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INTRODUCTION

Thie repor t summarises the operat ion and u t i l i s a t i o n

of the 5.5 MeV Van de Graaff Accelera tor a t Trombay during

the per iod 1st July 1968 to 31at December 1969. The acoe-

l e r a t o r was a v a i l a b l e for research from February 1962 and

haB now completed 8 years of ope ra t i on . From the end of

1964 i t has been woricing on a round-the-clock 7 day week

schedule .

Towards the end of 1968 i t became increas ingly c lear

t h a t smooth opera t ion of the machine a t higher energies

would not be poss ib le without replacement of the a c c e l e r a t -

ing tube which had developed cracks on a large number of

g l a s s s e c t i o n s . The acce le ra to r was shut down for major

maintenance work in April 1969 an-i the acceierav ' nr; tube

was r ep laced . A S-port beira switching magnet which was

fabr i ca ted in the labora to ry was i n s t a l l e d . Dther major

maintenance work completed dur in* t h i s period are de ta i led

in tne repor t .

After the reassembly of the accelerator in June

the macnine was calibrated and Btable operation of the machine

was achieved up to the rated energy of 5-5 MeV. The machine

operation efficiency has improved considerably after the

overhaul.

Brief accounts of research work carried out with tha

accelerator during the period unaer review are summarised in

this report.
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ACCELBUTOH OPERATION

I . Anal.yel9 of nsacnine operat ion

1) July 1968 - March 1969

Macnine operated for - 3600 h r s .

Research u t i l i s a t i o n - 2730 hrB.

2) Apr i l 1969 - May 1969

The a c c e l e r a t o r was need for major maintenance worki

Installation of the new accelerating tube

Installation of a 5-port switching magnet

3) June 1969 - September 1969

The machine was conditioned to 5.5 MeV and alignment

and testing of 5 port switching magnet was carried out.

Installation of beam extension tubes with quadrupole fooueing

lenses, vacuum systems, and beam deflectors was completed.

The shaft of the bottom belt drive pulley was remetalled and

machined during tnis period and new bearings were f i t ted.

The accelerator wae operated for a total of 12d0 hours during

tnie period. The accerlator was used for 48 hours for research

experiments.

4) Octoher 1969 - December 1969

Machine operation 166? hra.

Research, uti l ieat ion 1434 hrs.
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I I . Major work done during the April-May'69 shut-down

period;

1) Accelerator support oolumn

All 12 support column sections were dismantled. It was

noticed that the glass mounting blooks and the locating etud

plateB fixed to the top and bottom of the oolumn sections had

shifted from the original positions. This caused a t i l t ,

observed earlier, over the entire support column. One of the

sections had also developed a crack on a metal weld and waa

rsplaoed by a new oolumn section.

Each column section waa dismantled and the glass mount-

ing blocks and Btud plates were reftxed with vinyl in the

proper positions with the help of special jigs fabrioated

for the purpose. The oolumn sections were then reassembled

with shims wherever necessary to ensure horizontal and verti-

cal alignment during the assembly of the column seotione.

2) Accelerating and differential pumping tubes

Both the sections of the nevr accelerating tube were

coupled and installed in position. The differential pumping

tube was cleaned and Installed. Three glase sections of the

differential tube ware found to have developed large oracks

and have been electrically shorted along with the correspond-

ing sections on the accelerating tube to avoid further damaga.

Tne tuba hearts were tnen mounted and ooupled and the focuBing

electrode was aligned.
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3) Column resistors

All the column res i s tors ware removed and tested. These

were graded as per the ir measured values and las tai led In the

column assembly.

4) Charging Belt

The charging belt was replaood as the old one was worn

out.

5) Corona assembly

Recurrent trouole from the oorona assembly due to rust-

ing and consequent loss of insulation was stopped by nickel

plating the mounting plate .

6) Beam tube8

All extension tubes, gate valves, control and beam l imit -

ing e l i t e and the analysing chamber were removed, cleaned,

tested and reassembled.

7) Belt drive

The coupling and drive shaft of the belt drive pulley was

found to have worn out. The shaft has been re-metalled,machined

and f i t ted with new bearings. The ooupling blocks were f i t ted

with new bushings as was found necessary. The pulley was fixed

back, ooupled and aligned with the drive motor.

8) Miscellaneous accelerator components

All other components suoh as column springs, control

drive system, terminal assembly,charging system, gaB supply

system and unitB in the control console were cleaned and tested.
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9) Gae Compressor

This unit developed a leak through the ehaft while in

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

10) ila.9. Dryer

The proheater and heaters embedded in the adsorber druma

had been a frequenx source of trouble. Nichrorae heater wire

hae been wound on formers fabricated in the laboratory and

fitted in olace of tne original neatere. These have since

been giving satisfactory Bervlce.

1 1 ) 90° 3qa;n Analye- ing Magnet

The "/ater cooling tubee soldered on to either Ride of

the coil formers hari developed leaks at a number of placee.

The coil<2 were removed along with the pole pieces. The coil

former plates were removed and the water cooling tubee were

replaced hy new copper tubee. The coils were then taped afreeh

and installed in position. The be'iir, analysing chamber wan

vacuum tested ari.i installed in thy pole gap. T.ibe ext^r.Bi.'ns

were then connected up and tne magnet was levelled and aligned.

I I I . Ion Source

Ion sourcee used with the accelerator are fabricated in

the laooratory as has been reported earl ier . Such so'ircQ

assemblies nave been in use since 1965. Sources, using a

modified design for tne canals -ire in use since April 1968,

and are giving very satisfactory service. It should be mention ea

here that one such ion source assembly has given a record

1) Van de Graaff Laboratory Progress Report
T.P. David AEST-254 ('966)6.
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service of 2532 hours.

Components for a versatile ion Bouroe test bench to

enable a comprehensive study of the laboratory aeeembled ion

sources are under fabrication. A suitable focusing system

and bending magnet assembly have been incorporated in this

set up so that a mass analysis of the total beam output from

the source bottle can also be oarried out.

IV. Five-Port Beam Switching Magnet

The five port beam switching magnet constructed in this

laboratory earlier ' with beam ports at -45°, -25°, 0, +25°

and +45° was installed along with i t s associated power

supplies and controls in May 1969* A.11 the beam ports have

been provided with current stabilizer s l i t s and are connected

through a selector switch to the auxiliary ooil supply. Two

2" diffusion pumps have been installed on the switching chamber
2)section. Quadrupole focusing lensee ' have been provided in

a l l 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 accelerator control s l i t s . Tti6 magnet

has been in use since the experiments started on the various

ports.

The performance of the magnet has been very satisfactory

and the magnet power supply has been found to be very stable.

The feed back control system using the insulated beam defining

1) Van de Graaff Laboratory Progress Report - T.P. David
BAHC-364 (1968)7

2) Van de Graaff Laboratory Progress Report - T.P. David
AEET-2U (1965)8.
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s l l ta in conjunction with the auxiliary coil and power supply

has been rery useful and has eliminated the nead to adjust

the switching magnet our rent frequently during the course of

an experiment. A schematic diagram of the experimental aet

up after the Installation of the 5-port beam switching magnet

la shown in Fig. 1.
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RESEARCH EXPERIMENTS

240
1. Spacing of Class II Levels In the Flaelon on Pu

- D.K. Sood and N. Sarma - A modified correlation analyeie

of high resolution fission cross sections is suggested which

would yield more reliable estlraateB of the spacing, E., of

the class II levels. Subsequent analysis of the reaction

259Pu(n,f) gives the value of ETT as 225 + 25 eV lor tha

240
nucleus Pu.

Published In Phys. Lett. ŜOB (1969)52%

2. Analysis of the Li(o,pd) He Reaction - A. K. Jain,

N. Sarma and B. Banerjee - A fully antisymmetrised cluster-

model wave function for Li is used for calculating the mat-

rix element of the reaction Ll(p,pd) He. The calculations

are carried out In plane-wave impulse approximation and the

effect of the various terras arising from antioymmetrlaation

is discussed.

Published in II Nuovo Cimento Vol. LXII 3, H.2.(1969).

3• Distorted wave Analysis of Deuteron Knockout From Li

- A. K. Jain, N, Srrma and B. Banerjee - The Li(p,pd) He

reaction has been analyeed using the cluster model for Li.

The antlsymraetrisatlon of the target wave function and the

Tata Institute of Fundamental Research, Bombay
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dletortlon of the Incident and outgoing waves have been

included. I t ie shown that the intercluster wave function

given by the usual cluster models is inadequate and rnuet be

modified to have the correct asymptotic behaviour to reproduce

the experimental p-d angular correlation. The inclusion of

distortions i8 shown to be essential for obtaining the

correct value of the differential cross section.

To be published ir Nucl. Phys.

274. Study of the Low-Lying Levele of Kfc by Angular Corre-

lation Measurements in the Reaction t-1g(d, p-/) lag - U. A.

Eavvaran, I.i. Ismail and N.L. P.agoowansi - Proton-gamma ray

angular correlation measurements have been made in the re-
?6 27

action I£g(d,pV) Mg using a deuteron beam from the acce-

lerator. The protons from the reaction were detected in a

semiconductor annular detector with i te axis at 180° to the

beam and the gamma rays, in coincidence with the eelected

groups of protjns, were detected in a 12.7 cm dia. x 15.2 cm

long Nal(Tl) scinti l lat ion detector at seven angles between

0° and 90° in steps of 15°. Such angular correlation data

were recorded using a fast-Blow coincidence arrangement of

resolving time 2'f' = 50 na in conjunction with one 20 channel

and one 400 channel pulse-height analyser.

Angular correlation data have been obtained correspond-

ing to proton groups feeding the 0.994, 1.69 and 1.94 MeV
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27excited s tates in Mg and the de-excitation gamma rays,

from theee s ta tes . The data have been analysed by writing e

computer programme SIMCOR for the ODC-3600 computer using an

analysis procedure which i s independent of any assumption

regarding reaction mechanism. From th i s analye is spin assign

ments of 3 /2 , 5/2 and 5/2 have been made for the 0.984, 1.69

and 1.94 MeV leve l s . The multipole mixing ratios of the

transitions 1.94 —» 0.984 MeV and 1.69 —*• 0 MeV have been

determined as well as the branching rat ios of the l eve l s at

1.69 and 1.94 MeV.

Published in the 'Physical Review Vol.185(1969)1458-

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

C. M. Lamba, D. K. Sood, N. S. Thampi and N. Sarma - States
73have been observed in the compound nucleus Aa through the

72study of e l a s t i c scattering of protons on Oe which are the
73isobaric analogues of the f irs t five low lying levels of ^3e

Two of these being 1 - 4 transitions are noc observed in the

present study because of the low barrier transmission.

1-values have been assigned to the s tates from analysis of

the dif ferential cross sections. The results ar« compared

with available evidence from other experiments on Oe.

Published in Nucl. Phys. A 133 (1969)465.
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6. Measurement of the Total Ca(p.n) Sc Reaction CrosB

Section Around the Ieobaric Analog Statee A E = 1.976 MeV
P

- K. K. Sekhrtran and M. K. Mehta - The total (p,n) cross

section for the reaction Ca(p,n) Sc has been measured using

a calibrated 4. rr neutron counter in the bombarding energy

range 1.90 to 2,05 MeV. The cross eectlon wae measured in

stepe of 0.6 KeV, the overall resolution being 1.8 KeV for

2 MeV orotona. The results are an own in the accompary mg

figure 2.
Theae resonances represent the splitting of the known

4)
ieobaric analog of the ground state of Ga ' t ? . The re-

sonances numbered 1-7 were also observed by G.Chilosi et al

in the 48Ca( p,n)43Sc experiment. Tne resonance energies in

the present work agree with their values within + 2 KeV.

The total widths, P of resonances numbered "5, 4 and 5

have been determined. Because of the limitations imposed by

the 1.8 KeV resolution only upper limits could be fixed for

the other resonances. The proton partial widths, P p and the

neutron part ial width P for these resonances were calculated

from the maximum croae section, (T^^ at the resonances and

the to ta l widths using the Breit - Wlgner single level express-

ion. The probable error In the cross sec dons is + 15# mainly

due to the error in the efficiency (12£) of the 4TT neutron

counter and the error in the target thickness meaeurement (8£).

Tne aocompanying table l i s t s tne relevant quantities determined

in this experiment.
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C M .
E r e s

1 , )1O

1.«N?O

1.925

1.936

1.944

1.952

1.957

1.971

C M .

+ 155*

30

55

91

93

42

26

12

28

(ref.3)

(3/2")

3/2"

(3/2-)

3/2"

(3/2")

(3/2")

2

3

2

r
KeV

1

1

.5+-

.4+.

.4+.

1

1

1

6

6

5

2

3

2

KeV

-

1

.41 + .

.28+.

.36+.

—

-

1

8

8

7

Pn

-
-

.09

.12

.04

-

-

-

The maximum cross eectlon for the resonances 3 and 4 are

91 + 14 mb respectively, while the corresponding values re -

ported by Chllosl et al are 6 0 + 1 6 and 50 + 8 mb. The re-

eonances numbered 8, 9 and 10 are also not observed In the

previous work. The higher cross sections and tne presence of

the extra resonances may be due to the fact that lc tnie

experiment the total neutron yield nas been measured while in

the previous experiment the yield ol only tne 780 KeV *i -rays,

which accompany the em lesion of neutrons leading to tne f i f th
48excited state at 1402 KeV in Sc was measured. The error on

the partial widths in t h i s experiment vary from 23# to 29#» tne

error on the total widtu P , being the major contribution. If

identif ication i s made between tne resonances 3 , 4 and 5 with



the resnonances at 1964 + 2, 1975 + 2 and 1932 + 2 KeV

observed by Vingiani et al in the Ca(p,p)48Ca experiment,

trie to t a l widths, as well as par t i a l widths P have large

disagreement, The resonance at E = 1.982 I.TeV hae been r e -

ported to be a combination of t-.vo resonances by Willijelm et

al . Tne agreement between the experimental data obtained by

th i s group ani the present work is good. The difference in

the proton pa r t i a l widths may be due to the uee of s ingle

level formula in the present work.

Tne spe ctroacopic factor for the resonance 4 can be

calculated from the exoreseion 3 = (2? + 1 ) ( P / P )
pp o - p i sp

where P is the theore t ica l aingl.- proton width evaluated

by Jones e t a l . We get a value of S = 1.09 + 0.26 which

agrees within experimental error with the factor S. = 1.03
ap

49for the present level i.*». the ground s t a t e of Ca determined
fiom s t r ipping ex?erirr>e nt .

1) K. \V. Jones, J . ? . gchiffer, L.L. Lee , J r . , A. r.'arinov and
J . L. Werner, Phye. h.ev. ^45 (1966)934

2) G.B. Vin^iani, &. ChLlosi and '.V. BruyreEtayn,
Phys, Letters 26B (1963)285

3) P. '.v'ilh.-jelm.CJ.A. Keyworth, J.C. Browne, W.?. Berea,
M. Divadeenam, H.W. Newson and E.G. 3ilpuch
Pnya. Rev. J177 (1969)1553

4) G. Ghiiosi , R.A. Ricci and G.3. Vingiani
, Rev. Let ters 20 (1963)159.
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37 37
7. Total OroBe-Seotlon Measurement In the Cl(p.n) Ar
Reaction - S. K. Gupta, S. 8. Kerekatte and A. S. Divat ia

37- The (p,n) reaction on 01 ta rge t was investigated to

identify the iBobaric analog resonances in the nucleus J Ar

corresponding to tne parent nucleus Ar. Below the threshold

of th i s react ion the analogB of 58C1(1) and 58C1 (2) (we de-
38 38

note tne nth excited s t a t e ol 01 as Ci(n)) have been

observed in 5 7 Cl(p , of Q ) 3 4 S react ion 1 \ As P /D < 1 for

T < s t a t e s at th i s exci ta t ion of the compound nucleus, many

s p l i t components of tne analogs have been observed. In the

energy range E = 1.64 - 2.50, scanned by us , the analogs of
39

Cl(3~8) are expected.

A na tura l NaCl (24.76$ 57C1) ta rge t ,~7 .6 KeV th ick for

1.7 MeV protons was used. A 4TT -geometry neutron counter

was used to measure the yie ld or the reac t ion . The data waB

taken in 2 KeV steps and wae reproducible . Tne absolute oross

section was obtained using the absolute meaeurement of Johnson
2)

et a l ' in the same reac t ion . The absolute cross sect ion has

an e r ro r + 15$. The measured exc i ta t ion function i s enown in

Fig. 3 .

The Coulomb displacement energy l o r ^ C l - ; Ar pai r was

assumed to be 6.405 MeV. The exci ta t ion energies of the analog

s t a t e s were calculated uai ng th i s value . As may be seen from

fig* 3 , . there is an indicat ion of two hroHd s t ruc tu res enve-

loping many narrow resonances. A very c lear Iden t i f i ca t ion



of analog etatee ie therefore not possible. For a crude

analysis we derive an expression for the energy integrated

cross reaction using the expression given by Johnson et al'

based on the work of Eobeon el; al . An approximate expre-

ssion for the energy integrated oroas section is

G " (<^'>) - / c r * ( ) t i e - ( ' u i
\ J

where J 1B the apin of the resonance, S is the epectro-

scopic factor obtained from the (d,p) reaction and P is the

penetration factor. Using tha (d,p) data the relative valueB

of o~ T were calculated. The calculated positions and

i tens i t ies have been plotted in Fig .} , We find that

In the range 1.925 MeV to 2.150 MeV three resonances 4,5 and

6 are exoected to oc^ur and in the range 2.150 MeV—2.387 only

4)

resonance 8 is expected. If we aseuraed that there 1s no non-

resonant contribution, we get using expresslon(1) ^ CT~ M*-)

_ . I, N = 0.96. This is in good agreement with the experi-

mental value. Further measuremai t s are necessary to draw de-

f ini te conclusions
1) B. Bo2njakovic,J.A.Von Beet,J. BouvraeeBter.Nucl.Phye.A94

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

(1953)243
3) C.H. Johnson,R.L. Kernell and S. Ramavataram.Niicl.Phye.

107 (1968)21
4) D. Robson,J.I). Fox, P. Pichard and C.F.- Moore,Phye.

Letters ^8,(1965)86
5} J,Rapftport and W.W. Buechner, Nucl.PhyB.82(1966)30.
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8. Elastic Scattering of Protons of Zn - M. G. Betigeri,

C. M. Lamba, D. K. Sood, S. 3. Thampi and N. Sarma - Excita-

tion functions of elastically scattered protons from Zn

was studied in the energy range of 2.660 - 4.1 MeV in steps
67

of 5 KeV. Resonances in the compound nucleus Ga have been

observed at energies corresponding to 2.909, 3-009, 3.200,

5.800 and 3*943 MeV which are analoguee of the low lying

states in 7Zn nudeue namely 93, 184, 390 928 and 1142 KeV

excitation. The analogue of the ground state which is an

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

1 » 4 transit ion as known from (dtp) studies are not excited

in the present study due to low barrier transmission. The

ehapea of the resonances at 3 angles namely 90*, 125° and

165° indioate that a l l the resonances have 1 = 1 shape.

9. Nilseon Model Interpretation of the Low-lying levels
27

of Mg - M.A. EBwaran - With a view to compare the properties
27of the low-lying excited states of Mg(see article No.4) with

the predictions based on the single-particle collective model

of Nils BO n ' , the calculations have been made for the branch-

ing ratios of the levels and multipole mixing ratios of the

gamma ray transit ions, as a function of the deformation
27

parameter for both prolate and oblate assignments for Mg.

According to prolate assignment the first excited etate at

0.984 (3/2 ) is the second member of the ground state rota-

tional band based on the orbit 9(i/2+) of Nilason, where aa
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27
the oblate assignment for 'Mg will leave thl8 0.9R4 MeV 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 levels 1.69 and 1.94 MeV and the multipole mixing ratios

of the transitions 1.94-* 0.984 MeV and the 0.984-*0 MeV have

been compared with the above model calculations. The Be compa-

rions,as well ae the comparison of the value of the decoupling

parameter required to f i t the energy sequence of the various

choices for the members of the K = 1/2 ground state rotational

band,with the model calculations,support the prolate assignment

27
to Mg corresponding torn = + 2( S = 0.15) with the choice of

levels at 0,0.984 and 1.94 MeV as member? of the ground state

rotational band baeed on orbit 9. On this basis the 1.69 MeV

(5/2 ) s&ate is 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,
Kat-Fys. Medd.2_9 No. 16(1955).

10) The Reaction 26M^(3He,p)28Al - M.A. JSawaran, A. Ismail,
26

and N.L. Ragoowansi - Using an enriched isotopic target of Mg

and 4.25 MeV beam of He particles, pro ton groups feeding i\pto

23

the fifth excited state in Al have been observed in the re-

action *6Mg(5He,p)2<3Alf using a 600/u thick semiconductor de-

tector at 0° to the beam. Thie reaction has not been reported

t i l l now In the published l i tera ture . I t is proposed to con-

tinue the studies on thiE reaction with a view to obtain infor-
28

motion on the low lying states of Al by coincidence observa-

tion of prot ons and the de-excitation gamma rays.
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11. Angular Distribution of Gamma-Rays from Oo(p.rW) Ni

and V(p.n-)) Cr Reactions - B. Lai* and Baldev Sahai - The

study of angular distribution of gamraa-rayg from the (p,n^)

reactions at low bombarding energies yields valuable Information

about the level spins and multipole mixing ratios of the gamma

transitions, if the conditions are suitable for the validity

of compound nuclear (CN) statist ical model. Comparison of

experimental distribution witn the predictions of the Hauser-

Feshbach-Satchler formaliera of the CN statist ical model as

modified by SheLdon ' by taking Into account the effect of

spln-orblt Interactions enables one to extract electromagnetic

decay properties of the low-lying states In tne residual nucleus.

We have studied the 59Co(p,n^)59Ni and 51V(p,n-l)51Cr re-

actions. The Q values for these reactions are-1.856 and - 1.534

MeV respectively. The negative Q values of these reactions

allow successive levels in tne residual nuclei to be populated

near tnreshold by suitably varying the bombarding energy.

59 51

Tne targets of Co and V were prepared by vacuum-evapora-

tion of chemically pure elements (purity better than 99.9'/») on

gold foile. Target thicknesses of about 800/ug/cm were achieved

by thie method.

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

the beam direction and angular distributions were taken from

* Tata Institute of Fundamental Research, Bombay
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0° to 90° in steps of 15°. The corrections due to the absorp-

tion in the target backing and target holder were made by tak-

ing angular distribution of gamma rays of comparable energies

from radioactive sources under identical conditions.

In addition to the angular distribution of gamma-rays,

exoltation functions of gamma-rays from these two reactions

were also taken using a 30 c.c. Ge(Ll) detector kept at an

angle of 90° with respect to tte beam direction. The excita-

tion functions were taken with the aim to ensure that the

yield increases monotonically justifying the application of

the CN statistical model. Each angular distribution has been

averaged over two incident energies separated by 50 KeV to

reduce the effect of level density fluctuations.

Fig.4 and 5 show the excitation function of gamma-rays

from the two reactions respectively. The excitation functions

show a reasonably smooth variation with energy.

Values of the Legendre polynomial coefficients obtained

by fitting the angular distribution data to the expression.

W(©) » 1 + a2 ^cos 9) + a4 P4(cos 0)

are given below

Reaction

5 1V(P,IW)
it

59co(p,nr;

E^V)

748

1170

340

479

\
e.

a 0.154 +

- 0.0625+

- 0.0024+

0.039 +

...

>

0.080

0.0782

0.0786

0.134 -

- —

0.044 +

O.O3b3+

0.109

0.125

+

+

0.0906

0.0931

0.0964

0.170
—
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Theoretical calculations are in progress. A computer
2)program Haueer - Feahbaoh Model has been modified to

extract multipole mixing rat ios .

1) E. Sneldon, Bev. Mod. J?hys. 22 (1963)795;E.Sheldon
and D.N. Van Palter, Rev. Mod. Phys. 28(1966)143.

2) K.V.K. Iyengar, B. Lai and S.K. Gupta, Nud. Phys.
A103 (1967)592.

7*5 7*5

12. Excitation Function for >3Aa(p.n-/) >?Se Reaction - Baldev

Sana! , B. Lai , K.V.K. Iyengar , PrJ. Bhalerao and M.V. Vaze

- A 30 cc Ge(Li) detector has been used for tne measurement
of tne y ie ld of gamma rays of energies up to H50 KeV from a

7*5thick target of As. The ^ value of th is reaction ie

- 1.65 MeV. The excitation function was taken from E » 1.5

to E » 4.0 MeV using a TMC 400 channel analyser. Low energy

gamma rays were also studied separately by expanding the

spectrum so ae to cover the energy scale upto 550 )CeV within

400 channele. It is proposed to study gamma-gamma coinci-

dences to establ ish the l eve l s in

not enough published information.

75dences to establ ish the l eve l s in Se about which there i s

13. Lifetime of tne 287 keV level in 7 5Se - Baldev Sahai*,

B. Lai , P.J. Bhalerao and M.T. Vaze - 2d7 KeV state i s the

second excited etate in Se. This s ta te can be populated

either by position decay of 3r or by (p,n) reaction above

about 2 MeV incident proton energy* Half of th is etate was

• Tata Institute ot Fundamental Research, Bombay.
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found to be leea than 2 nanoseconds by Labkowicz and Marraier1'

and 1 na by Tubbs K However, a measurement by Ricbter^et al

gave the half life as 30 n8 ae measured by a puleed beam Van

de Sraaff accelerator where the start-Btop puleee were the

287 KeV gamma ray and tne pulsed beam itself. To clear up

this controversy a measurement of the lifetime or this state

was carried out at E = 2.70 MeV. It is found that tne l i fe-

time as measured by taking coincidences between tne caecade

gamma rays of energy 141 KeV and 287 KeV is about 35 + 5 n.s.

which seems to be in better agreement with Richter et al

ratner than tne other measurements. The difficulties arise

mainly because of interference by gamma rays of comparable

75energies excited in As itself . Counting s ta t is t ics was

rather poor. It ie proposed to improve tne counting stat is t ics

of this experiment to give a more precise value.

14. Determination of Widtn and Resonance Energy of the 7.01

MeV Level in B and Comparison f tne Experimentally obeerved

Spin wltn Intermediate coupling calculations - M. Balal-.riehnan,

M. K. Mehta and A.S% Divatia - The reeonance energy and width

of the resonance around 7 MeV excitation in B was determined

more accurately by shape fitting of the elastic scattering

cross section of alphas on Li, Since the level wae broad,it

wae not easy to read the reeonance energy accurately from the

phase change in the interference shapee, The channel radius
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was not very sensitive to the shapes and so we have choeen

J = 1.3 for He and y = 01.7 for Li, which gave a channel

radlue ol 5 ferral. Fig.6 shows the shapes calculated for two

angles of 90° and 141° cm.correspond ing to three possible re-

sonance energies, keeping the width i constant, after averag-

ing over target thickness. From the relative ehlfte in the

resonance pattern, i t can be seen that the resonance energy

E » 4.250 agrees better, than the other twn cases. Fig.7 showa

the variation in level width \ for resonance ene igy of 4.250

MeV. Prom the shapes at the two angles of 90° and 141° cm.,

i t can be seen that tne width lies between the two values of

52.4 KeV and 130 KeV and more near to the 130 KeV value.

After various t r ia l values a value or 110 + 15 KeV was fixed

for this level. In a l l these calculations we have used the

spin parity assignment of 2 f .

From the large elaetic alpha cnannel width i t can be

said that this level is most likely a T = 1 state.

Fig.8 shows a comparison of the recent intermediate

couple calculations available In B, for normal parity state

with the 2+ level analysed in this study. From the two cal-
o)

cuiations one by Amit and Katz and the other by Cohen and

Kurath , i t can be said that both these calculations do not

ehow & (2*",0) state around 7 MeV, though Cohan and Kurath

calculation show better agreement with experiment. Since

there are no unaccounted levels in 3 up to 10 MeV in Kurath'a

calculations for a (2+,0) level, i t Is quite unlikely that tftia
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l eve l belong to the 1 p s h e l l , If th i s spin, parity and

ieospin assignment la oorrect. Then the most probable con-

figuration eeeoe to be 1 S* 1p (S,d) .

1) M. Balakrlehnan, M.K. Mehta and A.S. Ilvatia,
Proc. NuoU Phye, and Solid State Phya. Symp.India
vo l . I I U™v8;44.

2) D. Amit and A. Katz, Nucl. Phye. 58(1964)388

3) S. Cohen and D. Kurath, Nucl. Phye. 22 (1965)1.

15. The Reaction 19F(d.<*)170 - M.G. Betigerl , CM. Lamba,

D.K. Sood, N. S. Thampi and N. Sarma - In the incident deu-

teron energy range, 2.0 - 5*2 tfeV, the excitation functlone

for the tX - groups correspond ing to the lowest three states

in 1 7 0 in the reaction 19F(d,«.)17O and for the e lae t i c
19

statter ing of deuterons on P have been studied. The exci-

tation functions Indicate tne presence of wide structures.

The angular distributions on and off the reeonancee have been

measured. Examination of the correlation functions and the

analysis of the angular distribution in terms of Legend re

polynomials indicate a high direct reaction component. The

re suite are discussed in terms of the intermediate structure

•odel of IBUOO.

To be published In Energia Nudeare

16. Neutron Induced Reaction - M.G. Betigerl, CM. Laaba,

D..K. Sood, N.S. Thsnpi and N. Sarma - A counter telescope to
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discriminate between the charged partlclee i . e . protons and

deuterons, from neutron Induced reactions has been set up*

The reaction P(n,d) has been Btudled. The angular d i s t r i -

bution indicates an 1 - 0 transition leading to the ground

state of 0 . The neutron 11ux was measured by counting the

associated oC - particles in the reaction D(t,n) He. The

absolute cross section at © l a b
 a 0° agrees with earl ier

measured values. The angular distribution has been f i t t ed

by DWBA theory, ^he computer code DTOCK was 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 Phye.

Symposium,India (1969).

17. Angular Anieotropy of Fission Fragments in the Neutron
235Induced Fleslon of U - D. id. Kadkarnl and S. S. Kapoor -

Recent studiee of the angular distribution of f iss ion fragments

In the f i s s ion of heavy nuclei following direct reactions have

indicated some evidence for a rather large pairing energy gap

in the transition state spectra of even-even f iss ioning nuclei.

In the present work the transition s t a t e nucleus J U has been

investigated by measuring the angular distributions of fission
235

fragmente in the f i ss ion of U induced by mono-energetio neu-

trons of 20 different neutron energies ranging from 0.1 to 3.1

MeV. The measurements were made with a set-up consisting of

three semiconductor detectors which recorded the energy apeotra
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of flesion fragmentB emitted at the average angles of O",45°

and 90* with respeot to the Incident neutron direction. The

relative solid angles of detection for tne three detectors

were experimentally determined using isotropic fragment dis-

tributions in the oase of thermal neutron induced fission of

235

U. For each neutron energy the angular anlBotropy was

Obtained by a least squaree fit to the meaeured angular dis-

tributions taking into aooount tne angular resolution effects

due to the finite alee of the target and detectors. The para-

meter K^ of the assumed Gaussian distribution of the K-states

at the transition state nucleus was then determined for eaoh

neutron bombarding energy using the theoretical expression

for the angular anisotropy which includes the effects of tar-

get spin and nuclear deforoatlon. The average orbital angular

momenta of the fissioning nucleus for different bombarding

energies were evaluated using optical model neutron transmi-

ssion coefficients. The observed variation of It with exci-
o

tation energy shows a steep lnorease in the value of K~ at

an exoltatlon energy of 2.0 + .1 MeV above the fission thre-

shold. This Increase in the value or K̂  has been interpreted
as ths onset of two quasi-partlole excitations of the highly

236deformed transition state nucleus, U. At exoitatlon

energies below the two quasi-particle excitation low values

of K£ are expeoted, whereas fairly high values of K̂  were

observed in the present work. This suggests that the stati-

stloal assumption of a Gaussian distribution of K-statee below
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the two quasi-particle excitation energy may not be valid

because only a restricted number of vibratlonal K-states are

available.

Submitted to the IAEA Symposium om Phys.and Chemistry of
Pieaion - Vienna, 28 July - 18 August 1969.

18. On the Constants of Charged Particle Identif ier - S.K.

Gupta - Two method9 to calculate the constants F and £ for

the charged particle Identif iers using the relationship,pro-

duct P a AE(E + F A E + E.) have been described. Such

constants have been calculated for s i l i con detectors. The

extensions to other detectors have been pointed out. The

limitations of the methods in practical cases have been

discussed. A method to set the constants in the actual raulli-

p l i er c ircuits has also been dlscueeed.

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

19. Monte Carlo Calculations of Gamma Ray Response Chara-

c t e r i s t i c s of Cylindrical Ge(Ll) Detectors - B. Lai and

K.V.K. Iyengar - Monte Carlo calculations have been made to

compute the ful l energy peak e f f i c ienc ies and the double escape

peak ef f ic iencies for right circular cylindrical Ge(Ll) de-

tectors for point gamma-ray sources. The fu l l energy peak

ef f i c ienc ies are calculated In the g r̂araa-ray energy range from

* Tata Institute of Fundamental Research, Bombay,
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100 KeV to 2.5 MeV and the double eacape peak efficiencies

are calculated in the range from 1.7 MeV to 4.0 MeV All

calculations have been made for source to detector distance

of 5 cm. Various detector sizes have been considered with
2 2

surface area varying from 2.5 cm to 8.0 cm and the thick-

ness varying froa 2.0 to 10.0 mra. The results are compared

with the calculations of earlier workers and aleo with eome

of the experimental investigations. A code "MONTCARL" has

been developed for tnls purpose in FORTRAN language for the

CDC 3600 computer. The earae code can be used to calculate

the response function of the detector to gamma-rays. One

euch calculation has been made for monoenergetic gamma-rays

and comparee very well with the experimental results.

20, Differential Equation for Logarithmic Derivative and Its

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

radial Schrodlnger equation has been transformed into a first

order differential equation of the Rlccati type. This equat-

ion offers possibilities for simplifying calculations. It

has been used to derive recursion relations lor different

1-valuee and to calculate an asymptotic solution lor the

Coulomb potential. The equation can also be applied to

calculate the transmission coefficients and the elastic

scattering crose-section using the optical potential.

Abstract of a p«iper submitted at the Nucl.Phye. and Solid
State Phys. Symposium, India, 1969.
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21. Mossbauer Effect Studies Following Coulomb Excitation

- J.K. Srivaetava , R.P. Sharroa and K.0. Praead - Motebauer

effect measurementB were carried out on the 14.4 KeV s tate of

^ F e , populated In the Coulomb excitation by 4 MeV alpha

part ic les . The 14.4 KeV gamma ray was detected In coincidence

with 122 KeV gamma ray to reduce the general back ground In

the low energy region. A sinusoidal drive with a s ta in le s s

stee l absorber (enriched in Fe) was used to record the

Mossbauer spectrum (Fig. 9 } I t i s clear frou Fig. 9 that such

studies can be carried out in favourable cases. In addition

to Coulomb excitation, other reactions can aleo be used. Fur-

ther work in this direction i s being planned.

22. Perturbed Angular Correlation Following Coulomb Exclta-
* * » *

Ion - A.P. Agnihotri, H.G. Devare, S.H. Devare, M.C. Joahi

and P.N. landon - Previous preliminary measurements on the

Coulomb excitation of target nuclei (pt,Au) in Iron medium

(al loys , PtFe,) were reinvestigated with tte(Ll) detector.

Similar measurements on the rare-earth Isotopes deposited

( £2 100/ /ugm/cm thick) on Fe fo i l were also1 made. Typical

spectra are shown in ttitt Figs. TO and IT.

It wae decided to make the perturbed angular distribution

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

target of PtFe, wae fixed between pole t ips of a polari-

sing electro-magnet. In order to avoid heating during the

* Tata Institute of Fundamental Research, Bombay
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bombardment, the target was oooled by liquid nitrogen (cold

finger t ip arrangement). The <X-particle beam spot on tne

target was adjusted to coincide, within 1/2 nun, with the

centre of the angular correlation table by a set or colli-

raatore. The centring waB checked by placing a radioactive

source at the position of tne target. The gamma rays were

viewed by four Nal(Tl) detector systems placed at different

angles with reepect to the direction of the incident beam.

The intensity of the particle beam on the target was

monitored by a surface barrier detector placed at a fixed

angle. The gamma ray spectra from the four detectors were

recorded in the four subgroups of a multi-channel analyzer.

Angular distribution was measured. To study tne perturbation,

the polarising magnetic field, which was perpendicular to the

plane of detectors, was applied and measurements were recorded

for both directions of the field. Several similar cycles oi

measurements were madei 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 observed effect could not be estimated

accurately due to the poor energy resolution of tne detectors.

It is planned, in tne next attempt, to use improved technique,

Ge(Li) detector and back-scattered particle-S coincidences.

23. Study of the Thermoluminescence Behaviour of Solids under
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Atomic Displacements - J. M. Luthra - The maohine was used

for irradiating cryatalB in vacuum with H+ and He+ ions .

For that purpose the required target chamber was designed

and fabricated. A few samples of single crystals of MgO,

CaCO, and BaS04 were irradiated with H* and He+ione (2-4 MeV

energy) for different doses. The current was kept low to

avoid thermal annealing. The main aim of such irradiation

ie to introduce atomic displacements in the crystals and to

study the role played by them on the thermoluminescence

behaviour of so l ids . It has been observed that the particle

irradiation of theee crystals induces thermolumineecence

peaks in their glow curves which i s not induced by ionising

radiations.

* Chemistry Division
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INSTRUMENTATION

1. A Targe t Chamber f o r Charged P a r t i c l e Capture Reaot ione

- M. I s m a i l and M. A. Eewaran - A t h i n - w a l l e d t a r g e t chamber

with provision to mount water-cocled targets On metallic

backing, has been designed and has been fabricated in the

divisional workshop. This cnamber, made of 5 cm diameter,

0.8 mm thick stainless steel tube, is particularly suitable

for the use with the 30 oc Ge(Li) gamma ray detector in

charged particle capture gamma ray studies.

2. A Nanosecond Time-to-Ampliytude Converter System for

Neutron Tlme-of-Flight Studies - N. L. Ragoowansl and M. A.

Eswaran - A time-to-amplitude converter eyatem for nanosecond

region, for neutron-gamma ray coincidence studies in nuclear

reactions has been constructed to enable neutron tirae-of-flight

studies using tne associated gamma ray to give the starting

signal. This time-to-amplitude converter, associated with a

fast-slow coincidenpe system, iB based on-circuitry published

in reference . The linearity of the time-to-amplitude conver-

ter has been checked in the range 5 to 150 nanoeeconds ueing

a pair of scintillation counters and a Co 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

M, Balkrlehnan (Secre ta ry) , H.G. Devare , A. S. Divat ia

(Convener), S.S. Kapoor, D. N. Kundu , V. C. Deniz, B. P.

Raatogi and N.S. Satya Murthy.

1. Progress Report on Nuclear Data a c t i v i t y - a r epo r t

e n t i t l e d "Progress Report on Nuclear Data A c t i v i t i e s

in Ind ia V" wae compiled and publiehed as a B.A.R.C.

Report (3ARC-401).

2. Pa r t i c i pa t i on in CINDA a c t i v i t y was continued by Bending

the re levant data in CINDA forme to IAEA.

? . Three more en t r i e s were sent to DASTAR (Data Storage

and Retr ieval System).

4 . ENEA Computer Programme Library

In connection with computer programme Library, e igh t

programme abs t r ac t s were eent to the computer program l ib ra ry

of tne European Nuclear Energy Agency. Theee a b s t r a c t s are

to be Included in the compilation of the computer programme

abs t r ac t s published by ENEA.

A few programmes on magnetic tapes which were requested,

were received from ENEA for use in I n d i a .

• Tata I n s t i t u t e of Fundamental Research, Bombay

• • Saha I n s t i t u t e or Nuclear Physics , Calcutta
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5. Measurement of Cross-Sections

1) 4 8Ca(p,n)4 8Sc Reaction

The abeolute total crose section for the reaction

Ca(p,n) 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.

i i ) 3 7Cl(p.n)? 7Ar Reaction

37 37The cross section of tne Cl(p,n) Ar reaction has

been measured in 2 KeV steps at proton energies ranging

from 1.64 MeV to 2.50 MeV.

Two meetings of tne INDG were held during the period.
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