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INTRODUCT ION

Tnie report summarises the operation and utilization
of the 5.5 MeV Van de Graaff Accelerator at Trombay during
the period 1et July 1968 to 313t December 1969. The acoce-
lerator was available for research from February 1962 angd
hae now completed 8 years of operation. From the end of
1964 1% has been working on a round-the-~clack 7 day weelk

gcheduls.

Towarde the end of 1968 it became increaeingly clear
that smooth operation of the machine at higher energies
would not be possible without replacement of the accelerat-
ing tube which had developed cracks on & lerge number of
glass sectione. The accelerator was st down for major
maintenance work in April 1965 ani the Aaccelerazins tube
wae replaced. A S5-pnrt deam ewitching megnet which was
fabricated in the laboratory was iretAallied. OJther majcor
maintenance work completed durins thies period are detailed

in the report.

After the reaesembly of the accelerator in June 13t9
the machine wae calibrated and atable operation ot the machinre
was achieved up to the rated energy of 5.5 NeV. The machine
operation efficiency has imnroved conesiderably after the

overhaul.

Brief accounte of research worx carried out with ths
accelerator during the period unaer review are eummarised in

this report.



ACCELERATOR OPERATION

T. Analyeis of machine operntion

March 1969

1) July 1968

Macnine operated fnr - 3600 hrs.
Reeearch utilisation - 2780 hrs.
2) April 1969 - May 1969

The accelerator wae used for majer maintenance work:

Inatallation of the new accelerating tubse

Installation of a S5-port ewitching magnet
3} June 1969 ~ September 1969

The machine was conditioned toc 5.5 MeV and Alignment
and testing of 5 port ewltching magnet wae carried out.
Installation of beam extension tubee with quadrupole focueing
lenses, vacuum eyetems, and beam deflectors was completed.
The ehaft of the bottom belt drive pulley waos rametalled ana
machined during this period and new bearinge were fitted.
The accelerator wae operated for a total ot 1240 houre during
tnis period. The accerlator was used for 48 houre for research

experimenta,.

4) Octoher 15§69 - December 1969
Macnine operation 1667 hra.

Research utilieat ion 1434 hra.



II. Hajor work done during the April-May'69 shut down

period:

1) Agcelerator support column

A1l 12 support column sections were dismantled. It was
noticed that the glass mounting blocke and the locating etud
plates fixzed to the top and bottom of the column eectione had
shifted from the original positione. This caused a tilt,
obBerved earlier over the entire support column. One of the
sectlons had aleo developed A crack ob B metal weld and waa

repleced by & new nolumn secticn.

Each column section was diemantied and the glass mount-
ing blocks and etud plates weres refixed with vinyl in the
pruper positions with the help of epecial jigs fabriloated
for the purpose. The oolumn sections were then reassembled
with shimas wherever nscessary %to ensure horizoatal and verti-

cal alignment during the assembly of the column sectiene.

2) Accelerating end differsntial pumping tubes

Both the seotions of the nev accelerating tube were
coupled and installed 1in poeition. The differential pumping
tube was cleaned and installed. Three glass eectiore of the
differentinl tube were found to have developed large oracks
and have beer electrically shorted along with the correepond-
ing sections on the mccelerating tube to avold turther damage.
The tube heads were tnen mounted and coupled and the focuelng

slectrode wae aligned.
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3) Column resistors

All the column resistora were removed and tested. There

were graded as per thelr measured values and imstalled in the

column assembdiy.

4) Charging Belt

The charging belt was replacsd as the 0ld one wsas worn

out.

5) Gorona asgembly

Recurrsnt trouble from the oorona assembly due to rust-
irg and coneequent loss of insulation was stopped by nickel

plating the mounting piate.
6) Beam tubes

All extension tubes, gate valves, control and beam limit-

ing s8lits and the analyeing chamber were removed, oleaned,

tested and reaecembled.

7) Belt drive

The coupling ard drive shaft of the belt drive pulley was
found to have worn out. The shaft hae been re-metalled,machined
and fitted with new bearinge. The coupling blocks were fitted
with new bushings as waes found neceseary. The pulley was fixed

back, coupled and aligned with the drive motor.

8) Miescellaneocus agcelerator components

All other components such as column springs, control
drive system, terminal assembly,charging system, gas supply

system and units in the control console were cleaned and tested.



3} Gae Compreasor

Tnie unit developed a leak through the shaft while in

operation. The ehaft rings were removed,ground and fitted back.

10) Gas Dryer

The preheater and heaters: embedded in tlie adsorber drums
had been a frequent esource of trouble. Nichrome hemter wire
hae been wound on formers tabricated in the laboratory and
Titted in vlace of tne original neatere. These have since

been giving eitiafactory service,

11) 90° 3Zenm Analys ing HMasnet

The water cooling tuhes zoldered on to either side of
the coil formers nad Jdeveloped leaka =2t & number of oplacee.
The cnile were removed alcng with the pnle piecee. The coil
former plates were removed and the water ccoling tubee wers
replaced ny new copper tubee., The coile were then taped afreeh
and installed in pozition. The beum arnalyeing chamnber wnzm
vacuun teeted ang invtalled in the pole gap. T.be extensaions

were then connected up and tne magnet was levelled and aligned.
IIT. lon Source

Ion sourcee used with the accelerator are fabricated in
the laporatory as has been repurted earlierj). Such 8owurce
apsembiles nave been in use since 19€%. Sources, using &
modified design for tne canals 2re in use since April 1968,

and are giving very satirfactory service. It shouid be mentioneaq

here that one such iun source asvrembly has given a record

1) Van de Graaff Laboratory Progreese Heport
T.P. David AEST-254 (1966)6.



service of 2532 hours.

Componente for a versatile ion source test bench tc
enable a comprehensive study of the laboratory aseembled ion
sourcee are under fabrication. A suitable focusing system
and bending magnet aesembly have been incorporated in this
set up 80 that a mass analysis of the total beam output from

the Bource bottle can alao be carrlied out.

IV. Five-Port Beam Switching Magnet

The five port beam ewitching magnet constructed in thie
laboratory earlier1) with beam ports at -45°, -25°, 0, +25°
and +45° wae installed along with ite associated power
supplies and controle in May 1969. All the beam porte have
been provided with curren® stabllizer elite and are cennected
through a selector switch to the auxiliary coil supply. Two
2" 4if fuston pumps have been inatalled on the awitching chamber
section. Quadrupcle tocusing lenaewz) have been provided in
all beam ports. These have been found to be extremely useful
for focusing the beam on to targets which are generally 6 to
8 meters away from the sccelerator control slite. The magnet
has Leen 1in use since the experiments etarted on the various

ports.

The performance of the magnet has been very eatiefactory
and the magnet power supply has been found to be very stable.

The feed back control eystem uesing the insulated beam defining

1) Van de Graaff Laboratory Progree: Report - T.P. David
BARC-364 (1968)7

2) Ven de Graaff Laboratory Pr- gress Report - T.P. David
AEET-214 (1965)8.
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elite in conjunction with the auxiliary coil arnd power supply
has been very ueeful and has eliminated the need to adjust
the switohing magnet ourrent frequently during the course of
an exper iment. A schematio diagram of the experimentsal set

up after the instellation of the S-port beam switching magnet
ie shown in Fig.1.
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RESEARCH EXPERIMENTS

240

1. Spacing of Claes IT Levels in the Fission on Pu

~ D.K. Sood and N. Sarma - A modified correlation analyeis
of high resolution fiseion cross secticns ie sugrested which
would yieid more reliable estimatees of the spacing, DII of
the c¢lass II levels. Subsequent analysis of the reaction

239Pu(n.f) gives the value of ETI ag 225 + 25 eV tor the

nucleus 240Pu.

Published in Phys. Lett. 30B (1969)523.

2. Analysis of the 6L1(0Lpd)4He Reaction - A. K. Jain,

¥. Sarma and B. Banerjee* - A fully entisymmetrised cluster-
model wave function for 6Li is used for calculating the mat~-
rix element of the reaction 6Li(p,pd)4ﬂe. The calculations
are carried out in plane-wave impulse approximation and the

effect of the various terms arising from antisymmetrisation

183 discusced.

Published in I1 Nuovo Cimento Vol. LXII 3, N.2.(1963).

3. Distorted wave Anilyeis of Deuteron Knockout From 6Li

- A. X. Jain, N. Scrmra and B. Banerjee. - The 6Li(p,pd)4He
reaction hae been Aanmalyeed using the cluster model for 6Li.

The antieymmetrisation of the target wave function and the

* Tata Institute of Fundamental Research, Bombay
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dietortion of the incident and outgoing waves have bheen
included. It ie shown that the intercluster wave function
given by the usual cluster models is inadequate and muet be
modified to have the correct asymptotic behaviour to reproduce
the experimental p-d angular correlation. The inclusion of
distortionc is shown to be eesential for obtaining the

correct value of the differential croes section.

To be published ir Nucl. Phys.

o)
4. Study of the Low-Lying levele of ‘7Mg by Angular Corre-

lation Measuremente i the Resaction 26Mg(d. p~{)27Mg - . A.

Eswaran, Ii. Tem2il and N.L. Ragocwansi - Pro>ton-gemma ray
angular correlatior mensurements have been made in the re-
action 26Mg(d.p~()27mg ueing a deuteron beam from the acce-
lerator. The protons from the reaction were detected in a
gemiconductor annular detector with ite axis at 180° to the
beam and the gamme raye, in coincidence with the eelected
groups of prot.ne, were detected in a 12.7 cm dia. x 15.2 cm
long NaI(T1) scintillation detector at seven anglee between
0° and 90° in stepe of 15°. Such angular correlation data
were recorded using a faet-slow coincidence arrangement of
regolving time 21 = 50 ne in conjunction with one 20 channel

and one 400 channel pulse-height analyser.

Angular correlation data have been obtained correspond-

ing to proton groupe feeding the 0.984, 1.69 and 1.94 MeV
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excited states in 27!5 and the de-excitation gamma rays,
from theese states. The data have been analysed by writing =
computer programme SIMCOR for the ODC-3600 computer ueing an
analysis procedure which is independent of any assumption
regarding rsaction mechaniem, From this analysis spin assign-
ments of 3/2, 5/2 and 5/2 have been made for the 0.984, 1.69
and 1,94 MeV levels. The multipole mixing ratioes of the
transitione 1.94 —=s 0.984 MeV and 1.69 —= 0 MeV have been
determined as well as the branching ratios of the levels at
169 and 1.94 MeV.

Published in the ‘Physical Review Vol.135(1969)1458.

73

5. Isobaric Analogue States in As - M, G. Betigeri,

have been observed in the compound nucleus 73&& through the

study of elastic scattering of protons on 12

Ge which are the
isobaric analiogues 9f the first five low lying levele of 7300.
Two of these being 1 = 4 transitions are not obzerved in the
present study because of the low barrier tranemiseion,
l-values have been assigned to the states from analysie of

the differential crose eections. The remults are compared

with available evidence from other experiments on 7300.

Published in Nucl. Phys. A 133 (1969)465.
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6. Meagsurement of the Total 4BCajplg)488c Reaction Cross

Section Around the Isobaric Analog Statee A E = 1.376 MeV
1

- K. ¥X. Sekharan and M. K. Mehta - The total (p,n) cross
section for the reaction 48Ca(p.n)485c has been measured using
a calibrated 43r neutron counter in the bombarding energy
range 1.90 to 2.05 MeV. The cross eection wae measured in
gtepe ot 0.6 XeV, the overall rescolution being 1.8 KeV for

2 MeV »>rotona., The results are snown in the accompary.ng
figure 2.

These resconances represent the splitting of the known

49,,1:2,3)

isobaric analog of the ground state of . The re-

sonances numbered 1-7 were also observed by G.Chiloei et a14)

48 43

in the "~Ca(p,n)’"Sc experiment. Tne resonance energies in

the present work agree with thelr valuee within + <& KeV.

The total widthe, " of reecnances numbered 3, 4 and 5
have been determined. Becauze of the limitatione imposed by
the 1.8 KeV reeolution only upper limits could be fixed for
the other resonances. The proton partial widths.f‘p and the
peutron partial width‘ﬂn for these resonances wsre calculated
from the maximum crose sect;i.on,cj‘umx at the resonancesg and
the total widths using the Breit — Wigner eingle level express-
ton. The probable error in the cross sections is + 15% mainly
due to the.error in the efficliency (12%) of the 47T neutron
counter and the error in the target thlcknesse measurement {8%).
Tne accompanying table liets tne relevant aquantities determined

in thie experiment.
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C.M. C.M.
Eres G max Ll n r'P F n
+ 2 KeV  + 15% (ref.3) KeV ¥eV KeV
1.710 30 (3/27) 1 - -
1.920 55 3/2 1 1 -
1.925 91 (3/27) 2.5+.6  2.41+.8 .09
1.936 93 3/27 3.4+.6  3.28+.8 .12
1.944 42 (3/27) 2.44.6  2.36+.7 .04
1.952 26 (3/27) 1 - -
1.957 12 1 - -
1.971 28 1 1 -

The maximum crose section for the resonanoes 3 and 4 are
91 + i4 mb respectively, while the corresponding values re-
ported by Chiloel et al are 60 + 16 and 50 + 8 mb. The re-
eonances numbered B, 9 and 10 are aleo not observed in the
previous work. The higher croes sections and tne presence of
the extra resonances may be due to the fact that ir tnie
experiment the total neutron yield nas been measured while in
the previous experiment the yleld ot only the 780 KeV ) | -rays,
which accompany the emiesion of neutrons leading to tne fifth

excited state at 1402 KeV in 48

Sc was meaaured. The error on
the partial widthe in th:ie experiment vary from 23% to 29%, tne
error on the total widtn | y being the major contribution. If

ldentification ie made between the resonancee 3, 4 and 5 with



the resnonayices at 1964 + 2, 1975 + 2 and 1982 + 2 KaV

obgerved by Vingleni et al in the 48

Ca(p,p)48Ca experiment,
the total widihe, as well as partial widths r\p have large
disagreement. The res-nance at Ep = 1.982 eV hae been re-
ported to be a combination of two resonances by Willijelm et
a13). Tne agreement between the experimental dats obtained by
thie group and the present work is good. The ditference in
the proton partial widthe may be due to the use ot single

level tormula in the present work.

Tne spectroscopic factor for the reeonance 4 can be

calculated from the expreezion 3 = (27 + 1) ([' / .
pp o - p sp

whiere r‘ep is ithe theoretical singl:- proton width evaluated
by Jones et al. We get a value of Spp = 1.09 + 0.26 which
agrees within experimental error with the factor Sdp = 1,03
for the presen*t level 1.2. the ground state of 49Ca determired

from stripping experiment.

1) K. W. Jones, J.2. gchiffer, L.L. Lee,dr., A. larincv and
J. L. Lerner, Phye. Lkev. 145 (1966)984

2) G.B. Vingiani, 5. Chiloei and ¥. 3ruyrestayn,
Phys, Letters 26B (17638)255

3) P. Wilhjelm,53.A. Keywortn, J.C. Browne, W.2. Beres,
M. Divadeenam, H.W. ¥Newszdn and E.G. 3ilpuch
Pnys. Rev. 177 (1969)1553

4) G. Chitosi, R.A. Riceil and G.3. Vingiani
Phys. Rev. Letters 20 (1963)159.
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7. Total Crose-Section iMeasurement in the 37011pln):7kr

Reaction - S. K. Gupta, S. 8. Kerekatte and A. 8. Divatia

37

- The (p,n) reaction on “'Cl target was invertigated to

identify the isobaric analog resonances in the nucleus 38Ar
correspcnding to tne parent nucleus 3aAr. Below the threshold
of thie reaction the analogse of 3801(1) and 38Cl (2) (we de-

note the nth excited state of 38 38

37

0l a8 “~Ci(n)) have been

observed in c1(p,c10)34s react10n1). Ae V'/D < 1 for
T < states at this excitation of the compound nucleus, many
8plit componente of the analogs have been observed. 1In the

energy range Ep = 1.64 - 2.50, scanned by us, the analogs of

3801(3--8) are expected.

A natural NaCl (24.76% 37Cl) target,~7.6 KeV thick for
1.7 MeV protone wae used. A 47T -geometry neutron counter
was used to measure the yleid ot the reaction, The data was
taken in 2 KeV stepe and wae reproducible. The absolute cross
pectiocn wae obtained using the absolute mearsurement of Johnson
et 312) in the same reaction. The abeolute croes section hae

8N error + 15%. The measured excitation function ie ehown in

Fig. 3.

The Coulomb displacement energy tor 3801 - 38Ar pair was
asgumed to be 6.405 MeV. The excitation eneréiee of the analog
states were ocalculated udal ng this value. As may be seen from
fig. 3,. there is an indication of two hroad stfucturee enve-

loping many narrow resonances. A very clear identification
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of analog statee is therefore not poseible, For a crude
analysis we derive an expreesion for the energy integrated
croes reaction using the expreseisn given by Johneon et a13)
based on the work of Robmson &% a14). An approximate expre-

sslon for the energy integrated oross section is
~ %) (M) L E = Conria- Lr(‘j’ \)ﬁ_JP
G‘P - ~j ox L2305
~-

where J 18 the spin of the resonance, Sn ie the epectro-
scoplc facter obtained from the (d,p) reaction and Pp is the
penetration factor. Uesing the (d,p) data the relative values
of ol~£ were calculated. The calcuiated poslitione and

itensities have been plotted in Fig.3. We find thet
eV 3 MV

‘, - R 4
/<. l-(" CLE/ fG‘.va!“ A r QA
Vs b,y 2rive MLy

In the range 1.925 MYeV to 2.150 MeV tnree resonanoces 4,5 and

1t

6 are exoected to ocrur and in the range 2.150 MeV-2.387 only

4)

resonance 8 12 expected. If we sseumed that there is no non-

resonant contribution, we get using expression(1) - CT’I(A)
to

// o IU{) = 0.96., This ie in good agreement with the experi-

mental value. Further measurements are necessary to draw de-

finite conclueions

1) B. Bosnjakovie,J.A.Von Best,J. Bouwmeester,Nucl.Phye.A94

(1967)625
2) C.H. Johnson, A.Galoneky and J.P. Ulrich,Phye.Rev.109
(1953)243

3) C.H. Johnson,R.L. Kernell and S. Ramavataram Nucl.Phye.
107 (1968)21

4) D. Robson,J.D. Fox, P. Pichard and C.F; Moore,Phys.
Letters 18(196“)86

5) J .Rapaport and W.¥. Buechner, Nucl.Phye.83(1966)30.



8. Elastic Scattering of Protons of 66Zn ~ M. G. Betigeri,

cC. M. Lamba, D. K. Sood, N. 3. Thampi{ and N. Sarma ~ Excita-
tion functlone of elasticmlly scattered protons from 662n
was studied in the ensrgy range of 2.660 - 4.1 MeV in steps

676& have been

of 5 KeV. Resonances in the compaund nucleus
observed at energlee corresponding to 2.909, 3.009, 3.200,
3.800 apd 3.943% MeV which are analoguee of the low lying
s8tatee 1n 672n nucleue namely 93, 184, 390 928 and 1142 KeV
exoitation. The analogue of the ground etate which is an

1 = 3 transition and the 602 KeV excited state which is an

1 = 4 transition as known from (d,p) studies are not excited
in the present atudy due to low barrier transmiesion. The

ehapes of the resonances at 3 anglee namely 90°, 125° and

165° indicate that all the resonancea have 1 = 1 shape.

9. Nileson Model Interpretation of the Iow-lying levels

of 27M5 - M.A. Eswaran - With a view to compare the properties

of the low-lying excited states of 27Mg(see article No.4) with
the predictions based on the single-particle collective model
of Nilsson1), the ¢alculations have been made for the branch-
ing ratios of the levels and multipole mixing ratios of the
gamma ray transeitions, as a function of the deformaticn

parame ter for both prolate and oblate assignments for 27Mg.
According to prolate assignment the first excited etate at
0.984 (3/2%) 18 the eecond membsr of the ground etate rota-

tional band based on tne orbit 9(1/2+) of Nilsson, where aa
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the oblate asszignment for 27Mg will leave this 0.9A4 MNeV state

ae the head of K = 3/2" band, based on the orbit 8 (3/2%).

The experimentally observed vd ues for the branching ratios
of the leveles 1,69 and 1.94 MeV and the multipole mixing ratios
of the transitions 1.94 —0.984 MeV and the 0.984 —= 0 NeV have
been compared with the above model calculations. Theee compa-
rions,ae well as the comparizon of the value of the decoupling
parameter required to fit the enersy sequence of the various
choices for the members ot the K = 1/2 ground state rotational
band ywith the model calculations,support the prolate assignment

%o 27

Mg corresponding tom = + 2( 3 = 0.15) with the choice of
levels at 0,0.984 and 1.94 eV ae membere of the ground etate
rotational band baeed on orbit 9. On this basis tne 1.69 MeV
(5/2+) s¢ate 18 conjectured to be the core excited etate,corre-
sponding to a vacancy in the orbit 5(5/2%),due to excitation of

a neutron from orbit 5 to orbit 9.

1) S. G. Nilsson, Kgl. Danske, Videnshab,
Mat-Fys., Medd.29 No. 16(1955).

(SHeJD)zaAl - M.A. Hswaran, . Ie=mail,

and N.L. Ragoowanei -~ Using an enriched isotopic target of 26Mg

10) The Reaction 26Mg

and 4.25 MeV beam of 3He particlee,proton groups feeding rpto

the fifth excited etate 1n 28A1 have been observeidl in the re-

action 26Mg(3He,p)2aAl,using a 600/u thick semiconductior de-
tector at 0° to the beam, Thie reaction has not been repar ted
+111 now in the publiehed literature. It is proposed to con-
tinue the studies on thie reaction with a view to obtain infor-

28

mation on the low lying states of “ Al by coincidence observa-

tion of prot one and the de-excitation gamma rays.



- 18 -

11. Angular Distribution of Gamma-Rays from 5900(p.n4)59ﬂi

51 51 * *
and ° V(p,n3)° Cr Reactions - B. Lal and Baldev Sahai - The

study of angular distribution of gamma-rays from the (p,n{)
reactions at low bonbarding energle2 yields valuable information
about the level espineg and multipole mixing ratios of the gamma
transitione, if the conditione are sultable for the validity

of compound nuclear (CN) etatistical model. Comparison of
experimental distribution with the predictione of the Hauser-
Feshbach-Satchler formaliem of the CN statistical model as
modified by Sheldon') by taking into account the effect of
gpin-orbit interactions enables one to extract electromagne tic

decay properties of the low-lying etates in the residual nucleus.

We have studied the 5900(p,n4)59N1 anm 51V(p,rH)S‘Cr re-
actions., The Q values for these reactions are-1.856 and - 1.5%4
MeV respectively. The negative Q values of these reactions
allow successive levele in the residual nuclei to be populated
near threshold by su itably varying the bombarding energy.

59 5

1
The targete of V were prepared by vacuum-evapora-

Co and
tion of chemically pure elements (purity better than 99.9:%) on

gold foile. Target thickneesees of about 800/ug/cm2 were achieved
'
by thie method.

The target wae kept at an angle of 45° with respect to

the beam direction and angular distributions were taken from

* Tata Inetitute of Fundamental Resenrch, Bombay.
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0° to 30° in steps of 15°. The corrections due to the absorp-
tion in the target backing and target holder were made by tak-
ing sngular distribution of gamme rays ot comparzlle energies

from radioactive sources under identical conditions.

In addition to the anguiar distribution of gamma-rays,
excitation functions of gamma-raye from these two reactiona
were slso taken using a 30 c.c. Ge(Li) detector kept at an
angle of 90° with respect to the beam direction. The excita-
ticn functions were taken with the sim to enesure that the
vield increases monotonically justifying the application ot
the CN statistical model. Each angular distrioution has been
averaged over two incident energlee separated by 50 KeV to

reduce the effect of level density fluctuations.

Fig.4 and 5 ahow the excitation function of gamma-rays
from the two reactions respectively. The excitation functione

show a reasonably smooth variation with energy.

Values of the Legendre polynomial coefficients obtained

by fitting the angular dietribution data to the expreasion.

w(e) = 1 + 8, g!eos 8) + a, P4(coa o)

are given below

Reaction Eq@?V) 3, a,

*'v(p,n¥) 748 = 0.154 + 0.080 0.044 + 0.0906
" 1170 - 0.0625+ 0.0782 0.0363+ 0.0931

%0 (p,ny) 340 - 0.0024+ 0.0786 0.109 + 0.0964

" 476 0.939 * 5,134 - 0.125

I+

0.170
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Theoretical calculations are in progrese. A computer

2)

program Haueer - Feshbach Model™” hae been modified to

extract multipole mixing ratios.

1) E. Sneldon, Rev. Kod. Phys. 35 (1963)795;E.Sheldon
and D.N. Van Palter, Rev. Mod. Phys. 38(1966)143.

2) KX.V.K. Iyengar, B. Lal and S.K. Gupta, Rucl. Phys.
A103 (1967)592.

12. Excitation Function for 75Aajp.n{)7530 Reaction - Baldev

Sahat", B. Lal®, K.V.K. Iyengar , P.J. Bhalerao and K.V. Vaze
-~ A 30 cc Ge(Li) detector has been used for tne measurement
of the yield ot gamma rays of énergies upto 1450 KeV from a
thick target of '2As. The 4 value of this reaction 1is

- 1.65 MeV. The excitation function was taken from Eps 1.5
to Ep = 4.0 MeV using a TMC 400 channel analyzer. Low energy
gamma raye were aleo studied separately by expanding the
spectrum 8o ag to cover the energy scale upto 550 eV within
400 channele. It is proposed to study gamwmA-gamma coinci-
dences to establish the levels in 7SSe about which there 1is
not enocugh published intormation.

15

*
13. Lifetime of tne 287 KeV level in ~Se - Baldev Sahai ,

B. Lal'. P.J. Bhalerao and H.Y. Vaze - 247 KeV state is the

7553.

Becond excited etate in This atate can be populated

either by position decay of 753r or by (p,n) reaction above

about 2 ifeV incident proton energy. Half of this state was

* Tata Institute ot Fundamental Research, Bombay.
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found to be lees than 2 nanoseconds by Labkowicz and Marmier1)

and 1 ns by Tubbez)

. However, a meaesurement by Richter3)et al
gave the half life ae 30 ne ae measured by a puleed beam Van
de Graatf accelerator where the start-etop pulees were the
287 KeV gamma ray and tne pulsed beam itself. To clear up
this controversy a measurement of the lifetime ot thie state
was carried out at Ep = 2.70 MaV. It 18 tound that the life-
time as measured by taking coincldennes between tné cascade
gamma rays ot energy 141 KeV and 287 KeV is adbout 35 + & n.s.
which seems to be in better agreement with Richter et al
rather than tne other measurements. The difficultiee arise
mainly because of interference by gamma rays of comparable
energles excited in 75As itself. Counting etatistice was

rather poor. It ies proposed to lmprove the counting statletios

of this experiment to give a more precise value.

14. Determination of Widtn and Resonamnce Emergy of the 7.01

1
MeV Level in OB and Comparison [ the Experimentally observed

Spin with Intermediate coupling calculations - M. Balal'riehnan,

M. K. Mehta and A.S, Divatia - The resonance energy and width
of the resonance around 7 MeV excitation in 1OB was determined
more accurately by shape titting of the elastic ecattering

croas section of alphas on 6L1. Since the level wae broad,it

wae not eaey to read the reeonance energy accurately from the

phase change in the interference shapee, The channel radiue



- 22 -

was not very sensitive to the shapes and 8o we have choesen

\(0 = 1.3 for 4He and W)= 01.7 for 6

Li, which gave a channel
radiue ot 5 fermi. Fig.6 shows the shapes calculated for two
angles of 90° and 141° cm.cqrreeponding to three possible re-
gonance energies, keeping the widthr1 constant, after averag-
ing over target thickness. From the relative ehifte in the
resona ce pattern, it can be seen that the resonance energy

E = 4.250 agrees better, than the other two cases. Fig.7 shows
the variation in level width [ for resonance ene rgy of 4.250
MeV. From the shapes at the two anglee ot 90° and 141° cm.,
it can be =een that tne width lies between the two valuez of
52.4 XeV and 130 KeV and more near to the 130 KeV value.

After various trial yalues a value or 110 + 15 KeV was fixed
for this level. 1In all these calculatione we nave used the

epin parity asetgnment1) of 2%.

From the large elastic alpha cnannel width it can be

saic¢ that thies level ig moat llkely a T = i state.

Fig.8 showe a comparison of the recent intermediate

10

couple calculations available in B, for normal parity state

with the 2% level analysed in thie study. From the two cal-

culations one by Amit and Katzz) and the other by Cohen and

Kurath3), it can be eaid that both theese calculations do not

Bhow & (2+,O) state around 7 MeV, though Cohan and Kurath
calcutation zhow better agreement with experiment. Since
there are no unaccounted levels in 1OB up to 10 MeV in Rurath's

calcuiations for a (2%,0) level, it ie quite unlikely that tnis
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level belong to the 1 p shell, if this epin, parity and
iecepin aseignment is correct. Then the most probable con-

figuration seems to be 1 5% 1p4(s,q).

1) M. Balskriehnan, M.K. Mehta and A.S. [ivatia,

» d Solid S .
701011 1938a)gyc c and Solid State Phys. Symp.India

2) D. Amit and A. Katz, Nucl. Phys. 58(1964)388
3) S. Cohen and D. Kurath, Nucl. Phys. 73 (1965)1.

15. The Reaction 19F(d§¥)170 - l.G. Betigeri, C.M. Lamba,

D.K. Sood, N. S. Thampi and N. Sarma - In the incident deu-
teron energy range, 2.0 - 5.2 ileV, the excitation functione
for the L - groupe corresponding to the lowest three states
in 170 in the reaction 19F(d,!!-)”0 and for the elastic
stattering of deuterons on 19? have been studied. The exci-
tation functions indicate tne preeence of wide structuiea.
The angular distributione on and off the reeonancee have bheen
measured. Ixamination of the correlation functions and the
analysi{e ot the angular distribution in terme of Legendre
polynomiale indicate 8 high direct reaction component. The
resulte are diecuesed in terms of the intermediate structure

model of Isgumo.

To be published in Energias Nucleare

16. Neutron Induced Reaction - d.G. Betigeri, C.M. Lsmba,

D.K. Scod, N.S. Thampi and N. Sarma - A counter telescope to
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dieerlminate between the charged particles i.e. protons and
deuterons, from neutron induced reactione has been eet up.
The reaction 19F(n,d) has been studied. The angular distri-
bution indicates an 1 = 0 traneition leading to the ground

180. The neutron tlux was measured by counting the

gtate of
ascociated oL ~ particlee in the reaction D(t,n)4He. The
absolute crose section at glab = 0° agreee with earlier
measured values. The angular distribution has been fitted
by DWBA theory. The computer code D¥UCK wae used with the
CDC 3600.

Thia work was done at the Cascade Generator, T.I.F.R.,
Bombay. Reported at the Nucl. Phye. & Solid State Phys.

Symposium,India (1969).

17. Angular Aniectropy of Fission Fragments in the Neutron

Induced Fission of 2350 -~ D. 4. Nadkarni and S. S. Kapoor -

Recent studiee ot the angular dietribution ot fission fragmente
in the fisslon of heavy nuclel following direct reactione have
indicated some evidence for a rather large pairing energy gap
in the tranaition etate spectra of even-even flesioning nuclel.
In the precent work the transition state nucleus 236U has been
investigated by measuring the angular distributions ot fiesion
fragmente in the fission of 235U induced by mono-energetioc neu-
trons of 20 different neutron energiee ranging from 0.1 to 3.3
HeV. The measurements were made with a eet-up coneieting of

three semiconductor detectors which recorded the energy speotra
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of fission tragmente emitted at the average angles ot 0°,45°
and 90° with respect to the incident neutron direction. The
relative s0lid angles of detection for tne three detectors
were experimentally determined ueing ieotropic fragment die-
tributions in the case of thermal neutron induced fiseion or
2350. For each neutron energy the angular anisotropy was
obtained by a least aquares fit to the measured angular dis-
tributions taking into account the anguliar resolution effects
due to the finite size of the target and detectors. The pare-
meter Ki of the assumed Gauseian distribution ot the K-states
at the transition state nucleus wae then determined for each
neutron bombarding emmrgy using the theoretical expression
for the angular anisotropy which includes the effecte of tar-
get spin and nuclear detormtion. The average orbital angular
momenta ot the fiesioning nucleus for different bombarding
energies were evaluated using optical model neutron transmi-
esion coefficiente. The observed variation of Kg with exci-
tation energy echows a steep inocrease 1ln the value of Ki at

an excitation energy of 2.0 + .1 MeV above the fission thre-
shold. This increase in the value o1r Kﬁ has been lnterpreted
ag the onset of two quasi-particle excitations ot the highly

deformed transition state nucleus, 236

U. At excitation
energies below the two quasi-particle excitation low values
of Kﬁ are expected, whereas fairly high yalues of Kﬁ were
obeerved in the present work. This suggests that the stati-

stical assumptiorn of a Gaussian distribution of K-statee below
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the two quasi-particle excitation energy may not be valid
becauee only a restricted number of vibrational K-states are

available.

Submitted to the IAEA Sympoeium om Phys.and Chemistry of
Piesion - Vienna, 28 July - 18 Auguet 1969.

18. On_the Constants of Charged Particle Identifier - S.K.
Gupta - Two methods to calculate the constants F and Eo for

the charged particle identifiers using the relationship,pro-
duct P= AE(E+ FA E + Eo) have been described. Such
constants have been calculated for silicon detectora. The
extensions to other detectors have been pointed out. The
limitatione of the methoﬁs in practical cases have been
discussed. A method to sct the conatantas in the actual mulli-

plier circuits has also been discuesed.

Reported at the Nucl.Phys. and Solid State Phys.Sympoeium
India (1969).

19, Monte Carlo Calculations ¢f Gamma Ray Response Chara-

cteristics of Cylindrical Ge(Li) Detectors - B. Lal® and

K.v.X. Iyengar. - Monte Carlon calculations have Been made to
compute the full energy peak efficiencies andi the double escape
peak efficienciee for right circular cylindrical Ge(Li) de-
tectors for point gamma-ray sources. The full energy peak

efficiencies are calculated in the gamma-ray energy rarge from

* Tata Institute of Fundamental Research, Bombay.
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100 KeV to 2.5 MeV and the double escape peak efficiencies
are calculated in the range from 1.7 MeV to 4.0 MeV A1ll
calculations have been made for source to detector dietance
of 5 cm. Various detector sizee have been considered with
surface area varying from 2.5 cm2 to 8.0 cm2 and the thick-
nees varying from 2.0 to 10.0 mm. The results are compared
with the calculations of earlier workers and aleo with eome
of the experimental investigations. A code "HMONTCARL" has
been developed for thie purpose in FORTRAN language for the
CDC 3600 computer. The eame code can be uBed to calculate
the response function of the detector to gamma-rays. One
euch calculation has been made for monoenergetic gamma-raye

and comparee very well with the experimental results.

206, Differential Equation for Logarithmic Derivative and Ita

Anplication - S.K. Gupta - Using a simple transformation the

radial Schrodinger equation has bteen traneformed into a first
order differential equation of the Riccati type. This equat-
ion offere pnseibilities for simplifying calculatione. It
hae been ueed to derive recursion relatione tor different
l-valuer and to calculate an asymptotic solution tor the
Coulomb potential. The equation can 8lso be ;pplied to

calculate the tranemiesion coefficlents and the elastic

scattering crose-section ueing the optical potential.

Abstract of a paper submitted at the Nucl.Phye. and Solid
State Phys. Sympoeium, India, 1969.
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21, Mossbauer Effect Studiee Following Coulomb Excitation

- J.X. Srivaetava', R.P. Sharma’ and K.G. Praaad.- Mossbauer
effect measurements were carried out on the 14.4 KeV state of
'STFD. populated in the Coulomb excitation by 4 HeV alpha
particles. The 14.4 KeV gamma ray was detected in coincidenoce
with 122 KeV gamma ray to reduce the general back ground in
the low energy region. A einusoidal drive with a stainlese

57Fe) was used to record the

steel absorber (enriched in
Mosgbauer epectrum(rig.9) It ie clear fron Fig.9 that such
studies can be carried out in favourable cases. In addition
to Coulomb excitatior, other reactions can aleo be used., Fur-

ther work in this direction i¢ being planned.

22. Perturbed Angular Correlation Following Coulomb Excita-

1on - A.P. Agnihotri, H.G. Devare, S.H. Devare, M.C. Joshi
and P.N. Iandon.-'Prevtoue preliminary measuremente on the
Coulomb excitation of target nuclei (pt,Au) in Iron mediun
(alloye, PtFe3) were reinvestigated with Ge(Li) detector.
Similar measurements on the rare-earth isotopes deposited

( = 100/ /ugm/bmz thick) on Pe foll were aleo made. Typical
epectra are ehown in tise Fige. 10 amd 1T,

It wae decided to make the perturbed angular distribution

194 196

of Coulomb excited gamma raye from Pt and Pt. A thick

target of Pﬂ'e3 wae fixed between pole tipe of a polari-

8ing electro-magnet. 1In order to avoid hesting during the

* Tata Institute of Fundamental Research, Bombay
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bombardmént, the target wae cooled by liquid nitrogen (coid
finger tip arrangement). The Ol -particle beam spot on tne
target was adjusted to coincide, within 1/2 mm, with the
centre ot the angular correlation table by a set oY colli-
matore. The centring wae checked by placing a radioactive
source at the poeition of tne target. The gamma rays were
viewed by four NaI(Tl) detector systems placed at different

anglee with reepect to the direction of the incident beam.

The intensity of the particle beam on the target wase
monitored by a surface barrier detector placed at a fixed
angle. The gamma ray spectra from the four detectore were
recorded in the four subg-oups of a multi-channel analyzer.
Angular distribution was measured. To study tne perturbation,
the polariseing megnetic field, which was perpendicular to the
plane of detectors, wae applied and measurements were recorded
for both directione of the fileld. Several similar cycles of
measuremente were mades These measurements indicated pertur-
bation of the angular distribution due to internal magnetic
field acting on the Coulomb excited nuclei. However, the
magnitude of the obeerved effect could not be estimated
accurately due to the poor energy reeolution of the detectors.
It ie planned, in tne next attempt, to use improved technique,

Ge(Li) detector and back-ecattered particle-‘f colncidences.

23. Study of the Thermolumineecence Behavicur of Solids under
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Atomic Displacemente - J. M. Luthra'- The machine was used

for irradiating crystale in vacuum with H* and He' ions.

For that purpoee the required target chamber was designead
and fabricated. A few samplees of single crystale of MgO,
CaCO; and BaS0, were irradiated with H' and He*ions (2-4 MeV
energy) for different doses. The current wae kept low to
avold thermal annealing. The main aim of such irradiation
i to introduce atomic displacemente in the crystale and to
study the role played by them on the thermoluminescence
behaviour ot eolids. It has been observed that the particle
irradiastion of theee crystals induces thermoluminescence
peaks in their glow curves which is not induced by ionising

radiations.

* Chemistry Division
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INSTRUMENTATION

1. A Target Chamber for Cnarged Particle Capture Reactions

- M. Iemail and M. A. Eewaran - A thin-walled target chamber
with provision to mount water-cocled targets on metallice
backing, has been desaigned and has been fabricated in the
divisional workshop. This chamber, made ot 5 cm diameter,
0.8 mm thick stainless steel tube, is particularly suitable
for the use with the 30 o Ge{(Li) gamma ray detcctor in

charged particle capture gamma ray atudies.

2. A Nanceecond Time-to-Ampliitude Converter System for

Neutron Time—of-Flight Studies - N. L. Ragoowansi and M. A.

Eewaran - A time-to-amplitude converter eyatem for nanosecond
region, tor neutron-gamma ray coincidence studies in nuclear
reactione has been constructed to enable neutron time-of-flight
atudies using tne eseociated gamma ray to give the starting
signal. This time-to-amplitude canverter, associated with a
fast-8low coincidence system, is based on-circuitry published
in reference1). The linearity of the time-to-amplitude conver-
ter has been checked in the range 5 to 150 nanoeecondes ueing

a pair of scintiiiation counters and a 6000 gamma ray radio-

active source.

1) R.B. Tomlinson and R.L. Brown. IEEE Transactions
on Nuclear Science (1964)p.28.



INDIAN NUCLEAR DATA GROUP

*
li. Balkriebnan (Seoretary), H.G. Devare , A. 8. Divatia
» 5 ’
(Convener), S.S. Kapoor, D. N. Kundu , V. C. Deniz, B. P.

Rastogi and N.S. Batya Murthy.

1. Progress Report on Nuclear Data activity - a report
entitled "Progrese Report on Nuclear Data Activities
in India V" wae compiled and publiehed as a B.A.R.C.
Report (BARC-401).

2. Participation in CINDAAactivity was continued by esending

the relevant data in CINDA forme to IAEA.

P Three more entries were sent to VASTAR (Data Storage

and Retrieval System).

4, ENEA Computer Programme Library

In connection with computer programme Library, eight
programme abstracts were eent to the computer program library
of tne European Nuclear Energy Agency. Theee abeéracte are
to be included in the compilation ol the computer programme

abstracts published by ENEA.

A few programmes on magnetic tapes which were requested,

were recelved from ENEA for use in India.

*

Tata Inetitute of Fundamental Research, Bombay

-+ ¥

Saha Institute ot Nuclear Phyeics, Calcutta
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5. Measurement of Crose-Sections

1) 480a(plp)488c Reaction

The abeolute total croee section for the reaction

48 n)48

Ca(p, Sc has been determined in the bombarding energy
range 1.90 to 2.05 MeV in 0.6 KeV steps. The total widths
and partial proton and neutron widtns of the resonances have

been obtained.

11) 37Cl(pjn)37Ar Reaction

The crose section of the 37Cl(p.n)37Ar reaction has
been measured in 2 KeV stepe at proton energles ranging

from 1.64 MeV to 2.50 MeV.

Two meetinge of the INDG were held during the period.
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