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- INTRODUGTION

This report covers the operation and utilization of the
1 5 5 MeV Van de Graaff Accelerator in the year 1965, the fourth year
of operation of the accelerator. Throughout this period the machine
‘has been qpérating on round the clock basis. The communication
receiver on the control console used for measuring the NMR frequency
has been replaced with a precision Hewle tt Packard'frequency counter,
This has enabled accurate determination 6f the beam energy. It is now
possgible to vary the energy in very small steps amnmi to reproduce energy
settings with é-very high degree of accuracy gs-is required for the
precision measurement of threshoid and resonance energiles. A tape pﬁnch
unit has teen added to the TMC 400 chamnel analyser. The punched tape
-can be fed directly into the computer, considerably reducing the. time
needed for analysing the data obtained from the 400 chamel analyser.
The research programme with the accelerator has been aimed -
at a study of nuclear reactions and nuclear structure utilizing charged
particle reactions. The nuclear reactions studied include proton and
albha induced reactions for light and medium weight nucléi in#ol#ing
single level resonance theory, fluctuation theory and stripping theory.
Angulér correlation experiments for deuteron induced such as (d, p~ )

reactions, aimed at studying low lying levels of nuclei, have also been’

underfaken.'




ACCELERATOR

The Accelerator operation during this period can be

analysed as given under:

1,

2.

11,

120

Total time available from 1st January to

31st December 1965

Observed holiday hours during the year

Time for fortnightly routine maintenance

work

. Other maintenance work

. Shut down due to fallure of power and

water supplies

Time used for Gas system modifications
and ion source development

Total time of Accelepator run

. Time lost due to breakdowns

Machine time used for development work
Time used for research experiment

Time lost in machine condltlonlng and
auxiliary repairs

Time lost due %o malfunotlon of experl—

mental facllltles

¥ In this, 744 hours have been spent for transfef
of insulating gas and accelerator tank roughing

8760 Hours

24 Hours

624 Hours

360 Hours
336 Hours

384 Hours

5788 Hours
1244*Hours
400 Hours
4624 Hours
463 Hours

301 Hours
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I. Modification to the Accelerator:

1. A new gas manifold designed to accommodate 4 gas bottles
(H2, D2, 3He and‘4He) and their gas leaks has been fabricated and
installed in the top terminal of the accelerator.

2. The gas feed arrangement»has been replaced with a new
compact unit. This unit which selects one of the four gases and
lights the gas-indicating lamps, consists of a battery of eight
microswitches operated by a cam shaft. The pulley attached to the
shéft is cord driven by the base plate selsyn motor.

3. The terminal meters have been replaced with-edgewise meters
assembled in an aluminium box. An additional meter has been provided
and wired to read the probe voltage. | |

4. The original Qlamp mounting of the dial gaﬁges on the
control slit made it extremely difficult to reproduce accurafely the
setting of the slits. This difficulty has been removed by mounting
the dial gauges directly oh the moving slit assembly.

5. The tube extension isolation valve was developing through
leaks frequently. This has been replaced with a 4" gate valve with
the necessary flanges and is found to work satisfactorily.

6. The Hewlett Packard frequency counter has been installed

replacing the communication receiver on the control console for
measuring the NMR frequenéy. Energy variation in fine steps and
accurate reproduction of energy settings are now made possible.

7. ' The beam deflector assembly designed and fabricated in the

)

Van de Graaff laboratory1 lias been installed in one of the 30° side

ports of the switching magnet.
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This is of considerable use for steering the beam on to the
target when fine collimation is required. Two similar beam deflector

are under fabrication for installation in the other beam ports.

Reference:

(1) T.P.David, Van de Graaff Progress Report, A.E.E.T.-214 (1965)

IT. Accelerator breakdowns and repairs:

There were two long periods of accelefafor breakdowns; one
for about 2 weeks (March 4 to 17th) and another for about 3 weeks
l(from August 12th to 31st). During boﬁh these periods a number of
defects develqped one afterranqther which include vacuum leaks into
the tubes, failure of electrical insulation and breakdown of electron
féd;bohentérin'fhé cbﬂ£:oi circuits.

Some_df thebmajor breakdowns ahd remedies carried out durin
-the period under review are listed below:

1. ‘ Visi?%e cracks developed on four glass sections of the
accelerating tﬁgea Since these did not cause any gas leak into the
%ube when the tank was pressurised, the damaged sections have been
electrically shorted.

2. _ Tube pressure was found to rise when the tank Was being
preésuriseda It was found that the tube pressure rose when the tank
pressure increased above 100 p.s.i. and fell again when the fank pres
increased above 180 - 185 p.s.i. The defect was traced to a minor 1

in the bellow seal of the hoke valve in the gas feed line.
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3. - Accelerator potential was found increasing when focus voltage
was raised. This was caused by a gas leak heater lead touching the
inside of the dome and was rectified,

4. The perspex mounting of the corona point assembly was.found
cracked due to sparking. A new mounting was made and installed.

5. Thyrite protective resistors in the belt charge circuit
developed sparking to the base plate. The resistors were mounted on
the base plate prdviding sufficient clearance to ground.

6. The cable connecting belt charge supply unit to the high
voltage bushing on the base plate developed leakage. The cable was
replaced.

7. Terminél pulley alternator winding developed ; ground short.
The shorted coil was rewound; A

8. Shortiﬁg relays in the high voltage unit of the belt charge
supply burnf out and were renewed.

9. 80 KV insulation bushings on the terminal deveioped leakage,
loading.the alterﬁator when focus voltage was increased. New perspex
bushings were,fabricated and installed.

10, . NMR oscillator ffequency was foﬁnd drifting after its being
'on' for a couple of hours. The defect was traced to a faulty potentio-

meter in’the-filament voltage stabilizer circuit.

ITI. Development Projects:

)

1.'Five¥pdrt beam switchingkmagpetj - T.P.David and N. Sarma - The

Aluminium vacuum chamber for the magnet is under fabrication in the
Nuclear Physics Divislon workshop. The construction of the magnet

yoke could not be taken up due to the delay in the deliveny of the
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Tata 'A' grade steel. The magnet-coil has been redesighed and‘is

to be made from electrical grade Aluminium tubing of square section
12.7 mm and thickness 1:€5 mm. Insulation between the magnet coil
layers will be pfovided b& anodising the aluminium tubing. The
cooling water Wiil be circulated through'’ these tubes forﬁing the
magnet coll thus giving maximum cooling efficiency. The seﬁaraté
‘cooling chambers are thus dispensed with. The power requiremént is

estimated to be approximately 125 Amps at 20 volts.

2. Ion source assembly - R.P. Kulkarni - qu sources ‘give :anuseful
service of %00 - 400 hours after which %hé efficiency falls rapidly.
Since the accelerator is working on round the clock basis,; these are
to be renewed approximately every two weekslof accelerator operation;
An attempt has been made to fabricate ion sources locally. A prototype
has been built and is,undergoing tests. A laboratory system for testing.
the yield and stability of these sources have been built and assembledol
This includes the accelerating column, focusing sysfem and the necessary
R.P. oscillator and power supplies. Meanwhile, a method has been
developed in the laboratory for reprocessing the otherwise unserviceable
ion sources. Such processed ion sources are in use with the accelerator
since November 1965, The performance has been very satisfactory, some

giving efficient service upto.550 hours.,

-3, Electromagnetic' quadrupole focusing lens1)— M. Bhatia, N. Thampi

and T.P. David - The quadrupole lens assembly installed in the centre

port of the switdhing magnet has given satisfactory service throughout
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‘the year. Two more quadrupole lenses of similar,design are under ~
fabrication for installation in the other beam ports. The aperture
of the lenses has been increased to 2.54 cms in order to have a

wider beam admittance angle.

4. Probe.for NMR measurements - P.R.Sunder Rao - A pfoton resonance

probe for use with the NIIR oscillator and indicator uﬁit has beeﬁ
constructed.. The sample'is‘enclosed in a perspex cylindrical holder
és shown in Fig. 1. The R.F. coil has 6 turns of .0Q3%6" diameter
enarnel wire and 10 turns of 0.022" diameter enamel wire is used as
the modulation coil wound at right angle to the former. Various.
rmaterials that have been tried as samples are: Liquid paraffin,
diotilled water, soft rubber, H, gas, FeCl, , PeCly, hydrogenated
vegetable oil, coconut 0il and transformer oil. Of these the coconut
0il is found to givelthé best result. The shape of the resonance pip.
obtained at a frequency of 20,000.13 ke/s with a full sweepvfieldi
modulation of . 9 gauss at 50 ¢/s is given in Fig. 2. An attempt
was made to locate lithium resonance by uging lithium nitrate and
| lithium chloride as samples but no indentifiable resonance absorption
pip was obtained. PFurther work is being done to improve the performance

of the probe.

5. He++ Ion source for Van de Graaff Accelerator1)'- T.P.David and

" K.B. Nambiar - Work was done on the system for optimising the yield
| and focusing conditions. Higher focusing voltage could not be applied

due to internal sparking. This was primarily dug to inadequate



pumping speed of the vacuum system as also due to insufficient
insulation of the glass to metal seal used for focus supply connection.
A new vacuﬁm system has been assembled using a 6" o0il diffusion pump.

- The glass to mefal seal has been modified fo provide for sﬁfficient

insulation. The system is undergoing further tests.

6. Transistorised regulated power supply - H.A.P. Kamath - A variable

current power supply has been constructed using transistors and silicon
diodes. The circuit diagram is given‘in Fig;>3, The load current is
continuously variable from 156 to 800 mA at 40 V. by adjusting the
potentiometer P. The setting of this potentiometer determines the
‘base current of Tr1 balaneihg against‘the zener voltage of 6.2 volts
- at the emitteroThisicontreisl Tr, wired as an emitter follower which
_in turn provide the base cﬁrrent-for the Darlington pair (Tr3'and Tr4)
acting as the series element for load stabilization. For a 10% mains
volfage fluctuation, the output voltage fluctuation is measured to be
.1 .5% o  The eupply is for use with the electromagnetic quadrupole

focusing lenses installed in the accelerator beam tube extension.

Reference:

‘1) T.P. David, Van de Graaff Progress Report, A.E.E.T.-214 (1965),
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RESEARCH EXPERIMENTS

1, The tﬁomnucleon stripping reaction ‘4OCa(3He, p)4ZSC -'B.K. Jain

and N.Sarma ~ The (5He, p) reaction is a specially interesting reaction
because the cross section for the process depends on the correlations
between the captured neutron-proton pair in the final nucleus. Secondly,
120, 16, or 404,

starting from stable even nuclei like s crucially

i8

. 42
important nuclei such as 14N, F and Sc may be studied. Similar

studies on the (3He,n) and (t,p) reactions have been carried out by

(1)

Henley and Yu and others.

In this report, a ''modified zero-range'' approximation in the
distorted wave formalism has been used to obtain differential cross
section of (3He,p) reactions, in particular the 4OGa(SHe, p)4ZSc

reaction.
Theorys

2)

From the Gell-Mann and Goldberger( expression, the transition

matrix element for the reaction is:

_ ‘ « (=) / . SRR ,(#) .
T2 W (XM (e Yt VU W LE D )T 6Ly >
The differential cross section is given in terms of the transition

matrix element

3 ! Ko V(2T ) @& Ter™)) 0 wr
e o

) and K are the reduced mass and wave number; Ji’ Jpr are the spins
of the initial nucleus and projectile with projections my, ji and

me, 5 £ are the projections of the spins of the final nucleus (Jf) and
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emergent particle (J_). In this theory the following assumptions

D
were made: 1) Ve = vnp' -

pair and p°' is the emergent particle. Vf is then assumed to have

+V_, where n and p are the captured

a spin and isospin independent form with a Gaussian spread in shape.

- 2) ﬁiqgj} the internal wave function in the final state is written in
termé of the wave functions of thé initial nucleus arid the captured
nucleons. It is assumed for calculation that the nucleons are in a
relative s=state in a harmonic oscillator potentiél,

3) The 3He wave function is written as an antisymmetrised s-state
Gaussian.

4} By aésuming that the optical wavefunctions do not vary over the

3

. . <. ' . . . . .
dimensions, & of the “He wavefunction the six dimensional integral

reduces tc a‘fLree dimensional integral. The effect of introducing a
"finite range" approximation has also been investigated. Using the 1lc
energy approximation method, the first order correction to the differe
tial cross section has been calculated. This method is extremely usef
in accounting for non-local po%entials in addition to the finite rangé
--0f the potential. |

The calculatiqns werg‘ppqgrammed for the CDC-3600 computer
of the Tata Institute of Fundamental Eesearch° . The code DWBAHE3P .,
calculates the differential cross section for the reaction excluding
nuclear structure factors.
Results:

3

The optical model parameters for “He and protons on

'4OCa and 4280 were not available. The effect of varying these para-
meters was therefore investigated. (see Fig. 4). The best fit to

the experimental data (see Fig.5) were obtained with values tabulated

belows



RELATIVE CROSS SECTION

DIFFERENTIAL CROSS SECTION (mb/sr)

0.01

0.001

e -

/ Y

610° 80° roLO" 150‘ 140° 160°
FIG.4 EFFECT OF OPTICAL POTENTIAL PARAMETERS

01

40
Ca’ (He.p) Ségs.
Qs 4954 MoV

E =7.067 Mev

CENTRE OF MASS ANGLE
40 60 810 120 12IO 1?0 .‘l§0

F16.5 DWBA FIT TO THE EXPERIMENTAL DATA



t11s

GO B D e D L D S AT Al S 0 3 M et . A S D SD D G L D S D i W D o e Seefe D L T D G WD D S D AR WA A T e e G G} S e

~ Input Output
v o= 43 MeV (SW) 43 MeV (SW)
Radius (V) . 5,472 . 4.345 fermi
Diffusencss (V) 0.6 - 0.65 fermi
W - 20 MeV (SW) 12 MoV (6)
Radius (W) . 5.472 4.345 fermi
Diffuseness 0.6 0.98

Coulomb radius = 4 .959 fermi
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References:

1) E.M. Henley, D.U.L.Yu, Phys. Rev. 133 B (1964) 1445.
2) M.Gellmann and Goldberger,M.L.,Phys.Rev.,91,(1953),398.

'20 Spine of the first two excited states in 27Mg»by'proton ZAMmA ray

angular correlation measurements in the reaction 26Mg(d, p'j;)27Mg-—‘
M.A. Eswaran - Many nuclei in the 2s - 1d shell have Been extensi&ely
studied and the properties of low 1ying excited states have been
compared wifth the prédictions of variousvngclear models”° 27Mg;
however, has received relatively little attention. In the work
reported here, the first two excited states of >'Mg at 0.98 and 1.69 MeV
ha#e been studied by proton_gmmma ray angular correlétion measurements

in the reaction 26Mg(d,.p'9 )27Mg employing the Litherland and

Ferguéonz) method in which the analysis is independent of any assumption
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regarding the reaction mechanism.
Deuteron beam of 1.8 MeV energy from the Van de Graaff

27Mg in the reaction
26

Accelerator was used to populate the levels in the
26Mg(d9 DY )27Mg° A separated isotope target of “ Mg ( ~ 100 ug/cm2]
on tantalum backing was used, mounted at the centre of a cylindrical
brass target chamber of 15 cm. diameter. The incoming deuteroh beam
was collimated by two tantalum apertures 25 cm apart the first one

with 1.5 mm dia. and second with 2 mm dia. and the beam was stopped

By the tantalum target backing. The protons from the reaction Were
detected at zero degree to the beam in a surface barrier silicon
detector subtending a half angle of 4° at the target. Gamma rays were
detected in a 4.4 cm dia x 5 cm long NaI (T1l) scintillation detector.
The gamma ray detector with its associated lead shielding was mounted o
an arm which can rotate with respect to the vertical axis passing throug
the beam spot on the target in the target chamber. |

| | Gamma ray spectra were recorded in édincidence with the proto:
using a fast-slow céincidence system with a resolving time 27" = 100
naﬁoseconds and random coincidence spectrum was also recorded simul-
taneously using another identical coincidence system with a large delay
introducted in one of the fast channels. Recording of gamma ray coin-
cidence spectra in coincidence with the selected proton groups feeding
a particular excited state in the residual nucleus in the reaction

were carried out using the two parameter analysing facility which
incorporates a 20 channel pulse height analyser in conjunction with a
T™C 400 channel analyser. Proton gamma ray angular correlation

measurements were made selecting the proton‘groups feeding the first

and second excited states 27Mg successively in the gating window in the
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zoincidence system. Fig. 6a shows the direct proton spectrum and
Figs°v6b and 6¢c show the gamma ray spectra in coincidence with P1 and
P, greups from tﬁe reaction 26Mg(d, pY )27Mg° For each set of angular
correlation data coincidence spectra were recorded at seven angles of |
gamma detector positibn from 0° to 90° in steps of 159° Figs. Ta and
7% show the p, “N;O,98 and p .“521.69 MeV angular correlations
respectively. Least squares fit analysis of the Py ;“?0‘98 MeV angular
correlation data with even order Legendre polynomial functions upto'and

including P, gives:

4

"\_‘pJ(-e) = I* ._(_O‘ %0 07) ‘D),,.(CQS &)~ (\L'g‘ C:CE"' iy 'Qq/ﬁl)t,(.(ée S@’)

A second set of measurements was also taken on P, - gamma angular
correlation with slightly different target thickness and this set yields

a least squares fit of

t"f\/(@) =l e 3;0"061 + D‘OS‘) Pz'_(CoS Es) e 'U)-oi - D‘é‘{o) PQ_(COS 9)
000l

For Ep m\f1 69 MeV correlation the least squares fit was obtained as

Wy = 1 e(orey z o) hultas &)~ (027 08) P, (cas o)
. 0o 0D

For the geometry of gamma detector used, the correlation attenuation

factors due to the finite detector size are Q2 = ,981 and Q4 = 0,936,




From the (d, p) reaction angular distribution studies1) the
angular momentum Q_Mk values of captured neutron are given.as 2 for

both the first and second excited states in 21

Mg implying positive
parity and spin values of 3/2 or 5/2.for both the states., The ground
state spin of Mg is krown'’ to be 1/2*. As shown by Litherland and

Fergusbnz)

(method II) if the outgoing particles are detected at 0°
with respect t0 the beam in a small axially symmetric detector and the
correlation of subsequent de-—excitation gamma ray from the excited state
in the residual nuéieus is measured then the magnetic substates which
.can be populated in the excited state are limited by -the sum of the
spins of target nucleus, bomtarding and outgoing particles. Accordingly
the present reaction 26Mg(d, pY )27Mg only the 1/2 and 3/2 substates

are populated in the state excited in et

Mg . Higher substates can
be populated to a small éxtent due to the effect of the finite size
of the proton detector. In terms of the magnetic substate population

2,3)

parameters P(m), the angular correlation of 5/2% 1/2% quadrupole

transition can be written as

Wiey = [Py« P2+ PEY] + 5 PE + 5P) - 5 PE) M et

~L8 P67+ 5 PR - FPER)Ja Thcar B

. oo ol
Tt is seen from Equation(4)that when the population is limited to

1/2 and 3/2 substates of the excited state of spin 5/2 then

5/2 -%a 1/2 quadrupole transition gamma ray can have only positive
coefficient for the P2(Cos e) term»in the'angular correlation. It is
also observed from the above equation that the contrivbution of negative

coefficient for P2(Cos ©) term due to the snail,population of 5/2
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substate owing to the finite proton counter size, cannot offset the
positive contribution due_torthe predominant 1/2 and 3/2 substates.
Hence from the observed negative coefficient for P2(Cos ) term in
correlation for the 0.98 MeV gamma ray from the first excited state to
the ground state and the zero P4(Cos ®) term within éxpe:imenpal errors
as seen from Equation(ﬂ)and(a)the 0.98 MeV first excited state can be
assigned the spin of 3/2 ruling out 5/2. For the second excited étate
at 1.69 MeV spin of 5/2 can be assigned ruling out 3/2 from the observed
(Equation 3) significant P4(Cos 0) term in the correlation.

The second excited state at 1.69 MeV of 27Mg is found to decay‘

e

almost completely to the ground state as in the caée of other Z or N = 15

31 29

nuclei ° P and “7Si which are also having the spin sequence of 1/2, 3/2

and 5/2 for the ground, first and second excited states. Further studies

27

in the reaction 26Mg(d, p/ )" 'Mg are in progress to obtain information

about the higher excited states in 27Mg;

Referencess

1) P.M. Endt and C. Van der Leun, Nuclear Phys. 34 (1962) 1.
. 2) A.E. Litherland and A.J.Ferguson, Can. J. Phys. 39 (1961) 738.

3) W.T. Sharp et al., AECL Report No. 97,

5. Elastic scattering of alpha particles from 6Li - D.K. Sa@he,‘KoBo

Nambiar, A.S.Divatia and M.K. Mehta - The elastic scattering of alpha

particles from 6Li has previously been observed from E, = 0.9 +to

10

2.7 MeV corresponding to excitation energies in B of 5.1 to 6.2 MeV

by Dearnaley1) et al, for studying the levels in 1OBG They obtained

'resonance structures for the 5.18 and - the 5,92‘MeV levels in JOBQ In



the present work levels in 1OB lying between 5.92 MeV and 7.01 MeV
have been investigated by studying the elastic scattering of alpha
particles from 6Li for incident alpha particle energies from 2.4 to
4.5 MeV.

® Thin tqggéts of 6Li deposited on carbon film (approximately
10. . ugm/cm2 thi&ﬁs were bombarded with singly éharged helium ions
obtained from the 5.5 MeV Van de Graaff Accelerator. Elastically
scattered alpha particles were observed at two angles‘Qcam = 87.5°
and gcom = f21° corresponding to 0°(Lab)= 56° and 9°(Lab§= 80°,
respectively, using ORTEC solid state detectorén The scattering chamber
used has been previously describedz)° Pulses from the detectors after
suitable éﬁplification were fed into a TMC 400 channel analyser. The
alpha beam, after it had passed through the target, Was.étopped in a
Faraday cup and the current integratedﬁﬁj A typical spectrum obtained
with the TMC 400 channel analyser is sh;&n in Fig. 8.. The energy steps
for the excitation curves varied from 7 to 14-Kevo - Excitation curves
at the two angles are shdwn in Fig. 9. Resonance structureé are seen
at B, (Lab) = 2.45, 2.68, 2.87, 3.11, 3.51 and 4.34 MeV corresponding
to excited levels in the compound nuéleus 1'OB at 5.93, 6,06, 6,18, 6.31
6;57 and 7.05 MeV. The level at 6.31 MeV has not been previously
3,4) |

reported There is an indication of an anomaly at E, (Lab) = 3.93

05 at 6.81 MeV. "

MeV, implying a level in
The anomaly at Eai(Lab) = 3,51 MeV corresponding to the 6.56

MeV level in 10B shows an interesting behaviour at the two angles. The

level appears well isolated from neighboﬁring levels, It -should

therefore be possible to determine its spin and parity by the application

of single level resonance theory. With this objeétive, angular distribﬁt
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of the elastically scattered alpha particles were obtained over the

resonance at 3.51 MeV.

References:

—

_G.Dearnaley, D.S.Gammel and §.S.Hanna, Nuclear Phys. 36 (1962) 71.

N.Sarma, K.S.Jayaraman and C.K.Kumar, Nuclear Phys. 44 (1963) 205.

no
R N

F.Ajzenberg Selove and T.Lauritsen, Nuclear Phys. 11 (ﬁ959) 79.

+~ N
~—

P.P.Singh and D.S.Gemmel, Bull.Amer.Phys. Soc. Ser.II No. 4
(1965) 538. '

4. Fluctuation analysis of 27Al(p9cxm.)24Mg and 27Al(p, pg)27Al* CTross
séctions - M.K. Mehfa a;h A.S.Divatia - Fluctuation theory has been
applied to the cross sections for the reactions 27A1(p,C&o)24Mg and
2Ty1(p, p3)27A1* V). The excitation curves taken at 0, ., = 90° and
150° exténded from E = 4.00 to 5.50 MeV, corresponding to excitation
energies between 15.0 and 16.5 MeV in the compound nucleus 28Si° At

such excitations the level density is expected to be high enoﬁgh S0
that the ratio of average level width ' to the average level separa-
tion D is greater than uhity, and fine resolution excitation curves are
expected to exhibit Ericson fluctuations. The structure exhibited by
the two excitation curves should then be statistically indebendent°

The fluctuation theory has been worked out by Ericson2)9
Brink, Stephena) and others and is now at such a stage that useful
information about the reaction mechanism and the average life time of
the compound nucleus can be extracted by its application. Criteria for
the validity of such analysis for individual cases are not yet clearly ©

established.
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In the theory the autocorrelation function for a curve is
defined as

/_\E. Z (=) ) CSEx=) -a>

C (ﬁ) -E, &=E, <& O—(E*q)

where B 1s the interval between successive measurements taken over

thé range E1-s; E £ E, and € = n A E where n 1is an integer.

S—

For the autocorrelation function for 6555 " the theory'

predicts 2

C Ce) = Clo

N4+ €
The cross correlation function between two curves .a and b is defined

as

Ce AE 673(5 ,)CQ(E‘*E—) ’_..g)
Ca CE) = <s-&<«-.)> £ E~E) >

The quantity 'Cab(O) should be very small if the fluctuation
interpretation is valid. |

The averaging interval S over which the averaging <« >»fis
performed should be large enough to average over several Fg o The
correlation functions would be insensifive to any increase in <5 after
that.

. ' . 27 24 .
Denoting the curves_forvthe reactions Al(p,cxo ) "Mg at
~— 0. — Q 2

@1ab = 90°:.and elab = 150 _by_numbers ‘1 and 2 vrespectively, and
that for the reaction “'Al(p, p5)°'Al* at 90° by mumber 3, the quantities
c, (€Y, €y, (E) and Cq3 (€) were calculated for & ranging from
20 to 1500 KeV in steps of 50 Kev, utilising the CDC 3600 computer.

Results are shown in Fig. . From Fig. 10a, it is seen that for § > 300.
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KeV the curves are approximately flat as expected. Fig. 10b shows

the quantities C, (&), C, (&) and C, (&) for & = 700 KeV.

30N

The lines shown are Lorentzian fits calculated for the approprija;-te;z:f~7 o

Thus if the fluctuation interpretation is valid, the iI7 for the

compound nucleus 285i at an excitation between 15.0 and 16.5 MeV ranges

from 14 to 22 KeV, depending on & and the excitation curve.

In Fig. 10c the cross correlations C,, (o) and C13 (0)

show a peak. Curves 1 and 2 are for the same reaction at two

different angles and according to Brink, Stephen and Tanner4) the

structure in such a case would be correlated only if (91 - 92) — T

1

e

where k 1s the momentum and R 1is the interaction radius. Here

(91 - 92) = 58° while

1 N 3
kR

329, Thus the cross correlation should

be very small, which is certainly not the case.

Although a value of r = 20 KeV can be extracted by the

fluctuation analysis, the large cross correlation between curves 1 and

2

for all & 's and between curves 1 and 3 for some & suggest

that, besides the contribution due to fluctuations, the structure shown

by the three excitation curves represents resonance effects due to

separate but interfering levels in the compound nucleus

283i. 1In this

analysis, one can perceive the importance of measuring data with fine

resolution and choosing the appropriate value of the averaging intervalgs o
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5. Study of the > V(p, n)?10r reaction - K.V.K.Iyengan, S.K,Guptég‘

and B,Lal@ - Heasurement of angﬁlar correlations of the emitted nucleons
and gamma rays from the residual nucleus is'a very sensitive method of
studying the reaction mechanism, CN and DI mechanisms predict
differeht'typeé of symmetry for the particle-gamma angular-correlations°
The measuremént of n- VY correlations in the reaction 51V(p, n vy )51Cr*
and the excitation functions of the gamma rays was performed to investi-
gate the mechanism of the reaction. | |

The excitation functions of the 0.75, 1.17, 1.35 and 1.50 MeV
gamma rays ffom the reaction STV(p, n)51Cr were measured from their
respective thresholds to 5.5 MeV in steps of 50 KeV using a natural
vanadium target of thiekness 1.2 mg/cmz. The exbitation functions afe
presented in Figs. 11, 12 and 13. The shaded triangles in above figures
represent the energy spread as a functioﬂ of proton energy due to target
thickness. They exhibit no significant structure. The ratio of the
intensities of 0.75 and ﬁ,17 MeV gamme rays as a function of proton
eénergy was calculated according to Hauser-Feshbach theory using Satchler's
formalism for various assumed values.of the spins for the 0.75 and 1.17 Me
levels of 51Cr. Since according to the single particle shell hodel the
states available for 516y in the regionlof low excitation have all negativ
" parities, the parities of the levels were assumed to be negative. The
‘compound nucleus 520: was assumed to decay through the (p, n) reaction

. , 1
only and only to the ground state and the first two excited states of 5 Cr

No account was taken of the contribution to the intensity of 0.75 and

~— ae smn - s — — — - — e —n S —— ——— - e -
v —— — — ———r v — o - S A ———D i — o — -
- -—

@ Tata Institute of Fundamental Research , Bombay.



EXCITATION FUNCTION OF 075 AND H7MeV

GAMMA RAYS IN THE REACTION °'(p,m%cr

FIG.11.

EXCITATION ENERGY (IN Mev) OF SéCr*_;
|3'L45 |.3-'95' |4-I44 |4?93 |§J-4'2 1592
400 |- | [ "
L= T
480_ — ? )Pf:‘f'wx |
400 —2.240 F l*ﬁiﬁ ) v' l |
W
320—-5 )H( 'HJJ],. ,
= } I |
SRR
240 —-q *”‘* ** - 1 “1‘
= TR M
. of i
160 |- @ +— 'J-
; Nl
. +++”+“H +
..-"".’;’l’ a - a &l -
20 25 30 35 4-0 45 5-0 55
Ep (MeV) ——



( IN ARBITRARY UNITS ) —=

YIELD

EXCITATION FUNCTION OF 1-35MeV

GAMMA RAYS IN THE REACTION >'vip,m>'cr

80
_ EXCITATION ENERGY (IN Mev) OF 52¢ e
70 13%45 l3l'95 |4'54 l4‘IQ3 l5'l42 15:92
60 |
50 3 |
1
! l w
40 . } [
i ld'H HH i
20 o |
il
10 i m 1 -
b { -
ot T4
byl
o -
25 34"0 j5 4-0 4-5 50 5-5

Ep (MeV ) ——
F16.12,




{ IN ARBITRARY UNITS)——

YIELD

EXCITATION FUNCTION OF 150 MeV
GAMMA RAYS ‘IN THE REACTION °'V(p,mcr

80
| 52 . *
EXCITATION ENERGY (IN MeV) OF Cr—
70 N ] | 1 |
' I3~457 13-95 14-44 14-93 15:42 1 15-92
60 r
Mr ¢
50 4
>
i
40 H l
L ll :
Uiy
10 'Hl L
o144
¢#+ ’* +
¢ @3 - _ e |
2.5 3.0 35 40 - 45 5-0 5-5




213

1.17 MeV gamma.rays by the decay of higher levels through these two
levels as no detailed information on the branching ratios of.the .
different decay modes of higher levels wés available. However, it is
well established that the level atv1°17 MeV éeexoites by a direct
trénsition to ground state. The proton and neutron transmissibn
coefficients at the desired energies were obtained by linear inter-

2, 3)5 The observed and

polation from the fables of Mani et al.
calculated ratios of the intensities of the 0.75 and 1.17 MeV gamma

rays are presented in Fig. 14. The theoretical curves exhibit a

valley and a peak in the proton energy region 3.0 to 4.0 MeV which

are not genuine and result from the linear interpolation procedure
adopted to derive transmission coefficients from the tables of Mani et al.
It is seen that theragreement between the observed and calculated ratios
is best when the spin assignment_tolthe 0.75 and 1.17 MeV levels are

3/2 and 5/2 respectively. This assignment is in complete agreement with

4) based on the study of the intensity

the assignment of Ferguson et al,

of the neutron.groups to ground state and the first two excited states.
It is concluded from the above that the'Hauser-Feshbadh

statistical model is applicable for this reaction and that the spins of

the 0.75 and the 1.17 MeV levels are 3/2 and 5/2 respectively.

n, - N and n, - \f correlations were measured at ED = 3,1

Iy

énd 3.3 MeV both in the plane of (p, n)_reactién and in the plane
perpendicular to it. The same correlations were also measured at Ep =
3.5 MeV, but only in the plane of (ps; n) reaction. The angular
correlations at supplementary neutron angles were measured simultaneously
by moving the gamma detector in the plane perpendicular to the (p, n)

reaction plane. Vanadium targets of thickness 2.1 mgm/cm2(0n>gold backing)
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were used for the n- Y correlation measurements. Gamma rays were
detected using a Nal scintillator and neutrons were detected using
plastic scintillators, The neutron groups n, and n, were resolved
by time of flight technique using the gamm coincident with the
neutrons as the timing pulse. A block diagram of the electronics is
presented in Fig. 15 and a typical neutron time-of-flight spectrum in
Fig. 16. The areas under the neutron peaks were determined by non-
linear least square fitting a function of number of gauésiansrequal to
the nuwmber of peaks seen in the spectrum plus a constant background
treating the peak positions, their half widths, peak amplitudes and
the intensity of the background as parameters to be determined. A
Fortran programme "MINIMA" for CDC %600 was developed to minimise X,Z
for such a function. The experimental correlations are presented in
Figs. 17 and 18,

n, - }; and n2_="ff correlations were calculated assuming
the validity of the CN statistical quel according to SheldonS) using
the Fortran programm§="Pushpa" written for CDC BGOO, The theoretical
correlations turn out to have an anisotropy less than 2% when the emitted
gamma radiationsvare assumed for the level from which the gamma. ray is
emitted.

The experimental data are not yet completely analysed. Only
thebdata at 3.1 MeV in the QS = 90° plane has been.analysed'and the
correlations show an anisotropy greater than the theoretically calculated
ones? However, it must berborne in mind that the statistical errors on
the measured points are‘o%-the order of 8%° The experimental n, -Y
correlations aré nearly isotropic and those at supplementary angles

have the same shape. The 'same cannot be said of n, - Y’ correlations.
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It is hoped that a cléarer picture of the reaction
mechanism might emerge when the analysis of the entire data ié
‘completeda It might then be possible to extract information about
the multipole nature of the gamna radiations involved in n - Y
correlations from a comparison of the experimental results with

theoretically calculated values.
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6. Measurement of the integrated cross sections of ( ©L n) and (p,n)

rezctions - K.K. Sekharan, A.S5.Divatia, M.K. llehta and §.5.Kerekatte -
The integrated cross section of 51V(p, n)51Cr reaction has been deter-
mined for the»incident‘prgtqn energy range of 2.8 to 5.5 eV using a

45 KeV thick #anadium target_fqr_j I{eV protons. Neutn:hs were detected
by a calibrated 477 counter consisting of a BF3 counters-paraffin
assembly. To evaluate the cross section for the incident proten energy
range of 1.9 to 2.8 MeV the neutron yie%@ from a thin vanadium target

~ was averaged and normalized with the 45(keV thick target yield.  The

cross section is shown in Fig. 19 as a function of the incident proton

. energy .
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The target was prepared by evaporation of vanadium on to
a weighed aluﬁinium foil,_' The target was mounted on a rotatable
target holder with é thick piece of tantalum as backing. The background
was measured by turning the térget through 180°. The background was
only 2% at low incident energies but was 5% at 5.5 MeV. .

The coulomb barrier for the vanadium nucleus is nearly
5 MeV. From the exponential rise of the cross section value, it is
evident that the cross section at low incident energies is influenced
by.the coulomb barrier. As the incident energy increases the number
of levels which are simultaneously excited will be more since the level
density increases. .The rapid increase in the cross section bbserfed
in the present measurement is likely to be due to the combined effect
of overcoming the coulomb barrier and an increase in the .level density.

The reaction which contributes mainly to the total cross
gsection of protons on vanadium is the (p, n) reaction. The other
energetically possible reactions are the proton inelastic scattering,
(p, %Y ) and (p,x ) reactions. The cross sections for (p, ~/ ) and
(p, (% ) reactions are expected to Be less than 10 mb.rin this energy
range. -The (p, p') cross section is found to be aporoximately 25 mb
at 5 MeV° Therefore, all these reaction cross sections added together
form only a fraction of the total cross section. Thus, if the (p, n)
cross seétidn is determined accurately the total reaction cross section
can be obtained and this enablés one to compare the experimental values

with those calculated on the basis of the optical model.



INTEGRATED CROSS SECTION(mb)

EXCITATION ENERGY IN 52qr (MeV)

- 100G; 12.5 130 135 140 140 15.0 155 16-0
*W(p,n) *'cr REACTION
TARGET THICKNESS 648 pgmjcm?
ABSOLUTE ERROR*14%
100
10
FIG.
\ { | ] \
1.5 2'5 3-5 45 5.5

F1G.19. ENERGY PROTONS (MeV)



:25:

The experimental details of the 150(0x, n) 100 reaction')
which was measured for the incident alpha particle energy range
of 1.95 MeV to 5.5 MeV and the 19F(Ck,n)zzNa reactione) which was
neasured from 2.5 to 5.5 MeV have been explained previously. The

" integrated cross section of the 19F(CK} n)22Na-reaction shows more

than 30 resonances in the incident alpha particle energy range of

2.5 to 5.5 MeV corresponding to the excitation energy range of 12.5
23

to 15 MeV in the compound nucleus Na indicating many levels in chae-

The I3C(Oi’n)160 reaction cross section shows 20 resonances in the

170

excitation energy range 708 to 10.5 MeV of the compound nucleusr
- Many of the resonances observed are well isolated and hence the Breit
Wigner single level dispersion theory has been applied to obtain the

values of the level parameters. The Breit Wigner single level formula

is of the form

— . %:" (5.5 +1) T Do
{ s :;‘ ;‘ € TR i g T T ST - :‘ g _‘_‘»‘ e
) (Q"M') - (af+i)(at+) (E* E—R)z -‘r{j“;;)

The values of J and F? are known for the levels in 170, The

product i; TL, of the partial widths was calculated for six

rescnances assuming the values of J and | . The values of [ g
SR o N L
and },., were calculated by assuming that ', -t ta. = and

57 T?lji . These values are tabulated below .

Using the reciprocity theorem the integrated cross section

re

of 160(n,<;£_)|30 reaction was determined for the alpha particle energy

range upto 5.05 MeV. This is the threshold value for the reaction
Po(on )" 1eaving '8 in the first excited state. Therefore, the
cross section of (n,0L ) reaction cannot be calculated beyond this

energy.
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TABILE
- ot . %_: m‘ i-ggk m/
MeV (KeV)? (KeV) (KeV)
2.70 4.60 0.62 7.38
2.82 7.38 1.73 4.27
3.73 0.84 0,22 3.78
4.13 3,86 0.3%6 10.64
4.44 53,74 3. 46 15.54
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7. Elastic‘scattering of alpha particles by ~ Mg - S.S.Kerekatte,

M.K. Mehta, A.S.Divatia and K.K.Sekharan - Elastic scattering of alpha

narticles from 24

Mg has been cobserved at 80.5° and 164°. The incident
alpha particle energy was varied from 3.440 to 5.500 MeV, in steps of
5 to 1Q keV. The corresponding excitation energies in the compound.

nucleus>2BSi, are from 12.935 to 14.700 MeV. The target consisted of

24Mg isotope deposited on carbon backings of 10 ug/cm2e The thickness
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of the target was found to be 25 KeV for 1.37 MeV alphas. Since,

24

carbon and oxygen cross sections are known, the thickness of Mg

can be determined.

The ekcitation function at 164° (Fig. 20) shows ten
resonances at’3.520, 3.600, 3.825, 4.580, 4.640, 4.870, 5.125, 5,135,
5.200 and 5;415 MeV. These correspond to levels in 2881. They are

superposed cn a fairly smooth curve which 1s probably due to Rutherford

scattering.

8. Three body break up reactiong - A.S.Divatia, M.K.Mehta and S.S.

Kerekatte ~ The roles‘played by two body and three body forces can be
investigated Dby a study of three body break up reactions. A preliminary
study of such reactions has beeﬁ undertaken; experimental equipﬁent is
heing designed.

27

9. Energy levels of

Al - A.S.Divatia, M.K.Mehta and S. S .Kerekatte -
Energy levels in 27Al at 0.84, 1.01, 2.21, 2.73, 2.98 and 3.00 MeV
1, 2)

are well knownJ Some workers have reported experimental eﬁidence
iegarding the existence of two more levels in this region, at 1.65 and
1.8% MeV. OSince the existence of these two levels would make a
significant difference in the nuclear structure calculations for the

27A1 nucleus, a careful search for the two levels was undertaken when a

study of p + ‘7A1 reactions was being done. The aluminium targets,
made from specpure aluminium metal, were bombarded by 3.5 - 5.5 MeV
protons. The charged particle reaction products comprised the elastic

proton grouﬁ, the inelastic proton groups corresponding to the levels

at 0.84, 1.01, 2,21 and 2.73 MeV, and the alpha groups from the
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27Al(p'(}zﬁ)24Mg reacfion, A weak but definite charged particle

group was observed between'the groups corresponding to the levels

at 1.01 and 2.21 MeV. On the basis of its energies at various angles,
the group appeared to be an inelastic proton group corresponding to a
level in 27A1 at 1.75 MeV. However, by observing the yield of this
group for different 27Al targets, and by obtaining an excitation curve,
27 >2'

it could be established that the group was not due to the “'AL(

P3Py 78
. 284 : 284 . " ‘q s
reaction but due to the Si(p, jop 78) Si* reaction. The silicon conte
in the aluminium used was determined to_be‘abgut 50 ppm, by spectroscopi
analysis. Since this low & fraction could not explain the yields
observed, it was felt that the silicon was deposited as a contamination
on the target due to the silicon vacuum grease used in the systems. Tt
is concluded that the proton excitation cross section for the 1.65 and

27

1.83% MeV levels in Al is less than 0.4 mb/éf, for incident proton

energies upto 5.5 MeV.
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10. X-ray yields from K.shell ionization by Ci"particleé* - RQPOSharma@

B.V.Thosar® and K.G. Prasad@ -~ The characteristic K X-ray yields are

measured in Sn, Te, Cc, 144Sm, 152Sm, 154Sm 16O_Gd, 186W and Pb by

Y

bombarding them with . particles of energy 4 and 3 MeV. No

excess of X-ray yield has been observed in the atoms of deformed
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even-even nucleii, when the observed data were corrected for X~-ray .
contribution due to internal conversion By using the theoretical
Values of K shell internal-conversion cqefficientsa The observea
variation of'the number of K-shell vacancies per miéro—coulomb with
the atomic number iﬁdicates thaf the.EZ internal—conversioh coeffi-~
cients and also the probability for K;shell ionization are unaffected
by nuclear deformation..

* Published in Phys. Rev. 140, 4A (1965) 1084.

11, Angular distribution of the ' F(n,c. )'®N reaction at E = 4.7 MeV -

S.M. Bharatbi@; UoTa:Raheja@ and E. Kondaiah?® - The study of energy
and-angular;distribution of alphé'particles\arising from the

'19F(n, CZ.)16N reaction at En = 4,7 MeV was odntipuéd in Van_de‘Gfaéff,
in order.to°supplement the data obtained in-1963%. A gas pfoportional‘

1)

counter telescope was used for this'stud:y° :A titanium;fritium
‘target bombarded with 5.5 MeV protons from the Vanlde_Graaff-Acceleratbr
served as the source of neutfons}, The'angular diétribution-fits well
with a Legendre Polynomial ag + 8y Pi (Coer)-Wifh,aO:= 1.0 £ 0.1 and
ay = 0.4 #+ 0.15, showing interference between resonances occurring
“In the neighbourhood of E, = 4.7 MeV used in this study . The‘cross
section for this reaction is obtained as 175 + 18 mb by comparing the
,yield_ofwfhis'reaétion at 0° with the yield Qf‘re¢oil protoﬁs from an
‘alkathene target. The measured cross section agrees within limits of
gerfvwith the cross section 150 + 40% mb reporﬁed‘by Marion and -
Brﬁggefz)a This paper is under publication in,‘Nucléar,Physics'.
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12. Proton induced reactions in Vanadium - C.M, Lamba, N. Sarma, V.K.

Deshpande@, G.K,Mehta@ and D.K.Sood@ - Recent high resolution experiment
have brought to light the existence of rapid flﬁctuatiqns in excitatioﬁ
functions. These Wide ( A2 150 KeV) flucti.tions occur at exéitation
energies of about 25 KeV in the'compund nucleus. At such energies it
was expected that rlﬁpjb-and the excitation functions would be smooth.
Direct mechanism is also expected to give rise to smooth ekcitation
functions., | The observed fluctuations were accounted for by Ericson aft
re-examination of the conventional statistical theory. He further
prescribed technigues of obtaining information about average level width
énd the percentage of direct reaction contribution from the observed
fluctuations. ‘Further, outsténding resonances have been observed in th
continuum region recently and they have_been‘interpreted as levels of
simple configuratiohs of the compound nucleus. From these points of
Vierit was of interest to make a high resolution study of the excitatio
function. |

Vanadiﬁm—51 was chosen as the farget material. The Van de
Graaff accelerator was used to obtain proton beam of intensify of about

.25 miéfoamperes in the energy range 2.5 to 5.5 MeV with an expected

@ Indian Institute of Technology, Kanpur.
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beam energy resolufion of less than 5 KeV. The veam energy was
changed in 5 KeV steps. Vanadium targets were méde'by evapofating
metallic vanadium of thickness a few KeV on oarboﬂ backings. Surface
harrier solid state detectorslwith resoliution of about 25 KeV were
employed. A four hundred channel analyser (used as four 100 channel
analysers) in conjunction with low-noise charge sensitive amplifying
systems was used fo.analyse the detector outputs. The detectors
had to be placed at angles beyond 80 degrees to resolve the various
pé&kse | |
Analvsis of data:

The measurement of excitation functions in using a Van de
Graaff Accelerator 1s an extremély tedius process and involves several
months of analysis of data accumulated in a week. A full excitation
function from 2.5 to 5.5 MeV at 5 KeV intervals implies 600 measure-
ments, i.e. 600 x 400'i.e. about quarter million numbers, and thus
presents an ideal case for computer_processing. A method was therefore
developed to analyse . the data by using the computer CDC-160A and CDC;-36OOo

In this scheme, the output>of the analyser was punched on a
8 level binary coded decimal paper tape. The run number and élock t ime
are punched manually on the tape between certain code symbols prior to
data. Fach analyser output number is of 9 digits, the first three
being the address the next six the accumulated counts. The run number
and clock time are df 3 and 6 digits respectively. The first channel
output indicates the liﬁe time of analyser.

A programme has been written in machine language to transfer
the data on magnetic tape and to get a print output of the raw data.

The computer CDC-160A is used for this purpose. Several checks and
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errof correcting procedures have been built in to take account
of errors in punch output. |

A second programme on punched cards giving the relation
between run ﬁumber'and incident energy,'the masses and Q.values for
each reaction, the angle of observation of each detector énd the
calibration data of particle energy versus channel number for eéch
detector is fed to the CDC-3600 to analyse the data. Using the
method of least squares linear fits for the calibration of all the
4 detectors wére obtained; |

The above proéramme calculates the output energy and from
the calibration data the channel number at which each peak is expected.
It then looks for the peak using followihg criteria.

1. A peak in any channel is defined when the counts in that

channel are more than those on either side.

2. If a peak is not found in the expected channel, it searches
N channels on both sides where N is preset.

%, If there are twc peaks in this region, the peak nearest to
expected channel is chosen.

4, If no peak is observed or when two peaks are observed equally
spaced. from where 1t 1s expected, the fact is printed.

The following criteria are used to find the area under the

veaks

—)

. The peak is defined to be between the two prints where the
slope curve is zero.

2. The background is defined to be linear between those two points.

3. The counts under the peak are summed and the background as
defined is subtracted.

4. The counts under the peak are corrected for the dead time of
analyser using the formulas
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Clock time
Live time

Corrected area = X uncorrected area

The use of this.method can be seen by looking at following
figures. Data measured on a previous occasion for one grcup, two
angles and 270 energies took seven ménths for an incomplete analysis.,
Data analysed by computer for 4 angles and 440 energies involved
15 minutes of CDC-3600 time, about 8 hours to load the paper tape and
16 hours to plot the excitation functions. |

| Minor modifications have been.made to use this programme to

evaluate angular distribution and angular correlation data;
Results:

Excitation functions for the reactions 51V(P9 B),,120(P;P)
16O(P, P) and 51V(P,Ck ) were measured at three angles 100, 140, 160°.
The results indicated the presence of very strong fluctuations in the
excitation function. A comparison with a previouély measured

120 showed that the results were reliable°

excitation function for
Fig. 21 shows some of the excitation functions obtained. Statistical
analysis of the data in terms of autocorrelation and cross correlation

functions are in progress.
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INSTRUMENTATION AND DATA PROCESSING

1. A two parameter analysing facility for coincidence experiments

in Nuclear Reactions - N.L. Ragbovansi, P.C. llitra énd II.A. Eswaran -
For use in coincidence experiments in Nuclear reactions involvihg
simultaneous pulse height analysis of spectra from two different
radiation detectoré, a system has been built which extends the utility
of the TMC 400 channel pulse height analyser to that of a two parameter
analyser by making use of a 20 channel Gatti tybe.pulse-height anaiyserc
This 1is facilitated by incorporating fast-slow éoincidence systenms.

The outputs'from the two detectors are fed to a fast coincider
circuit after proper fast amplification. The output linear pulses from
one of the detectors are analysed in the 20 channel pulse height analyse
from which any d151red qomctrum ragion can be selected to give a gating
51gna1 to a slow coincidence circuit whlch is fed by the fast coincidenc
output. The output linear pulses from the second detector are analysed
in one quartér of the TMC 400 chanﬁel analyser gated by the output of
the fast-slow coincidence assembly. For such coincidence séectra in
the four quadrants of the TMC 400 chamnnel analyser can be recorded
each one being gated by the output signal from four slow coincidence
assemnblies, each of which is fed by pulse from a selection window set
on the first‘detector spectrum analysed in the 20 channel analysex.

The fast coincidence circult resolving time is variablel
in the range A77 = 40 - 200 nanoseconds. An additional feature
incorporated in this'asggmbly is the use of the two similar fast
coincidence units of same resolving-time but with a large delay of

1 microsecond, introduced in one of the fast input channels in the
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second fast coincidence unit. Hence the output of this second

fast coincidence unit correspond to random coincidences. Using

this, random coincidence spectrum can be recorded in one quadrant

of TMC 400 channel analyser simultaneously with the true plus random
spectrum thereby increasing the reliability of the data in the nuclear
reaction experiments where the sourcé strength is liable for lafge
fluctuations due to the changes in the beam intensity on the tai'get°

The essential features of}this two pafameter analysihg facility is

shown in the block diagfam in Fig. 22. This facility has been made

use in proton-gamma ray.angular correlation measurements in the reaction
26Mg(d, Y )27Mg.

2. Design and performance of a getter-ion pump* -~ K.B. Nambiar and

A.S.Divatia - A getter-ion pump in which titanium is evaporated by
electron bombardment has been built and its performance when connected
-to a metal system has been tested. The lowest pressure achieved by

7

this pump is ~~ 2 X 107 mm of Hg. Its pumping speed is comparable

to that of a 2 in mercury diffusion pump.

* Published in the Ind. J. of Pure and Appl. Phys. 3, 7 (1965) 271,

3. Split-pole magnetic spectrograph - M.N. Viswesvariah and N. Sarma -

A design study of the charged particle magnetic spectrographs was
undertaken and several types of instruments were studied. These
included the Browne-Buechner type1) and Xlbek type2) of instruments
lwhich give focusihg of second order over part of.thé entire momentum .

range.
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Detailed study of the split-pole type of magnefic
spectrograph was (Fig. 23) carried out. Yquations were derived
for the locus of focii for different momenta, the variation of
energy resolution, dispersion and lateral magnification. One
important feature of the SPIS 1is the focusing it produdes for
charged particles in the vertical plane giving rise to better
vaelues of the signal to noise ratios at the final image. The split--
pole type of spectrograph consists of a circular sector magnet with
circular pole boundaries and'a'straight sector magnet with straight
pole boundaries. The circular sector produces virtual images of the
source. The locus of these images including the source is approximatély
a circle whose radius has a value between the entrance amd exit radii
of curvature for the circular sector.r The second magnet produces real
images of these virtual sources very nearly along & plane surface.

The variation of the 1aferal magnification, energy resolution
and dispersion are shown'in Fig° 24 for charged particle crbits of

different radii in the magnetic fields of the two sectors.

References:

1) CP . Browne and W.W. Buechner, Rev. Sci. Instr. 27 (1965) 899.

2) J. Borggreen, B. BElbek et al. Nucl. Instr. Meth. 24 (1963%) 1.

4., A circuit for preventing accumulation of experimental data when

the nuclear reaction rate exceeds a preset value - S.K. Gupté% K.V.K.
Iyengaf@and.PnJ. Bhalerao - A circuit has been devised to restrict
accumulation of (n,Y ) angular correlation data in A(x, n> )B type

@ Tats Institute of ‘Fundaméntal Research, Bombay.
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reactions only to periods when the counting rate in the gamma
detector is below the fatigue level of the photomultiplier and

its gain insensitive to changes in the counting rate.

5, Computer programmes for fluctuation anmalysis - M.K. Mehta - When a

nuclear reaction proceeds through the formation of a compdound nucleus

of high excitation energies, the excitation curve exhibits structure
~which looks like resonancesﬁbut in fact is due to statigtical fluctuation
in an otherwise smooth curve which would be expected if the ratio‘?%/D -
'the average level width to. average level spa01uﬂ in the compound nucleus
is gresatser than unity. The data in such casges are examinad if terms of:

two: correlatiorn functioms '‘which are defined as follows:

a3

pea
Ea =

where (ﬁ;} is the autocorrelation function, E1 and E2 are the

iowest and the highest energies iﬁ the excitation curve. OE is

the'experimental energy interval between tWo successive data points
and B = n A E where n is an integer : -
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where C_ ,( # ) is called the cross correlation between curves a

and b and C_.(0) and Cb(O)'are‘the autocorrelations for the curves

5
a and b respectively for E = 0; the other quantities are already

defined. Typical excitation curves have as many as 300 points, thus

for every .%& these expressions involve summing over 300 quantities

v




and there could be as many as 300 values for &€ . Thus such
calculations can be carried out only'by means of a fast digital
computef;

© A1l this is to bé done for a particular averaging interval
'8 which is inv.:lved with averages %i s appearing in the denone-

nators. It was proposed to vary this energy interval & and calculat
the correlations as a function of this 55 to bring out if possible
any underlying structure which may be due to genuine resonances.

Two computer programmes have been written in Fortran
languagé to be used on the CDC~-3600 computer at T.I.F.R. to do the
above mentioned calculatioh. Programme No. 1 calculates the auto
and cross correlations for as many as five curves each having 300
éxperimental points for a range of energy intervals that have to be
read in. The input Qonsists_of the uppermost and the lower most
energies, number of excitation curves, number of points in each curve,
rumber of energy intervals to be used, and the energy interval i
themselves., This is followed by the actual data in terms of relative
yields or absolute cross sections. The -second programme first takes
the full energy range and divides it into smaller sections, the range
of each to be read in. It then calculates the auto and cross correla-
tions for each of these section separately using an averaging interval
which is equal to the full range of eabh particular section. In this
case the input consists of the number of curves, number of data points
on each curve, the lowest and highest energies and the number of
section§, This is followed by the lower and the upper energies for

eacn section, and the actual data in terms of relative yields or

absolute cross sections,
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Both of these programmes have already been used in the

anélysis of the 21

Al and p experiments and have produced very
significant results. A number of experiments are now being planned
by the charge»particle reactions section with a view to obtain
knowledge about level densities at excitations between 10 aﬁd 20 MeV
in compound nuclei having masses between mass numbers:25-.and 30. These
computer programmes will be extensively used for the analysis of the
results of these experiments.

i

6. Carbon films - S.S. Kerekatte, K.K. sekharan and K.B. Nambiar -

Carbon films of 10 ug/cm? have been nade in this laboratory. Carbon
was evaporated on to glass slides having an NaCl layer. The evaporation
was done by striking an.arc between two carbon electrodes whose motion
cculd be controlled from outside. The films were floated off in water
and picked up on holders. The thickness was determined by measuring

the energy lOSS_Of alpha particles in passing through the film. It was
found tQ be 16 KeV for 1.37 MeV alphas, which corresponds to 10 ug/cmz.

These films have been used as backings in several experiments.

7. The efficiency of a getter-ion pump - K.B. Nambiar and A.S.Divatia -

Investigations have been made to study the efficiency of a getter-icn
pump1). Pactors like outgassing of the system and the performance of
the getter material strongly influence the efficiency of the‘pﬁmpn
The rate of outgassing of the system before and after
prblonged baking have been obtained by recording the pressure in the
system at regular intervals after the 'shut-off'. Pressure vs. time

curves are plotted (Fig. 25). From a comparison of the curves it is
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seen that in a non-baked systei:, within a few minutes after the
'shut-off' the pressure recorded is about 100 times higher than
that recorded in a baked system. From a typical 'residual' rate
of risez) - that is, the lowest rate_of.pressure rise attainable -
it was séen that after the firét few minutes, the rate of pressure
rise is aporoximately 5 X 107" mm Hg/sec., whereas it is ~. 6 X 1Q=9
mm Hg/sec. in the system dealt with in this laboratory.

Different materials were tried oﬁt in the pump as getter,
in order to studf the effectivelrole played by titanium in this pump.
The materials wére ftested separately as anodes in place of titanium.
In the case'of aluminium an ultimate vacuum of ~. 2 X 1OA6 mn of Hg
was achieved and was being maintained in the system. Speeds for air
ranging froﬁ 1.5 to 3.5 litres/sec. were obtained at p = 2 x 10”4 mm
of Hg. The pumping speed for hydrogen was found to be negiigible.
Though aluminium readily forms compounds with active gases like oxygen
ané nitrogen its gettering efficiency 1is low. Barium, an alkaline
earth metal and known to be a godd getter, was tried out in the pump
and an ultimate vacuum of 2 X 10Q6 mnm of Hg was attained. A pumping
curve with barium used as getter is shown in Fig.'26. The pumping
speed estimated was of the order of 0.5 litre/sec. with little
quantities of barium being.evaporated at a time. The metal has a high
affinity for oxygen and hydrogen. One disadvantage with alkaline earth
metals is that their films flake off at very early stages of their
formation. This is one of the reasons why barium is not suitable fof
such pumps where the metal is continuously e%aporatedw Besides, barium
and its compounds.have high vapour pressures; Copper, though evapcrated

in large quantities, failed to establish any pumping action. Though
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the vapour pressure is not high in this case, the metal does not
poésess the properties of a_getterou

Of all the metals, titanium is one of the most efficient
- getters. The metal and its compounds are quite stable at room tempera-
ture; its vépour oressure at high temperatures is so low that it does

not come in the way of attaining very'high vacua.

References:

1) K.B. Nambiar and A.S.Divatia, Indian J. Pure & Appl. Phys. 3, 7
(1965) 271,

- 2) D. Alpert, Handbuch Der Physick, XII (1958) 661."

)

8. Current integrator - M. Bhatia, N.S. Thampi and N. Sarma - A reliable

current integrator has been built at the Van de Graaff Laboratory for
use with small currents. The design is based on a paper of H.A,EngeT).
It is of the input capacity type, in which the‘condenser is charged

by the input current to a certain voltage and then discharged'quickly
by an électronic device.

Fig; 27 is a circuit diagram of the complete integrator,
vacuum tube voltmeter and register drive circuit. 01 is thé.integrating
condeneger, whose value is dependent upon the magnitude of the current
to be integrated. The double triode"\[iv2 is connected in a uni#ibrator
circuit. Normally V, is oonduct;ng since the voltage on its grid
is kept at abbut,BO - 35 volts by adjusting R1Oe The bathode voltage
is subsequently slightly higher. The grid voltage of'V1 rises as
condenser Cris charged by the input current. When the grid reaches
35 wvolts, V1,starts conducting. This causes the\ﬁnivibrator to flip

over causing V2 to be cut off. The relay Reloperaies and discharges C

1



through its contact a and resistance R1, The univibrator
again flips back and V1 is cut off . Due to mechanical and
electrical inertia the relay remains energised for about 2 ms,
which is sufficient time for dischargihg C

The charge collected depends upon the value of C For
C1 = ,005 u F the charge collected per cycle of operation = 35 V
x .005 uF = 0.175 u C,

The contact b .of relay Re1 completes the circuit for
a preset counter,

The vacuum tube voltmeter comprisesvof a double tricde
v

Vv which is connected as a balanced D.C. Amplifier. A 50 uA

3 4
meter is connected as shown in the circuit. The switch SW1 selects

3 R4, R5 for

indication of the input current. N

the appropriate shunt resistance from the combination R

The voltage drop across the shunt resistors alsoc compensates
for the error of integration caused by the inertia of the flipping
circuit and relay. The effect is explained below. When grid Of V.
reaches voltage E, the-circult starts to flip over. Irrespective
of the input current, it now takes time At to operate the relay,

to discharge the condenser C, and to release the relay so that-a new

1
charging period begins. Total amount of charge which flows in the

input circuit in one cycle is

where I 1is the input current and

(R is the compensation resister Ry + R, + RS)
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i.e. Q = C\E . I(»lﬁxt-—-P\E-l)-

The equation is independent of I when R = iél

With the relay used (Seimens: Relay type TRLS 154 d), At measured

is 8 ms. and with C, = .005 u F
| -3
o221y
5 x 10 :

It has been found that the integrator is linear for currents
as low as 0,006 .u A. Maximuﬁ input current limit is set by the
mechanical register, which can handle upto 10 counts per séc.rmith
Cq = .005 u F, it can hahdle upto 1.75 u A. If it is desired to handle
more current than this value, C, can be increased. With C, = .02 u F,
the maximum inbut can be 7 u A. Changes in tube characteristics do
not appreciably affect the calibration. |

‘The figure for the lowest current that can be integrated is
| set by the-testing procedure rather than.the leakage current in the |

integrator. A reliable measurement of the low currents is therefore

required.

References:

1) H.A. Bnge, Rev. Sc. Instr. 23, 11 (1952) 599.
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RADTATION SURVEY

¢.Mutbhukrishnan *

During the period under the report deuteron beam was used for
experiments in the Van de Graaff Accelerator. 1In order to assess the
neutron radiation ievels at various places in the beam roomg sufvey
washconducted at vaiious operating potentials of the accelerator. The
fast neutrqn gounter1) develqped by the R.H.C. Section was used fo;
survey purposes. It was galibrated with the standard 50 mc Ra-Be
source and its sensitivity was found to be 34 CPM/MpL.

' The.results of the fast neutron sﬁrvey conducted at various

places in the beam room with deuteron beam, at various energies, hitting

the étopper and the target are tabulated below:

FUD 3 - 3 1 T s — T o o <D YT M S S 3 A S N o o e S D o o i i ) Sy i o S " D P i o Akt ok St = o o ok ] R M oA - T VS sl < S i M s s PR

»Deutefon Beam - , ' , Neutron Fiux
Energy current nggz;gz% Location level Neutrons
MeV He . : MPL cm</sec.
2 1.7 Tantalum 3 meters from 0.4 8
stopper the analysing
magnet
2 1.7 Tantalum - Beam steerer 1.0 20
stopper
2 0.5 - Mg target - Fixed monitor 0.7 14

near the Beam
Room entrance

3.5 0.5 Tantalum Stopper : 340.5 6810
st opper ‘
4,0 0.5 Tantalum 3 meters from the 2.2 44
: stopper ~ stopper in back-
_ ward direction
4.5 0.5 Tantalum 3 meters from the 3.0 60
stopper stopper in back-

ward direction
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* Health Physics Division
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Neutrons are assumed to have energy greafer than 1.0 MeV.
One MPL corresponds to a flux of 20 neutrons/cm2/sec. in the energy
range of 1.0 to 10 MeV.

An analysis of the results show that in general the fast:
neutron level at various'places in the beam room was greater than
one MPL. The neutron level was found to be increasing with the
focus pick-up. FYor example, with 0.5 uA deuteron beam at 2.0 MeV
energy (Focué pick-up 1.5 uA), the fast neutron field near the fixed
monitor was found to be 0.7 MPLf Under identical conditions, with
4,0-uA focus pick-up, the fast neutroh field at the same place was

found to be 1.7 MPLs.

Reference:

1) K.B. S Murthy et al. "A counter for fast neu tron DOS1met:y"
Report - AEET/H.P./D-1.




SEMINARS

Weekly seminars have become part of the activities
inithe laboratory. A series of six stimulating lectures on
"Nilsson's model and its application” were given-by Dr. K.H.Bhatt
of the Physical Research Laboratory; Ahmedabad. Shri B.V.Joshi

gave a course of lectures on "Transistors - Theory and practice".

WORKSHOP

'The Nuclear Physics ﬁivision workshop in this laboratory
haé fabricated a number of components required for the operation and
maintenahce of the acéeleratbr.and auxiliary equipment and also
catered for all the requirements of the accelerator development group
~and the various research groups working with the accelerator. Some of
the equipment fabricated during the period under report are: Thermo-
-mechanical leak systems, liquid nitrogen traps, high voltage bushings,
bquadrupole focusing lens assembly, beam steerer assembly, corona
collector units, target chamber for charged particle experiments and
table with twe plane movements for angular correlation experiments.
.Design drawings for the new S5-port beam switching magnet has been
conpleted and the aluminium switching chamber is under fabrication.

The workshop has also fabricated for the scientists of

Nuclear Physics Division working at CIRUS, APSARA and ZERLINA - a
number of equipments such as gas flow cryostat, analysing spectrometer,
polarised neutron spectrometer, a cam driven set up for the study of
Mossbauer effect, thermalising tank assembly and alsc various component

for fission experiments and neutron time of flight experiments.
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INDIAN NUCLEAR DATA GROUP

C. Badrinathan*, M. Balakrishnan, H.G. Devare*
A.5.Divatia, D.N. Kundu**, B.P.Rastogi
M.Srinivasan and G. Venkataraman -

The major activity of the Indian Nuclear Data Group (INDG)
has been compilatioh Qf reports. Information relevant to Nuclear
Data colleé%ed from wvarious 1éboratories is compiled into reports :
for submission to International Nuclear Data Scientific Working Group
(INDSWG) of the International Atomic Energy Agency.

The INDG is now a full fledged contributor to the CINDA
(Computor Index Neutron Data) programme of the INDSWG. All relevant
Indian Journals and‘reports are scanned regularly from nuclear data and
the information is sent to the INDSWG. |

A programme for measuring (cx’n) and (p, n) cross sections
has been started. _Useful (n, ¢ ) and (n, p) cross sections can be

obtained using reciprocity 16

O(n,ci )130 cross sections have been
obtained in this way (see page 23 of this report). |

Resonance absorption and resonance scattering studies are being
carried out. Programmes fo;rthe calculation of resonance integrals,
'written for the IBM-7090 cqmpgtor have been adapted for use on the CDC-36OO
computor. Programme for Opticéi model calculations and for obtaining
resonance scattering cross sections are also being adapted for the CDC-3600
computor. |

All reports pertaining to Nuclear Data are maintained separately

in the Physics Group Library at Van de Graaff Laboratory

* Tata Institute of Fundamental Research, Bombay.
¥* Saha Institute of Nuclear Physics, Calcutta.
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LIBRARY

The Physics Group Library at Van de Graaff grew to fill the
gpace allotted to it. Additional space was given to the Library‘in
Julj 1965. The library was then reorganised with addtion of more racks
to facilitate 'open access',

Library collection: 638 books and 244 Bound Voiumes of periodicals

were received during the year. This represents an inérease of 25%
over the previous years total number of volumes in the library, On
December 31,1965 the library had 2742 books and 1606 bound volumes of
periodicals (4348 volumes in all - as compared to 3466 in 1964)0

lIn addition there is an increase in receipt of AEET reports and reprints
Catalpgues‘ A complete classified catalogue based on Universal Decimal
Classification hés been made available to the readers, which was under

preparation last year.

Periodicals: One more journal 'Nuclear Physics' was being obtained by
Air Mail during the year bringing the total number of periodicals S0
obtained in the library to six. There is a general increase in the
receipt of new journals subscribed during the year bringing the total

number to about 100 titles. .



