. This leads to a more uniform light output from 

individual scintillations and hence a good FWHM. However .. the 

light output is not uniform as is likely to be the case if the 

nonuniformity in the activator concentration is pronounced, the 

shape of the photo peak will no longer be a single gaussian, but 

will be a number of gauseian distributions superimposed over each 

other and the effect will be to broaden the FWHM. 
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It is well known that the FV/HM; of a scintillator improves • 

with the energy of - "the - incident, gamma ray.G-.G. Kelly (6) et al 

have reported. FWHM values ranging from' 13.5$ for 113 keV through 

7 ,7$ for 661 keV to 5.45$ for 1350 KeV gamma rays, using a good 

crystal photo tube combination. In this range the pulse heights 

can be assumed to be proportional to the incident energies. A. 

certain deterioration.. in FvVIJM. with lower photo peak pulse heights 

is thus to be anticipated. Our values, of the average FvV'KM and 

pulse heights for eactegbries 2 , 3 and 4 are closely compatible 

with the extent of expected deterioration, while .the FWHM and pulse 

heights, of category 5 are quite inconpatiblo. A source of uncer-

tainty viz. the .part of the ingot from y-/hich.. the. crystals were 

machined may lead to a greater degree of nonuniformity of the 

•activator thereby producing the observed pronounced deterio-

ration in the FWHM of crystals in this category. 

According.'to Shamovskii (2) the periodic deposition of 

the activator as a separate phase is mainlj' re^> onsibl.e in effecting 

the performance of the scintillator adversely. According to him 

thin can be avoided and crystals of spectrometry grade can be grown 

only under high temperature gradients. We are not certain whether 

the temperature gradients employed in the present worker®- adequate 

to avoid, tho deposition of the activator as- a separate phase in. 

our cx'ystals. 
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CONCLUSION; 

The FWHM & pulse height of a scintillator are quite 

likely to be influenced by various factors such as, uniformity 

of the activator distribution over the crystal,, presence of the 

activator crystal, strains in the, crystal,. etc. 
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DISCUSSION: 

S.K. Gupta: The resolution of Nal(Tl) or any other scintallator 

depends strongly upon the method of polishing of the crystal 

as described by Gonmethal in his book "Applied gamma ray 

spectroscopy". He has described a technique of lathe polishing 

of the crystals in dry atoraosphere which consistently results 

in optimum resolution of about 8$. Bad polishing by eii|ery 

papers results in the resolution between 9°/° and 12$. 

G.K. Bhide: Though this is true, the large variation from 

crystal to crystal observed still needs explanation, as all 

the crystals were processed for encapsulation, under Indentical 

conditions as far as was practical and hence the crystals 

should have been performing uniformly. 

A .S . Divatia (Comment): 

Machining a crystal and polishing a crystal should be 

separated. It is the machining that may make a difference. 

The polishirg averages out. 

P.K. Patwardhan: Have you studied the basic scintillation pulse 

profile, such as life time etc? 

G.K. Bhide; In my opinion the pulse decay time is characteristic 

of the host material. However, we- have not studied the 

scintillation pulse profile as we do not presently have 

sufficient facilities with us for doing this. 
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THE SOURCE INTRINSIC EFFICIENCY OF A Nal(Tl) CRYSTAL 
FOR A CYLINDRICAL SOURCE HAYING ITS AXIS PER-

PENDICULAR TO THAT OF THE CRYSTAL 

S.M. Bharathi and M.L.Jhingan 
Tata Institute of Fundamental Research, Bombay 

ABSTRACT. 

In ( n , V ) experiments using the reactor as the source of 

thermal neutrons, the target to be studied is usually chosen to 

be cylindrical and is placed in the thermal column such that the 

axis of the detector is perpendicular to that of the target and 

passes through its centre. With a view to find out. the optimum 

source to detector distance and hence to maximise the signal to 

background ratio, a formula has been derived for computing the 

source intrinsic efficiencies of a Nal crystal placed at different 

distances from the source for different photon energies. A 

knowledge of the variation of the average solid angle Si- sub-

tended by the certain preliminary experiments with thermal neutron 

induced capture gamma rays at CIRUS, Trombay. First, a formula 

was derived to calculate XI. , which was later modified to give the 

source intrinsic efficiency of a Nal crystal for monochromatic 

gamma readiation. 

The integrals appearing in the derived expression could 

be numerically evaluated using the CDC 3600 computer of the Tata 

Institute of Fundamental Research, Bombay. Efficiency cal-

culations have been made for different source to detector dis-

tances and source and detector 
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DISCUSSION: 

S .K . Gupta: What is the geometry for which yoi} mad© the 

calculations and where do you require it? 

S.M. Bharathis (a) The geometry is one in which the axl§ of the 

detector is perpendicular to that of the target and passes 

through its centre. 

(b) This type of geometry is usually chosen in (n,r) experiments. 
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GAMMA. RAY RESPONSE OF PIASTIC" SCINTILLATORS 

Arun • Chattergee' a'rd A.M. Ghoee. 

Nuclear Physics Laboratory 

Boee Institute 

Calcutta. 

ABSTRACT-. 

Ganma ray response of plastic scintillators have 

been analysed theoretically talcing nonlinear ity of electro 

energy pulse height relationship, escape from the edges 

etc. into account. The result of experimental tests on 

the theory will bo presented. 
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A UNIFORM SENSITIVITY PHOTON COUNTER FOR LOW 
ENERGY" PHOTONS 

A.R. Dasgupta and A.M. Ghos'e 
Nuclear" Physics Laboratory 

Bose Institute 
Calcutta. 

ABSTRACT • 

Design and-Performance of a uniform sensitivity 

photon counter smltable for photons •of energy' less than 

1.5'MeV will be discussed. 
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DESIGN AND PERFORMANCE 01" HIGH INTENSITY' GAMMA 

LINEAR COMPTON POLAR IMETER 

N. Rudra and A.M. .Ghose 
Nuclear Physics laboratory 

Boee Institute 
Calcutta. 

ABSTRACT. 

Design considerations of a high intensity linear 

Compton polariinoter with small altitudinal and aximulthal 

spreads will be discussed. 
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ON THE DESIGN OP A SPLIT POLE MAGNETIC SPECTROGRAPH 

M . N . V i s w e s v a r i a h a n d N . S a r r a a 
Bhabha Atomic Research Centre, 

Trombay, Bombay. 

In the following the Inn optical performance of the split 

pole magnetic spectrograph (SPMS) and a brief description of its 

major components are presented.. 

We have worked out expressions using the first order 

theory as given by Keraog and Hintenbcrger and Calculated values 

for various ion optical parameters"on the electronic computer 

CDC 3600. • 

'Figures 1 to 2 show the expected ion optical performance 

of the split pole spectrograph. The main f e a t t i r e a are the com-

parative straightness of the focal plane and the momentum 

resolution curves.. Results of calculation involving the shifting 

of the source a w a y from the S P H S shows variations i n . fccal plane 

and resolution. It is found that the change in the position of 

the focal plane is relatively small,- whereas there is consider-

able change in resolution U, ' It ia clear that the r e s o l u t i o n 

wanted can be obta-ined 'by'choosing tho proper source distance. 

Design work connected with the construction of SPitIS has 

been carried out, the major component's constituting the SPITS be in 

A . The split pole Elecfcromagoot.i 

3. The stabilised DO power supply. 

C . The vacuum chamber assembly. 

D. The magnet- support and turn table. 
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A. ELECTROMAGNET: 

The pole face layout and the elevation of the electro-

magnet are shown in fig. 3 and 4. The magnet is made of high per-

meability low carbon magnetic steel approximating to Tata A Grade. 

The field strength is nearly 10 kilogauss (maximum) in a pole 

gap of 4 cms and an excitation of 50 kiloampere-turns are needed t 

produce this f ield . The return flux is distributed over 5 return 

paths. The top and bottom pole pieces serve as lids of the vacuum 

chamber in the magnetic gap. The magnet coil is made of 200 turns 

of square electrical grade aluminium tubing ••with a central 

hole to permit the flow of cooling water through the .coil. 

B. FIELD STABILISED DO POWER SUPPLY: 

The DC power is supplied by a 3 phase power transformer. 

Variation in current is brought about by varying the phase angle 

at which the silicon controlled rectifiers starts conducting. 

4 

Stabilisation of 1 part In 10 is brought about by a sensor which 

is a temperature compensated hall probe, A standard chopper am-

plifier with a current output amplifierwill deliver the phase 

control signal. Use is also made of an electronic filter which 

reduces the bulk of capacitances used in conventional filters to 

cut down AC ripple. 

C. THE VACUUM CHAMBER ASSEMBLY: 

This consists of the target chamber, Vacuum chamber and th 

camera. The target chamber consists of a phospher-B.ro.nze or stain 

less steel vacuum seal, giving variable contact between the rot-
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atirig vacuum chamber and the beam tube. 

The "camera chamber has arrangements to hold a number of 

nuclear emulsion plates to be brought in the focal plane one 

after another for exposure without breaking the vacuum. 

D. MAG-NET SUPPORT AND TURN TABLE. 

The magnet support has to handle about 30 tons of weight 

which is a fixed load without involving ary tilting. For measure-

o 

ments at the back angle of 130 the magnet carrier had to be 

provided with a facility to give a. translatoiy movement to the 

magnet in a direction parallel to the beam direction. 
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A FIVE PORT SWITCHING MAGNET POR USE WITH THE 

5.5 MeV VAN DE GRAAPP ACCELERATOR AT TROMBAY 

T.P. David, N. Sarma, M. Bhatia and P.R. Sunder Rao 

Bhabha Atomic Research Centre 
Trombay, Bombay. 

ABSTRACT. 

A Five port switching magnet has been built at the 

Van de Graaff Laboratories at Trombay with beam' exit ports 

o o o o o 

at + 45 , + 25 0 , ~ 25 and -45 . The magnet yoke and 

pole pieces have been fabricated from low carbon Tata 'A1 

Grade steel having a inagentic saturation around 21,000 gauss. 

Electrical Grade Aluminium tubing of-12.7 mm. sq. section 

has been used for making the magnet coils. Cooling water 

•will - be pas sad through these tubing thus, obtaining maximum 

cooling efficiency. A high current (max. .175 amps at 20 volts) 

variable D.C. supply feeds the main coils. This' supply is 

stabilised by a bank of series controlled transistors. Each 

exit port is provided with a pair of adjustable insulated 

pick up slits. The amplified signals picked up by these 

slits control a low current-power supply feeding an auxiliary 

coil. Apart from giving an additional stabilization, this 

also enables small renae energy scanning without manually 
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adjusting the switching magnet current. 

It is estimated that the cost of a complete beam 

switching system including a pair of electromagnetic qua.rupole 

focusing lenses in each of the five ports vacuum system and 

power supplies will be approximately Rs. 150,000 with only 

HSr. 10,000 in foreign exchange. A much smaller magnet and 

power supply able to bend, a maximum of 2.75 MeY alpha beam 

has been quoted at Rs. 180,000. in Foreign Exchange. 

DISCUSSION: • 

S .K. Gupta: What type of coil have you used in the switching 

magnet ? 

T .P . David: Half inch Aluminium tubing of the square section 

is found in the form of pole shape and the cooling water is 

passed through these coils. 
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STATISTICAL ANALYSIS OP PULSE SEQUENCES AS A 
TECHNIQUE OP DETECTION OP DELAYED COIN-

CIDENCES IN THE PRESENCE OP IARGE 
BACKGROUND 

M. Srinivasan and S.L. Mehta, 
Bhabha Atomic Research Centre , 

Troma by, Bombay. 

ABSTRACT. 

In radioactive counting it is common knowledge that 

the statistical accuracy of counting is measured by the 

square root of the total counts collected. This rule is valid 

only if the pulses beirg counted follow a Poisson distribution 

or in other words form a time sequence of uncorrelated random 

pulses. There are however circumstances when the sequence 

of pulses issuing from a nuclear particle detector may not 

obey Poisson statistics. This would be the case for example 

when short half life delayed coincidence pairs are present 

amongst the pulses. In such cases a measurement of the 

deviation from poissonian behaviour of the statistical pro-

perties of the pulse series would give information on the 

nature and magnitude of the correlation (or time-relation) 

between the pulses. As an example the determination of the 

mean life time of prompt neutrons in a neutron multiplying 

medium by such techniques is discussed and the results of some 

measurements presented. The possible applications of statis-

tical methods in nuclear physics work is breiefly reviewed. 
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BeO ABSORPTION GROSS-SECTION MEASUREMENT 
BY" OULSED NEUTRON METHOD 

B.V. Josiii, V.R. Nargundkar a nd K. Sub'barao 
.Bhabha Atomic Research Centre 

Trombay, Bombay. 

ABSTRACT. 

The use of the pulsed neutron method for the precise 

determination of absorption cross-section of moderators is 

described. The absorption cross-sections of BeO with.empty 

channels are obtained, by thi;; method. The neutron bursts 

were produced by a•cascade accelerator by pulsing the ion 

source' and using Be(d,n) reaction. An enriched BF^ counter 

was used as a detector of neutrons. By avoiding space and 

time harmonics,.constant background effecrs, it was possible 

to determine tho decay constant of the fundamental mode of 

thermal neutron population to a high degree of accuracy. A 

proper choice of the number of terms to be used in the decay 

constant expression, rendered ari accurate determination of 

the absorption cross-section.. 
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RESONANCE SELF-SHIELDING IN *0tJJJ AND <^yPu 

R. Shankar Singh /... ? 

Reactor Engineering Division ' a , 
Bhabha Atomic Research Centre, Trombay.' 

INTRODUCTION: 

The heed of resonance parameters for evaluating the self-

shielded -cross sections of nuclei which exhibit resonance behaviour 

in their reaction cross sections is well known. Resonance para-

meters of fissile nuclei is one field where many deserepancies 

and inconsistencies still exist between the experiment and theory 

of resonance reactions. The object here is to illustrate for 

and 239pUj ho w the lack of knowledge of proper resonance para-

meters could significantly affect the computed effective cross 

sections and thereby Introduce considerable uncertainties in the 

predicted behaviour of a nuclear reactor. 

RESONANCE PARAMETERS AND EFFECTIVE CROSS SECTIONS: 

The ba;slc resonance parameters which are required in the 

computation of effective cross sections are : tl;e energy at which 

the resonance occurs ( So ) ; the total (P ) and partial level v/idths-

such as .ft the neutron width, TV the capture width9 IJ the 

f ission width and the .spin of the. level (to get the • statistical 

g-factor). In the unresolved resonance region, parameters to be 

described by statistical distributions are, the• average strength 

function for s and p-wave, the average level spacings l) for 

591 



different spin states, the type of statistical distributions o.nd 

their number of degrees of freedom etc. For fissile nuclei like 

233 235 239 

U, U and Pu, difficulties have been encountered not only 

in the experiments, but also in the analysis of resonance para-

meters. Levels of fissile nuclei are very -closely spaced ana 

several of their level shapes cannot be fitired by a single level 

Briet-Wigner function -and require multilevel analysis. The data 

hitherto published (1) show the resonances- to be resolved upto 

60 eV for ^ U , 150 e? for ^ U and 300 eV for 2 5 9Pu. Hence, with 

the present available information on the resolved resonance data 

for these nuclei, it is difficult to determine the average para-

meters with sufficient- accuracy iii the unresolved resonance. region. "'•3c 23Q 

The situation is illustrated, here for and "Pu vhile ouch an 

233 attempt for would be futile at th its time. 

Self-shielded cross.sections are evaluated through, the 

resonance integral calculations using the resonance parameters. 

Such calculations have been made here using a computer code DOPIMT 

(2) on CDC-3600, under the narrow resonance approximation for a 

homogeneous mixture. 

EFFECT OF UNGERTAINTT E3 IN RESONANCE J?ABAH3® fits: 

Uncertaint ies in the. resonance parameters are reflected in 

the. computed self-shielded cross sections which in turn would affect 

the predicted reactivity coefficients of a nuclear reactor. The 
9 3 5 ,;>7>9 

status will be oxecolified here for TT and Pu. 



f££uMBJM. 

A review of the resonance properties of the main fertile 

and fissile nuclei made recently by J .J . Schmidt (1) has shown 

235 , . - • • • 
that for U mmy inconsistencies and descrepencies exist between 

the. theoretical predictions of channel theorey and the experimental 

data. Spins have not been determined for many of the resolved 

resonances so far. Hence resonance integral calculations have been 

done only with the unresolved average parameters. 

-The fission widths estimated for' the resolved resonances in 

the experiment are low (^-'6.5 mV) oompared to those' resulting from 

the statistical theory fits to'1©^, the capture to fission cross 

section ratio, in the unresolved resonance region. The results of 

extrapolating the low value'of Tj to the unresolved resonance region 

are shown in Table I where in the capture and fission' cross sections 

as well as'oC* have been computed for few groups in a 22-group 

structure (3) for a specific case of the potential scattering 

cross section per absorber atom - 200 barns and temperature = 300 K. 

It is seen that the1 ' values' are greater than unity for all groups 

if ff = 65 mV is used. This is contrary to the experimental results 

and the results of a choice (4-) of ff. = 120 a?- are also given in 

Table I where in the1©^' values' agree' with the experimental results. 

This illustrates the serious errors that may result due to extra-

polating the parameters at lower energies to higher energies. 
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239PhTJTONIUM 

The situation for this material is slightly better as pointed 

out by Schmidt, but still far from satisfactory. Resonances upto 

300 eV are resolved and resonance integral calculations are made 

and cross sections computed for the last two groups (21 and 22), 

results of which (RRP) are shown in Table 2. 

It has been observed by. Schmidt (1) and also by Michsudon 

et. al, (5) that the statistical study of the fission widths actually 

shows the existence of two families of resonances, one with a higher 

value of If and another .with 'a lower, value. These have, been inden-

tified as corresponding to the two spin states J = 0 and J = 1 . 

Results of using the spin-dependent values- of ^ suggested by 

Schmidt (URP1) have been given in Table 2 for the two groups with the 

unresolved parameters for calculations. For comparieion, results 

of calculations using a single value of fj for both the spin 

states (IJHP2) have also been given in Table 2. It is seen from 

comparison that by using unresolved resonance parameters for the 

last two grouse in which, resonance are resolved, the computed eff-

ective cross sections are not very much different, provided the 

spin dependence of fl is taken into account. It is observed that 
T" 

the capture and fission cross sections with the (URP1 ) parameters 

are closer to those with (HRP), than the results obtained with 

(tTRPg) parameters. 
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Table I.. . ' • . . . 
• " • ' " • " • '-'35 

Effective Cross Sections of U (barns) 

(Sp - 200 barns ; T - 300 K ) 

Group 
J 

/ 22Lx 
(keV ) 

Schmidt 's Data* Hwang' s Data** 
Group 

J 
/ 22Lx 
(keV ) <5f 

c x 

13 9.1 1.362 1 ,307 1 .042 0.345 1 .339 0.448 

15 2.3 2. >341' 2.645 1.074, 1.324 3.875 0.471 

19 0.55 6.214. .5.644 1 .097 4.063 -3.311 0.439 

21 0.10 11.356 10.344 .1.093 ' 1-7.308 14.909 0.490 
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*Sohmidtt8 Data 

Hi /D = 0.915 x 10""4; V = 2 

D 3 = D 4 = 1 .06 eV 

'f - 0.0651 eV; fy= 0.0479 eV. 

**Hwang's Data 

1 n /D = 1 x 10"4 ; V = 2 

D 3 = D 4 = 1.72 eV. 

^f = 0.120 eV;IJ= 0.-033 eV. 

Table II . 

Effective Cross Sections of ^ p u (barns) 

(<JJ = 300 barns ; . T = 300 K ) 

. _ . 

Group E l . ftRP*' • -fag*?* ."•••imp *** URP* UHPi** URP, 
J (eV) 2 " 

21 100.0 6.379 6.955 7.35.9 12.332 13.361 11 .013 

22 30.0 11.336 11.103 10.156 20.862 20.250 15.62b 

* REP - Resolved Resonance Parameters as given in reference (2) 

** URP1 - Unresolved Resonance Parameters *** URp^ 

r 
N°/D •= 1.07 x TO V = 2 All parameters same as for UliP 1 

DQ = 3.73 eV ; '= 2.3 eV exccpt that 

P i n 
D1 = 3.12 eV ; f =0 . 057 eV f° = 1 f '= 0.09 eV 

^ - 0.0337 cV. 
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GAL CUB. TION OP HETEROGENEOUS RESONANCE INTEGRAL 

USING AN!""- INTERMEDIATE RESONANCE APPRO-

XIMATION TAKINrvj^TO ACCOUNT 

THE OVERLAP .AND DOPPLER 

BROADENING OP RESONANANCES 

G.V. A chary a 
Reactor Engineering I)ivision 

Bhabha Atomic Research-Centre , 

: Tr embay, Bombay.. 

.ABSTRACT. 

The paper presents the•Computation.of effective, 

heterogeneous resonance integral of Thorium doublet at •. 
o 

21 .34 ey and;23.43 ev -at a temperature of • 300 K-Using an 

intermediate resonance approximation, ^he method is an 

extension of the formulation of Cohen and Goldstein for 

homogeneous"mixtures. The resonance integral of each member 

of the . doublet has been calculated with and without inter-

ference from: the other. The.results of the computation have 

been compared; with . those of RIPP - RAPE, an ANL programme 

of Kier. . • 
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RESONANCE I INTEGRAL OF U-238 AMD Th-232 

H.C. Huria 
Reactor Engineering Division 

Bhabha Atomic Research Centre 
Trombay, Bombay. 

ABSTRACT 

A programme to obtain the effective resonance 

integral of 238tJ and 2 3 2 ^ rods in cylindrical, lattices has 

been undertaken. The method used is the one form.ula.ted by 

Driggers which makes use of multigroup-multiregion 

technique. This has been programmed for CDS-3600. Some 

modifications were made in the original version to eliminate 

certain observed discrepancies in the results e.g. non-

conservation of neutrons in energy groups. The alterations, 

however, do not change the resonance integral appreciably 

but considerably change the values of resonance escape pro-

bability. The results obtained so far show a fairly good 

agreement with Helistrand1 s experimental values. 
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