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IKTBODUCTION

This repor t cove ra the period of operat ion of

the 5.5 Me" Yan de (Jraaff Accelera tor at Trombay from

I8t January 1970 to 51et December 1970. The acce le ra to r

has completed 9 yea r s of operation and has been working

on a round- the-clock 7 day week bas is from the end of 1964.

The f ive -por t beam switching magnet designed and

fabr ica ted in the labora tory has been under continuous

operat ion since Apr i l 1969 a^d has been giving very

e a t i s f a c t o r y performance.

The data analyzing faci l i t ies of the laboratory

have been supplemented by a two-parasieter 4096 cnannel

(Nuclear Data Inc.) analyzing system with the lins printer

and paper punch units and a two-parameter 1024 x 400

channel -analyzing system (Electronics Division, B.A.R.C),

both received during the year.

A number of research experiments have been carried

out during the period and these are auiaaarized in this

report.

A 400 KeV (PN 400) Van de Graaff accelerator has

been installed in the beam room of thie laboratory. Though

the presently available shielding precludes the use of this

machine for experiments waich need nigh neutron flux, i t

ia now used for the study of channeling and blocking oi protcno

through single crysta ls .



ACCELERATOR OPBRATION

I. Analysis of Machine operation

Maohlne Run

Total time available from

1st January 1970 to 31 et December 1970 8760 Hours

Holiday observed during the year 24 Hra.

Time utilized for major nalntenance 312 B

Time utilized for routine maintenance 216 B

Time lost due to chiller failure 154 "

Time lost due to power failure 78 H

Time lost due to water failure 16 M

Tine lost due to non-availability of liquid 43 "
nitrogen

Time lost due to breakdowns * 2641 "

Total time machine run 5276 »•

Research utilization

Tine used for research experiments 3569 Hrs.

Time lost due to failure of Alrconditloning 696 "
plant

Time used for machine conditioning,beam 1011 "
alignment etc.

Total 5276

854 Hours have bees spent in transferring

insulating gas and pumping out air from the

accelerator tank*



I I . Modifications and additions to the accelerator

1« A new 4-element beam steerer unit has beea

deaigned and fabricated In the laboratory. This

has been Installed in the beam tube before the 5-port

switching magnet to improve the transmission and

help in aligning the beam through al l the five

ports.

2. The gas manifold has been modified to reduce the

number of couplings,thus minimising the possibility

of gas leak into the accelerating tube when the

tank is pressurized.

A new and -"sonpact gas manifold using leak

proof valvee and threaded '0 ' ring - sealed

couplings has been designed and is under fabrica-

tion in the Nuclear Physics Workshop.

3. A microswitch operated water supply failure alarm

has been fabricated and installed in the pump

cooling water feeder l ine.

4. A new current control unit has been fabricated

and th is , together with the R.F. type High Voltage

supply (50 KV) obtained from the Technical Physics

Division constitutes a complete standby system for

the belt charge power supply.

5. One two-parameter 4096 channel (Nuclear Data^

analyzing system with line printer and paper punch

unit s-nd another two parameter 1024 x 400 channel
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(BARC) analysing system have been added to the

data analyaing facilit iea of the laboratory.

III. Major breakdowns

1. There was a breakdown of the air conditioning

system in March due to defects in the plant aad

the cooling tower blower. Though the accele-

rator was running,the experimental programme

had to be put off for about three weeks before

the system was put under operation.

2. A leak of the ineulating gas into the accele-

rating tube was noticed when the tank was be lag

preaeurized in the middle of July 1970. The

leak was traced to a point of the sealing of

glaes*:-tion inthe accelerating tube head. This

was sealed with araldite sad the defect rectified,

3* The machine operation was again hindered during

the October-November period due to pressure

leaks into the accelerating tube. A number of

days of machine time was lost in the leak chasing

process as the leak was intermittent. Tne leaks

were ultimately traced to couplings in the gas

manifold assembly. Modifications were then

carried out in the existing gas manifold to

minimise the recurrence of such breakdowns.
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IV. Accelerator components

1. Ion Sourcest Ion sources to be used with the accele-

rator are fabricated in the laboratory eince 1965. These

are giving aatisfactory service, giving an average source

life of over 1000 hours.

2. Thermo-mechanical leaks: The thermo-mechanical leaks

used for feeding the various gases into the source bottle

are fabricated in the laboratory. A modification in the

fabrication process has been introduced recently to minimise

the development of cold leak. These modified leaks are

now under fabrication.

3. Tube Head: The cracked glass section of one damaged

tube head has been removed. After proper cleaning and

polishing, the chamber and the flange has been reassembled

with a ceramic ring in place of the glass section and Las

been sealed using vinyl thermo-Betting compound. A chamber

is being designed to carry out voltage and pressure testa

on this assembly.

4. Miscellaneous components: Various accelerator

replacement components are now fabricated in the laboratory.

These include corona points, charge spray combs and spray

assembly,high voltage bushings, belt spacers and column

resistor assembly.

V. Five Port Beam Switching Magnet

The five port beam switching magnet designed and
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fabricated in the laboratory ' has been under continuous

use with the accelerator since April 1969.The s l i t controlled

feed back system is working very satisfactorily resulting

in extremely good beam stabil i ty.

1) Five Port Beam Switching magnet for use with the
5.5 MeV Van de Graaff Accelerator - T.P. David,
H. Sarma, P.R. Sunder Rao and M.Bhatiaf3ARC-372(i968)

VI. PN 400 Van de Graaff Accelerator

The 400 KeV Van de Graaff Machine originally

installed in the Zerlina Reactor hall has been dismantled

and reassembled in the beam room of this laboratory.

Attempt was made to provide shielding with the available

paraffin blocks, concrete blocke and lead bricks. However,

It was found that this was inadequate to high flux

neutron work. The accelerator is now being UBed for

experiments such as the study of channeling and blocking

of protons through single crystals, for the testing and

calibration of fabricated neutron detectors and irradia-

tion of crystals for the study of therno-luminescence

characteristics through atomic displacements.

VII. Development Projects

A Pre-lnjetttion e/m analyser System for use with Van de

graaff Ion sources - S.H. Hlsra und M.R. Dwarkanath - A

test bench e/m analyser system has been built and tested.

I t separates doubly charged helium ions from other ions

coming out of the ion source and selectively injects the
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eame into aocelerating tube. This system when vised with

5.5 MeV Van de Graaff accelerator, will then produce

helium ions of energies upto 11 MeV,thus enhancing the

energy range of the accelerator considerably.

The pre-separation is achieved by a crossed

field analyser ia which the beam axie ia unaltered and

it coincides with the axis of the accelerating tube. A

fixed magnetic field of 900 gause is produced across a

pole gap of 3.5 eras, by a bank of 24 ceramic permanent

magnet wafers and a continuoualy variable electric field

Is produced by applying 0-1600 volts across a pair of

parallel plate electrodes kept 2.5 cae apart. A 3 EM

acceptance aperture placed below the analyser, allows

only the undeflected beam to enter the accelerating tube.

Prefocussing of the divergent beam is best achieved by

an dinzel lens which produces focussing without accele-

rating the ions and this immensely increases the resolving

power of the analyser. The schematic of the system is

shown in Pig.1.

Ion current of the analysed beas can be monitored

by connecting faraday sup to an ion current meter. Fig.2

shows a plot of loa current against deflector voltage by

feedirg *He, He and A gases into the ion source.

Various peaks had been assigned on this graph and the

deflector voltages were measured at which the peaks appear.

A graph of /z/sa plotted against deflector voltage is
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ahowa la Pig.3. The eloeenoea of experlaental peiats

to the straight llao ooaflzos the aaaigaaent f*r the

Tariiua peaks. It tan b« se«o that the He** yield froa

the tes t boaeh aeteably i s 1 to 2 nieroaaperea*

Reported at the Huel.Ifcys. and Solid State Phye.Syap.
(India) 1970.
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1. A Doorway State Observed as a Resonance in the
35 35

Cl(p.por Cl Reaction - S. K. Gupta, S. S. Kerekatte,

S. Swami , M. H. Dwarakanath , K. K« Sekharaa and

A. S. Bivatia - We have investigated the elastic proton

scattering from the Cl nucleus froo E l a b * 2.3S0 MeV
to 2.620 MeV. This reaction was studied to look for

the isolated bound doorway states having a large coupling

to the entrance channel. Doorway states were postulated

to describe microscopically, the mechanism of nuclear

reactions. So far the isobaric analog states have been

the only reported doorway states. The difficulties

encountered in pinning down a doorway state of another

type, experimentally and theoretically, are numerous.

Once we concentrate our attention on the bound isolated

doorway states with a large decay width to the entrance

channel, the experimental identification becomes definite.

Payne 'has theoretically investigated the elastic

scattering of neutrons from the single closed shell even-

even nuclei. His calculations are approximate and are

applicable to a very limited number of cases. The cal-

culations for other cases are not actually available.

The major difficulty in solving the doorway state problem

theoretically ±B to deal with the complications of th«

* Member of I . I .T. , P©sai,Bombay-7S
*• How at the Californl a Institute of

Technology, California, USA.

**• How at the University of Kentucky,USA
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nuclear structure as well as the nuclear reaction cal-

culations. Here we are describing briefly our results

and an approximate comparison with the theoretical

calculations.

The 5.5 MeV Van de Graaff accelerator was the

source of protons. The targets were prepared using NaCl

having 01 enriched to 99.32# on carbon backings. The

scattered particles rcere detected using four solid state

detectors at lab. angles of 98°,113.8°,138.5° and 155°.
2)The data was taken in 2 KeV steps. Boanjakovic et al '

have already investigated the Cl£p,0Co) S reaction in

the same energy range. We show in Fig.4 their results

along with our data. A resonance at E lab * 2.463 MeV

with a width of 16 EeV appears only in the proton channel.

As this resonance anomaly appears at a l l the four angles,

i t i s consistent with an I = 0,Jw » 2+aseignment. This

assignment i s not unique.

The calculations of Payne ^reveal that the ieolated

bound doorway states should appear at an incident energy

of 2 to 3 MeV with a typical width of 50-100 EeV in neutron

e las t i c scattering. Talcing into account the Coulomb ef fects ,

the width of the doorway state changes from 100 EeV to 15

KeV for K * 0 protons at E = 2 . 0 MeV. Claudemans et

hare carried out bound state calculations within s-d

shell using an empirically determined residual interaction.
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In the configuration space made up of Sw- and

subshelle, the doorway states c& have only (S1 /„) '

( ) or (S^g) ( d ^ 2 r configurations. Glaudeoans

et al find a level at an excitation of 10.5 HeV with

J"" - 2+,T - 0 in 56Ar with a 67* ( S ^ ' U j / g ) 5 and a

11# ( s i /2^ vd^/2) configuration. The resonance observed

by us corresponds to a state in Ar at 10.901+.005 MeV

with a c.m.width of 15 KeV. fhuB our observations are

consistent with the expected behaviour of the doorway

states as calculated by Payne as well as the shell model

calculations for bound states which will not differ

substantially for the unbound states. Further work is

in progress on this problem.

1) G.L. Payne, Phys. Eev. lZ±(i968) 1227

2) B. Soenjakovic, J . Bouwmeester, J.A. Van Best
and H.S. Prays, Hucl.Phys. 1114(1968)7

3) P.W. Glaudemans, G. Wiechers and P.J. Brussard,
Bucl.Phys. ^6.,(1964) 5291^6(1964)548.

2. Evidence for doorway States in 29Si(0Un)32S

Reaction - H. Balakrishnan, M.S. Mehta and A.S. Divatta
1) 2)

- Since Block acd Feshbach ' and Keroan et al 'suggested

that simple modes of excitation of compound nucleus might

lead to structures with widths intermediate in value

between those of the states in compound nucleus forma-

tion, and those of single particle resonances, many

attempts hare bean made'*4' to identify these states in



- 12 -

auolear reactions. According to Feshbach et al4'doorway

•tatea wil l be most readily observable i f the number of

open channels which are detected experimentally i s small,

so that total cross-section in a neutron induced reaction

ie least sensitive to the presence of doorway states.

Hence the most suitable case for detection of a doorway

state i s in the cross-section measurements for light

nuclei at low energies, wherein the spreading width P^ 1

oan be relatively small. From this point of view the

reaction 3 S i ( ( \ , n r S seems appropriate.

Pig.5 shows the experimental data, the details
5)for which are given elsewhere . There i s good agreement

between the two separate sets of data.

An examination of data shows following detai ls .
<P>

(a) Resonances are about 10 KeV widetand -jT> ^ °*' f o r

the region of excitation around 10 MeV in ' 8. This is

in agreement with the widths and < ^>>/< t>> ratio

known for 5 5S in this region 6 ' 7 ' , (b) There i s an

indication for the presence of gross structures,super-

posing the finer variations In cross-aectione with energy,

(o) The gross structures are not distributed at random,

but there Is a regularity in the distribution of widths

and energy apaclngs of these structures, (d) The cross

sections show more intense peaks within each of these

breed structure s than in between them.
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Tke excitation function averaged o-ver 100 KeV

iB shown in Fig.6.where structures of width around

2.1& KeV with spacing of 500 KeV are present. Prom

observation (a), it can be seen that we are not in tke

region of excitation where Ericeon fluctuations ' are

valid. This is also supported by the fact (n,cc) and

(n,p) correlation exists ' in S and that compound

nucleus cross-sections are not damped. Hence

accidental lumping of resonaiee states as discussed by

Singh et al ' t wherein spurious "intermediate
11 like

structures are built up, can be ruled out. For the

region of excitation where <• P >/<. D > is not

too large and correlation exists between various

entrance or exit channels, the structures have been

qualitatively explained as due to statistical fluctua-

tions in kae average level densities of the compound

nuclei involved . From the observations (b) and (c)

above, it is improbable that such an explanation can

account for these structures.

A more realistic possibility is to explain

these structures as due to simple modes of excitation

of the compound nucleus* 1h& reduced alpha width,for

the single particle Wigner limit ©2 « 3$v2/ 2MB2 is

430 KeV which is twice as great as the observed widtk

270 KeV. Doorway states described as three quasi-

particle states can account for a width of about 200 to
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250 KeV for nuclei in this maea region4 ' . Skakin12',

and Lande and Block estimated that the number of

three quasi-particle etatea that can occur per MeV

energy spread i s around three, in this region of excita-

tion for medium heavy nuclei. This i s consistent with

the separation of 500 EeV observed for l ight nuclei as

in the present experiment. Since each three quasi-

particle states should be characterised by a unique

angular momentum, it will be quite interesting to see

the differential cross-sections for these structures,to

check whether a unique angular momentum can be attributed

to each of them. The expected spreading of the doorway

states over many compound nuclear states (observation,

d) may make i t more diff icult to observe t h i s .

1) B. Block & H. Feshbach Ann.Phys.(H.Y.)2347 (1963)

2) A. K. Herman,L.S. Hodberg A J.E. Young,Phy.Rev.Lett.
11,(1963)422

3) i ) H. Ikegami and G,T. Enery ;Phys.Lett.12,(1964)26

i i ) K.K. Seth; Phys.Lett.16 (1965)306

4) H. Feshbach.A.K. Kerman and R.H. Lemraer; Ann.Phys.
(H.Y.) £1., (1967)230 .

5) H. Balkrishnan, K.K, Sekharan, M.K. Mehta and
A.S. Divatia, Proceedings of Nucl.Phys. ft Solid State
Phys.Sycpt India December 1968,p.57

6) P.M. Bndt and C. Van der Leun; Nucl,Phya.A105(1967)216

7) A.D. Carlson and H.H. BarschalljPhy.Her.158(1967)1142
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8) i ) T. Ericson; Phy s.Eev.Lett.5_,(1 960)43G

i i ) T. Erioson; Ann. Phya.(N.Y.)2_3(1963)390

9) A. Agodl, G. Pappalardo, H. Eicamo and D.Vinciguerra;
Nuovo Giraento 23., (1962)1135

10) P.P. Singh,P. Hof f man-Pin the r and D.W, Lang:*»hvs.
Let t . 23,(1966)255

11) i) G. Galvi, H. Eicamo, A. Rubbino and D.Zubke;

Nucl. Phya. £3.(1963)408

i i ) A. Agodi and G.Pappalardo; Nucl.Phys.47(i963)129

12) C. Shakin; Ann =Phys. (N.Y. )22_(1963)373
13) A. Lande and B. Block; Phys,Eev.Lett.V2( 1964)334

3. A Study of the 64Ni(p.n)64Cu Eeaction - 3. S.

Herekatte, S.K. Gupta and A.S. Divatia - The (p,n) r e -

64
action on a Ni t a rge t , was investigated to identify the

isobaric analog resonances in tlie nucleus Cu,correspond-

ing to the parent nucleus •'Ni. Eecentiy, this reaction

has also been studied by the Duke Group ' from E = 2 . 5

- 3.3 MeV. In the energy range E = 2.5 - 5.5 MeV scanned

by us , strong resonances have been observed which, are

superimposed upon the Ericson type s t a t i s t i c a l fluctuations.

A metallie 64Ui target (enriched to 975*) was

prepared by evaporating Ni metal fron a heated tungsten

ribbon on to a tantalum backing f o i l . A 4TT - geometry

neutron counter was used to measure the yield of the

reaction. The absolute cross-section has not been

extracted. The relative croas-section is aecurate to
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within ±. 5^. The measured excitation function le Bhown

In ?lg.7 (a) and (b).

The threshold of the reaction haa been observed

at S * 2.500 -•- .005 He?. The average cross-section
P

gradually increases with the Incident proton energy due

to the laerease In the penetrability factor. The erosa-

sectiofl shows fluctuations. The average width of the

compound nuclear levels i s calculated to be ~7+1.5 KeV,
2)using the peak counting method ' and has been approxi-

aately corrected for the experimental resolution.

65The g . s . analog of Hi cannot be obeerred

because i t i s due to K * 3« The Duke group observe*!

the analog of the f irst excited state at E = 3*217 MeV.

Accordingly, the other analog resonances are expected at
Bp lab * 5«+71» 3,861, 4.188, 4-502, 4.591, 4.779,4.968,

5.100 and 5.338 MeV. Out of these, on the basis of the

spectroeoopic factor for the parent states observed

through the 6*Ni(d,p)65ffi reaction5^ and the penetration

factor criterion, the resonances at 3.861,4.591, 4.779

and 5*338 MeV are strong. Experimentally, we observe

strong resonances at B l a b * 3.895, 4.620 and 4.790 MeV,

corresponding to the expected resonances. Strong reso-

nances are observed at Bp l a b » 3.235,4.310 and 5.470 MeV

which do not correspond to the known levels in 6 5Ni. The
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resonance at E » 3.895 MeV is having the asymmetry

predicted by Robson et al ' in the (p,n) reactions.

A more detailed analysis of the data i s in

progress.

1 ) J.C. Browne, H.W. Kewson, E.G. Bilpuch and G.S.
Mitchell, Nucl.Phye. A153.(1970)481

2) A. Vac der Woude, Nuel.Phys. 80 (1966)14

3) R.H. Fulmer and A.L.McCarthy,Phys.Rev.r^±{ 1963)2133

4) D. Bobson.J.D. Pox, S. Richard aad C.2. Moore,
Phys.Letters, 1^(1965)86.

67
4« Isobarlc Analogue Statee in Ga - M.G.Betigeri,

CM. Lamba, D.K. Sood, N. Sarma and U.S. Ihampi - In this

work the observation and study of the isobaric analogue
67 67

states of Zn in the compound nucleus Ga which i s
formed by the proton bombardment on Zn is reported.

Excitation functions at three engles 6 = 90°,
OD

125° and 165° were measured in the incident protons energy

range of 2.9 to 3.9 MeV. A thin target of Zn (enrichad

to 90$) evaporated on thin carbon backing (10/ug/cm) was

bombarded with protons from 5.5 MeV Van de Graaff accele-

rator. The error on the measurement is 2$> including the

s ta t i s t i ca l error*

At high excitation energies in medium weight

nuclei the level width i s much larger than spacing. On

this background of compound nucleus states of isoepin 2
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the analogue state with lsospin T stands out as an

anomaly in the cross section. Interference also occurs

between potential and resonant scattering. These
67

anomalies have been observed in Ga which are analogues
67

of 93, 184, 390, 978 and 1142 KeV levels in Zn. The

states analogues to the ground and 602 KeV states could

not be observed because of high values involved. The

resonances have been fitted with the program BRIGIT as

modified for the CDC-3600 computer1*. Values for the

resonances energy total width and partial widths are

obtained. The results are shown in Table 1.

Table 1

Energies
of levels
in 67Zn

134

978

1142

Previous
assignments

J

3/2-

5/2+

1/2-

r
3.62

10.54

Ho unique

14.10

0.04

0.34

f i t

0.75

Present assignments
1

1

1

2

1

J

3/2",

1/2",

5/2+

1/2-,

1/2"

3/2"

3/2-

The I and j values for the various resonances

agree with the results obtained from (d,p) reaction data

except for the 978 KeV level. The present experiment

suggests a value of 1 * 1 for this resonaice. No unique,

fitting can be obtained for this level for 1 = 2 assignment.

1) M.G. Betigeri,C.M. Laaba, N. 3aroa#D.K. Sood and
H.S. i
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73
5. Study of Analogue States of &e through

Inelastic Proton Scattering - M.G. Betigeri,C.M. Lamba,

H. Sanaa, D.K. Sood and N.S. Thampi - In this work levels
73are observed in the compound nucleus, As which are

73analogues of the s tates of Ge through the proton
72 73

bombardment of Ge. The levels of As decay by proton
72 +

emisaion to the f i r s t excited state of Ge, a (0 )state

at 0.691 MeV; thia In turn decays to (0+) ground state

by electron conversion. The electrons were detected by

a s ix gap "orange" beta ray spectrometer with a trans-

mission IO56. It is described elsewhere in this report.

A natural Ge target of thickness approximately

30 microgram cm was bombarded by protons in the energy

range 3.30 MeV to 4.80 MeV. '̂ he excitation function is

shown in Fig.8. Seventeen analogue states corresponding
73

to various parent levels of '̂ Ge in the energy rangs of

13 KeV to 1310 KeV have been identified and are l isted

in Table 2. The energy positions agree well with the

results1*2^obtained from 72Ge(d,p),7?Ge(pfp) and

72
Ge(p,p) reactions.

Further analysis to determine the total and

partial widths, the spectroscopic factors and the nature

of states i s in progress.

1) G. Hey man n, P. Van der Merwe.I.J. Van Heerden and
I . e . Dormehl - S. Fhysik 2J§ (1969)137

2) M.G. Betigerl»C.M. Lamba.H. Sanaa,D.K. Sood and
N.S. Thaispi - Hucl.Phys. A133 (1969)465.
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Table 2

Reaoname Energy Energies aa observed in
Huaber (KeV)* 72Ge(d,p) 73Qe(p,p«) 72Oe(p,p)

I

II

III

IT

V

VI

VII

VIII

IX

X

XI

XII

XIII

XIV

XV

XVI

XVII

13

65 ,

370

400

515

570

673

725

805

860

900

930

1055

1130

1180

1250

1310

13

67

368

396

512

563

666

727

-

864

904

926

1051

1141

1176

1274

1322

13

67

368

498

551

656

825

867

918

1039 1063

1132

1318

* Asaualng Coulomb energy displacement « 9053 KeV

6. Transient Tie Ida on 10?Bh la fe at low Recoil
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Energies - S.K. Bhattacharjee ,H.G. Devare*,H,C. Jain*,
*

M.C. Joehi and C.V.K. Baba - Traneient magnetic f i e lds at

nuclei reco i l ing into ferro-magnetic materials in IMPACT

experiments have been discussed by Grodzins ' . In moat

of theee experiments the recoi l energy le about 10 MeV.
2)Varga e t a l ' made measurements on the 298 KeV (3/2"~,

T = 9.1 ps) and 560 KeV ( 5 / 2 " , T = 85 ps) s ta t e s in

Rh with a Fec1 c ^-AQ 5 alloy using Coulomb excitation

by 2.5 MeV protons. They found the presence of large

transient fields even for recoil energies below 100 KeV.

Bh is a suitable case for studying transient

field effects because i t has two states easily excited

in Coulomb excitation having half-lives differing by a

factor of ten. Further, the Core Excitation Model makes

a prediction for the ratio of the g-factors of the two

states.

In this contribution,we present results on 5 at

$> Eh-Fe alloy uaL ng Coulomb excitation with 5*0 MeV alpha

particles. We have made Integral Reversed Field (IBF)

measurements with a polarising field of 1 KG using a 20 cc

Ge(Li) detector. The rotation angle u>T in the angular

distribution was measured for the 298 KeV and 360 KeV

gamma rays. The values of u}*ZT obtai ned are shown in

Table 3, together with the results of other workers. We

note that the sign of O T is positive for both the

states. If we assume that the g-f act ore of both these

states are positive, this indicates that no large transient

• Tata Institute of Fundamental Eeaeareh,3offlbay-5,
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f ielde are present as reported in re f .2 ) .

Aeawning that transient fields are absent and

that only the stat ic f ield H = - 540 KG5' aotp, we obtain

g(298 KeV) » 1.15 i 0.31 and g(36O KeV) * 0.48 + 0.09.The ratio

g(298 KeV)/g(36O KeV) = 2.4 + 0.8 ie in agreement with the

value 1.7 + 0.4 obtained by Miller et a l* ' who used the

method of recoil in gas. This ratio i s also consistent

with the value 1.3 expected on the basis of the Core

Excitation Model. Thus this experiment suggests that no

appreciable transient f ie lde are present in this case.

This work was reported at the International Conference
on "Htyperfine Integrations detected by Nuclear Radiations11 •
held at Rehovot, Israel (1970).

1) L. Orodzins, Proo.Hoy.Soc.A311(1969)79

2) L. Varga, I.Dmeter.L. Kaszthllyi,L.Pocs and
Z. Ssokafaliv-Hagy.PhyB. Letters 29A( 1969)171

3) D.A. Shirley.S.S. Rosenblum and £• Mathias,Phys.
Rev. 170(196d)363

4) T.K. Miller, 6.D. Sprouae, M. Takeda and S.S. Hanna,
Bull. Am.Fhys.3oc. 1^(1969)1172

5) W.M. Honey, H.W. Kugel, G.M. Heestand,R.R. Borchere
and R. Kalish. Proc.of International Conf.on Heavy
Ion Induced reactions - Heidelberg (1969).

6) ?.K. HoOowan and P.H. Stelaon, Phye.Rev. 109(1958)901



Table 3

Summary of angular precession ( w T ) and ^ for levels in *

po) Present work*' Varga et al ' Honey et a l c ' (Present work)Entigy(KeV) (po)

298 9,1+0.7d* +0.029+0.007 -0.017+0.004 -O.OOO4+0.OO5O (1.15+0.31)*

(1,41+0.42)*

360 85.2+6.1d* + 0.108+0.014 + 0.030+0.012 + 0.099 +0.007 (0.48+0.09)*

(0.49+0.09) f

a) 5 at i» Rbfe alloy j 5 MeV alpha partioles
b) ref.2) Fe 5 1 i 5 Rh4a>5 alloy; 2.5 MeV protons
o) ref.5) IMPACT; t *30 MeV 0 1 6 lone
d) ref.6)
•) assuming aero transient field effeot|HB.ax.o» - 540 KG '

f) aasuming f&*) dt - 1.24 MG PS.

ro
4



- 24 -

7, Coulomb Excitation of Selenium Isotopes

(74,76,77,78 t80»823e _ A p# Agnihotry*,K.P.Gopinathan*t

M.C. Joehi and K.G. Prasad - A th.iolc target of eelenlua

natural material was exposed to alpha partloles from the

5*5 MeV. Van de Graaff accelerator at Trombay. The

-rays emitted from the target were detected by a high

resolution Ge(Li) detector (20 oc) (Fig.9). The gamma-

rays corresponding to Coulomb excitation of different

isotopes Se were Identified. From measurements of

thick target yields corrected for their natural isotopie

abundances, the relative B(Ep)t values were determined.

Using a well-known B(E2)f value of 2+ level of 7 8Se,

absolute values of B(E2H in-units of (10~ .e .cm*)
77for a l l the othe r gamma-rays were determined. Se i

(23+2), (18.6+2.0),(1.0+0.2) for 440,240 and 250 KeV

levels respectively. 7 4Se: (48.0+15) for 635 KeV(2+)

level , 76Se«(45+4) for 560 KeV(2+) level ,7 8Se:(38.4+.8)

for 612 KeV(2+) level , 80Se:(27.6+2.5) for 665 KeV(2+)

level and 82Se:(20+4) for 654- KeV(2+) l eve l . The B(E2)^
rfM

value for Se i s new. The B(E2)f value for 250 KeV
77level in Se i s more accurate compared to the earlier

value obtained from unresol-ved gamna-rays 240 and 250

KeV using Sal(Tl) sc int i l lat ion detector. Our improved

value Is in good agreement with the value obtained from

the half l i f e measurements of this level . From the

*T*ta Institute of Fundamental He search tBombay-5.
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observed B(Eg) values the r.m.s. quadrupole distortion

A r , m . B . a r e deduced for the Selenium isotopes.

3, Study of low lying levels In ** Cr and ^Hl

- B.Lai and Balder Sahai - The low lying levels ia
5 1 F»°/

Cr and ' JHi have been eseited by means of (p,n-f)
R1 59

reaction on " V and Ĉo targets. The angular

distribution of ground state electromagnetic transitions

from 0.749, 1.165, 1.355, 1.479 and 1.557 MeV states in
51 Gr and 0.359, 0.4S5 and 0.379 HeV states in 59Hi have

been measured at the incident proton energies slightly

above the threshold for the exoitation of the respective

states , so that the major contribution to the reaction

cross-section comes from the s-wave neutrons in the

outgoing reaction channels.

The angular distribution of various gamma rays

obtained were "least-squares" fitted to the even order

Legendre polynomial expansion and the coefficients of

expansion were obtained.

The theoretical calculations were aade using

Sheldon aad Van Patter's formalism of Hauser ?eshbach

Stat i s t ica l model assuming various possible spins of

the leve ls under investigation with values of aultipole

mixing rat io parameter of the transition vary in? from

- 09 to + oo . The experimental results obtained

• Tata Institute ef *unda»ental H«search,Boabaj-5.
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then compared with the theoretical results whence the

splna of 0.749, 1.165 and 1.479 MeV levels in 51Cr and

0.879 MeV level in 59Hi have been eonflimed to be 3/2",

9/2", 11/2" and 3/2~ respectively.

9. The leve l structure of 75Se - Baldev Sahai*and

B. Lai - A large number of gamma-ray spectra have
75been recorded from As4p reaction for incident proton

energies from 1.50 MeV (which is below the threshold

of (p,M) reaction) upto 3.75 MeV by bombarding an

arsenic pel let (an "infinitely thick" target for -the

inoident energies used in the experiment). A 30 c .c .

Ge(Li) detector and a 400 channel TMC analyser were

used for recording, the data. Spectra were alse obtained

using a thin arsenic target deposited on a thin carbon

film and ut i l iz ing a 4096 channel Nuclear Data analjr-er.

Thus the excitation functions of various gamma*raya

arising from 5As(pfn
<<|j Se reaction together with their

precise energies were obtained. The gamma rays observed
7*5were attributed to various l eve l s in . Se based on their,

thresholds and excitation functions. She cascade
75transitions In Se were further investigated by studying

gamma-gamma coincidences using the 30 c.c Ge(Li) detector

for the gated spectrum and Hal(Tl) detectors for the

gated epeotrum and Hal(Tl) detectors of £" and 1" thick-

nesses for the gating gamea-raye. The ganuna-raya taken

• Zata Institute of Fundamental Beaearchtaombay-5*
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in gate were 112, 141, (287 + 295 + 299) KeV at incident

proton energy 3.0 MeV and 112, (287 * 293 + 299) and

(492 + 515) at 3.5 MeV incident proton energies. The

chance spectra were also obtained simultaneously.

Based on this data a detailed level scheme upto an

excitation energy of 1500 KeV has been worked out for
75

Se along with branching ratios for some of the levels .

10. Study of the Isobaric Analogue State in ^ C l by

the ( P W ) 01 Reaction - M. A. Eswaran, M. Ismail and

N.L. Ragoowansi - Proton decay of the T » 3/2, T2=-i/2

states are energetically possible only to the T a 0 states

in the neighbouring (A = 4n, Z = 2n) nucleus although euch

a breakup is isospin forbidden. However, since the only

isospin-allowed decay i s by gamma emission, even a slight

violation of ieoapin conservation w i l l wrmit proton

emission to compete successfully. Hence the I « 3/2,

!„=* 1/2 states can be formed by proton capture and the
z

exit channel in which these stateB axe «ost l ikely to be

clearly exhibited i s in the gamma channel since this i s

the only decay mode, that i s not T-I-i.-i£dsa. In the

present work the (p,4) reaction has been used to study

the lowest T a 3/2 state in 3G1,

A mechanically chopped proton beaa ( w 1.5 /

passed through"thin1 (*•*•' 200 jug/o« ) natural SbgS^ target

evaporated onto a thick sold backing which was watessooled
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The detector consisted of a 30 cm5 Ge(Li)V-ray detector

with a single channel analyser set to select the pulses

in the 511 KeV annihilation radiation peak, generated

by the annihilation of positrons, arising from the decay
35Gl-*-35S with 2.52 sec. half-life. The 511 KeV peak

pulses from the single channel analyser were fed into a

pulse-height analyser operated in a multiscaler mode with

0.1 see per channel. The operating cycle (bombard the

target for 4 sec, and then count for 20 sec.) was

repeated until a fixed charge was aecuiaulated. The

resultant time spectrum showed the expected 2,52 sec.

activity plus a constant background. For obtaining the

excitation function over the resonance, only the counts

in the time spectrum corresponding to first two half-lives

were taken after subtracting the constant background.

The delayed prot on work had found the lowest

T - 3/2 level in 33C1 at 5.556 + 0,020 MeV,E (cm.) »

3.266 + 0.020 KeV. In agreement with this, a search

through this region (Figure 10 a) located the resonaa ee

at Ep - 3.371 ± 006 MeV E (cm.) » 3.269 MeV . This

corresponds to as excitation energy In " c i of 5.559+006

MeV, The slope of the yield curve at resonance could be

entirely attributed to the energy spread in the proton

beam, from this i t is deduced that the total width of

the Isvel Is less than 2,5 KeV. The proton width fl and
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the total width V for this resonance as determined from

proton e las t ic scattering experiments have been reported2^

to be 125 eV. Ihe integrated yield over the (p,^)resonanee

in the present work was found by comparison with the

reaoaaaoe in the same reaction at E m 2.54.7 MeV ae well

as froa the comparison of the gamma ray yield at the

E « 0.588 resonance. From these measurements preliminary

value of the resonance strength and hence T̂  for the

£ « 3*771 MeV resonanae has been obtained.

At this resonance the V -spectrum was measured

with the 30 CeC Ge(Li) detector and i s shown in Fig.11.

For comparison the gamma spectrum taken at "off-resonance"

is also shown. These measurements show that the only

eign i f leant transition from the resonance is to the 0.806

Me7(1/2+) f irst excited state in 5 3C1. This transitbn

from the 5.559 MeV(J « 1/2,1 - 3/2) state in 33Cl ( which

is the analogue of the ground state of P) to the 0.806

MeV (J - 1/2, T - 1/2) state in 53C1 is a pure Mf of

moderate strength and can be conjectured to tje "analogue

to the anti-analogue" transition. Preliminary results

of th is work has been reported in reference (3) .

1) A.M. Poskansen, H.McFherson, S.A. Ester lurid and
P.L. Reader; Pfaya. Her, 152(1966),995

2) G.M. Temer in 'Huclear Ieoapis* (Proc.Conf .on
Nuoleon Isoenln, Aaitosar; (1969) 37

3) M.A. Bewaran, M. Ismail and 9. L. fiagoowanei;
Bull, An, Phya, Soo. 15.(1970)1689.
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11. Charge form Factor And Quairupole Moment of

Li - A. K. Jain and N. Sanaa - The charge density of

Li is calculated using antlBymoetrlBed and modified

cluster model wave functions. Satisfactory agreement

with the measured charge form factor and quadrupole

moment has been obtained. Exchange terme hare been

found to be important in both calculations*

Published in Phys. Lett. £5B (1970)271.

T 4.

12. Li (p .p t ) He Reaction at Medium Energies

- A.K. Jain and N. Sanaa - Formalism has been developed

in which the reaction 'L i (p ,p t ) *He *2^ can be analysed

in the dis tor ted wave impulse approximation (IWIA). The
analysis makes use of a c lus t e r model wave function for
7

Li nucleus which i s having a correct asymptotic behavi-

our for the in terc lus ter par t and i s completely a n t l -

symmetrised. I t has, however, been observed that the

t r i p l e exchange term contributes very s ignif icant ly in

the plane wave case. I t i s expected that the contribu-

t ion from the exchange te rns w i l l be reduced by the

inclusion of d is tor t ions in the waves.
1) D.L. Handrie, M. Cixabre and H.G. Pugh.U.C.R.L.

Heport *o. 16.580(1966)146
2) D. Bachelier, M.K. Brusel, P. fiadvanyi, M. Soy,

M. Sowinski, B. Bernas mod I . Briaaaud, High Energy
PhyeioB and Huclear St ructure , Ed.3. Savons,Plenum
Press (1970)p.318. _ . . - . .
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1 3 . SyetenatiCB of Qround State Spins of Light

Odd-Odd Hue lei - S.K. Gupta - A coherent survey of the rules

predicting ground spins of the odd-odd nuclei upto A-*60

has been carried out. The odd-odd nuclei in which the

valence nucleons under the j-J coupling shell model are

fi l l ing different subshells are divided into five cate-

gories. Two of these obey strong rules while two out of

the remaining three 0007 weak rules.

For the odd-odd nuclei when the valence nucleona

are f i l l ing the same eubshell two new empirical rules

have been found. All the nuclei except Cl and the f7A>

subshell nuclei obey the first rule. The second rule ia

applicable to the nuclei excluded by the first rule. Both

the rules coincide for T» » 1 cases. In order to under-

stand these rules the separation between the T = 0 lowest

and T = 1 states T? s 0 odd-odd nuclei has been plotted.

This plot indicates an oscillatory behaviour in the nature

of the two body residual interaction. For the f /̂2 shell

nuclei an empirical fouaula has been found to describe

the separation between the lowest T = ?z and T 3 Tz + 1

states. Tills formula resembles the second rule for the

ground state spins of the same subshell nuclei.

14. Computer Code for calculating the reaction cross-

sections of gamma-rave In (p.n-?) reactions - B.Lai - For

* fata Institute of Fundamental Research, Bombay-5-
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theoretical analysis of gamma-ray exultation function

and the gamma-ray angular distribution in a reaction

of the type A(p,n^)B where s ta t i s t i ca l nodal i s appli-

cable in the coapound nucleus a program NATTU has been

developed. This program i s an improved and more versat i le

version of the earlier H? Model program . The calcula-

tions are based on the theoretical treatment by

Wolfenstien, Hauser and Feehbaeh as later extended by
2)Satchler and Sheldon .

This program can accept 1 dependent or j

dependent transmission coefficients for both the incoming

and outgoing particles. It can take any number of jL

values in the incoming and outgoing channels. (Che maximum

value for the two channels need sot bo same.

The program taxes into ascount for oaleulation

not only the leve ls in the residual nucleus which are

excited but also the levels in the target nucleus which

are excited with reasonable intensity.

She program can calculate the excitation funetloa

of a gamma-ray i s (p,n*|) reaction from i t s threshold to

any desired bombarding energy in whatever steps. Shis

calculation i s carried for various values of spin of a

particular level under investigation.

for the analysis of angular distribution of
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gamma-rays the program can find out the even order Legendre

polynomial expansion coefficients a 2 f a ,a- etc . , for various

values of aultipole mixing ratio of a transition for com-

parison with the experimental yaluee. The program can

also calculate the angular distribution of gamma-rays for a

definite Bpin sequence aad known multipole mixing ratio of

the transition.

1) K.V.K. Iyengar,3. Lai and S.K. Gupta,Hucl.R2ye.
A103 (1967) 592

2) E. Sheldon, Van Palt er, Rev.Mod. Phys.38 J 1966)143.

15. Formalism for the Study of Two Hole States In

Huclei with the (Tf~Hfl) Reaction - B.K. Jain - A formalism

has been developed to study the two hole states in atomic

nuclei with the (IT ,HS) reaction, for the interaction

of pions with nucleus two nucleon model has been used.

The interaction of outgoing nude one with the residual

nucleus has been incorporated through the optical model

potential. The spectro&oopic amplitude for the two nucleons

In the nucleus has been given in the L5 coupled basis

states of shel l model.

Published ae a BARC Report Ho. BAEC - 512 (1970)

16. Analysis of the (TT*.HH) Reaction on 6 Ll . 7 £i and
12G Httolel - B.K. Jain and B. Banerjee* - With a view to

studying the two-hole states in nuclei , the (TT >nn)

reastion on 6Li, 7 i i i and 12C has been analysed using the

* Tata Institute of Fundamental Be search, Bomb ay-5.
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two-nucleon absorption model cad Including the inter-

action of the outgoing neutrons with the residual

nucleus. She calculated reco i l momentum and angular-

correlation distributions are In satisfactory agreement

with the available experimental data.

Published in IL Nuovo Cimento I3OX A (1970)419.

1217. Analysis of ( P . 2 P ) and (e.e'p) Reaction on C

Hucleus - R. Shanta and B.K. Jain - The experimental

data on the (p,2p) reaction at 460 MeV and 1 GeV inoidest

proton energies and (e te
fp) at 605 MeT incident electron

12energy have been analysed for C nucleus in the d i s -

* ̂ rted ware impulse approximation (DfflA). I t i s found

that the single particle wave function for the bound

protons which f i t the elast ic electron scattering and the

(p»2p) reaction at 460 MeT f a i l s to f i t the shapes of the
12angular distributions for C(p»2p) at 1 GeV and

12C(e fe«p) at 605 Me7.

Presetted at the Huol.Phya, and Solid State Fhys.Symp.,
India (1970).

18» Study of the gwo Hols States in 1 2C Huoleus with

the ( 1T"fnn) Reaction - B. K# Jain - She (iT",nn) reaction
12

OB 0 nucleus baa basil analysed to study the two hols

states In nuclei using Ecksteins two nuolecn model for the

* Vow at .I.l.f. Powai, Bombay,
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plon-aucleuB interaotion. The distortion of the out-

going neutrons has been incorporated by the use of the

optical aodel potential. The results for the absorption

of pions froa i t s 13 atoaio state are roughly in accord

with the experiments.

Presented at the Huol.Phya.and Solid State Phys.Syap.,
India (1970).



INSTRUMENTATION

1. On-l ine I n t e r n a l Conversion Elect ron Studlea

- C.V.K. Bab a, 8.K. Ambardekar and S.M. Bharathi - A

six gap 'orange* be ta - ray spectrometer , wi th a t r a n e -

mia sion of 10^ at a 1^ momentum r e s o l u t i o n , has been

se t up a t one of the beam p o r t e . I t hae already been
73used to study the Isobar le analogue s t a t e s in As by

^2(Je(pfp')Ge . '£he Inelastic scattering to the
. 72

0.691 MeV Op level in Ge was studied by measuring the

internal conversion electrons (Op-^O-) In the epectro—

meter* Preliminary data on the internal conversion

lines has also been callected In ^Cu(p,n) Zn and
7*5 75

*yAs(ptn)' Se reactions. The instrument is automatised.

I t Is also possible to place a gamma detector at 2 - 10

cms from the source and use It in coincidence operation.

Preliminary data on the halflife 287 KeV level In 75Se

also has been obtained.

2 . Determination of tho Efficiency of the \

Heutron Counter - S.K. Gupta and S.S. Kerekatte - The

eff ic iency of the 4*n -geometry neutron counter has been

measured wi th in an accuracy of +7#. This measurement

supercedes an e a r l i e r measurement by Sekharan 'which was

accura te t o + 1296

* Tata I n s t i t u t e of Fundamental Research,Borabay-5.
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Two accurately weighed LI* targets were used to

produce the neutrons, using the 7Li(p,n)7Be reaction.

The data was corrected for the dead time of th* eealare,

and the background, The estimate* of errors were +1£

for the beam current Integrator, +4?* for ths reproduci-

bl l i ty of the data and the target thiokneea; and +5f5 for

the Ll(p,n) Be oroea section2' . All these errors com-

bine to give an r.m.s. value of +?£. The efficiency

has been measured in the neutron energy range of 0.03 to

1.6 MeV and is shown in Pig. 12. The anomalous behaviour

around the neutron energy of 0.2 MeV has been already

explained by Sekharan .

1) K.K. Sekharan, M.Sc. Thesis, Univereity of Bombay,1965.

2) J.H. Gibbons anl H.L. Macklin.Phye. Rev. 1_UO959)571.

3. Target Evaporation facility - B. Lai ,M.V.Vaze '

and Baldev Sahai - Preparation of targets, from highly

enriched iaotopee which are available in email quantities

due to their prohibitive cost, i s not possible in the

conventional manner as the case s e d s large quantities

of substance, the major part of which goes waste. Special

apparatus has been designed and got fabricated which

enables the preparation of targets from milligram

quantities of substance using the principle of electron

bombardment.

* Tata Institute of Fundamental Research,Eomibay-5.
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4 . Efficiency Measurements of the 50 c.c.Ge(Ll)

Gamma -ray Detector - M. Ieraail and M.A. Eewaran - A«.°olute

ef f ic iency measurements were made for the 30 c . o . coaxial

(Je(Li) gamma ray detector for the energy range o.2 t o

6.13 MeV. For lower energies the radioactive eourcea
1 5 5 Ba, 1 5 7 C s , 22Na, 54Mn and 60Go were used and for

27 oo

higher energies the nuoleon reactions Al(p,"f) Si

(E m 0.392 MeV) and 19F(pvc*-f ) 1 6 0 (E =» 1.375 MeV) were

used which y i e ld 1.78 MeV and 6.13 MeV gamma rays

respect ive ly . These measurements were made at source

to detector distance of 4 .5 cm and the source strengths

were calibrated using the known e f f i c i ency of the

7.6 x 7»6 cm Wal(Tl) c rye ta l . Pig.13 shows the r e s u l t s ,

for the f u l l energy peak e f f i c iency . The rat ios ,double

escapo peak KQ f u l l energy peak and s ing le escapo peak

to f u l l energy peak are a l s o shown in the figure which

were obtained for gamma rays pro diced in the above

mentioned reactions as wel l as in Stp,*^ ) Cl and3*S(prJ)35Cl reactions.
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• ISJ s*-

FIG. 10

a) Excit&Uon eurre for tbe reaction

S(p, ) Cl swaaored atar the T - 3/2 state by

counting tbe residual activity

•) Excitation curre Measured by counting the gasesa ray

yield for the 3 2S(p, )33Cl(E - 4.75 MeV) and the

S(p,p* ) S (E . 2.237 HeV) reaction showing the

T • 3/2 state resonance in tbe foraer and tbe known

resonance (T - 1/2) at E - 3.379 UeV in tbe latter.
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ma at •«in««. The 6e(Li) detector vaa at 55* to the

incident bean.
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