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PREFACE

The sixth progress rcport on Nuclear Datz Activities in
India incorporates work done during the year 1969. A part of
the work outlined in this report has been prescnted at the
Nuclear Physice & Solid State Physdics Syamposium held at

Roorkee during December 1969,

Submission of CINDA entries to the International Atomic
Energy Agency has been continued. The backlog o: cntries to
be submitted from the previous years is over. Thne total number
o1 entries sent during the period of the report is 36. The
entries for DASTAR (DAta STorage And Retrieval) are being
requedted by the International Nuclear Data Committee {INDC)
directly from the authorz cnd our efforts have been to speed
up the gend ing of thie data by the authors. In all, three
reports, have been submitted to the INDC during tne year. A
liet oif tihe reports prepared by t'e Indian Nuclear Data Group

(INDG) upto the present is given cn the last page.

New facilities {or nuclear physics research are as

follows:

a) The Punjab University at Chandigarh has started
assembling the comnonents of the 6 MeV Variable Enmergy Cyclotron
received from the University of Rochester as a gift. A separate
building for tnis cyclotron uas been sanctioned by the Punjab

University aai the ouilding design is ready.



b) At the Indian Institute of Technology, Kanpur, a
2 MeV HVEC Van de Graaff acceleratuor is being installed, in =

geparate bullding which 1s ready.

¢) The work on the 224 cm Variable Energy Cyclotron to
be instailed by tie Bhabha Atomic Besearch Centre, at Calcutta
has entered the executi-n stage. The foundation for the build-
ing at Calcutta has been laid. Major 'contracts nave been

awarded and procurement of materials is in progress.

d}) A nano-second pulsed ion-sowurce is being installed

in the TIFR 1 MeV Cookecroft-WalLton accelerator.

A sub-committee has worked out the details or organising

g Nuclear Data Library on magnetic tape at Trombay.

SerRerhEE—

(A.S. Divatia)
Convener
Tndian Nuelear Data Group



A. BHABHA ATOMIC RESEARCH CENTRE,BOMBAY-85

1. 14;Mev neutron fiseion eross sections of Th232. U233

U235, Np£57. Pu?39 anngm?41 using solld sitate track de-

tectors - R.H. Iyer and R. Sampathkumar - As part of a
gyetematic program of neutron fissivu cross section measure-
ments, the 14 lieV neutron lnduced fission of Th?>2, y233, y233,

p238 237, Pu2?d ang et was studied. Total fission cross

y Np
section relasive to U220 (taken as 1.2 barns) were determined
by means of a simple technique involving detection and count-
ing ot fiszlon fragment tracks in Loxan polycarbonate plastie.
The resutts which compare very well with those obtained using

other elaborate and involwved techniques are given below:

Target Totsl fission cross section barns#

52 0.34 + 0.03 (3)
%33 2.40 + 0.40  (3)
y232 2.20 + 0.20 (3)
0238 1,20

Np2o | 2.95 + 0,30 (3)
Pu2d 2.65 + 0.30  (3)
T 4 2.70 + 0.47 (4)

2. Total Cross-Section Measurémemt in the 3‘zlt(p.n)ﬂ!u:'

Reaction - S. K. Gupta, S.5. Kerekatte and A. S. Divatia
= The cross section of the 37Cl(p,n)37Ar reaction hae been
meaaured in 2 keV steps a2t proton energies ranging from 1.64

MeV to' 2.50 MeV. Using tue measured properties of the levels

* Number in parenthesis represents nunber of determinations.



of 3801 obtained from the 3%ci(d,p) BCL reaction-') the
level positions and the energy integrated total cross-sections

38

of the expected anlog resonances in the " Ar nucleus have been

calculated and compared with the present data.

1) Rapaport & Buechner, Nucl.?hys.BS (1966) e

3. Measurement of the Total 4803.;an)4850 Beaction Croas

Section Around tne Isobarie Analog State et Ig!,a 1.976 MeV

-~ K.K. Sekharan and M.K. Mehta -~ The total (p,u) cross
48

gection for the Ca(p,n)4BSc reaction has bheen detemined

in the bombarding energy range 1.90 to 2.05 MeV in 0.6 keV

steps around the isobaric analog resonance in 4930 correspond-

ing to the ‘%Ca ground state. The totel widths and partisl

proton and neutron widthe have beer obtained.

4. Proton Transfer Reaction on 6621: - M.G. Betigerl - The

" reaction 6627.n(31ie,.ad)67(}a has been studied at an incldent e'nergy

of 18 KeV and ‘the reaction products are analysed with a wide-
band magnetic epectrographf The excitation energies of levels
in 67Ga are defemimd to an accuracy of 15 keV. Analjsia of
angular distributions yieids the orbital angular momenta of
the stripped proton in trameition to levels in 67Ga and the
correaponding spectroscoplc factors. The resulte .indica.te a

 pure ‘ (2 ?3/2)1. > e proton configuration for 66Zn.

- * Data obtained from Max
Heidelberg. Planck Institut fur Kernphyseik,



5. Distortion and Antisymmetrisation Effects in

6
Li(g,gd)4He Reaction - A. K. Jain, N. Barma and B.Baner;lee*

- The reaction 6Li(p,pd)4He has bsen analysed using the

Distorted Wave Impulee Approximation (DWIA). A fully anti-
symnetrised 6Id. cluster model wave function has been used
which hae the correct asymptotlic behaviour for the relative
4 - oCwave funotion. The effects of distortions and anti-
symmetrisation are investigated. OSatisfactory agreement with

155 MeV data is obtained.

6.. Determination of Width and Resonance Erergy of the

7.01 MeV level in 103 ang Comparison of the Experimentally

Observed Spin with Intermediate Coupling Calculations

- M. Balakrishnan, M.K. Mehta and A.S. Divatia - The resonance
energy and the width of the broad resonance around 7 MeV ex-
citation energy in 1OB have been determined as 7010 + 9 keV
and 140 + 20 keV (lab) respectively using the GLi(o(.,oc)GI.i
reactién. Various trial combinationa of the. resorance ene 1gy,
level widin and charmel radius were used to arrive at the
results. The experimentally determined J7 values of F.(1)

for this level is discursed with reference to the intermediate

coupling calculations.

1. M. Balkrishnan, M.K. Mehta and A.S. Divatia,
Proc. Nucl. Phys. and Solid State Phys. Symp.Bombay 1968,
v01 II. P'44= :

% Pata Institute of Fundamental Research, Bombay-5.



Ta Correlated Emiseion of X X-Rays From ""520f Fragment

Pairg - D.M. Nedkarni, V.S. Ramamurthy and S. 8. Kapoor

- The observed yield of the K x-rays in fission has so far
oeen interpreted in terms of the internal conversion proba-
bilities during the ¥ -de-excitations in the individual
fragment nuclei, In thie connection it is imporsant %o know
whebther the emission ot K x-rays from gthe palr fregments could
he correlsated due to certain cummon factors existing at the
sciasion, point. We have carrled out these 1nveetigatioha by
simuLtaneouely detecting light and heavy fragment x-rays with
two NaI(Tl) detectors in coincidence with fiseion fragmnte in
the spontaneous fission of 272Cf. The observed triple coinoi-
dence data were suitebly corrected for any background triple
coincidence arising from true fragment-gamua-gamma or fragment-

ganma-K-x-ray coincidences. The obessrved results on the

correlation coefficient are being studied.

8. Fragment Angular Distributions in the F;aﬁework of the

Double Humped Fission Barrier - V. 8. Ramamurthy, S.K. Kataria
and S.S. Kapoor - Our récent understanding of the presence of
shell structure in highly defomed nuclear configurations
leading to a "Double humped” fisaion barrier has necessitated

a re-interpretation of the experimental data on fragment
angular distributions. From an analysis of the measurements

in nearvthreahold fiseion of various nuclei, Strutinsky and
Bjornﬂolm have concluded that the fragment angular distributions

are decided by tne properties of the nucleus on the top of the



gecand burrier. It is shown in the present work that tais
assumption is not consietent with the aveilable resul ts on
the angular distributions in medium and high energy fission,
in partlicular with the measured variation of the effective
moment ot inertia of the traneition state nucleus as a funct-
ion of the fissionability parameter. Possible reasons for
thie 1nconelstency are discussed suggesting the modifiecations
required td explain both near threshold ami medium energy data

on fragment angular distributions,

9. Systematics of the Second Minimum for the Fissioning

Fuclei - D.K. Sood and N. Sarms - The high resolution fission
croee section data on the nueclel 233U.23JU, 239Pu. 240Pu,241Pu
and 242Am have been analysed to determine the average spacing
of the class JI levels using an improved method of correlation
analysie, The apacing nas alesc been derived from results on
subthreshold fiassion experiments. The energy aifference befween
the two minimz of the deformation curve has been obtained, as

a function of the neutror number and is largest for N = 147 in

agreens ot with the calculations of Strutinsky.

10, Liguid Argon Jonization Cnamber - R.Y. Deshpande and

R. Ramaane - An ionization chamber using liquid argon has been
operated. Argon gees is liquefied in a J-type cryostat with
11qu1d nitrogen as the cooling medium. 1t is found that the

cl.ambesr bahaves 23 a courtexr even at r¢aat1ve1v 1oy Ilelds of
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the order 1O3V/cm. The counting property ia very sensitive

to the impurities, particularly oxygen, presgent in the liquid,
This is presumably due to eledtron-at tacoment and non-recombi-
nation as in a gas chamber. Several physical properties of
liquid argon such as the resistivity, dielectric constant, nd
electron mobility have also been determined. Prelimirary data

about these is presented.

11. A Counter Teicscope for use in the study of neutron

Induced Reactions - M. G. Betigeri, C.M. Lamba, D. K. Sood,

N. S. Thdampi and N. Sarma - A counter telescope uaing surface
barrier 8ilicon AE - E detectors has been set up. Particle
dlsérimination is achieved by obtaining a product pulse of E
and 21 E pulsea which 1is independent of energy of the incident
'particle. ~The proton and deuteron groups from the reactions
19F(p,p) and 19F(n,d) are well separated. The deuteron group
has been separately gated to study the reaction 19F(n,d)180.
The angulai distribution for the ground state transition has
been studled and indiecates an '“}5¢=0 transfer. The value

of the.ahsmlute cross sectinn at 0° and the spectroscopic

factor for this trangitior agree with an earlier study of this °

reaction.

12. On the Constants of Cusrged Particle Tdentifier - S.K.

Gupta - Two methods to calculate the constante F and E for

the charged particle identifiers using the relationshipg
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product P = AE(E + P . AE + E) have veen described. Such
constante have been calculated for silicon detectors. The
extensions to other detectors have been pointed out. The
limitations of the methods in practical cases have besn
discussed. A method to set the constants in the actual

multiplier circults has been Buggested.

13. International Intercomparizon of Thermal Neutron Flux

Dengity 9tandards Using 47T A= Soincidence Technique

- M.G. Shahani and D. Sharma - Thermal ncutron flux density
standard established at B.A.R.C. using Iaix Am-Be (o(,n)
sources lmbedded in graphite moderator has been directly
compared with the standards maintalned at N B S, USA; TMM,
Russia and ETL, Japan. In order to minimize the effects of
epithermal flux, the quantity compared was Westcott flux
density below cedmium cut off energy. Peirs of tkin circular
gold foils sandwitched between aluminium and cadmium covers
irradiated in the standards to be compared were excharged for
the purpose. The comparison was carried out as a part of the
progreamme organised !;ny the Bureau International Des Poids et

Mesures, France, in which eleven countries participated.

A 3= coincidence teochnique was employed te determine
the counting efficiencies for the foils. Corrections due to
decay scheme, selt shielding and flux depression have been

evaluated.



14. Technicue of Absulute Standardization of Cobsalt~60

Used at BARC for I[nternational Inteccomparisonm - P. K.

Srivastava and ¢.D. Khera - The techaiyue of sbasolute standard-
ization of Cobalt-b0 is ol great importance for the preeision
measurements of radio-activity because, due to its nearly ideal
deocay gpeme, this radionuclide is amenable to standardization
to the highest presently achievable accuracy. International
intercomparison of this techniuue was, therefore, organized

by the Bureau International des Poide et Measures, Frame.
Twenty -~ five national and international iaboratories of the
world, including Bhabha Atomic Research Centre, participated

in this intercomparison.

Thie work describes the techanique employed at BARC for
the absolute standardization of C0-60, giving bricf description
of source handiing, 4TT B3-Y  coincidence counting and data
procesging including asslignment and evaluation of errore. The
resulte of measurement of 25 participating lahoratories are

also given.

The tecknique used in this work offers high agcuracy,
precision and reliability and, with minor mcdifications, is
widely applicable to many radionuclides of interest. The
results show that thie technique yields a precision of about

0.1 per cent.

15, Charge Yorm Factor for 6Li Nucleur - AKX, Jain and

N. Sarma - The intercluster wavefunction of 6I.i was modified

g
£
5
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product P = AE(E + F ., AE + E) have veen described. Such
constants have been calculated for silicon detectors. The
extensiona to other detectors have been pointed ouk, The
limitations of the methode in practical cases have been
discussed. A method to se’ the constants in the actual

multiplier circults has been suggested.

13. International Intercomparigon of Thermal Neutron Flux

Density “tandards Using 477 /B-¥ Coincidence Technigue

- M.G. Shahani end D. Sharma - Thermal .ncutron flux density
standard established at B.A.R.C. using ;ix Am-Be (o,n)
sources imbedded in graphite moderator has been directly
compared with the standards maintalned at N B S, USAg I,
Russia and ETL, Japan. In order %o minimize the effects of
epithermal fiux, the quantity compared was Westcott flux
density below cadmium cut off energy. Pairs of thin circuler
gold foils sandwitched between aluminium ané cadmium covers
irradiated in the standards to be compared were exchanged for
the purpose. The comparison was carried out as & part of the
programme organised;ﬁy the Bureau International Des Poids et

Mesures, France, in which eleven countries partlcipated,

47 3-Y coincidence technique was employed to determine
the counting efficiencies tor the foils. Corrections due to
decay scheme, self shielding and flux depres=slon have buen

evalusated.



14, Technigue of Absolute Standardizetion of Cobslt-60

——

Used at BARC for International Inteccomparison - P. K.
Srivastava and G.D. Khera - The techniyue of sbsolute standard-
ization of Cobalt-60 is ol great importance for the precisiovn
measurements of radio-activity because, due to ita nearly ideal
deoay %peme, this radionuclide is ammenable to standardization
to the higheat presently achievable accuracy. Internaticnal
intercomparison of this technique was, therefore, organized

by the Bureau International des Poids et Measures, Frame,
Twenty - five national and internajlonal iaboratories of the
worid, including Bhabha Atumic Ressarch Centre, participated

in this intercomparison.

This work desecribes the technique employed at BARC for
the absolute standardization of CO0-b), giving brief description
of source handling, 47T 3-Y  coincidence counting and data
processing including aeselgnment and evaluation of errore. The

results of measurement of 25 participating laboratories are

aleo given.

The technlque used in this work offers high accuraecy,
precision and reliabliity and, with minor modificafions, is
widely applicable to many radionuclides of interest. The

results s that this technique yields a precision of about

0.1 per cent.

15. Charge Form Factor for 6Li Nucieus - A.K. Jain and

N. Sarma - The intercluster wavefunction of GLi was nodified
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in an earlier work to predict the cross section of the re-
aotion 6Li(p,pd)4He correctly. This wave function is now
used to oalculate.the charge density and charge form factor
fox éLi nucleus. All the exchange terms in the matrix elemsnut
have been computed. Agreement with experiment appears to be

satiefactary.

16. Differential Equation for Iogarithmic Devivative and its

Applications - S. K. Gupta - Using a siaple transform tion
the radial Schrodinger equation hae been transformed into e
firet order differential equatién of the Riccati type. This
equation offers possibilities of simplifying calculations.

It has'bean used to derive recursion relaticus ror different
1l valﬁes and to calculate an asymptotic solution for the
Cuulomb potential. The equation can also be applied to cali-
culate the transmission coeffizients and the elastic scatter-

ing cross-section using the optical potential.

 Neutron Crystallography

B3

17. Structures oi Hydrogén-bonded Ferrcelectric Crystals - V.M.

Padmanabhan, V.S. Yédava.and ¥.K. Wadhavan - Continuing atudies
on crysﬁals having N-H...X type of bonding,hydrogen bonded
ferroelectric crystals and unusual type of coordinated complex.
ciystals,”tne following structures were solved : triglycine
sﬁlﬁhﬁté;isodium thiosulphate pentahydrate, potassium mercurie
:fiiﬁibmidé monohydrate and ciscobalt dioxide his ethylene dlamine

nitrate.
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The crystal structures of amonium sulphamate, ammonium
fartrate, ammonium bisulphate and diglycine nitrate are under

various stages oi refinement.

18, Structure of Hydrated Crystals - R. Chidambaram,

A. Sequeira and S.K. Sikka - In the programme of studying the
hydrogen bonding effects on the structure of water molecules
in hyd:ated crystals, the crystal struoture of K20207a Hzo
‘has ‘been refined using the 3-dimensional neutron intcasity
‘data. The data were proceused by the various compubter pro-

' greumes developed in this laboratory.

| Investigation on K20u014, 2HéO was carried out as a part
of IndiamPlilippinesAIAEA Project and part or work was done in

the Philippine Atomic Research Cénter, Yuezon City, Philippines.

19.. Structure of Paraeleciric RbH2P94 - R, Chidambaram.and A.

Sequa1r# = Aim'oi this.invqstlgation ie to study the siructure
and atomic motion= botn above and below ferroeiectric transition

point oi this erystal. Further work is in progress.

20, Structure of Amino Acids ~ R. Chidambaram, A. Sequeira
and S.K. Sikka - We have embarked on a gsystematic study of 20
amino ﬁcids thaxiare the basic building blocks for proteins.
(The‘x—ray structure stﬁdies done so far are faced.witn the
well knpwn;dirfioulty of x-ray diffraction technique for

locating the hydrogen atoms). To this end, neutron diffraction
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work on eingle crystals of Glutamie acid hydrochloride
(ud ng tne diffractometer 3D-FAD) and on a eingle oryetal of
asparagine monohydrate (uel ng diffractometer 'DCD') is in

progress.

21. Application of the Symbolic Addition Procedure in

Neutron Ditfraction for Non-Centrosymmetric Crystsls - R,

Uhidambaram and S.K. Sikka - The symbolic additiom procedurs
was shown earlier to determine in centrosymmetric cryatalse
the signs of about 95% of the neutron structure factors when
the contribution of the negatively scattering atome to the
total neutron scattering is less than 25%. MNow, this proce=

dure has been shown tc be applicable for nom-centrosymmetrie

cryétals.

The procedure was applied to determine with rezsoneble

accuracy the phases of Bragg reflections for resoreinol and

methyl GAG.2HCL, H,O.

It has also been shown from probability consideratlons
that-aymbolic addition procedure will apply for crystals

containing up to 100 atoms per wait cell.

22, [The N-H——0 Hydrogen bond Ingeraction Between peptide

Groups: Modified Lippincott-Schroeder Potential function - R,

Chidambaram — The parameters of non-multifurcated N-H-—=0
hydrogen vonds from crystal studies S0 lar by neutron diifra-

ction have been calculated and analysed.
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23, Instrumentation - R. Chidambaram, A. Sequefra, S.K. 8ikka
and S.A. Momin - A paper tape controiled auw aetic diffracto~-
meter 3D-FAD has been designed and commiesioned &%  the Cirus

reactor, for recording 3-dimensional neutcor diffraction data

for the atudy of erystal atructures.

Neutron Diffiaction Study of Magnetic Materials
\

24. Magnetic Ordering end Cation Distribution in Spinel

. Compounds - N.S5. Satya Murthy, R.J. Begum, M.R.L.N. Murthy,

B.S. Srinivasan, M.G. Natera, S.I. Yousseﬁ, L. Madhav Rao and
8.X, Paranjape -~ Apparent inconsistencies in earlier work have
prompted”a syétematic investigation of single and mixed fterrites
and other spinel compounds. A method ot using polafised neutronse
with polycrystalline samples has been developed to enhance the
data avallable for the solution of various parameters. The
samples studied sre MnF9204, MgFe20¢, CoFe204, 0021‘104 and

Zn-Ni and Mg-Mn mixed ferrites. Some of the important results
are MnFe,0, is 92,6% normal, MgF9204 is 8655% inverted and GoF9204
is 88.2% inverted. The diffraction pattern at 4.2°K of the
complete inverted spinel c02T104 indicated a complicated magnetic
structure Mg-Mn ferrites have the Neel type of ferrimagnetism,

while the exietence of YX angles in the mixed Zn-Ni ferrites has
been established.

25. Magnetic Structure of Heusler Alloys - N. S, Saty Murthy;

M.G. Natera, M.R.L.N. Murthy and R.J. Begum - Five Heusler alloys

PdQMnSn, PdZMnGe, CuZMnIn, FelMnAl and ColMnSb have been studied
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with a view to throw some light on thne mechanism of magnetic
orderingnin this matrix. These alloys are all forromagnetic
with transition temperaturees of 190°K, 260°X, 575°K, 170°K
and 460°K respectively. The Mn atoms in esach &l loy show a

moment value close to 4.0 /bf at Xiquid nitrogen temperature.

26, Magnetic Structure of FelinGe ~ N.S. Batya Murthy, M.R.L.N.

Murthy, M.G. Natera and R.J. Begum - FelinGe has a hexagonal,
filled NiAs structure with the cell cunstants a, = 445 £ and
5.19 K. The 2(a) and 2(d) sites are preferentially occupied

by Mn and Fe atoms. 76% otr Mn goes to the 2(a) eites while

80% of Fe goes to the 2(d) sites. The alloy shows two magnetic
traneitions. Below 340°K, the 2(d) site momenis anly are ferrou-
magnetiocally aligned, but below 245°K the 2{(a) site mouments also
become ordered with neighbouring moments being antiparallel to

eacn other.

27. Parameegnetic Neutron Scattering - N.S. Satya Murthy,

L. Madhav Reo, S.I. Youesef and M.G. Natera - The method of
moments has beeﬁ employed to extract the exchange integrals
operating in a number of iomic compounde like TanFﬁ. ane204,
MnA1204. Jd for TanF3 has been found to be 3°K which compares
well with the GF, BPW and DS predietions. Taking into aocount
the small inversion of 9% in WoAl,0,, the following values Were

gbtained for the exchange integrals.

— - <]
JAA = 0.21°K

JAB = - 16°K
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Dynamics of Solide and liquids:

28, ULibratior 11 Modes ot Water Molecules in Single Crystals

g3 . . HO (¢10.)..H,0 - C.L. Thaper, B. A.
of B,C,0, H,0. H,0 and Ba(010.),.H,0 per,

Dasannacharya, A. Sequeira and P.K. Iyengar - Polarisation

dependence of neutron incohersnt scattering cross secotion can
to sume extent be used to assign libraticnal frequgncies of
the motion of water molecules and to differentiate under suit-
able conditione between two closely spaced librational peaks
which are unresulved in experimense with powder samples. For
7? parallel and perpendicular and at intermediate angles to
H-H vector, the libration spectra at 120°K were obtained and

rocking frequencies assigned unambiguously.

29. Dispersion Relations for Phononsin CaF2 and SrF2 - P,K.
Iyéngar, P.R. Vijayaraghavan and 5.N. Siva - Measuremente on
GaF2 have been made on a multiarm spectrometer in constant Q
mode of operation along [100] , 0110} anma Y11 directions
and to this date 7 branches have been cuompleted - tha accoustie
branches and the lower most transverse optic branch along the
[100] direction. Measured value of q = O transverse optic mode
is 7.7% x 1012 cpe with an estimated error of 1,5%. ileasure-

ments of SrF2 having similar structure are in progress,

30. Study.of Reorientations in Ammonium Salts - H.J. Kim,P.S.

Goyal, G. Venkataraman, B.A. Dasannacharya and C.L. Thaper - The

geaettering of neutrons BJ a2 number of ammonium salts such as.

(NH4)2304, VH, Br, NH,I and (NH4)28nBr6 has been studied, The

gcattering ie quagielasvic and the spectrum hae large wings,
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-

This is & consequence of the reorientation of the ammonium
ions. Thie feature persistis at all scattering angles at

roou temperature and at severél temperatures from -50°C to
140°C. In Skold's tueory S(Q,W) is a sum uf pure elastic

and quasi—elaétic term. The quasi-elactic term is a Lorent-
zian, the widthe and intensity of which depends on a chara-~
cterigtic time qfrepresenting mean time between two reorienta-
tions. Assuming U to vary s T = T, @VIKT and
using tue value of " and V from NMR measurements velidity
ot Skold's model hés been eetablished and alsc qemunstrated

the direct comparison between NMR and neutron results,

31, Theoretical Study - V.C. Sahani and G. Venkataraman -

1. Group Theoretical methods have been used in Born-von-
Karman tneory to cover the case of external modes in complex
crysiale as a further exiension to Chen and Dvorank's work.
As an illustration case of CaWO4 (space grcup Cgh) hag been

investigated.

2. A metuod of constructing irreducible multiplier re-
ppesentations (appropriate to a given factor system) from a
kﬁowledge of IMR's of a normal space group (of prime index)
of it was developed. The necessary proof and illustration

of the method are given.

S In some crystals a model, in which each constituent
atom of a tightly bound group is assumed to carry a certain

charge is found to predict many properties fairly well. It



- 16 -

is shown that it is possible to extend the method ot Kellerman

to study the macroscopic field effects that the model leads to.

4. If the different modes correaponding to a given q are
labclled by IMR32 of the point group G%(q) underlying the
group of wave-vectors (5(q) and there is an INMRS that
oocure only once in the labelling then it is possible to
obtain the eigenvectors ot the modes corresponding to [MRY
by purely symmetry arguments. Thus for such modes the
structure factor can be calculated by symmetry arguments

alone. A computer progremme has been written to calculate

the structure factor.

32, Status of Nuclear Data Work in Beactor Ingzineering

Division -~ 8. B. Garg - Work was done on all the three branches,

namely - evaluation, compilation and derivation of nuclear

crogs-gections.

Evaluation:- Elastic and inelastic cross-sectione were cal-
culated for Cr, Fe and Ni in the energy range
1.0 = 10.0 MeV using the local optical model
potentials which were obtained by fitting the
measureg elastic scattering cross-sections and

their angular distributions.

Compilation:-KEDAK evaluated cross section library wae stored
on magnetic tapes to carry out the reactor design
studies. This library consists of 41 materisals

includ ing the isotopes.



DPexrivation:-

Raw data scattered over 8 magnetic tapes was
scanned and efforts were made to rearrange the
data for each material aseparately. A computer
code was written to accomplish this job.

A 26 group cross-section set was gereated from
the basic energy point cross-section data to
study the large fast power reactors, This set
congists of 15 materials and covers the energy
range .025 eV - 10.0 MeV. The derived group
croga-~sections were modified in view of the new

alpha valuss of plutonium-239.
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B, TATA INSTITUTE OF FUNDANMEN'TAL RESEARCH,BONBAY-5

1. Angular Distribution of Gamma-Rays From 59Co(g,n¥)59Ni

and 51V(p,n7ﬁ510r Reactions - B, Lal and Baldev Sahaj - The

" angular distribution ot several gamma rays generated in the
reactions 59Co(p,nY)59Ni and 51V(p,n‘r)51cr has been studied
with a 2 cc. Ge(Li) detector. The incident proton energies

were choeen to be juet above the threshold for the exciltaticn

29 51

of low 1lying states in Ni”“ and Cr. Hauser-Feshbach-Satchler

statistical mode]l 1is being applied to infer the electromagnetic

decay properties of these low lying statee.

2. Angular Correlation Analysis of the (w ,nn) Reaction
and
- B, K. JainAB. Banerjee - Angular correlation distribution of

the reaction (¥ , nn) on 6Li am 120 nuclei hae been analjeed

in the quasi-deuteron model absarption tor the pion. For the
bound nucleons single particle wave functions have been used.
The scattering of the outgoing neutron with the residual

nucleus has aleo been included. Results are in gocd agreement

with the experiments.

3. Distortion and Ant1°ymmetrisation Effects in 6Li(p,p'24He

Reaction - A.X. Jain, N, 8arma and B. Banerjee - The reaction

Li(p,pd)4He hae been analysed ueing the Distorted Wave Impulse
Approximation (DWIA). A fully antisymmetrised 6Li cluster
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model wave function has been used which has the correct
asymptotic behaviour for the relative 4 - &L wave funetion,
The effects of distortions and antisymmetrisation are investi-

gated. Satisfactory agreement with 155 MeV data is obtained.

4. Juantitative stimate of Pregompound and Compound Parti-

cles of Decay in Nuclenr Reactions - M.L. Jhingan and E.Kondish

- Griffin'e Yexciton" model of & nuclear reaction is used to
calculate the ratiq of the pre-compound to compound emission
_ probabilities in medium energy rnuclear reactions. The experi-
mental ratios are obtained by fitting the theoretical distribu-

tions of the emitted particles to the observed reaction spectra

reported in literature.

228 228

5 High Resglution Studies of Ac —>""Th Decay - R.C.,

Chopra, Bidarkundi*, S.H. Devare and H.G. Devare - The gamma
gpectrum of the 6.1 hr. activity of 228Ac 1e studied with a

20 c.c. Ge(Li) detector at £ 3 keV resolution. The K conver-
gion lines of 209.1, 270.1,327.9, 338.2, 910,71 and 968.7 KeV
gamma rays and L shell convereion of 127.Y and 153.5 KeV gammsa
raye have been studied with a double focusing beta ray spectro-
meter. The relative intensities of the conversion lines com-
bined with the relative intensities of the gamma transitions

glve the internal conversion coefficients. These are used to

* Guest worker from I.I.T., Powai.
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deduce the multipolarity of the traneitions. In particular,
the poassible M2 admixtures 1o some of the El transitione have

been estimated.

6, perturbed Angular Correlation and Paramagnetic Correction

1n 143

Ce -—>143Pr Decay - R.C. Chopra, S5.H. Devare and H, G.

i ————

Devare - The angular correlation of the 293-57 keV gamma ray

cascade in the 143Ge -———>143

Pr decay is studied in an external
magnetic fleld of 6 k gauss, for both the field directions.
The source was used in two different chemical torme. With
09013 in a dilute 1ligquid form the rotation oi the angular
corralation pattern due to the effective magm tic field was
21° while with the aetivity a=s (’.!eO2 powder, a retation of 16°
was observed. This directly proves that the paramagnetic
correction factorﬁ is different in the two cases and hence
the resulting ionic states of Pr are different. This erables
unambiguou's determination of the Larmor frequency and hem e
the g factor of the 57 keV state irrespective of amy perturba-

tione of the angular correlation.

7. Lifetime and Magnetic Moment of 93 KeV state in 1033}_1_

- 5. K. Bhattacherjee and H.C. Jain - The half 1life ¢f the

93 KeV state in 1031?1:1 populated in the ﬁ -decay of 103311 has
been measured both by ¥ - Y and /3 ~conversion electron delayed
coincidince metnods. 1In the first case a Pb-loaded plastic
scintillator has been used to detect the low energy?f -ray. In

the second case, a aingle gapﬂ ~ray epectmometer .has haen




- 21 -~

used to =elect the X-conversion electron of the 5% keV

transition. The results of both fhe experiments give & half
life of 1.13 + 0.03 ns.

Directional correlation measuremenis have been made on
the composite (557 - 53) keV and (444 - 53) keVY -7 cascades.
Further the magnetic moment of.the 9% keV level has been
measured by perturbed angular correlation method. A preli-
minary result of (1.20 + 0. 25) has been obtained for the g
factor of the 93 keV etate.

§. Decay of Lu1 oo A.P. Agnihotry, K.P. Gopinathan and
M.0C. Joshi‘- The decay of Lu177m(155 d) to excited states of
Hf177 has been studied with 20 c.c. Ge(Ti) detector having a
regolution of ~ 2.5 keV at 300 keV. Due to the higher
efficiency of the Ge(I:i) detector improved relative inten-
sities of gémma rgys were obtained. Coincidence measurements
were done with the Ge(TLi) detector and NaI(Tl) detector. The
E2 /U1 mixing ratlos and branching ratiocs have been calculated

and compared with the pure rotational model.

-9, Internal Conversion Mcasurements in the Decay of

1,169 169

—>» Tm-

~ A.P. Agnihotry, K.P. Gopinathan and M. C.
Joshi -'Iﬁternal conversion el ectrons from the decay of

Ib169—:a 169 have been measured with a double~focusing

Tm
eléctron gspectrometer with better than 0.1% resolution. The

gamma spectrﬁm has been studied with a 20 c.c. Ge(Li)} detector
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naving a resolution ~ 2.5 keV at 300 keV. The L subshell
internal conversion ratioe of the hindered 63.12-, 177.18-, .
and 197.97 keV traneitions were found;to be : LI/LII/LIII =
200.1°/ 73.0 / 100, 873 / 172 / 100, 1583 / 254 / 100 respec-
tively. Possible Nuclear structure effects in the L sub-shell
conversion coefficients of these tfansitlons ére analyaed.

10. Levels of Sb123

from the Decay of Sn123(41 min) - K. G.

Prasad, A.P. Agnihotry and M,C. Joshi -~ The decay of 41-min.
123

activity of Sn was sfudigd with high resolution Ge(Ii)
ganma-ray détector. 'Tﬁe'f rayes of energies 160-, 380-,540-
and 550 keV with relative iﬁtensities 100, = 0.004, = C.003
and = 0.003 respectively, wére"obeervéd. The/s-'fcoincidence
neasurements are also made to determige <Ky -the K-shell
internal conversion coefficient of 160 keV transition, The

results are explained by cunetructing the levels at 712-, 540-,

and 160 keV 1in Sb123.’ Nature of these levele is deduced.

11. The Calculation of Nuclear Compressibility - V. R.

Pandharipapde.- The compresaibility of finite nuclei is cal-
culated by oonstrainedvThbmas—Fermi méthod. It 1= found tdibe
mach lower tnan:the intinite nucléar—matter compressibility_and
its“yariation with 4 is well explained by the nuclear liquid;

dropymodel.
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t12. Fabrication of a high Resolution Lithium-Drifted

Germanium Detector - M.D. Deghpande and 5.X. Mitra - A plapar

type Lithiuﬁ-drifted'germanium detector of active volume 0.4
cm3 and 1ntrinsié thicknese 2.5 mm has been fabricated in our
laboratory. Qingle crygtal,p—type germanium doped with gall-
lum with a'résistivity in the 5-15 ohm-cm range was used as
the basic material. ILithium-diffused germanium diode was
obtained by evaporation and subsequent diffusion of lithium
on to one face of the ecrystal in a vacuum evaporator unit.
Lithium-ion drift was carried out in an atmosphere of dry
nitrogen at temperatures and bias levele ranging upto 50°C
and 300 volts respectively. The diode was tested finally at
T7°%X in a cryostat with a vabuum maintéined by 2 molecular
gieve cryosorptiom pump. The dinde has beem TFound to give a
resolution of 2.6 keV {TWHM) at 198 keV gamma-ray energy
increasing to 6.2 keV at 1.35 MeV.

13, Some Data for a six Gap Beta Bay Soectrometer - S. K.

Ambaraeka;,S.M..Bharathi and C.V.K. Baba - Data regarding the
conetruction and performance of an enlarsed version of the
original cdpenhégen midel of a six gap betn ray spectrometer
are given. The spectrometer was constructed with the view %o
study iow energy conversion electron spectra arisl ng from
thermal neuwtron induced reactions. An electron ere rgy range

from apout 5 keV upto avout 5 MeV can he covered.
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C. SAHA INSTITUTE OF NUCLHAR PHYSICS, CALCUTTA-9.

1. Exoitslion Energy of Fermi Gas Systems - Swapna

Ohat terjee and Aparesh Chattexjee - Studies of fast neutron
réactions reflect the nuclear struciure effects in the re-
action cross-sections1. In a reaction process, the nueclear
aystem 18 often desoribsd ag an enssmhle of free termions
with an excltation energy Uo measurad from the Ferml surface
€o+ In a reai nuclear system, &  is shifted %o & due to
nuclear interactlone, and the excitation energy U is measured
from the modified Fermi surface ¢ . Thus in general,U # U,
When the fhéory,of statistical nuclear reactions are applied
to estimate the reaction cross-section ¢°, the observed U
khas to be shitted by properly taking care of nuclear inter-

actions fo match,Uo.

in a form of renormalized interacting gas model developed
by us®, the surrace ¢ i corretated with €, by considering
the long range and short range parte of the residwual interact-
ione of the extracorg nuc;eons‘in an open shell system, 'The
Ldng rangé part tends to unbound the system by the magnitude
of the Rosenzweilg dhifts. The short.range and collective
interactione (pairing and defbnmation-effecte) tend to bind

the system; these are estimmted from the BCS fofmalism of

Belyaev4.

When properly correlated to ite non-interacting form,the

nuclear interaction energies will be released and will contribute
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to U,

Fast (n,2n) cross-sectione are caleculated and compared5
with experiments from the above viewpoint and are found to

agree well in the trend andvmagnitudes.

The orose-section depends equally sensitively oa the
pingle particle denelty function g. This g can be similarly
correlated to its non-interacting form g, again using the

nuclear interactions properlye.

1. A, Chatterjee, Nuci.Phys. 60{1964)273; Phys.Rev.134B
(1964)374; S. Chatterjee and A. Chatterjee, Nucl. Phys.
A125(1969)593; P. Stronal et sl., Nucl. Phys. 30(1962)49;

M. Bormann, Nucl. Phys. 65(1965) 257; J. Ceikai end G.
Peto, Phys. Lett. 20(1966)52; P.Hille, Fucl. Phy=a.A107
(1968)49; F. Manero, JEN internsl report {unpublished)j
Private comm.; Antwarp Neutron Conf.(1965) paper no.120,

2. A. Chatterjee, unpublished (1966-69) ;A Chatterjee,

. 8. Chatterjee, S.K. Ghosh and R. Sarkar, to be published
in parts. _ ,

3. .N. Rosenzweig, Phys.Rev.108(1957)817;private comm.

v4; .S.T,-Beljéev,lnan;Mat. Fys. 31{1959), Nc.11.

5. "S.'Ghatterjee, tq.be pubLishzd in Nucl.Phys. (1970)

‘ 6. S.K.Vthsh, S. Chatterjee and A. Chetterjee, to be

published
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2. Evaluation of the a-parsmeter from the Renormalised

Fermi Gas Model-Sudip Kumar Ghosh, Swapna Chat terjee and

Aparesh COhatterjee - The gingle particle levul depeity at the
Fermi surface of a nucleus and the associated level density
parameter (the a-parameter) are being studied in terms of
nuclear structure effects. Previous works on the level density
parameter have shown that these parameters strongly reflect

the nuclear structure eflfects, and they have been rather

empirically treated.

We attempt to treat the e-parameter in the Yramework of
8 renormalised interacting Fermi gas mod 12 (ReM). In the
RGM, the free gas Fermi surface shifts as a result of aingle
particle interactions (evaluated through the Rosenzweig com=
binatorial correctiona) and the pairing interactions; the
deformation effecta, the odd-even mass effects and the coulomb
energy contribution in a deformed nucleus are also included
as and when necessary. These correctlons are evaluated from
the BUS formaliem of Belyaev4 and the colleciive potential

energy surface (PES) concept of Mosel and Greiner’

An expresaion for the single particle has been derivetl6
from a stendard phése'analysia. Intormation of nuclear
struoture hae been introduced from the RGM and the phenomeno—
Logical coulomb correction has been treated from the PES. The
calculated values for the a-parameter agree fairly well with
those obtained experimenially and reproducee the emp{rical

: -1
conjectures . This set of a-parameters wiil be used to analyse
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the structure eftects inm neutron induced resctions.

1. T.D. Newton, Can. J.Phys._34(1956)804; A.G.W, Cameron,
Can.J. Phys. 36(1958)1040; E. Erba et al., Nuovo Cim.
22(1961)1237; U, Facchini and E. Saetta~Menichella,
Energla Nuclare 15(1968)54; A.V. Malishev, Soviet Phys.
JETP 18(1964)221

2. A, Chatterjee, unpublished; A. Chatterjee, S. Chat terjes,
S.K. Ghosh and R. Sarkar, to be published in parts.

3. N. Rosenzwelg, Phys. Rev. 108{1957)8073 &. Chatteriee,
Nucl. Phys. 60(1964)273; Phys.Rev;12i§(1964)374

4. 8.T. Belymev, Dan.Mat. Fys. 31(1959), No.li.

5. U. Mosel and W. “reiner, private comm., Z. Physik
217(1968)256.

:. S.K. Ghosh, S. Ohattgrjes and A. Chatterjes, to be
published.

3. Nuclear Structure Eitfects in (n,2n),(n,p) eand {n.<)

Reactions - Swapna Chatterjee, Sudip Kumwar Ghosh and Aparesh

Chatterjee - The two basic parameters needed ifor evaluating
the'statistical puclear reaction cross-sections are the
excitation energy U and the level density parameter; the ex-
citation energy U is measured from the nuclear Fermi surtace
G- and the level density parameter & is needed to generats
the total level density /9 at an excitation U. The RGM is
able to treat both these quantities satisfactorilyie
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An attempt is being made to use the microscopic BeLs-
coneistent RGM tormulation in fast neutrop reactiong and to
reanalise and improve the previous viewpointz. The specific
channels in which these improved treatment will be used are

(n,2n), (n,p) and (n,of) reactions.

1. See the two previous reports
2. A chatterjee, Phys.Rev.134B(1964)374; Nucl.Phys.60(1964)
2733 Proc. Antwarp Neutron Conf. (1965), paper No.113,

4. Optical Potentials for 3§g and Triton - 8. Mukherjee,

R.K. Satpathy and S.K. Samaddar - The opticel potentials for
3He and triton are calculated in terms of the optical potentials
of ite conetituents by extending ths formalism of Mukherjee for
the case of deuteron in a straight-forward manner. Comparison
wlth experimentél resulte for elastic scattering cross-sections
of 3He from varivus targuts indicates that a good f£it to the
experimental resuits cannot be obtained if the weil depth of

the 1maginary part of the nucleon optical well is not allowed

to very with energy.

5. Lifetime of the Excited States in 51v and‘goY - H. Singh

and B. Sethi - The life-times of the exclted states in °'V and
VQQY have been measured by the delayed coincidence technique
using a time to amplitude converter. The rad.oactive souroces

of the 5.8 min 51T1 and the 3,7 hour 90mY were produced by

1 .+ 51
5 V(n,p) 2oy, 93Nb(n,00 0my na 9()A‘Zr(n,p)gomlf reactions at
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the structure eftects im neutron induced reacsiona.

1.

2.

3,

4.
5

6.

3.

T.D. Newton, Can. J.Paye._34(1956)804; A.G.W, Cameron,
Can.J. Phys. 36(1958)1040; E. Erba et al., Fuovo Oim.
22(1961)1237; U. Facchini and E. Saetta-Menichells,
Energla Nuclere 15(1968)54; A.V. Malishev, Soviet Phys.
JETP 18(1964)221

A. Chatterjee, unpublished; A. Chatterjee, S. Chatteries,
S8.K. Ghosh and R. Sarkar, to be publiched in parts.

N. Roamenzwelg, Phys. Rev. 10U8(1957)807; A. Chatterjee,
Nucl. Phya. 60(1964)273; Phys.Rev#12i§(1964)374

8.T. Belyaev, Dan.Mat. Fys. 31{1959), No.11,

U. Moe:l and W. “reiner, private comm., %. Physik
217(1968)256.

S.K. Ghosh, S. Chat{srjee and A. Chatterjea, to be
published.

Nuclear Structure Eifects in (n,2n),(n,p) and (n.c)

Reactions - Swapna Chatterjee, Sudip Kumar Ghosh and Aparesh

Chatterjee - The two basic parameters needed for evaluating

the statistical nuclear reaction crose-sections are the

excltation energy U and the level denslty parameterj the ex-

citation energy U is measured from the nuclear Fermi suriace

@< and the level density parameter & is nseded to generate

the total level density fD at an excitation U. The RGM is

able to treat both these quantities satisfactor11y1.
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An attempt is being made to use the microscopic se.:-
coneigtent RGM formuiation in fast neutron reactions and to
reanalise ard improve the previous viewpointz. The epecific
channels in which these improved treatment will be used are

(n,2n), (n,p) and (n,o) reactions.

1. See the two previous reports
2. A chatterjee, Phys.Rev.134B(1964)374; Nucl.Phys.60(1964)
2733 Proc. Antwarp Neutron Conf. (1965), paper No.113,

4. OQOptical Potentials for 3He and Triton ~ S. Mukherjee,

R.XK. Satpathy and S.K. Samaddar - The opticel potentials for
3He and triton are calculated in terms of the optical potentials
of its constituents by extending the formalism of Mukherjee for
the case of deuteron in a straight-forward manner. Comparison
wlth experimental results for elastic scattering crosms-sections
of 3He from varivue targuts indicates that a good fit to the
experimental resuits canpot be obtained if the well depth of

the imaginary part of the nucleon 6ptical well 18 not allowed

to vary with energy.

5. Lifetime of the Excited States in oy angu?oY - H. Singn

and B. Sethl - The life-times of the excited states in °'V and
9OY have been measured by the delayed coincidence technique
using a time to zmplitude converter. The radioactive sources
of the 5.8 min °'Ti and the 3.1 hour 20T were produced by

51V(D'P) Y11, Prv(n,e) 2%y and QOZr(n,p)gomY reactions at
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the structure eftects in neutron induced reactione.

1.

2.

3.

4.
5.

3.

T.D. Newton, Can. J.Phys. 34(1956)804; A.G.W, Cameron,
Can.J. Phys. 36(1958)1040; E. Erba et al., Nuovo Oim.
22(1961)1237; U. Facchini and E. Saetta-Menichella,
Energia Nuclare 15(1968)543 A.V. lalishev, Soviet Phys.
JETP 18(1964)221 |

A. Chatterjee, unpublished; A. Chatterjee, S. Chatterjes,
8.K. Ghoeh and R. Harker, to be publisched in parts.

N. Rosenzwelg, Phys. Rev. 108(1957)807; A. Chatterjee,
Nuel. Phys. 60(1964)273; Phys.Rev.134B(1964)374

8.7. Belyaev, Dan.Mat. Fys. 31(1959), No.11.

U. Mosel and W. Yreiner, private comm., Z. Physik
217(1968)256.

5.K. Ghoeh,l S.,G‘hatf.arjee and A. Chatterjee, to be
published.

Nuclear Structure Etfects in (n,2n),(n,p) end (n.,xc)

Reactions - Swapna Chatterjee, Sudip Kumar Ghosh and Aparesh

Chatterjee - The two basic parameters needed for evaluating

the statistical nuclear reaction cross-sections are the

excltation energy U and the level denslty paremeter; the ex-

citation energy U is measured from the nuclear Fermi suriace

@- and the level density parameter & is needed to generate

the total level density /D at an excitetion U. The RGM 1s

able to treat both these quantities satisfactor11y1.
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An attempt is being made to use the microscopic ser:-
consistent RGM tormuiation in fast neuiron reactions and to
reanalise and improve the previous viewpointz. The specific
channels in which these improved treatment will be used are

(n,2n), (n,p) and (n,ot) reactions.

1. See the two previous reports
2. A chatterjee, Phys.Rev.134B(1964)374; Nucl.Phys.60(1964)
2733 Proc, Mntwarp Neutron Conf. (1965), paper No.113.

4. Optical Potentisls for °He and Triton - S. Mukherjee,

R.K. Satpathy and S.EK. Samaddar - The optical potentials for
3He and triton are calculated in terms of the optical potentials
of its constituents by extending the férmalism of Mukherjee for
the case vof deuteron in a straight-forward manner. Comparison
wlth experimental resulte for elastic scattering cross-sections
of 3He from verivus targets indicates that a good £i% to the
experimental resuits canmot be obtained 1f the well depth of
the imaginary part of the nucleon optical well is no%t allowed

to vary with energy.

5. Lifetime of the Excited States in 21y apg P - H. Singh

and B. Setil - The 1ife-times of the excited states in > 'V and
QOY have been measured by the delayed coincidence technigue
ﬁaing a time to smplitude converter. The radioaciive sources

5

of the 5.8 min Yoy ond the 3.1 hour 0Py were produced by

51?(0-9) 211, Pn(n,o) 2% ana 9OZr(n,p)9°mY reactions at
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the etructure efrects in neutron induced resctions.

1.

2,

3.

‘.
5.

6.

3-

T.D. Newton, Can. J.Phye._34(1956)804; A.G.W, Cameron,
Can.J. Phys. 36(19558)10403 E. Erba et al., Nuovo COim.
22(1961)1237; U, Facohini and E. Saetta-Mernichella,
Energia Nuclare 15(1968)54; A.V. Malishev, Soviet Phys.
SETP 18(1964 )221 |

A. Chatterjee, unpublished; A. Chatterjee, S. Chatterjes,
8.K. Ghosh and R. Sarkar, to be publiched in parts.

N. Rosenzweig, Phys. Rev. 108(1957)807: A. Chatterjee,
Nucl. Phye. 60(1964)273; Pbys.RevA.lB_t@U%:i)ju

-8.T. Belymev, Dan.Mat. Fys. 31{1959), No.i1.

U. Moscl and W. “reiner, private comm., %. Physik
__1(1968)25&

5.K. Ghoeh, 8. Ohattarjee and A. Chatterjee, to be
published.

Nuolear Structure Bifects in (n,2n),(n,p) end (n,x)

Reactions - Swapna Chetterjee, Sudip Kumar Ghosh and Aparesh

Chatterjee - The two baeic parameters needed for evaluating

the statistical nuclear reaotibn cross-gactions are the

exciation energy U and the level density parameterj the ex-

citation energy U is measured from the nuclear Fermi surtace

»& and the leveli density parameter & 1is needed to generste

the totsl level density £ at an excitation U. The RGM is

-able to tra_at both these quantlt'ies satisfactorily‘i.
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An attempt 1s being made to use the microscopic sec:-
consistent RGM formulation in fast neutron reactions and to
reapalice and improve the previous viewpointz. The specific
channels in which these improved treatment will be used are

(n,2n), (n,p) and (n,o) reactions.

1. See the two previous reportis
2, A chatberjee, Phys.Rev.134B(1964)374; Nucl.Phys.60(1964)
273; Proc. Antwarp Neutron Conf. (1965), paper No.113.

4. QOptical Potentiels for He and Triton - 5. Mukherjee,

R.K. Batpathy and S.K. Samaddar - The optical potentials for
3He and triton are calculated in terms of the optical potentials .
of 1ts cosetitueats by extending the formallem of Mukherjee for -
the ease‘of dewieron in a straight-forward manner. compaf’ m
with experimenntal resulte for elaetic scatterins cross-sec e
of 3He ﬁrom varioue tergots indicates that a good fit to the
experimentel results canmnot be obtained If the well depth of

the 1lmaginary part of the rucleon optical well 1s not sllowed

to vary with energy.

5. Lifetime ol the Execited States in 51Y and 30 Y - H. Singh

and B. Sethl - The life-~times of the excited states in 51y ana
‘QOY have been measured by the delayed coincidence ftechnique
using & time %o emplitude converter. The radiosciive sources
of the 5.8 min‘51Ti'and the 3.1 hour QOmY were produced by
*Y(0,p) ?'11, Pn(n,0) 2% ana 9022 (n,0)9%" reactioas at
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14 MeV neutron energy. <The resulte obtained are as follows:

Nucl eus Level Half-iife (nsec)
51
v 320 0.190 « 0.030
930 0.070 I 0.025
90y 202 0.180 + 0.030

The relative intensities of the 1’—raye in 517 and 9UY
have boen measured with the help of a Ge(Li) detector, and
on the pasie oi these results, the partial half-Lives for

Y ~emission have been detemined and compared with
Welaskopf estimates.
152

6. The Decay of 6-MIN -“"Pm - K.S.N. Murty, B.P. Pathak

and S.K. Mukherjee - The decay of 6-min 152Pm, produced by

the (n,p) reaction on 152

Sm has been studied using scintilla-
tion and Ge(Ii) detect@rs. Besldes the gamma rays of 122 and
245 keV reported earlier, new gamma reys of 811, 1113, 1408

and 1511 keV have been observed to decay with 6-min hali~life.
The observed beta and gamma transitions have been incorporated

lnto & decay scheme,

x

N

T. The Decay of Im & Evo to the Levels in Nb - N.CG. Das,

B.P. Pathaik and 5.K. Mukher])ee - The decay characteristics of
metastavle (66 sec) and ground (15.6 min) states of 91 Mo have
been studied using Ge(1li) and scintiilation spectrometers.
The gamme rays of 536, 786, 1034,1406 and 1576 keV enargiles
have been found to decay with 15.6 min half-life. The 66 see6

metastable state of 91Mo has been found to decay with the
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emission of beta-groups with end-point energies 2.1, 2.7
and 4.0 MeV and gamma rays with energies 654(IT), t172,
1196, 1537 and 1626 keV. A decay scheme for Im & BMo is

suggested.
8. TLevel Scheme of 152Gd - B. K. Dasuahapatra - 23 gamma
rays are fitted in a new decay scheme of 152Gd from a atudy

of high resolution (2,6 keV) Ge(Ii) gamma spectra of the

12.4 y 152Eu activity. Three new levels 3 2+, 1109.1 keV,

3%, 1434.2 koV and 4%, 1281.8 keV are located in 15244,

Unlike previous informetions, it is shown that 1526d may

have properties consistent with large nuclear deformation.

9. Decay of | '™n - H. Sing, B. Sethi and V.K. Tikku

Tim

- The decay of the 3.9 hour Zn has been investigated

with the help of a Ge(Li) detector and scintillation counters.
The '™Zn source is produced by 71Ga(n,p) T8y, reaction with
14 MeV neutrons ueing enriched Tga target, The relative
intensities of the gamma-rays ari¥ing in the decay have been
accurately measured and the bramching ratios foxr the beta-

and gemma-rays have been deduced.

19, Decay of 746a and Energy Levels of T4ge - m, Singh and

B. Bethi - The decay of the 7.9 min T4ga to the levels of

74Ge has been & idied with the help of a Ge(ILi) detector and

scintillatior counters. The 74Ga ectivity has been produced
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by 74Ge(n,p) 74Ga reaction with 14 MeV neutrons.. New gamm-

rays bave been found in the energy intervel 0.6 = 2.2 MeV,

T4

A decay scheme of "Ga 1s proposed on the basis of accurate

energy and intenstly meamsurements of gamma- and beta-raye,and

coincidence studies.

65 65

11. Decay of 15-Min Ga’’ %o qz’rn - D. Basu - Fiftsen minutes

Ga65 was produced from the Zn64(p{t)6365 reaction. The decay
of this isotope was studied ueing a Ge(Li) detector. Several
'X ~raye have been detected, and a consistent level scheme is

proposed.

12. Energy Distributions in Promp% Fission Fragments - Ratne

Sarkar and Aparesh Chatterjee - Total energy reclease in prompt
fisgion phenomena and the disiribution of this energy as the
excltation and kinetic energies of & conjugatc fragment is
predicted from the potenticl energy surface (PE3) concept1 and
the renormalised Fermi gas medel? (RGM): 1In the PES concept,
the total nuclear energy EA(P) at ground state detformation

i8 expressed in Belyaev's BCS formalism. This energy is expand-
ed in & power series1’to obtain energy EA(O() at an arbitraxry
deformation ¢ . If OC is the saddle-point deformation para-

meter, the total energy release in fission Tor binary divisions

is
. Zr 2y 2 +RR_ T oL
= 0 i)~ E + “IL°%He -5 0 LD D
B :E‘-—-L,HEF( ) F(PF) F i -‘.ZTI) ToF + 35 ( 411 )

1
EE%%QE—L— where the square bracketted terms represent the
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1nt:araction3 between the light (L ) and heavy (H) fragment
of 8 conjugate pair. The o 's are estimated by minimizing

the energy with reepect to o.

The nuclear structure-sensitive part of the PES is
treated by the RGM. The shell effects, pairing effecte and
dedormation effects appear as eultable energy corrections
f, 7 and 6 .« Te total RGM correction is f - 11 - 6 .
It is assumed that the total RGM corrections of the fragments

over tunose of the fissiuning nucleus mustAappear a8 a part of

the excitation energy URGM. The rest of the excitation energy

1o estimated from the change of the deformtion-dependent part

of the ES UPES. Tne to tal excitation energy is thus URGM +

UPES. The total kinetic erergy T is then ER - U,

These predictions are tested for the spontanecus fiseion

of 2520f, thermal neutron induced fission of 233U, 235U,239Pu

and fast neutron fission of 238U, In each case, good agree-

ment was found between tihne experimental and predicted valuesz.

1. U. Moser and W, Yreiner,Private comm.; 2. Physik
217(1968)256. |

2, R. Sarkar and A. Chatterjee, Phys. Lett.30B(1969)313;
Phys. Hev. (to e published)

13. Prompt Gamma Decay of Fission Fragmente - Ratna Sarkar

and Aparesh Chatterjee - Uur previous RGM-PES approach1 was

found to give fairly good descript10n2 of the fission energy
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kinetice in case of spontaneous fission of 25201‘, sl ow
neutron fiséion of several nuolei, and fast neutmn fissiocn
of 238U, without us mg a mass formula to evaluaie the fiss-
lon ersrgy release Ep. The partitiion of energy E; into the
prompt fragment excitation UF and fragment kinetie enexgy TF
were also satisfactorily treated. A realistic atructure=-
senaitive \}arié.tion of the symmetrie and asymmetric collective
stiffneas coeffic ients GO and C, (ox C', for notations, see
ref".{) may be coneidered by assuming that they aré functions

of extracore nucleons n in a nucleus AF(n/AF = 5@/@0 ).

The occupation deperdence of the coefficlents are
Opp = Ugo (1 = OB /€ ),Ch=0y (1 = OE/E, ) (1)

where 060 and Ca are the stiffness coetficients or & free

gag. In this work, C o = 320 MeV =nd G'O = 160 MeV have been

0
assumed.

The entire fragment de-excitation process is assumed to

bes . A

F {‘,F — AF'*—w——E%-rm—»-)-AF' (2)

where Vg and By, &re the number of neutrons and gamma rays
respectivély from the fragments F and F'. A cascade de-

exclitation process 1s assumed to be favoured both for theo-

retica12 and experimentél3'5 reasons.

Since the RGM can ewaluate the mingle particle density

g (or ites related Level dénsity parameter g oif the nuclear
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gystem in the form
Epr = 8y (1 + O€ 5, /€ ) (3)

we assume that the cascede process is allowed only through
a set of equidistantly spaced levels (of spacing dp, = 2/gF)

of the sama kind of parity. We thus obtalrn the result

Em%ax = U‘F|'= z(eFv - 1)/ gFI (4)

where E?Px is the maximum gamma energy5 (about 3-4 MeV).

Fairly good fite of the prompt gamwa energics and gewma
ray yields have been found using the above 1dea56 for the

thermal neutron fission of 235U and spontanecus fission of
2520f. '

1+ A. Chat teriee, unpublished; A. Ohat terjee, $. Chatterjee,
S.K. Ghosh and R. Sarkar, to be published in parts

2. R. Sarkar and A. Chatterjee, Phys. Lett. 3UB(1969)313;
Phys. Hev. (to be published)

3. S.A.E. Johansson, Nucl. Phys.60(7964)378;64(1965)147

4, H, Majier-Leibnitz et al., Proc., Sulzburg Cont. on
Pisslon (TAEA, Vienna) 1965, Vol. II, p. 143.

5 E.C. Nalenschein et al., Proc, 2nd Intern. Comf. on
Peaceful Uses of Atomic Energy (United Nations, Geneva)
1955, 15, paper No.P/670

6. R. Sarkar and A. Chatterjee, to be published.
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4. Independent Mass Yields ol the Fission FPragments - Ratna

Sarkar and Aparcen Chatterjee — In the case or binary fission,
the 1life time of the flesioning nucleus is assumed to be so
large that a stacistical equilibrium is set between the fisca-
ioning nucleus and the preformed fragments and hence the entire
fission pheﬁomenon may be described 1n,terms of the phase space
available to tne prdcees1. The relative decay probability in
a given tfragment pair (1,2} is then givén by the relative
transpacency tector Ty, times the level densities of the

fragmente:
Yo L sz = T12 exp 2(alU1)% exp 2(32U2)%
where Y4, is the yield and P12 is the decay probability.

It is possible to calculate the excitation energles Ul
and U2 from the RGM-PES approaone. 1%t ie further possible.to
compute the stetistical level density parameters 8y and 2,
from tpe RGHM d',irectly2 as

2 2 .
8, = M A/ = (T Mg+ §€/€)
where | €, 1s the RGN correction of the i-th nucleus.

The complicated problem of evaluating the relative trane-
parency factor T12 is handled by using a simple form of ion-
optical potential due to Thomas3. Using the WKB epproximation,
the transparency T., for a parabolic barrier of height B is of

the form

Ti2

evaluated at & point where V(r) is a maximum ioT ,i.= 0.

= 1M1 - exp(z T/ hw)(B-1) withhio= (IF}jM)(dzv/drz)%
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The independent mass yields Y12, and Y1 and'Yz,

238

(Yi = Y12%), are caloulated for the fission of U with

neutrons of energy B, = 2.8 MeV. The agreecment between the

4 5

theoretical” and experimental” vel ues is satisfactory. The

agreecment at En = 14 MeV ie also impresaive4'b.

1. T. Ericeson, Advan. Phys. 9 (1960)425

2. R. Barker and A. Chatterjee, Phys.Lett.30B(1963)313
3. T.D. Thomas, Phys. Hev. 116(1959) 703

4. R. Sarkar, to be published

5. 8. Katcoff, Nucleonies 16(1958),p.78

15. Piszsion Energy Kinetics, Fragment Deformations,The

Fission Barrier and Mass Yields - Ratna Sarkar and Aparesh

Chatterjee - Encouraged by the partial success ot a unified
microsecopic RGM-PES approach1 of treating the energy kinetics
in fission phenimena, a detalled progrem has been undertaken
to calculate the above quantities forva large number of fies-
ile nuclei (A = 185 to 260). We hope to treat (i) the
scission point deformetions of the fragments, (i1) evaluate
tne scission point barrier heights, and (iii) predict the
Independent mass yields from the same : basic self-consistent

approach without the use of a mass formula.
Orly 2 limited part of tue program has so far been
carried out® with fair success.

1, R, Sarkar and A. Chatter jee, see the previous three

reports

2. R. Sarkar and A. Chatterjee, to be published
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14. Independent Mass Yields ol the Fission Fragments - Ratna

Sarkar and Aparven Chatterjee - In the case or binary fission,
the 1life time of the fimsioning nucleus is assumed to be smo
large that a staiistical equilibrium is set between the fise-—
ioning nucleus and the preformed fragments and hence the entire
fission phenﬁmenon may be describeqd 1nlterms of the phase space
available to tne prdcess1. The relative decay probability in
a8 given tragment pair (1,2) ie then givén by the relative
transparency factor T12 times the level densities or the

fragmente:
Y., &L P, =1, exp 2(a1y1)? exp 2(a2u2)E
where Y12 is the yield and P is the decay probability.

It is posesible 1o calculate the excltation energies U1
and U2 from the RGM-PES appmoaonz. It is further possible to
compute the statistical level denslity parameters 2y and a,

from the RGM directly2 as
2 2
a, = WA/ = (T a/8€)0 +5€/ &)
where €, is the RGM correction of the i-th nucleus.
The compliceted problem of evaluating the relative trans-
parency faetor T12 is handled by using a simple form ot ion=-

optical potential due to ThomasB; Using the WKB approximation,

the transparency T,, for a parabolic barrier of height B is of

the form i
Tin = 1/(1 - exp(2 W/ hw)(B-T) withhio= {}’ﬂ)(d"v/drz)%

evaluated at a point wnere V(r) is a maximum ‘oT ,ﬂ = 0.
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The independent mass yields Y12, and Y1 and-YZ.
(Y1 = Y12%), are caloulated for the fission of 238y with
nentrons of energy En = 2.8 MeV. The agreement betweon the

4 5

theoretical’ and experimental” vel ues is satisfactory. The

agreement at En = 14 MeV ie also impreeaive4'5.

1. T. Brieson, Advan. Phys._g (1960)425

2, R. Sarkar and A. Chatterjee, Phys.Lett.30B(1969)313
3, T.D. Thomas, Phys. Hev., 116(1959) 703

4, R. Sarkar, to be published

5. 9. Kateoff, Nucleonies 16(1958),p.78

15. Tission Energy Kinetics, Fregment Deformations,The

Fission Barrier and Mass Yields - Ratna Sarkar and Aparesh

Chatterjee - EZncouraged by the partial succese oi a unified
nicroscopic RGM-PES approach1 of treating the energy kinetics
in fission phenimena, a detailed program has been andertaken
to calculate the above quantities for a2 large number of fisa-
ile nuclei (A = 185 to 260). We hope to treat (i) the
scission point defcrmations of the fragmente, (ii) evaluate
tne scission pant barrier heights, and (1ii) predict the
independent mass yielde from the same . basic self-consistent
approach withont the use of a masa foramula,

Qrly & limited part of tne program has so far been

carried out? with fair success.

1+ R. Sarker and A. Chatter jee, sece the previous three

reporte

2. R. Sarkar and A. Chatterjee, to be published
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16. The Stability of Actinide Hleowents and Superheavy Nuclei

- Sudip Kumar Ghosh and Aparesh Chatterjee -~ A great deal of
recent work has stud ied th;.question of stability ct actinide
elemente Bnd superheavy elements in the framework of the liquid
deop model and colleciive behaviour oif the nucleons. An
attempt is béing made 50 look into the stability problem form
the inferacting'renormalized Fermi gae model (RGM ) viewpoint.
The RGM treats the long-range and short-range parts of the re-

sidual nuclear interactions properly’.

The RGM is also able to treat the single particle lsvel
deneity g ot the nuclear gy stem by reconsidering the same
basic Interactions in a deformed potentiel and additing up the
phenomenological coulomb intcraction effects. We expect these
two teatures of the RGM to define at least a partial criterion

of stabllity,.

The main difficuity of treating the superheavy nuclei ie

that the shell model interactions in these regions are obacurel

L 4

"

known. A correct guess of the shell structures are needed to
obtain the RGM etructural corrections oO¢ and the RGM single-
particle density & . These are being looked 1nt§ .

1. Sée previbus reports

2. S.K. Ghosh and A. Chatterjee, unpublished

17. Predictions ot Deformations and Quadrupole Moments
' 1
- Swapna Chatterjee and Aparesh Chatterjee - Simple calculationa

on these properties ot nuclei showed the need of conslderable
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improvement in our treatment o) the RGM. We shall reculculate
them with our modified RGM.

1. S. Chat terjee, unpublished.
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D. LABORATORIES FOR NUCLEAR RESEARCH. ANDHRA UNIVERSITY,
~ _WALTAIR

1, Isomeric Ratio Analysis of (n,2n) Reactio;?%ome Rarc-

Earth Nuclides - P. Rama Prasad, J. Rama Fao and E.Eondaizh

- Isomeric cross seotion ratios for (n;2n) reactions on
Kd-142; Sm—143 gnd Eu-153 were measured at En = 14,2 + 0.2
with a well-type NaI(Tl) Scintillation Spcetrometer. The
experimentally determined values ars ogompared with those
calculaived theoretically using the Huisenga and Vandenbosech
formalism, to find the value of the spin cut-off factor

The corféspanding ruclesr momente of Inertia are also

deducad.

2. Precompound Particles in 115155g,n21153n Reactionjand
§2,n2 Reactions in General - K. Parthesaradhi, C.R.Chandran,

V. Seshagiri Rao and S. Ramenurthy - An sxamination of
11SIn(p,n)HSSn reaction date at four bombarding energies
reveale features found previously in 80Se(p,n)SGBr,
942;(p,n)94Nb, 116Sn(p,n)"GSb, 117Sn(p,n)117Sb,118éﬂ(p,n)1185b
and 1228n(p,r,)1225b reactions,-viz., the existence of pre-
compound pprticles at all bombarding emergies end the ia-

oreasing bombarding energies., Genersal conclusione concern-

ing (p,n) reactions are drawn,
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3. K-X Ray and Gamma-Ray Directional Correlation in the

Daecay of Rehenium - 186 - K.V. Ramana Rao, P. Jagam, D.T,

Sastry. - In view of the recent work of Perpelkin on Mn-54
in wii ch he reported e definite angular correlation betwsen
the K-Mray following the E-capture and the succeeding gamma
ray, we conducted meassurements carefully employing a high
efficiéncey Sﬁmwpeak Coincidence Spectrome ter Set-up on the
angular correlation between the K-X ray following the X-

capture and the succeeding gemma ray in the decay of

Rhenilim ~-186,

4. XNuclear Matrix Elements Governing the 450 KeV First

Forbidden Beta Transition - M. L. Narasimha Raju, V.

Seshagirli Rao and D.L. Sastry - The energy dependence of

the angular corretation of the 450 KeV beta - 176 keV gamme
cascade in '8b-125 measured with a fast-slow scintillation
spectrometer. A maxiuum beta-gamma anisotropy of abbut 25%
is found. The present values of angular correlation are
combined with the allowed shape of the 450 keV beta %iransi-
tion in order to obtain the first forbidden matrix elements
governing the 450 keV beta tranmsition. The exact thecretical
expressions that include the finite size effects and Bhalla
and Rose tables are used in the analyeie; The analysis is

carried out on the CDC 3600 electronic computer.
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5. The Structure of the 80- And 364-keV States in Xenon-

£ a2

131 - V.V. Rame Murty, M.T. Rame Rao, G. Satyanarayena and
V. Lakehminarayana - Delayed coincldence measurements on

the 80 =2nd 364 keV levele 1n Xenon-131 are performed. Phe
measurements yielded values of (380 + 20) psec. and

(360 + 40)psec. respectively for the half lives of the two
levele. The single particle estimates of the transition
probabilities are compared with tiose caloulated on the
basis of the experimental values of half lives. These values
indicace that the 80 keV and the 364 keV levels should ariee
out of esome collective mechaniem of excitation. The results
are discussed in the light of the recent phenomenological
nuclear models of de=Shalit and Kisslinger and Sorensen.
While the Kisalinger and Sorensen wave-functione seem %0
describe the ground and the 80 keV levels adequately well,
_evidencé for dominant contributione from the d3/2+ phonon
and 81/2" phonon parts in the 364 keV level is observed.

The unified nuclear model with a restricted configuration
spacé consisting of 81/2 and d43/2 orbitals slone available
for the odd neutron occupancy seems to be aprlicatble to this
nucleus.

143

6. The Structure of the 57 and 351 keV Levels in Pr -

V.V. Rama Murty, M.T. Rama Rac, S. Khayyoom and V.

Lakshminaresyana - The half-lives of the 57 and 351 keV levels



- 42 -

in **3pr are measured to be (4.05+0.12) ns andi(68:8) pB8,
respeotively, by the delayed coincideme technique, using a
time-to-amplitude converter. From a comparison of the
"observed transition probabilities with the single partiole
estimates, .it is inferred that the levele could be attributed
to a collective mechanism of excitation. The core exciatatior
model, extended with admixture in the wave functionas, as well
a3 the pairing and ;ong range force model, are found to be
inadequate to explain the observed resulte. Wave functions
have been provided by Choudhury and Kujswaki as well as Heyde
and>Brussaard, on the basis of the unified nuclear model in
ites intermediate coupling approach, with 137/2 and 2d5/2
orbitals ayvailable to the cdd proton. While the former rule
out an experimentally established 3/2+ atate.around 351 keV,
and indicate a 7/2% spin to this level,the wave functions
provided by the latter for a 3/2+ level below 500 keV provide
resulte which agree approximately with the present experi-
mental estimates. A better agreement appears.possible with
the inclusion 6£ 2d3/2 and 351/2 orbitals also in the inter-

mediate coupling model calculations,

T Beta Groups of 99Mb - T. Nagarajan, M. Ravindranath
and K.Y. Reddy - An analysis of beta spécdtrum of 99Mo taking
" inte acvount the correctlahape of the outer beta group re=-

vealed beta groups with endpointss 1215+1 (84%),840+45 (2%),
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450;10\(4%)vkev. The shape co-efficient of outer éroup is

$ 8 o —0.0131.007.v On the basis of shell model matrix
alementa,the CVC predictiop for N gave a positive value for
a, whatever be the value of No « Treating both A and A,
ae free parameters, 8 fit with experimental shape gave :
3.4< N< 5and 2.3 < No £ 3.7,

S~

The shaepe of the
inner group (840 keV) was found to be that of 1st forbidden

non-unique type consistant with shéll-model prediction,even
though the 514 keV (3/27) v+l fed by this beta group is
considered as arising from the weak coupling of psz proton-
hole to the 2+ first excited state of the core (9SMO). But
the large log ft value of thie transition mey perhaps be

axpléined By giving "micrasccpic" plcture to the core.
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B. ALIGARH MUSLTIM UNIVE!SITY, ALIGARH

1. Measured (n,p) Remction Cross Sections and Their

Predioted Values at 14,8 MeV - R. Prasad and D.C., Sarkar

= (%,p) reaction cross gectiuns ior some fortyfive 'cases in
the range 167 22 A = 6 are meamired by the activation
techniyue at 14.8 + 0.5 MeV neutron energy. Measured cross
.seoctions are compared with the cross ssctions semi-empirically
predictcd by Gérdner and Cevkovskii. Expcrimental cross sect-
ions are also cémpared with croes secéion values obtalned

theoretically uslng a shell dependent level density.

2. Statistical Theory Calculations of Neutron Cepture Cross

Sectione at 200 XKeV - A, K. Chaubay, M.8. Rajput and M.L. Sehgal

- Neutron capture cross sections fnve been calculated using
etatistical theory otr nuclear reactions at 200 KeV. By ooﬁ-
paring these calculated cross sections with the earlier measured
values of capture cross sections at 200 keV, vd.uee of para-
meter :t,‘j’- (D/21T ,FZ ) were calculated. Theae. values of

were oompared with the values of g obtalned trom low energy
reson m o3 parameters. In general there ie..-good agreemont in

these two walues ofgwhich confirms the validity ot statistical
theory at this energy.

3. On Spectral Density Method in the Perturbed Angular

Correlatior = K. Rama Reddy - For a linear respense d-tenting
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system; the tims and frequency mspectra of the perturbed
angular ocorrelations are caleulated, Calculstions are based
on the tcohniquea of random sipgnal analyeis. The frequency
spuvctra, thue calculated, contain resonamw es whose positions
are determined by thé hyperiine interasctions, The iine width
of a regsomance ie juet the natural L@.@Eﬂ of the deocay~
ing nuclear state. Numerical results are discuesed for

varlous stationary and non-sgtationery perturving interaatiuns.



F.Depgriment of Puyslics, Bangalore University,Bsngzalore-i,

. . \ R ]
1. Spectroscopie Factors for Pickup deactions - N, G.

Puttagwamy —ANuclear feéctionﬁ tﬁvolfihg'the'frahefer 0of one
nucleon are being studied in 1arge;numberé. fér”ﬁﬁclei‘in

the s-4 shell, epecfrbacopic chfore.for'étripping"reéctiona
have been predicted by Glaudemane et al' who have performed
a ghell-model ecalculation aeeumihg an inef¥ 2851 CDfe.and
permitting all configuretions within the e(1/2) and d4(3/2)

ghellg. Since pickup reactions yield very similar informa-

tion, the same wave functions have been used to predict

gpentroscoplc factors for ptoron and neutron pickup reactions
on all stable nuclei with 29 £ A £ 40° . 1In pariicular,
the resultg on the neutron pickup from 3761 ang 3% 1s dealt

with in reference to recent data from (d,t) reactions.

* Work esupported by firaeial grant from the,
Tniversity Grants Commiseion.

1) P.¥W.M. GlLaudemans, G. Wiechers, and P.J. Brussard,
Nuel . Phy= .56,548 (1964)

2) The author is thankful to the Computer Staff at H.M.T.
Ltd. for tneir help and coope ration.
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G. BANARAS HINDU UNIVERSITY, VARANASI-5

1. BSuitable Optical Modél Parameters for Evaluation of

Neutron Cross Seqﬁigns'Beiow 2 MeV ~ H.C. Sherma and N. Nath
- The effeot of varying individual parameters of the optical
model potential on the angular distridution of elaaﬁically
scattered neutrone has been investigated for a number of
nuclei. The aim is to find the permissible ramge of these
paeramaters such that both the differentizl elastic as well
as inelastio orose sections can be reliably estirated well
within the usual experimental errors. Further,the compound
elaatic cross sections fromldifferent nuclei have been esti-
mated to look for the extent of shell effects. Anp attempt
hae also been made to study posaible effect of compound
nucleus level-width fluetuations on these cross sections by

appropriately varying the imaginary potentiasl depth perameter.

2, On the conmnegtion between the RMS Charge Radii

for Tri-Nucleons - V.S. Mathur and A.V. Lagu - The connection
3 3

between the r.m.s. charge radii of “H ard He and the brems-
strahlung weighted cross section of photodisintegration of
these puolei, which one expects on the basis of the sum-rules
of Levenger and Béthe, can be seen more olearly on taking
account of the charge distributions of the nucleons. It is
geen that this coﬁﬁeotion gives an indepenlent check on the

value of the elpe of the neutron charge form-factor GE  (0).
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This is rather intereating because the information on this
quantity, as derived from the alactrou-trihucleon soattering
data, im not quite unambiguous being depsndent among other

thinge on the assumed wavefunctlon of the trinucleons,
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H. BOSE INSTITUTE, CALCUTTA-Q,

1, Electronte Charge Distribution in Heavy Atome from

Non-Rezonant Coherent Scatteri:g Oroas—sectione‘- 3.C. Roy
and A.M. Chope - An attempt haa been made to determine the
electronic charge distribution of heavy and intermedizte mass
ntome from the experimentally determined values of the non-
resonany coherent scattering cross-sectionc Gp (@) of gammn
rays for these elements, In the non-relativistic care and
for a apherically symmetric atom the atomic form factor

P(z,q) .is related to the electronic charge density distri-
. . w
bution P(T) by ;. ! A
(T) by .'P(T) T l F(2,9) Sin 5 -‘b'd‘l/

where q 18 the change of momentum of the photon.

The experimentalGp(0) has been analysed to estimte
the relativistic 'effecfs and the ,oompensating el{fcctive non=-
relativistic crogs-section has h‘eén used to determine F(z,q).
Numerical Lntegrationj was carried out ueing Simpson's -}5 rd
r‘ule'fo‘r q ranging between O to 2.5 mc units. The P(¥) was
caloula ted upto L-shell of electrons which was then'compared
with the values obtained from Hartree-Fock approximationa.
Although K-enell radii a\tre obtained gatisfackorily by this
method, anamalous peake in charge distribution have been found
between K- and I-shells. Possible causes for discrepancy are
heing atudied.

* Work performed under the eponsorship of the U.S.
National Bureau of Standards.



- 50 -

2, Measurement of Coherent Scattering Croess Serotions at

&
Vary Tow Momentum Transrfers - A. lirth - Coherent scattering

eross sdotions of gamma rays at very low momentum tsransfers
(q = 0.009 to 0.118 mc) have been measured for C,Cu,Al,PFe,Sn

14109 0.145 MeV photons. The

and Pb Bcntterefa ueing
experiment;1 resul ts show reasonable agreement with Hartree-
Fook form fegtor calculations as well as with the empirical
fofmuln of Nath and Ghose. Violent disaéreements with
theoretical results as well as unexpected structure effecte

reported by Hauser et al have not been confirmed.

* This work was performed under the Sponsorship of
U. 5. NUational Bureau of Stardards.

3. Abeolute (n,2n) Cross Sections of Nuclei Near 14 MeV

- Absolute valuees of (n,2n) cross sections of 19F,500r,63Cu,
642, %a,7%r, M0, 19 ag, 1 131,(112 m) | 113, (112 ) 121
4 141

Shb
an Pr have beep measured near 14 MeV (En = 14.2 and 14.S
MeV). Absolute neutron flux has been measured by & biased
plast;c gcintillator ueing response function determimed by
the method developed by Chatterjee and Ghose. Positfon

activity nas been mearsured by a calibrated coincidence

spectrometer.
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I. JINDTAY STATISTICAL INSTITUTE, CALCUTTA-ZE

1.  Nucleon-Deuteron 8cattering - G. Ramachandran -~ The

importonce of the D-state and its relative phase with
respeat to the leading S-state of deuteron in the context of
nucleon-deuteron scat tering ie discussed. The impulss
aporoximation is used and the validity of the model at low
energles is alac analysed in the light of experimental data

at these energles=.
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J. INDIA. INSTITUTE OF TECHNOLOGY, KANPUR (U.P.)

1. Shell lfodel Caleculation of 'ﬂr ~Abgsorytion Rate in

Comylex Nuclei - R,9. Kauehal - The process of two-nucleon

smisvion (which predominﬁntly occure) following the TV -cap-
ture in complex nuclei is etudied. We calculate the pilon

‘ 1
absorption rate in a complex nucleus like 2

C ani etudy the
contributions due to excited states in the residual nucleus.
The results are found to be in satisfactory agreement with
experime nte only 1flthe absorption due to 1 excited level of
105 is taken in%s 2ccount. The branching ratio R(=¥(pn - nn)
/i(pp —»pn) ) ie aleo satiefactory. It ie turther noticed
thnt thé inclusion of final staze interactions do not cancel
each other and provide a eubstm tial contribution making the

resulte gomewhat unsatiefuctory.

2. Avsorotion of Free Pione Followed by Single-Nucleon

Bmiscion - R.S. Kaﬁénal and Y.R, Waghmare ~ Usi ng the Hartree-
¥ock modelL tor the complex nucleusg we study tﬁ; eingle-nucleon
emiecian process following the absorption of positive pions.
Differential crose sections for single-nucleon emiszion from

e given eghell in casee of 120 and 160 nuclel are calculated,

For 120, the resulte are compared with available experimental
data at 68 MeV pion energy and the agreement is found io be
eatiefactory. The effect of a distorted outgoing proton

wave hae been pointed out.
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3. Statisticnl Reeoname of Plutoniwm-239 - A% Sengupta

and 3. Srikantimh - Pecent data show thet neutron resonances
of Plutontum~239 have been resolved upto an energy ot ahout
300 eV(1). Illowever, neutron cross cections of tissile nuclei
. over the en?ire energy region are needed for nuclear reactor
caleulations. Statistical methods have been anplied pre-
vtopsly to obtain average crose sections over the energy
rénge of unresolved resonances (2). In thie work the theory
and a critical examination ot such statietical methode ie
given and theee methode are thnen applied to obtain the re-
gonance jarameters of plutonium-239 in the unreso lved region.
The fesulte have been compared with the available integral
experimental data, Though the agreement is not good there 1is
evidence to chow that the experimen tal data can be bracketed
in between theoretically derived curves based on different
statistical dietributions (3). This indicates a plaveible
energy dependence of the number ot degrees ot freedem (which
physically correspond to the number of open chhnnels for the

particular reaction).

1) Jeds Sehmidt;Kernforcnungszentrum Karlsruhe, Report
XFK-120, 1962

2) G. Srikantiah, Brookhaven National Laboratory,
Report BNL 7363, 1963

3) A Seﬁgupta, Dept. of Mechanical Engineering, IIT,
_ Kanpur, M. Tech. Theeis, 1969
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4. Liquid Drop Nodel Calculation of the Total Prompt Gamma

Energy, The Total Kinetic Ermm rgy and the Scission Point De-

formatione of Different Fiurlon Frogment-Pairs ¥rom the prompt

qeutron “Tumbeys - Shankar Lukherjl and K.3. Lal = Ascuming that

the scisetion point contiguration may be well approximated by

two collinear tanpgent prolate spheroide, the extent of defor-
mation of each of the complementary fragmente has heen cal-
culatei by equati-g the deformationehergy of each fragment

ae ziven by the Bohr-‘thecler expression to the energy required
to evaporate the experimentally obeerved ﬁumber of promot

neutrovs. Tdng the deforr=tion parameters thus célculated,the

total prompt gamma energy'énd the total Einetic enérgy for any
frnrneﬁt—patr haer heen cﬁidulated by equating them to the
coulomb and the qu2drupoiar interactionenergies between the
corolementary fragments at the sciseion point, respectiveiy. g
Promnt gamica energles of individual fragmente have also heen
predlctéd. These calculations have been perfomed for about
thirty frasmeni pairs from each of the fissile nuclei :
U—233(n,f), U-235(n,f), Pu-239(n,f) and Cf-252'(spont). The
caleulated values are in excellent agreement wivh the corres-

ponding experimental values in literature.
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E. I.DIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR=2

1. Binding Em rgy of Alpha rarticle with a Tensor Velocity-

quupdent Po.sntial - D. Mahanti, H.L. Yadav and B X, Srivastave
- Wo make a variational calculation ot the blnding energy of

the alpha partiocle with the tensor veloclty~dependent potential
of Nestor et al., The trial'wave function ie a mixture of

. S-ptate and tne‘principai D-atate, the radial dependence of

both these status Being Gaussian. We culculete the Coulomd

ere rgy of interaction of protons in thg alpha particle by using

3

erturbation theory. Our calculation glwes values of binding
energy and r.m.s, radius of the alpha pariticle in reasonable

agrcement with experimeﬁts.

L. MADRAS UNTVE .SITY,MADRAS-25

1. Nuclear Disturtion Effects of the Emitted Pion in rPhoto-

Pion Reactions - V. Devanathan - The surface production mecha-

niem firet suggestéd by Butler for photoproduction of pions
'from nuclei is a phenumenological modegl and is introduced to
exglain the groes features in tae absence of any detailed
knowledge regarding the et fzcts of (i) two-nucleon correlations
in nuclel and'(ii) the final state interactionm of the emitted

pion with nuclei. A detailed study of thcee WO effects have

been made.
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M. PUNJAB UNIVERSITY, CHANDIGARH-14,

1244 - 5. P. Sud, K. K. Suri ‘and P.N.

124

1. The Deaay of

Trehan = The decay of Sb has been investigated employing
ecintillation spectrometer in fast-slow, eum- and sum-peak
coineidence modes. From Y =¥ coincidence studies new levels
at 2040 and 2775 keV propoeed by Stelson (1) and Zirhheld

and Henck (25 are confirmed. Levels at 1901 and 2865 keV in
the level echeme adopted by Lederer et al (3) afa not suppo-
rsé& by the present investigationas. Weak gamma transitions
from 2693 and 2293 keV leveles are confirmed. ‘Tﬁe directional
oorrelation of ¥~ Y cascades; -2090-603, 1690-603%,1368-1326,
1386-722{ 968-1326, 968-722, 645-603, 1368-603 and T722-608
keV have veen measured. The results of the directional corre-

lation measurements permit spin assignments 2+, 4+, 2+, 4+.

3 and 3~ to the 603, 1248,1325, 1960, 2293 and 2693 keV

levels of 24Te. In case of the 2040 keV level the possibls

#pin assignments are limited to 2 ’ 3%. The experimental
level sckeme of 124Té 1e found to be in broad agreement with
the predictions of the vibraticnal model.

2. The Decay of '>*0s and '9°1r - 5.P. 5ud, K.K. Suri,

P.C, Mangal and P.N. Trehan - The gamma rayzhpeotra obrerved

134, - .
in the decay of s’ and 19211' have been investigated uaing

soirtitlation spestrcometere in fast-elow,sum-and sum-peak
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coinoidence modee. In the case of 1400 a8 weak gamme ray

of 1599 kevlrgparteﬂ by Nsgpal and could not be observed inm
the pregent studles., The gamma-gamma coincidence studies
aupport‘the existence of e weak level‘at 1773 keV in 1343&.
The direoflqnai correlation measurement of the 1038-605 keV
cagcade assigns a apin 3+ to the 1643 keV level in 134Ba.
19

2
In the case of Ir, the 4 TT sum-peak coincidence spectra

with integral biases set at 200 and 460 keV support the
exiastence of a 769 keV gamma ray from the 1380 keV level in
192Pt. A cross-over transition from the same level has been
found to be absent. The sum-coinocidence spectra with the
gates set at 1360, 1200 and 921 keV support the existence

- of gamma rays of energles 785, 769 and 460 keV. These weak
gamma rays could not be 6bserved in a recent study by Palaska
et al. using a Ge(L1) detector.

3. Gamma-Gamma Directional Correlations in 1104 - s.7.

Sud, P.C. Mangal and P.N. Irehan - The directicral correla=-

tions of elght gamma-gamma cascades in 110

110mAg have been measured. The cascades investi-

Cd fdllowing the
décay of
gated are: 764-1505, 1505-658, 1565-658, 706-1565,1384-884,
884-658, 937-884 and 446-(937)-884 keV, of which the cascadles
\4565-658. 706-1565 and 446-(937)-884 keV have been ettempted
for the firat time. The results of the directiomel correls-
$ione of the 1565-658 and 706-1565 keV cascades permit a
unim e spin assignment of 4% to the 2220 kev ieveln "The
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following characterietios for the gamma radiatioha axrs obhte

aineds ¥ 150531 (9,041 .8)% E2 and (91,0 + 1.8)% Ml &

B Y 15651 «~ 100% E2; ¥ 7061 (91 .oi;:g)ﬁ E2 and
(9.0:3:9) % M3 Y 13841(9.5 + 1,0)% E2 and
(90.5+1.0) % M1; ¥ 8843 100% E23 ¥ 937:

~100% E2 and ¥ 4461 (81.2 + 3:2) % 2 and
(18.8 3 2'3) % w1, -
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N. SHIVAJI UNIVERSITY, KOLHAPUR-4.

1. Reeoname Magic Cores lodel For Bm ~ K.L. Harayana.=

The total wave function on the basia ¢f this model is

written as a linear combination ’Ly = '\‘PSC +/3 LFHC. where

Tec and lleC stand for possible #ingle core and multi-
ple core structures. The multiple core structure which
arigee for the Boron-I0 nucleus ia a double core formed by
the two o{ = particles separateq by a distance 3.23 fm. Ve
havg in addition a proton and & neutron moving about these
fwo O(-'-pértieies. Thig resonates with a3 aingle core astru-
eture of Be® plus the two nucleons. The X - OC inter-
action of a gaussian shape involving bothk the attractive and
repuleive parts is used. (Physical Review,I38,637B,(1965).
The results indicate that a 40% dual core component requires
the n-p inferaction of strength about SO.MeV, to furnish
the experimental ground state energy of 810, A consistent

interpretation of the ground state energy ofABIO hyper-

nucieus 45 also considered on the basis of this model.
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0. UNIVERSITY UF ROORKEE, ROORKEE.

1. On the Higher Order Effects in Some Allowed Beta
134 125

Traneitions from the Decay of Cs and Sb - H.5. Dahiya

and B.P. Singh - Bets-Gamma angular correlation studies are
done for the allowed transitions from the decsy of Ca134

and Sb125

, For these etudies plastic scintillation epeoctro-
maeter fdr /3 particles and NaI(T1l) scintillation spectro-

me ter fof’X ~rays alongwith slow-fast coinclidence set is
used.' in 03134 décay the following /3 groups and-?( tran-
aitions are studied (a)/6 group of 410 keV in the energy
raﬁge of 300-400 keV with gamma radiation of 1040 keV using
integral spectrum above.900 keV (b)/ﬁ group of 662 keV in
the energy range 500-600 keV with gaﬁma radiat .ons of 796 keV.
in 4 volts channel width (1 Volt =% 15 keV). In Sb'22 the
following studies are done (a)_/3 group of 130 keV in the
éhérgy iange of 80-100 keV with 600 keV gamma radiation in

4 Volie“channel width (1 volt ~~ 15 keV) (b)/@ group having
energy range of 120-150 keV with gamma radiation in 4 Voltas

channel width selecting gamma radiation in 400-460 keV.

2. Nuclear Trangitions in 09133 from the Decay QgBa133

- U.S. Pande and B.P. Singh - In order to study the multi-

polarity of 79.60 keV transition from the 161 keV level in

1
ca'?? from the decay of Ba'3? and also the spin of 161 keV
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exclted level *he gama-gumma-gamma angular correlation
study 1s done having 276 keV-79.6-81 keV cascade. For this
study three Nal(Tl) spectrometers are used. Two deteotors
detecting 276 kaV and 79.6 keY gauma rays are fixed, one in
the plane of the table and other perpendicular to the plane
of the table respectively, selecting the gamma rays integral
spectrum above 200 keV and photopeaks in 2 volts channel(?2
Volts = 20 keV) respectively. The third detector detecting
the B1 keV gamms rays photopeak in 2 volts channel (2 Volts
= 20 keV) is movable in the plane ot the table. The source
was kept at 4.5 om from the detectors. The apgular correla-~
tion function was obtained by keeping the detector detecting
81 keV gamma rays at varioue anglea. The function thus
obtained is (without applying solid éngle correction),

w(0) = 1+(0.10440,022)P,(Cos 8)+(0.003+0.026)P,(Cos @).

A1l other'possibilities are ruled out except spin se-
quence 7/2, 5/2, 5/2 and 1/2 for ground state, 81 keV, 161
keV and 439 keV level respectively, taking mixiuree in 81
keV anml 79 keV gamma rays and 276 keV.to be pure. The muiti-
polarities for 79.6 keV transition, thue obtained is compared
in the light oif other data.

182

3. Priple Gamma Cascade Studies in W From the Decay of

7a182

- U,5, Pande and B.P. Singh - The gamma-gamma-gamma

(triple gamma cascade) angular correlation stuaies have been

done 1in w82 from the decay of 7892, The studies have been
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done using three scintillators NaI(Tl) detectors. Two af
the detectors are mounted on the table, one of them ie fixed
and the other one 1is movable in the plane of the table. The
fixed detector detects the firet and the movable detector
third radiation of the gamma cascade. The tnird detector is
kept perpendicular to the table which is also fixed and makes
an angle of‘90° with both the detectors and detects the 2nd
gamme ray (middle of the cascade). The angular correlation
studies were done by changing the angle of movable detector
with respect to fixed detectors. The correlation function
for the cascade (without applying solid angle correction)are
as follows, For 68 KeV-1122 keV-100 keV cascade

W(8) = 14(0.1565:0.0141)P,(Coe ©)+(0.0118+0.0179)P, (Con ©)and
for 151 keV-1122 keV-100 keV cascade W(9) = 1-(0.118140.0674)
P2(Coe 8)+(0.113740.0824) P4(Coa 8).
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