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INTRODUCTION

Thie report covers the period of operatioan of
the 5.5 eV Van de Graaff Accelerator at Trombay from
let January !'970 to 31et December 1970. The accelerator
has completed 9 years of operation and has been working

on a round-~the-clock 7 day week basis from the end of 1964,

The five-port beam ewitching magnet designesd and
fabricated in the laboratory has been under continuous
opearation since April 1969 and has been giviang very

gpatisfactory verformance.

The data analyzing facilitiee of the laboratory
kave beesn supplemented by a two-parameter 4096 cnannel
(Nuclear Data Inc.) analyzing system with the line printer
and paper punch unitse and a two—parameter 1024 x 400
channel 1nalyzing system (Electronics Divieion, B.i.R.C),

both received during the year,

A number of research experimente have been carried
out during the period and theese are summarized in this

report.

A 400 KeV (P¥ 400) Van de CGraaff accelerautor has
been installed in the beam room of thie laboratory. Though
the presently avai lable shielding precludes the use of this
machine for experiments waich need nigh neutron flux, it
is now used for the study of chanmneling and blocxing ol protw na

through single crystals.



I.

ACCELERATORE OPERATION

Analysis of Machine operation

Machine Run
Total time available from
1at Janusry 1970 to 318t December 1970 8760 Hours

Holidsy observed during the year 24 Hra.
Time utilized for major maintenance 312 "
T1m§ utilized for routine maimtenance 216 ¢
Time lost due to chiller failure 154 "
Time loat due to power failure 7 *
Time loet due to water fallure 16 "
Time lost due to non-availability of liquid 43 M
nitrogen

Time lost due to breakdowns * 2641 "
Total time machine run | 5276 ™

‘Research utilization

——————

Time ueed for research experiwente 3569 Hre.

Timetlost due to failure of Alrconditioming 696 "
plan

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

Total 5276 ™

* 854 Hours have beer spent in transferring

insulating gas and pumping out air from the

accelerator tank.



IT. Modifications and additione to the accelerator

1, A new 4-element beam steerer unit has been
designed and fabricated in the laboratcry. This
has been installed in the beam tube before the 5-pert
awitehing magnet to improve the {ransmission and
help in aligning the beam through all the five
ports.

2. The gas manifcld has been medified to vreduce the
number of couplings,thus minimieing the possibility
of gag leak into the accelerating tube when the

tank is pressurized.

A new and sompact gaz manifold ueing leak
proof valvees and threaded '0O' ring - sealed
couplinge hes been deeigned and is under fabrica-
tion in the Nuclear Physics Workshop.

3. A microswitch operated water supply failure alarm
has besen fabricated and installed in the pump
cooling water feeder line.

4. A new current control unit has been fabricated
and this, together with the R.F. type High Voltage
aupply (50 KV) obtained from the Technical Phyeics
Division conatitutes a complete staniby system for

"the belt charge power supply.

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

aralyzing system with line printer and paper punch

unit =nd another two parameter 1024 x 400 channel



(BARC) analysing system have been added to the

data analyaing facilities of the laboratory.

I1X. Major breakdowns

9

2.

3.

There was a breakdown of the air conditioning
system in March due to defecte in the plant and
the cooling tower blower. Though the sccele-
rator was running,the experimerntal programme

had to be put off for about three weeks before
the system was put under operation.

A leak of the ineulating gae into the accele-
rating tube was noticed when the tank was heing
pressurized in the middle of July 1970. The

leak was traced to a point of the sealing of
glees r--ion inthe ac}:elerating tube head. This
was sealed with araldite snd the defect rectified.
The machine operation was again hindered during
fhe Qctober-ﬁofember period due to pressure

leaks into the accelerating tube. A number of
days of machine time was lost in the 1eak‘chasing
process a8 the leak was intermittent. Tne leaks
were ultimately traced to couplings in the gas
manifold assembly. Modificatiors were then
carried out in the existing gas manifold to

minimiee the recurrence of such breakdowne.



IV. Accelerator components

1. JTon Sources: Ion sources to be used with the accele-

rator are fabricated in the labcratory eince 1965. These
are giving aatisfactory service, giving an average sourase

life of over 1000 hours,

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

used for feeding the varioue gaee= into the source bottla

are fabricated in the laboratory. A modification in the

fabrieation process nas 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 haes been removed. After proper cleaning and
polishing, the chamber and the flange has been reassembied

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

been sealed using vinyl thermo-setting compound. A chamber

is being designed to carry out voltage and pressure tests

on this assembly.

4, Miscellaneous comporemnts: Various accelerato:r

replacement éomponenta are now fabricated in the laboratory.

These include corona points, charge spray combs and spray
assembly,high voltage bushinge, belti spacers and columa

reelstor ascembly.

V. Five Port Beam Switching Magnet

The five port beam switching magnet designed and



vi.

VII.
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fabrieated in the laboratcryl) hage- been under continuous

use with the accelerator since April 1969.The slit conirolled
feed back system is working very satiefactorily resulting

in extremely good beam stabilily.

1) Five Port Beam Switching magnet for use with the

5.5 MeV Van de Graaff Aecelerator - T.P. David,
N. Sarma, P.R. Sunder Rao and M.Bhatia,BARC-372(1968)

PN 400 Van de Graaff Accelerator

The 400 KeY Van de Graaff Machine originally
inatalled in the Zerlipna 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, conereve blocke and lead bricke. However,
it was found that thie wae inédequate to high flux
neutron work. The accelerator is now being used 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 crystale for the study of thermo-luminescence

characteristice through atomic displacements.

Development Projects

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

Graaff Ton sources -~ S.N. Misra .nd M.R. Dwarkanath - A

test bench e/m analyser system hac been built and tested.
It separates doubly charged helium ions from other ions

coming out of the lon source and selectively injecte the



eame into accelerating tube. This system when used witk
5.% MeV Van de Graaff accelerator, will then produce
helium ions of energles upto 11 MeV, thus enhancing the

energy range of the aeccelerator considerably,

The pre-separation ie achieved by a crosced
field arnalyser in which the beam axie is unaltered and
it coincides with the axie of the =qcelerating tubes. A
fixed magnetic field of 900 gaume ie produced acroes a
pole gap of 3.5 cms. by & bank of 24 ceramic permanent
magnet wafers and a continuouely variable electric field
is produced by applyving 0-1600 volte across a pair of
parallel plate electrodes kept 2.5 cm= apart. A 35 om
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 singel lens which produces focuasing without accele~
rating the ions and this immensely increzses the resolving
power of the apnalyser. The echematic of the system is

ghown in Fig.1.

Ton current of the analysed bean can be monitered
by connecting faraday cup to an ion current meter. ¥ig.2
showe a plot of lon current againat deflector voltage by

feedirg 4He.3He and 40A g2ses into the lon source.
Various peaks had been assigned on this graph azd the

deflector voltages were measured at which the peaks appear.

A graph of ’Z/H plotted against deflector voliage is



shown in Pig.3. The ocloseness of experimental peinte
t0 the straight line confirms the asaignment fer the
varisus peaks. It san bs seer that the He'* yield from
the test bonch 2ssemdly is 1 to 2 microamperes.

Reported 1t the Nucl.Phys. and Solid State Phys.Symp.
(India) 1970-



RESEARCH EXPERTME RIS

1. A Doorway State Observed as a Resonance in the
35

Gl(p,po)3501 Reaction - S. K. Gupta, S. S. Kerekatte,
* * ¥ * -

S. Swami , M, R. Dwarakanath , K. K, Sekharan and

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

scattering from the 35

Cl nucleus from Ep 1ap™ 2-580 MeV
to 2.620 MeV. This reaction was etudied to look for

the isolated bound doorway states having a large ccupling
to the entrance chamel. Doorway states were postulated
to deascribe microscopicelly, 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 is=olated
doorway estatee with a large decay width to the entrance
channel, the experimental identif ication becomes definite.
ngne1)hae theoretically investigated the elastic
ecattering of neutrons from the aingle closed shell even-
even nuclei. Hie calculations are approximate and are
applicable to & very limited number of casea. The cil-
culstions for other casee are not actually available,

The major difficulty in solving the doorway state problem
theoretically is to deal with the complications of the

*

M¥ember of I.I.T., Pcwei,Bombay-75

**+  RFow at the Califormn a Instiiute of
: Technology, California, USA,

2%  Now &t the University of Eentucky,USA



nuclear structure as well as the nuclear reaction cal-
culationas. Here we are describing briefly our results
and an approximate comparison with the theoretlcal

oslculations,

The 5.5 MeV Van de Graaff accelerator was the
source of protons. The targets were prepared using NaCl
having 3501 enriched to 99,32% on caroon backinge. The
scattered particles vere detected using four soli& state.
detectorg at lab. angles of 989,113.8°,138.5° and 155°.
The data was taken in 2 KeV steps. Bosnjakovic et 812)
have already investigated the 3scl(p,aco)323 reaction in
th.e same energy range. We show in Pig.4 their results
glong with our data. A resonance at Ep lab = 2.463'Mev
with a width of 16 KeV appears only in the proton channel,
As tihils resonance anomaly appears at all the four angles,
it is consistent with an lp = 0,d" = 2*aseignment. This

aseigmment is not unique.

The calculations of Payne1)reveal that the isolated
bound doorway states should appear =t an‘incident energy
of 2 to 3 MeV with a typical width of 50-100 KeV in neutron
elastic scattering. Taking into account the Coulomb effecta,
the width of the doorway state changes from 100 KeV to 15
KeV for »!,p = 0 protons at Ep = 2,0 MeV, Glaudemans et
a1?) have 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 51/2 and d3/2
subshelle, the doorway states c= have only (81/2)3
(d3/2)5 or (51/2)4 (d3/2)4configurations. Glaugemans

et al fiml a level at an excitation of 10.5 MeV with

J7 = 2*,7 = 0 1n 2CAr with a 674 (51 /5)7(d5 ) and a
1% (51/2)4(d3/2)4 configuration. The reaonance observed
by us correspondes to a state in 36ar at 10.9014+.005 MeV
with 2 ¢c.m.width of 15 KeV. Thue our observations are
coneistent with the expected tenaviour of the doorway
states as calculated by Payne as well as the shell model
calculatione for bound states which will not differ
subetantially for the unbound states. Purther work is
in progress on this problen.

1) G.L. Payne, Phys. Rev. 174(1568) 1227

2) B. Bosnjakoviec, J. Bouwmeester, J.A. Van Beet
and H.S, Prays, Nucl.Phys. A114(1968)7

3) P.W. Glaudemans, G. Wiechers and P.J. Bruesard,
Hucl.Phye. 56,(1964) 529;56(1964)548.

2. Evidence for doorway States in 2981@;,n)328_

Reaction - M., Balakrishnan, M.K. Mehta and A.S. Divatia
- Since Block and Feshbach1) and Kerman et a12)suggeated
that simple modee of excitation of compound nucleus might
lead to structures with widthe intermediate in value
between those of the states in compound nucleus forma-
tion, and thoee of single particle resonances, many

at tempts have been nade3‘4) to ident ify these estatea in
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ruclear reactione. According to Feshbach et 314)doorwqy
states will be most readily observable if the number of
open channels which are detected experimentally is small,
so that total oross-section in & neutron induced reactionm
is lesst sensitive to the preasence of doorway statea,
Hence the moet suitable case for detection of a doorway
state is in the eross-section measurements for ligﬁt
suclei at low energies, wherein the spreading width r‘“
g¢an be relatively small. From this point of view the
reaction 2981(0&,!1)328 peems appropriate. :

Fig.5 shows the experimsntal data, the details
for which are given elaewhereS). There ig good agreement

between the two separate sets of data.

An examination of data shows following details.
(a) Resonances are about 10 KeV wide,and 2%;; > 0.3 for
the region of excitation around 10 MeV in 33S. Thie is
in agreement with the widths and <I'>/< D>  ratio
known for >>S in thie region®’7). (b) There s an
indication for the presence of gross strﬁotures,super—
posing the finer variations im cross-sectinns with energy.
(o) The groams structures are not distributed at random',
but there is & regularity in the distribution of widths
and energy spacings of these structures. (d) The cross
sestions show more intense peaks wifhin each of these

brogd structures than in between then,
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The excitation function averaged over 100 KeV
is éhown in Fig.6,where structuree of width around
279 KeV with spacing of 500 KeV are present. From
observation (a), it can be seen that we are not in the
region of excitation whete Ericeon fluctuationaa) are
valid. This is alao supported by the feet (n,c<) and
(n,p) correlation exiateg) in 725 and that compound
nuclesus crozs-sections are not damped. Hence
accidental lumping of resonanee states as diescussed by

Singh et a1'?)

s, Wherein spurious "intermediate" like
structures are built up, can be ruled out. For the
region of excitation where <M>/ep>°  is not
too large and correlation exizte between various
entrance or exit channels, the structures have been
qualitatively explained as due to statistical fluctua-
tions in .ne average level densities of the compound
nuclei involved11). From the obeervations (b) and (c)
above, it is improbable that such an explanation c¢an

account for these structures.

A more realistic possibility is t0 explain
these structures as due to simple modes of excitation
of the compound nucleus. The reduced alpha width,for
the eingle particle Wigner limit 6% = 312/ sum2 54

430 KeV which is twice as great as the observed width
270 KeV. Doorway states described ae three quasi-

particle statee can account for & width of about 200 to



Skakin'?),

250 KeV for nuclei in this mase region4).
and Tande and Blook'>) estimated that the number of
three quasi-particle statea that can occur per MeV
energy spread is around three, in this region of excita-
tion for medium heavy nuclei. Thie is consiestent with
the separation of 500 KeV observed for light nuclei asg

in the present experiment. Since each three quasi-
particlc 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 & unique angular momenfum can be attributed
to each of them. The expected spreading of the doorway
states over many compound nucleap states (observation,

d) may make it more difficult to obmserve this,

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

2) A. X, Kerman,L.S. Rodberg & J.E. Young,Phy.Rev.Lett.
11,(1963)422

3) 1) H. Ikegami and G.T. Enery ;Phys.Lett.13,(1964)26
i1) K.K. Seth; Phys.Lett.16 (1965)306

4) H, Peshvach,A.K. Kerman and R.H. Lemmer; Ann.Phys.
(N.Y.) 41,-(1967)230 .

5) M. Balkrishnan, K.K, Sekharan, M.K. Mehta and
A.S. Divatia, Proceedings of Nucl.Phys. & Solid State
Phys.Sycp, India Decemder 1963,p.57

6).P.M. Endt and C. Van der Leun; Nucl.Phys.A105(1967)216
7) A.D. Carlson and H.H. Barschall;Phy.Rev.158(1967)1142
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8) i) T. Ericson; Phys.Rev.Lett.5,(1960)43C
11) T. Erioson; Ann. Phys,(N.Y.)23(1963)390

9) A, Agodi, G, Pappalardo, R. Ricamo and D.Vineiguerra;
Nuovo Cimento 23,(1362)1135

10) P.P. Singh,P. Hoffman-Pinther and D.¥, Iang;Phys.
Lett. 23,(1966)255

11) 1) G. Calvi, R. Ricamo, A. Rubbino and D.Zubke;
Nucl. Phys. 48.(1963)408

11) A. Agodi and G.Pappalardo; Nuel.Phys.47(1963)129
12) C. Shakin; Ann.Phys.(N¥.Y.)22(1963)373
13) A. Lande and B. Block; Phys.Rev.Lett.12(1964)334

64

T A Study of the Ni(p,n)640u Reaction - S. S.

Zerekatte, S.K. Gupta and A.S. Divatia - The (p,n) re=-

64Ni target, was igvestigated to ldentify the

a2ction on a
isobaric analog fesonances in tue nucleus 650u,correspond—
ing to the parent nucleus 65H1. Recertly, this reaction
has also been studied by the Duke Group1) from Ep = 2,5

-~ 3.3 MeV. 1In the energy mnge Ep = 2.5 = 5.5 MeV scanned
by ua, strong resona ces have been observed which are

superimposed upon the Ericson type statistical fluctuations.

A metallie °4Ni target (enriched to 97%) was
prepared by evaporating 64Ni metal from & heated tungsten
ribbon on to a tantalum backing foil. A 47T -Ageomstry
neutron counter was used to measure the yield of the
reaction. The absolute eross=-section has not been

extracted. The relstive ecross-section is ascurate to
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within 4 5%, The measured excitation funciion is shown
in Pig.7 (a) end (b).

The threchold of the reaction has been observed
at Ep = 2,500 + .005 MeV. The ave mge cross-seotion
gradually insreases with the incident prothn energy due
to the inerease in the penetrability factor. The eorosa-
gection shows fluetuationa. The sverage width of the
compound nuclear levels 1s calculated to ba-v7i1.5 KeV,
using the peak courting method2) &#nd hae been approxi-

mately sorrected for the experimental resolution,

The g.8. apalog of 65N1 cannot be obearved
because it is due to Rp = 3, The Duke group obssrved
the aralog of the first excited state at Ep = 3,217 MeV,
Aeccordingly, the other analog resonmces are expected at
Ep 1ap = J+471, 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
spectroscopic factor for the parent etates observed
through the 64N1(d,§)65H1 reaction3) and the penetration
factor critgrion, the resonances at 3.861,4.591, 4.779
and 5.328 MeV are strong. Experimentally, we cbserve o
strong resonances at Ep tab = 3.895, 4.620 and 4.790 MeV,
eorresponding to the expected resonamces. Strong reso-
nances are observed at Bp 1ap = 3.235,4.310 and 5.470 MeV
which do not correspond to the known levele in 65N1. The
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resonan ce at Ep = 3.895 MeV is having the asymmetry

predicted by Robson et a14) in the (p,n) reactionsa.

A more detailed analysis of the data is in

progress,

1) J.C. Browne, H.W. Hewson, E.G. Bilpueh ®&nd G.E.
Mitchell, Nucl.Phys. 4153,(i970)481

2) A. Var der Woude, Nucl.Phye. 80 (1966)14
3) R.H. Pulmer and A.L.McCarthy,Phys.Rev.131(1963)2133

4) D, Robson,J.D. Fox, B. Richard z2ni C.F. Moore,
Phye.Letters, 18(1965)86.

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

work the observation and study of the isobaric analogue
gtates of 67Zn in the compound nucleue 67Ga which ie

formed by the proton bombardment on 662n is reported.

Excitation functions at three ecngles G°m= 909,
125° and 165° were measured in the incident protons energy
range of 2,9 to 3,9 MeV. A thin target of 6620 (enrichad
to 90%) evaporated on thin carbon backing (10/ug/om) was
bombarded with protons from 5.5 MeV Van de Graaff accele-

rator. The error on the measurement is 2% including the

atatietical error.

At high excitation energies in medium weighys
nuclei the level width is much largsr than spacing. On

this background of compound nucleus states of isospln T
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the analogue state with isoepin T stande out ae an
anomaly in the oroes section. Interference also occurs
between potential and resonant scattering. These

anomal ies have been observed in 67

Ga which are analogues
of 93, 184, 390, 978 and 1142 KeV levels in 67Zn. The
gtates analogues to the ground and 602 KeV states could
not be obeerved becanee of high values involved. The
resonanges have been fitted with the program BRIGIT as
modified for the CDC-3600 computer' ). Values for the
resonamnces energy total width and partial widths are

obteined. The results ara shown in Table 1.

Table 1
Energl es Previous
of levels assignmente Present assignments
in 67Zn J r r'-’ 1 J
184 3/2° 3.62 0.04 1 3/27,1/2°

978 5/2%*  10.54 0.34 1 1/27,3/27
No unigque fit 2 5/2%
1142 1/2° 14.10 0.7 1 1/27,3/2"

The { and j values for the various resonarces
agree with the results obtained from (d,p) reaction data
except for the 978 KeV level. The praesent experiment
suggests a value of l‘s 1 for this resmonace. No unique.
fitting can be obtained for this level for & = 2 assignment,

1) M.G. Betigeri,C.M. Lamba, N, Sarms,D.K. Sood and
N.S, Thﬂnpi,lucloPhyﬂ-A1 22(1969)465¢
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5. Study of Analogue States of 73@9 through

Inelastic Proton Scattiering - M.G. Betigeri,C.M. Lambda,

¥, Sgrma, D.K. Sood ard N.S. Thampi - In thie work levels
are observaed in the compound nucleus, 73As which are
analoguesg of the states of 73Ge through the proton
bombardment of 72Ge. The levels of 73As decay by proton
emisgion to the first excited state of 72Ge, a (0 )etate
at 0,631 MeV; this in turn decaye to (0') ground state
by electron conversion. The elactrons were detected by
a 8ix gap "orange" beta ray spectrometer with a {rans-

mission 10%; It is described elsewhere in this report.

A patural Ge target of thicknese approximately
30 microgram cm 2 wae bombarded by protons in the energy
range 3.30 MeV to 4.80 MeV. The excitation function is
shown in Fig.8, Seventeen analogue states corresponding

13

to various parent levels of “Ge in the energy range of
13 eV to 1310 KeV have been identified and are listed
in Table 2. The energy poeitions agree well with the
results1'2)obtained from 72Ge(d.p).73Ge(p,p) and

72Ge(p,p) reactions.

Further analyseie to determine the total snd
partial widths, the spectroscopic factors and the nature
of states 1s 1in progress,

1) G.Heymann,P.Van der iferwe,I.J. Van Heerden and
I.C. Dormehl - 3. Physik 218 (1969)137

2) M.G. Betigeri,C.M. Lamba,N. Sarma,D.K. Sood and
¥.S. Thampi - Nucl.Phys. A133 (1969)465.
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Table 2
Resonamse Ener Energies as observed in
Humber  (KeV) "26e(a,p)  Ge(p.p') T2Ge(p,p)
I 13 13 - 13
11 65 67 67 -
IIT 370 368 - 368
Iv 400 396 - -
v 515 512 498 -
VI 570 563 551 -
VII 673 666 656 -
VIII 725 727 - -
Ix 805 - 825 -
X 860 864 867 -
X;I 900 904 - -
XI1X 930 926 918 - -
XIII 1055 1051 1039 1063
- XIV 1130 1141 1132 -
' Iv 1180 1176 - -
XV1 1250 1274 - -
XVII 1310 1322 1318 -

* Assuaing Coulomb energy displacement = 9053 KeV

6. Pransient Pields cn 103& in Pe at Low Recoil
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Energies - S5.K. Bhattacharjee*,H.G. Devare*,H,C. Jain*,
M.C. Joehi and C.V.K. Baba - Traneient magnetic flelds at
nuclel recoiling into ferro-magnetic materiale in INPACT
experimentie have beer dlscussed by Grodzins” « In most
of these experiments the recoil energy is about 10 MeV.
Varga et 212) made measurements on the 298 KeV (3/27,

T = 9.1 ps) and 360 KeV (5/27, T = 85 ps) states in
103Rh with a Fe51_5 Rh48.5 alloy using Coulomb excitation
by 2.5 MeV protons. They found the presence of large

transient flelds even for recoil energice below 100 KeV.

103Rh ie a sulitable case for etudying transient
field effects because it has two ata'tee eaeily excited
in Coulomb excitation having haif-livee differing by a
factor of ten. PFurther, 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 2 at
% Rh-Fe slloy ua ng Coulomb excitation with 5.0 MeV alpha
particles. We have made Integral Reversed Field (IRF)
measurements with a polarising field of 1 KG using a 20 cc
Ge(Li) detector. The rotstion angle WT in the angular
distribut ion wae measured for the 298 KeV and 360 KeV
gamma rays. The values of WT obtai ned are shown in
Table 3, together with the results of other workere. We
note that the sign of W'T ie poeitive for both the
etatee. If we sssume that the g-factors of both these

states are positive, this indicater that{ no large iransient

* Tata Institute of Pundamental Remearch,Bombay-5,
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fielde are preeent as reported in ref.2).

Aesuming that traneient flelds are absent and
that only the static field H = - 540 KG>) aote, we obtain
£(298 Ke¥) = 1.15 + 0.31 and g(360 KeV) = 0.48 + 0.09.The ratio
g(298 KeV)/g(360 KeV) = 2.4 + 0.8 ie in agreement with the
value 1.7 + 0.4 obtained by Miller et 214} who used the
method of recoil in gas, This ratio is also consistent
with the value 1.8 expected on the basis of the Core
Excitation Model. Thus this experiment suggests that no

appreciable traneient fielde are presAen_t in this case.

This work was reported at the Internmational Conference

on "Hyperfine Integrations detected by Nuclear Radiationa” -
held at Rehovot, Israel (1970). -

1) L. OGrodzine, Proc.Roy.Soc.A311(1969)79

2) L. Varga, 1.Dmeter,L. Kaszthllyi,L.Pocs and
Z. Szokafaliv-Nagy,Phye. Letters 294(1969)171

3) D.A. Shirley,S.S. Rosenblum and E. Mathias,Phys.
Rev.170(1963)363

4) T.R. Miller, G.D. Sprouse, M. Takeda and S.S. Hanna,
Bull.Am.Phys.Soc.14(1969)1172

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

[\,
—r

P.K. MoGowan and P.H. Stelson, Phys.Rev.109(1958)901



Table 3

Summary of angular precession (WT ) and ¥ for levela in 103pn
T ST
Ene rgy(KeV) (p») Present worka) Varga et alb) Roney et alc) (Present work)
208 9.140.7%) 4 0.02910.007 - 0.01740.004 - 0.000440.0050 (1.1540.31)°
i (1.41+0.42)%
360  85.2+6.1%) 4 0.108+0.014  + 0.030+0.012 + 0.099 0,007  (0.48+0.09)°
| (0.49+0.09)f

5 at % Rhf'e alloy; 5 MeV alpha particles
ref.2) Pegy .5 Bhyg 5 alloy;1gt5 MeV proions
ref.5) IMPACT; : 30 MeV O ione
ref.6)
assuming zero_transient field effeot;H = - 540 KG3)
T atatio
ageuming Jfﬁﬁt) dt = 1.24 MG PS.
]
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Te Coulomb Excitation of Selenium Isotopes
(74,76,17,78,80,825, _ ), p. Agnihotry ,K.P.Gopinathan ,

M.C. Joehi” and K.G. Prasad - A thick target of selenium
natural meterial was exposed to alpha partiocles from the
5.5 MeV., Van de Gresaff aeccelerator at Trombay. The

~ -rays emitted from the target were detected by @ high
resolution Ge{(Li) detector (20 cec) (Fig.9). The gamma=
rays corresponding to Coulomb excitation of different

7482

isotopes Se were ldentified. From measurements of

tlilck target yields corrected for their natural isotopile
abundances, the relative B(Ea)i vélues were determined.
Using & well-known B(Ez)} value of 21 level of 7839.
absolute values of B(E;)} in -unite of (10'50.92.cm4)
for all the other gamma-rays were determined. 77Se 1
(23+2), (19.6+2.0),(1.0+0.2) for 440,240 and 250 KeV
levels respectively. 7439: (48.0415) for 635 Kev(2%)
level, 7633:(45:4) for 560 KevV(2%) 1eve1,7889:(58.4:.8)
for 612 Kev(2%) 1level, 8039:(27.6:2.5) for 665 KbV(2+).

8

level and 289:(2034) for 654 Kev(2%) level. The B(Ez)§'

value for 'Se is new. The B(Ez)i value for 250 KeV
level in 7789 18 more accurate compared to the earlieil
value obtained from unresolwed gama-rays 240 and 250
KeV using NaI(T1l) scintillation detector. Our improved
value is in good agraement.with the value obtained from
the half life measurements of this level. From the

*Peta Institute of Fundamental Research,Bombay=5.
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obge rved B(Ez) values the r.m.s. quadrupole distortion

/Q r.n.p. e deduced for the Selenium isotopes.

3a Study of low lying levels in 5101- and - N1

- B.Lal" and Baldev Sahai’ - The low lying levels im
Yor and *?§1 have been excited by means of (p,nq)
reaction on 51y and 59(2!0 targetsa. The angular
distribution of ground state electromagnetic tranasitions

from 0.749, 10165| 1.353, 1.479 and 1,557 MeV states in
51

-

Cr and 0.339, 0.455 and 0.879 MeV states in 2 Ni have
been measured at the incident proton energies slightly
above the threshold for the excitation of the reapective
states, so that the major contribution to the reaction
cross—-section comee from the e-wave neutroms in the

cutgoing reaction channels,

The angular dietribution of various gamma rays
obtained were "least-squares® fitted to the even oxder
Legendre polynéminl expansiox-z and the coefficients of

expanaion were obtained,

The theoretioal calculatl ons were made using
Sheidon and Van Patter's formalism of Hauser Feshbach
Statistical model assuming various possible spins of
the levels under inveastigation with values of muitipole
mixing ratio parametsr of the tramsition varying Ifrem
- @0 to + @o . The experimental results obtained wexe

% fatw Inetitute of Fundamental Research,Bombay-5.
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then compared with the theoretical results whence the
epins of 0.749, 1.165 and 1.479 MeV levels in °'Cr and
0.879 MeV level in 5951 have been confirmed to be 3/27,
9/2~, 11/2° and 3/2° respeotively.

*
9. The level structure of 7536 - Baldev Sahai end

B. m* - A large number of gamma-ray spectra have

been recorded from L&

As4p resction for inocident proton
energies from 1,50 MeV (which is below the threshold

of (p,m¥) reaction) upto 3.75 MeV by bombarding an
arsenic pellet (an "infinitely thiok" t'arget for the
incident energies used in the experment). A 30 c.c.
Ge(ILi) detector and & 400 channel TMC analyser 'were

uged for recording the data. Spectra were alse obtained
usaing a thia sreenic target deposited on & thin carbon
£ilm and utilizing a 4096 channel Nuclear Data analy-er,
Thus the excitation functions cf verious gammaxrays
arieing from 75As(p,ni7 58¢ reaction together with their
precise energlies were obtained. The gsmma raye observed
were attributed to varioté levels in .758e based on their
thresholde and exeitation functions, Thé cascade
transitiona in 7580 were further investigated by studying
ganma~ganma coincidences using the 30 c.c Ge(I.i) detector
for the gated epectrum and NeI(T1l) detectors for the.
‘gated spectrum and NaI(Tl) dsvectors of #" aand 1" thicke
nouﬁn for the gating gémma-raya‘. The gmimagray_é taken

| _*® Tata Institute of Pundamentsl Research,Bombay~5,
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in gate were 112, 141, (287 + 293 + 299) KeV at incident
proton energy 3.0 MeV and 112, (287 + 233 + 299) and
(492 + 515) at 3.5 MeV incident proton energies. The
chance spec¢ira were also obtained simul taneouely.

Based on this data a detailed level scheme upto an
excitation energy of 1500 KeV has been worked out for

7583 along with branching ratios for some of the levels,

10. Study of the Iscbaric Analogue State in 33(:!1 by

the 22(p.¥)°°Cl Reaction — M. A. Eswaran, M. I=mail end

N.L. Ragoowansi - Proton decay of the T = 3/2, TZ=-1/2
states are energetically possible only to the T = O states
in the neighbouring (A = 4n, Z = 2n) nucleus although such
& breakup is isospin forbidden. However, since the only
isospin-allowed décay is by gamma emission, eﬁn & slight
violation of ieospin conservation will j;ormit protm
emission to compete succesefully., Hence the T = 3/2,

T,= 1/2 states can be formed by proton capture and the
exit channel in which these states are most likely to be
clearly exhibited ie in the gamma chunnel since thia is
the only decay mode, trat is not T—i;:“-..iaaaa. In the
present wﬁrk the (p,3) reaction has been used to study
the lowest T = 3/2 staie in 3301,

A mechanically chopped proton beam {»~ 1.5 l;ul)
paseed through thin {» 200 /ug/cnz) natural Sb,S; taTget
evaporated onto & thick £old backing which was wate rcooled
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The detector consisted of & 30 cm’ Ge(Li)Yy -ray detector
with & al ngle channel analyser set to select the pulses
ip the 511 KeV annihilation radiation pesk, generated

by the annihilation of positrons, arising from the deecay
331 —= 335 with 2.52 sec. half-1ife. The 511 KeV peak
pulses from the single channel analyser were fed into a
.pulse-height analyser operated in 2 multiscaler mode with
J.1 sec per channel. The operating cycle (bombard the
target for 4 mec, and then count for 20 sec.) was
rapeatedA until a fixed charge was ascumulated. The
resultant time spectrum showed the eipected 2.52 sec,
activity plue a constant background. For obtaining the
excitation function over the resomamnce, only the counts
in the time spectrum coﬁesponding to first two half-lives
were taken after sﬁbtracting the constant backgroupd.

The delayed proton work” had found the lowest
T = 3/2 level in 2201 at 5.556 + 0,020 MeV,E (o.m.) =
3.266 + 0.020 MeV. 1In agreement with tris, a search
through this region (Pigure 10 a) located the resonm ce
at Ep = 3.371 &+ 006 MeV Ep(oq_n.) = 3.269 MeV . Thie '
corresponds to an excitation erergy in 3301 of 5.559+006
MeV, The slope of thé.yield cnrve' at reeonance could be A
entirely attridbuted to the enmergy spread in the protm
beam. From this it is deduced thai the total width of
‘the 1ovel is less than 2.5 KeV. The proton width r", and
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the total width " for this resonance as determined from
proton elastic scattering experiments have been reportedz)
%o be 125 eV. The integrated yleld over the (p,Y)resonance
in the preesent work was found by comparison with the
reaonance in the same reaction at Ep = 2.547 HeV ae well
as from the cumparison of the gamma ray yield at the

Ep = 0,588 resonsnce, From these measurements preliminary
value of the resonange strength and hence r'.f for the

Ep s 3,371 MeV resonance has been obtained.

At this resonance the 'f -gpsctrum was meseured
with the 30 c.c Ge(Li) detector ad ie shown in Fig.11.
For compsarison the gamma spectrum taken at "off-resonance"
is aleo ekown. These measurements show that the only
eignificant traneition from the resonance is to the 0.806
MeV(1/2%) fipet excited state im >°Cl. This transitbn
from the 5.559 MeV(J = 1/2,T = 3/2) state in >°CL ( which
1e the amalogue of the ground state of 2-P) to the 0.806
MeV (J = 1/2, T = 1/2) state in °Cl is & pure MT of
moderate strength and can be conjectured to t1e "analogue
to the anti-analogue® fransition. Prelimninary results
of thie work has been reported in reference (3).

1) A.M. Poskansen, R.McPherson, E.A. Esterlund and
P.L. Reader; Phys. Rev.152(1966),995

2) G.M, Pemmer in 'Nuclear Isospin' (Proc.Conf.on
Nucleon Isospin, Asitomar; (1969) 87

3) M.A. Eswaran, M. Issail and N. L, Ragoowansi;
Bull. Ame. m'o- Soc. 12(1970)1689.
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1. Charge form Factor And Quajrupole Moment of

1

iI_._i_ - A, K, Jain and N. Sarma -~ The charge density of
61.1 is calculated using antisymmetrieed and modified
cluster model wave functions, JSaiisfactory agreement
with the measured charge form factor and quadrupole
moment ha&s been obtained. Exchange terme have been
founci to be important in both calculations.

Published in Phys. Lett. 33B (1970)271.

12. 7Li(2,gt)4ﬂe Reaction at Medium Energies

- A.K, Jain and N. Sarma - Formaliem has been developed

in which the reaction 7I.1(p,pt) 4He1’2) can be analysed
in the distorted wave impulse approximation (IWIA). The
analysis makes use of a cluster model wave function for
7I.1 nucleus which is having a correct asymptotic behavi-
cur for the intercluster part and is completely anti-
gymmetrised, It has, however, been observed that the
triple exchangse term contributes very significantly in
the plane wave case., It is expected that the catribu~
tion from the exchange terme will be reduced by the
inclusion of distortions in the waves,

1) D.L. Handrie, K. Chabre and H.G. Pugh,U.C.R.L.
BReport No, 16.580(1966)146 - - .

2) D. Bachelier, M.K. Brusel, P, Badvanyi, M. Roy,
M, Sowineki, B, Bernas and I. Brissaud, High Energy

Physice apnd Kuclear £tructure, Bd.3. Dewons,Plenum
Press (1970)p.318, L . _
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13. Syetematice of Ground State Spins of Light
0dd-04d Nuclei -- S.K. Gupta - A coherent survey of the rules

predicting gmund epine of the odd-odd nuclei upto A~ 60
bhas been carried out. The odd~-odd nuclei in which the
valence nuclecns under the j-j coupling shell model are
filling different subshells are divided into five cate-
gories. Two of theee obey strong rulee while two out of

the remaining three ohey weak rules.

For the odd-odd nuclei when the valence nucleons
are filling the same eubshell two new empirical rules
heve been found. ALl the nuclei except >'Cl and the f, /2
subshell nuclei obey the firset rule. The second rule is
applicable to the nuclei excluded by the first rule. Both
the rules coincide for Tz = 1 cases. In order to under-
8tand these rules the separation between the T = 0 lowast
and T = 1 states Tz =0 6dd-odd nuclel has bee; plotted.
This plot indicates an oscillatory behaviour in the nature
of the two body residual interaction. For the f

7/2
nuclel an empirical formula has been found to describe

ghell

the separation between the loweat T = Tz and T = TZ + 1
gtates. This formula resembles the second rule for the

ground state spina of the same subshell nuclei.

14, Computer Code for calculating the reaction cross-

E 3
sections of gamma-rays in jg,n112 reactions - H.lal - For

% Pata Institute of Fundamenial Research, Boabay-5.



theoretical analysis of gamma-ray =xcitation funotion

and the gamma-ray angular distribution in a reaction

of the type A(p,nY)B where statistical model is appli-
cable in the compound nucleus & program NATTU has been
developed. This program is an improved and more vereatile
version of the earlier HPF Model progran1). The caloula-~
tions are based on the fhsoretical treatment by
Wolfenatien, Hauser and Feshbach as later extended by

Satchler and Sheldona).

This program can ascept L dependent or J
dependent transmission coefficients for both the incoming
and outgoing particles, It can take any pumber of .l

valueé in the incoming and outgoing channele. The maximum

value for the two chamels need‘not b same.,

The program takes into ascount for caleulation
aat only the levels in the residual nucleus which are
excited but aleo the levels in the target nucleus which

are esxcited with reasonable intensity.

The program can calculate the excitation funetion
of & gaama~ray in (p,n{) reaction from 1ts.threahold to
any desired bombarding energy in whatever steps. 7This
oalculntiqn is caﬁried for various values of apin of &
partiocular level under infestigation.

Yor the analysis of sngular distribution of
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gamma-raye the program can find out the even order Legendre
polynomial expaneion coefficiente a‘2"4"6 etc.,for varioue
valuee of multipole nixing ratio of a trameition for com-
parison with the experimental valuee. The program can
also calculate the angular disiribution of gamma-rays for a
definite spin sequence and known multipole mixing ratio of

the transition.

1) K.V.K. Iyengar,B. Lal and S.K. Gupta,Nucl.Phys.
A103 (1967) 592

2) E. Sheldon, Van Palter,R.v.Mod,Phys.38,(1966)143.

15. Formaliem for the Study of PTwo Hole States in

Nuclel with the (T ,NN) Beaction - B.K. Jain - A formalism
has been d eveloped to study the two hole etates in atomic

nuclei with the (W ,NN) reactior. For the interactionm

¢f piona with nucleus two nucleon.nodel has been ueed.

The interaction of outgo'ing nucleone with the residusl
nucleus has been incorporated through the optical model
j:otential. The spectrosoopic amplitnde for the two nucleons
in the nucleus has been given in the IS coupled basis
states of shell model.

Published as a BARC Report No. BARC - 512 (1970)

16. Analysis of the'gw.,mﬂ Reaction on 6L1,7m and

126 Kuclei ~ B.K. Jain and B. Banerjee‘ - With a view to
studying the iwo-hole ztatee in nuclei, the (T ,nn)

6

reaction on Id.,TI.i and 12¢ hae been analysed using the

* Tata Institute of Pundsmental Research,Bombay-5.
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twe=-pucleon absorption model &nd including the inter-
action of the outgoing neutrons with the residual
pucleus. The ocslculated recoil momentum and angular-
correlation distributions are in satisfactory agreement
with the svailable experimental data.

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

iTe. Analysis of 2 and (e,s8' Reaction on 12

C
Nuclens - R. Shanta' and B.K. Jain - The experimental
data on the (p,2p) reaction at 460 MeV and 1 GeV incidext
proton energiea and (e,e'p) at 605 MeV ineident electron
energy have been analysed for 12¢ nucleus in the dise-
*nrted wave impulse approximation (DWIA). It is found
that the sinélo pa.rticle_wave function for the bound
protons which fit the elastic electron scattering end the
(ps2p) reaction at 460 MeV fails .to £it the shapes of the
angular distributions for 12(;(;..2;:) at 1 GeV amd

120(0,0'1:) at 605 MeV.
Presert ed at the Nucl.Phys. apnd Solid State Phys.Symp.,
India (1970).

18, Study of the Two Hole States in '2C Nucleus with

the ( W’,nn} Reaction < B, K, Jdin - The {7 ,nn) reaction
1 . .
on 20' puclm has besen analysed to study the two hole

states in nuclei Mng Ecuiaina two nuclecn model for the

* Now at I.I.7, hni’, Bombay.
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plon-nucleus interaotion. The distortion of the out-
going neutrons has been incorporated by the use of the
optical model potential, The reaults for the =bsorption

of pions from its 18 atomio etate are roughly in accord
with the experiments,

Presented at the Nuol.Phye.and Solid State Phye.Symp.,
India (1970).



1. On-line Internal Conversion Electron Studies

- C.V.K. Baba, S.K. Ambardeksr and S.M. Bharathi — A
eix gap 'orange' beta-ray spectrometer, with a trane-
mission of 104 at a 1% momentum reeolution, has been
set up at one of the heam porte. It hae already been
used to study fhe isobaric ansalogue statee in 73As by

7269(p.p')Ge72*. The inelastic scattering to the

0.691 MeV 05 level in 7234 was studied by measuring the
internal conversion electrons (0;-—r0:) in the epectro~
meter. Preliminary data on the internal conversion
lines pas also heen callected in 65Gu(p,n)sszn and
75Ae(p,n)75Se reactions. The instrument ies automatised,
It ie also poeeible to place a gamma detector at 2 - 10
cme from the eource and use it in coincidence operation.

Preliminary data on the halflife 287 KeV level in !’Se

also has veen obtained,

2. Determination of the Efficiency of the 41711 -

Neutron Counter - S.K. Gupta and S.5. Kerekatte - The
efficiency of the 4m -geometry neutron counter has beeh
measured within an accuracy of +7%. This measurement

supercedes an earlier measurement by Sekharan1)which was

accurate to + 12%

* Tata Institute of Fundamental Research,Bombay-5,
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Two acourately weighed LiF targete were used to
produce the neutrons, using the 7Li(p,n)7Be reaction,
The data wae corrected for the dead time cf the ecalars,
&nd the background. The estimater of ermrs were +1%
for the beam current integrator, +4% for the reproduci-
bility of the data end the target thiokness; and +5% for
the 7L1(p.n)7Be croes eectionz). All these errors com-
bine to give an r.m.s. value of +7#. The efficiency
has been measured in the neutron enmergy range of 0.03 to
1.6 MeV and is shown in Fig.12, The anomalous behaviour
around the neutron energy of 0.2 MeV has been already

explained by Sekharan”.

1) K.K. Sexkharan, M.Sc. Thesis, Univereity of Bombay,1965,
2) J.H. Gibbone armd R.L. Macklin,Phye. Rev. 114(1959)571,

'] ' *
3. Target Evaporation Yacility - B. Lal ,l.V.Vaze -

and Baldev Sahal' - Preparation of targete, from highly
enriched isotopee which are avallshle in ewall quantities
due to their prohibifiie coat, is not possible in the
conventional manner as the same m® eds large quantities

of substance, the major part of which goes waste. Special
apparatus hae been deeigned and got fabricated which
enablse the preparation of targeis from milligram
quﬂntitieé of substance using the principle of slectiron

bombardment.

* Tata Institute of Fundamental Research,Bombay-5.



- 38 -

4, Efficiency Measurements of the 30 c.c.Ge(Li)

Gamma-ray Detector -~ M. Iemail and M.A. Eewaran - a.s0lute

efficiency measurements were made for the 30 c.o. coaxial
Ge(Ll) gamma ray detector for the energy range 0.2 to
6.13 MeV., Tor lower energies the radloactive sources

133 13705, 22Na. 54 60

Ba, Mn and " Co were used and for
higher energies the nucleon reactions 27A1(p,1)2881

(E, = 0.392 MeV) ana '9P(p,x3)"%0 (E, = 1.375 MeV) were
used which yield 1.78 MeV and 6.13 MeV gamma rays
respectively. These measurements were made at source

to detector distsnce of 4.5 cm and the source strengths
were calibrﬁted using the known efficiency of the

7.6 x 7.6 cm NaI(Tl) crystal. Fig.13 shows the results,
for the full energy peak efficiency. The ratios ,double
escard peak Ko full energy pezk and esingle eacapa peak
to full energy péak are also shown in the figure which
were obtained for gamma rays produced in the above
mentioned reactlons as well as in 323(p,~{)3301 and

34S(p,4)3501 reactions,
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Yspectrum of natural Selenium target bombarded with
alpha particles, using 20 c.c. Ge Li detector
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FIG .10

a) Excitelion eurve for the reaction
J
2S(lh )3301 meagured near the T = 3/2 state by

counting the residual activity

®) Excitation curve measured by counting the zaswa ray

yield for the 323(p, )33(:1(8 = 4.75 MaV) and the

323(?-?' )325 (E = 2,237 MeV) reaction shoving the
T @ 3/2 state resonance in the former and the known

resonance (T = 1/2) at EP - 3,379 MeV in the latter,
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FIG. 11

<) = ray speetra taken on the 3.37i MeV resonance and
at an of { resonmm e energy in 3234;:. The resonarce
spectrum was ssaswed at a protem saergy at which yield
was at maxinus. The Ge{Li) detector was at 53° to the

incident beam.
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