
B.A.R.C.-474

3

GOVERNMENT OF INDIA

ATOMIC ENERGY COMMISSION

PROGRESS REPORT ON NUCLEAR DATA ACTIVITIES
IN INDIA r VI ?•

Compiled by
M. Balakrishnan

Nuclear Physics Division
Indian Nuclear Data; Group

BHABHA ATO^IIG RESEARCH CENTRE

BOl^AY, INDIA"

1970 -

robertsj
Text Box
INDC(IND)-011/L



B, A. E. 0.-474

fl3 GOVERNMENT OF INDIA
4 ATOMIC 3NERGY COMMISSION
nq

PROGRESS REPORT UN NUCLEAR DATA ACTIVITIES
IN INDIA - VI

Compiled by
M. BalaJcriEhnan

Nuclear Physics Divis ion
Indian Nuclear Data Group

BHABHA ATOMIC RESEARCH CMTRE

BOMBAY, INDIA

1970

library
Text Box
RP245464

library
New Stamp



INDIAN NUULhAR DATA GPP UP

Members

1. M, Balakriehnan
(Secretary)

2. H.S. Devaxe

3. V.G. Deniz

4. A.S. Divatia
(Convensr)

5. S.S* Kapoor

6. D.H. Kundu

7. B.P. Haatogi

Nuclear Physics DiviBion, BARC

Tata Inst i tute of Fundamental Research

Engineering Division, BA.RG

Nuclear Physics Division, 3ASG

Nuclear Physics Division, BARC

Sana Ins t i tu te of Nuclear Physics

Reactor Engineering Division, 3ARG

8, N.S. Satyamurthy Nuclear Physics Division, iiAHC

9« S.B. Garg (Oo-opbed) Reactor Engineering Division, BARC

10- M.C Joshi (" ) Tata Ins t i tu te of Fundamental Research

11. S.K. Mitra (" ) Tata Inst i tute of Fundamental Research

12. M.P. Navalkar (" ) Nuclear Physics Division, BARC

13. P.K. Patwardlian (" ) Electronics Division, BARC



PREFACE

The s ixth progress report on Nuclear Data Act iv i t ies in

India incorporates work done during the year 1969. A part of

the work outl ined in this repor t has been presented at the

Nuclear Physics & Solid State PhyiiLcs Symposium held at

Roorfcee during December 1969.

Submission of CINDA en t r i e s to the International Atomic

Energy Agency has been continued. The backlog 01 entries to

be submitted from the previous years is over. The to ta l number

of en t r i es sent during the period of the report i s 36. The

en t r i e s for DASTAR (DAta STorage And Retrieval) are being

requested fay the In te rna t iona l Nuclear Data Committee (INDC)

d i rec t ly from the authors end our efforts have been to speed

up the sending of t h i s data by the authors. In a l l , three

r e p o r t s , have been submitted to the INDC during the year. A

l i s t of the r epo r t s prepared by t'xe Indian Nuclear Data Group

(iJSDGr) upto the present is given en the l a s t page.

New f a c i l i t i e s l o r nuclear physics research are as

follows s

a) The Punjab University a t Chandigarh haa started

assembling the components of the 6 MeV Variable Energy Cyclotron

received from the University of Rochester as a g i f t . A separate

building for t h i s cyclotron has been sanctioned by the Punjab

University and tho ouilding design i s ready.



b) At the Indian Institute of Technology, Kan pur, a

2 MeV HV1DO Van de fJraai'f accelerator ia being installed,, in a

separate building which is ready.

c) The work on the 224- cm Variable Energy Cyclotron to

be installed by tiie Bhabha Atomic Research Centre, at Caleutm

has entered'the execution stage. The foundation for the build-

ing at Calcutta has been laid. Major'contracts nave been

awarded and procurement oi' materials is in progress.

d) A nano-second pulsed ion-source is being installed

in the TIFR 1 MeV Cookcroft-Walton accelerator.

A sub-oommittee has worked out the detail8 or organising

a Nuclear Data Library on magnetic tape at Trombay,

(A.S. Divatia)
Convener

Indian Nuclear Data Group
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1 . 14 MeV neutron fission orosa sections of Th2 3 2 .
235 237 239 241

U . Hp . Pu "^ and Am us ing BO l i d s t a t e track de-

t e s t o r B - R.H. I y e r arid H. Sampathkumar - As p a r t of a

sys temat ic program of neutron f i s s i o u cross sec t ion measure-

ments , tho 14 MeV neutron induced f i s s ion of T h 2 3 2 , U 2 3 3 ,238 237 239 241

U , Np , Pu and Am was studied. Total fission cross

section re la t ive to TT3 (taken as 1.2 barns) were determined

by means of a simple technique involving detection and count-

ing of fission fragment tracks in Loxan polycarbonate p l a s t i c .

The resu l t s which compare very wel l with those obtained using

other elaborate and involved techniques are given below:

Target Total fission cross section barne*
Th232

U 2 3 3

u 2 3 5

u 2 3 8

Up 2 5 7

P u 2 3 9

Am241

2. Total Cross-Section

Reaction - S. K. Gupta,

0.54 + 0«°3
2.40 + 0.40
2.20 + 0.20
1.20
2.9b + 0.30
2.65 + 0.50
2.70 + 0.47

Measurement in the C!(

S.S. Kerekatte and A. S,

(3}

(3)
(5)

(3)

(3)
(4)

o.n)37Ar

Divatia
•2<T VI

- The cross section of the v ' C l ( p , n r Ar reaction has been

measured in 2 keV steps at proton energies ranging from 1»64

MeV to-2.50 MeV. Using tne measured properties of tJae levels

* Number in parenthesis represents number of determinations»
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of 58C1 obtained from the 3 ' o i (d ,p )^ 8 Cl r eac t ion v 1 ' the

level posi t ions and the energy integrated to ta l cross-sect ions

of the expected anlog resonances in the Ar nucleus have been

calculated and compared with the present data*

1) Rapciport fiBuechner, Nucl.Phys.83 (1966) 80

AR AR

3 . Measurement of the Total Oa(p.n) So f a c t i o n Cross

Section Around the Iaobarlo Analog State at Ep» 1.976 MeV

- K.K. Sekharan and M.K. Mehta - The to t a l (p,a) cross

section for the Ca(p,n) So reaction has been determined

in the bombarding energy ran»e 1.90 to 2.05 MeV in 0.6 keV
in

steps around the isobaric analog resonance in " S c COrreSpOnd-

ing to the 7Ca ground state. The total widths and partial

proton and neutron widthB have been obtained.

4. Proton transfer Reaction on 2n - M.G-. Betigeri - The

reaction Zn( He,d) Ga has bsen studied at an incident energy

of 18 MeV and the reaction products are analysed with a wide-
#

band magnetic spectrograph. The excitation energies of levels
67

in Ga are determined to an accuracy of 15 keY. Analysis of

angular distributions yields the orbital angular momenta of
67the stripped proton in transition to levels in Ga and the

corresponding spectroscopic factors. The results indicate a

pure |(2iWf""><» proton configuratioo for 66Zn.

? l a n c k I n s t i 1 ; u t fur Kernphysik,
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5. Distortion and AntiBymmetrisation Effects in

Li(p.pd) He Reaction - A, K. Ja in , N, Barma and B.Banerjee*

- The react ion Li(p,pd) He has been analysed uBing the

Distorted Wave Impulse Approximation (DWIA). A fully an t i -

Bymmetriaed Li c lus te r model wave function has been used

which has the correct asymptotic behaviour for the relat ive

d - cCwave funotion. The effects of dis tor t ions and an t i -

oymmetrisation are invest igated. Satisfactory agreement with

155 MeV data i s obtained.

6 . . Determination of Width and Resonance Erergy of the

7*01 MeV level in B and Comparison of the Experimentally

Observed Spin with Intermediate Coupling Calculations

- M. Balafcrishnan, M.K. Mehta and A.S0 Divatia - The resonance

energy and the width of the broad resonance around 7 MeV ex-

c i t a t i o n energy in B have been determined as 7010 + 9 fceV

and 140 + 20 keV ( lab) respectively using the 6Li(<*,oc)6Li

reac t ion . Various t r i a l combinations of the resonance energy,

level widtn and channel radius were used to arrive at the

r e s u l t s . The experimentally determined J*17 values of 2-(1)

for t h i s level i s discussed with reference to the intermediate

coupling calculat ions.

1. M. Balkrishnan, M.K. Mehta and A.S. Divatia,
Proc. Nucl. Phys. and Solid State Phys. Symp.Bombay 1968B
Vol I I , P.44.

* Tata I n s t i t u t e of Fundamental Research, Bombay-5»
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252
7. Correlated Emiseion of £ X-RayB S'rum Of Fragment

Paira - D.M. Nadkarni> V.S. Ramamurthy and S. S. Kapoor

- The observed yield of the K x-rays in fioaion has so far

oeen interpreted ia terms of the internal conversion proba-

bi l i t ies during the "if -de-excitations in the individual

fragment nuclei. In this connection i t is important to know

whether the emission of K x-rays from [the pair fragments could

be correlated due to certain common factors existing at the

scission, point. We have carried out these investigations by

simultaneously detecting light and heavy fragment x-rays with

two Hal(Tl) detectors in coincidence with fission fragments in
252

the spontaneous fission of Cf. The observed tr iple coinci-

dence data were suitably corrected for any background triple

coincidence arising from true fragment-gamiaa-gamma or fragment-

gamma-K-x-ray coincidences. The observed results on the

correlation coefficient are being studied.

8. Fragment Angular Distributions in the Framework of the

•Double Humped Fission Barrier - V. S. Ramamurthy, S.K. Kataria

and S.S. Kapoor - Our recent understanding of the presence of

shell structure in highly deformed nuclear configurations

leading to a "Double humped" fission barrier has necessitated

a re-interpretation of the experimental data on fragment

angular distributions„ Prom an analysis of the measurements

in near threshold fission of various nuclei, Strutinsky and

Bjornholm have concluded that the fragment angular distributions

are decided by tne properties of the nucleus on the top of the
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second barrier. I t ia shown in the present work that tnis

assumption is not consistent with the available results on

the angular distributions in medium and high energy fission,

in particular with the measured variation of the effective

moment ox inertia of the transition istate nucleus as a funct-

ion of the fissionability parameter. Possible reasons for

this inconsistency are discussed suggesting the modifications

required to explain both near threshold am medium energy data

on fragment angular distributions*

9. Systematios of the Second Minimum for the Fissioning;

lEuolei - D.K. Sood and N. Sarma - She high resolution fission

croes section data on the nuclei 253U,255y, 239Pu, 24OPu,241Pu
242

and Am have been analysed to determine the average spacing

of the class II levels using an improved method of correlation

analysis. The spacing has also been derived from results on

eubthreshold fission experiments. The energy difference between

the two minima of the deformation curve has been obtainedf as

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

agreement with the calculations of Strutinsky.

10. Liquid Argon Xoniaation Chamber - S.Y. Deshpande and

R. Ramanna - An ionization chamber using liquid argon has been

operated- Argon .ge.s is liquefied in a J-type cryostat with

liquid nitrogen as tiie cooling medium* It is found that th©

cl .amber behaves as a counter even at relatively lo'/ fields of
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the order 105V/cm. The counting property la very sensitive

to thu impurities, particularly oxygen, present in the liquid.

This is presumably due to eledtron-atfcacument and non-recombi-

nation ae in a gas chamber. Several physical properties of

liquid argon sucii as the resistivity, dielectric constant,r.nd

electron mobility have also been determined.. Preliminary data

about these is presented.

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

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

N» S. Thampi and IT. Sarma - A counter telescope using surface

barrier silicon AE - E detectors has been set up. Particle

discrimination is achieved by obtaining a product pulse of E

and A E pulses which is independent of energy of the incident

particle. The proton ana deuteron groups from the reactions
19 19

F(PiP) and S'(n,d) are well separated. The deuteron group
19 18

has been separately gated to study the reaction ?(n,d) 0.

The angular distribution for tfte ground state transition has

been studied and indicates an p±<Q transfer. The valua

of the absolute cross sectinn at 0° and the spectroscopic

factor for this transition agree with an earlier study of this

reaction.

12. On the Constants of Charged Particle Identifier - S.K.

Gupta - Two methods to calculate the constants P and E for
o

the charged particle identifiers using the relationship^
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product P = AE(TS + P . AE + Ê  have ueen described. Such

constants have been calculated for silicon detectors. The

extensions to other detectors have been pointed out. The

limitations of the methods in practical cases nave been

discussed. A method to set the constants in the actual

multiplier circuits has been suggested.

13. International Intercomparlaon of Thermal Neutron Flux

Density qtandardB Using 417 y3-Y Coincidence Technique

- M.G. Shahani and D. Sharma - Thermal .neutron flux density

standard established at B.A.R.C using six Am-Be (°<,n)

sources imbedded in graphite moderator has been directly

compared with the standards maintained at N B S, USA; IMM,

Russia and ETL, Japan. In order to minimize the effects of

epithermal flux., the quantity compared was Westcott flux

density below cadmium cut off energy. Paira of thin circular

gold foils sandwitched between aluminium and cadmium covers

irradiated in tne standards to be compared we?e exchanged for

the purpose. The comparison was carried out as a part of the

programme organised by the Bureau International Des Poids et

MeBures, Prance, in which eleven countries participated.

4"TTy3-1f coincidence technique was employed to determine

the counting efficiencies for the foils. Corrections due to

decay scheme, self shielding and flux depression have been

evaluated.
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14. Technique of Absolute Standardization of Uob&jt-6Q

Used at BARO fdr International Intercomparison - P. K.

Sri vast ava and (x.D. Khera - The teeh.aiu.ue of absolute standard-

ization of Cobalt-60 is ol great importance for the precision

measurements of radio-activity because, due to i ts nearly ideal

decay s,heme, this radionuclide is amenable to standardization

to the highest presently achievable accuracy. International

intercomparison of this technique was9 therefore, organized

by the Bureau International des Poids at Measures, Prance.

Twenty - five national and international laboratories of the

world, including Bhabha Atomic Research Centre, participated

in this intercomparison.

This work describes the technique employed at BAHG for

the absolute standardization of CO-bO, giving brief description

of source handling, 4TT y3~Y coincidence counting and data

processing including assignment and evaluation of errors. The

resuitB of measurement of 25 participating laboratories are

also given.

The technique used in this work offers high accuracy,

precision and reliability and, with minor modifications, is

widely applicable to many radionuclides of interest. The

results show that this technique yields a precision of about

0.1 per cent.

15. Charge ?orm Factor for Li Mucieus - A.K. Jain and

N. Sarma - The intercluster wavefunction of Li was modified
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product P = 2^E(E + F . AE + Ej have been described. Such

constants have been calculated for silicon detectors. The

extensions to other detectors have been pointed out. The

limitations of the methods in practical cases have been

discussed. A method to se-b the constants in tne actual

multiplier circuits has been suggested.

13. International Intercomparlson of Thermal Neutron Flux

Density standards UBing 4,TT y3-Y Coincidence Technique

- IS.G. Shahani and D. Bharma - Thermal .neutron flux density

standard established at B.A.R.C. using six Am-Se (<*,n)

sources imbedded in graphite moderator has been directly

compared with the standards maintained at N B S, USA} IMM,

Russia and ETL, Japan. In order to minimize tns effects of

epithermal flux, the quantity compared waa Westcott flux

density below cadmium cut off energy. Pairs of thin circular

gold foils sandwitched between aluminium and cadmium covers

irradiated in tne standards to be compared were exoharged for

the purpose. The comparison was carried out as a part of the

programme organised by the Bureau International Des .Folds et

Mesures, France, in which eleven countries participated.

4."TTy3-Tf coincidence technique was employed to determine

the counting efficiencies for the foils. Corrections due to

decay scheme, self shielding and flux depression have byen

evaluated.
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14. Technique. ...of Absolute Standardization of Oobs.it-60

Used at BARO for International Intercomparison - P. K.

Srivastava and (J.D. Khera - The technique of absolute standard-

ization of Cobalt-60 is of great importance for the precision

measurements of radio-activity because, due to ita nearly ideal

deoay scheme, this radionuclide is amenable to standardization

to the highest presently achievable accuracy. International

intercomparison of this technique was, therefore, organized

by the Bureau International des Poida et Measures, France,

Twenty - five national and international laboratories of the

world, including Bhabha Atomic Research Centre, participated

in this lntercomparison.

This work describes the technique employed at BAHO for

tne absolute standardization of CO-foO, giving brief description

of source handling, 4TT jS-lf coincidence counting and data

processing inoluding assignment and. evaluation of errors. She

resuitB of measurement of 25 participating laboratories are

also given.

The technique used in this work offers high accuracy,

precision and reliability and, with minor modifications, is

widely applicable to many radionuclides of interest. The

results a>- that this technique yields a precision of about

0.1 per cent.

15. Ohar^e Form Factor for Li Nucleus - A.K. Jain and

N. Sarma - The intercluster wavefunction of 6Li was modified
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in an earlier work to predict the cross section of the re-

action Li(p,pd) He correctly. IhiB wave function is now

used to oalculate the charge density and charge form factor

for Li nucleus. All the exchange terms in the matrix element

have been computed. Agreement with experiment appears to be

satisfactory.

16. Differential Equation for Logarithmic Derivative and its

Applications - S. K. Gupta - Using a simple transform tion

the radial Schrodinger equation has been transformed iqto a

first order differential equation of the Siccati type. This

equation offers possibilities of simplifying calculations.

It has be«n used to derive recursion relations ior different

1 values and to calculate an asymptotic solution for the

Coulomb potential. The equation can also be applied to cal-

culate the transmission coefficients and the elastic scatter-

ing crosa-section using the optical potential.

Neutron Crystallography

17. Structures of Hydrogen-bonded Ferroelectrio Crystals - V.M.

Padmanabhan, V.S. Yadava and K,K. Wadhavan - Continuing studies

on crystalB having N-H...X type of bondingshydrogen bonded

ferroelectric crystals and unusual type of coordinated complex.

crystals, the following structures were solved s triglycine

sulphate, sodium thiosulphate pentahydrate, potassium mercuric

trtbrbmide monohydrats and ciscobalt dioxide his ethylene diamine

nitrate.
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The crystal s tructures of ammonium sulphamate, ammonium

t a r t r a t e , ammonium biaulphate and dlglycine n i t ra te are under

various stages of refinement.

18. Structure of Hyd.rated Crystals - R. Chidambaram,

A. Sequeira and S.K. Sikka - In the programme of studying the

hydrogen bonding effects on the s t ructure of water molecules

in hydrated crys ta ls , the crystal s tructure of KgOgO .̂ Ĥ O

has been refined using the 3-dimensionai neutron in tens i ty

data . The data were proceeeed toy the various computer pro-

giCKumes developed in th i s laboratory.

Investigation on KLCuCl .̂ 2ELQ was carried out as a part

of India~Plilippine3-IAEA Project and part or work was done in

the Philippine Atomic Research Center, Quezon City, Phil ippines.

19. Structure of Paraelectric RbHgPO, - R. Chidambaram.and A.

Sequeira - Aim o±' t h i s investigation is to study the structure

and atomic motions botii above and below ferroelectr ic t ransi t ion

point o±' th i s c rys ta l . Further work i s in progress.

20. Structure of Amino Apjds - R. Chidambaram, A. Sequeira

and S.K. Sifcka — We have embarked on a systematic study of 20

amino acids that are the basic building blocks for prote ins .

(The x-ray structure studies done so far are faced witn the

well known diff iculty of x-ray diffraction technique for

locat ing ttie hydrogen atoms). To th i s end, neutron diffraction
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work on eingle crystals of Glutamic acid hydrochloride

(ud. ng tne difzraotometer 3D-FAD) and on a single crystal of

asparagine monohydrate (using diffractometer 'DCD') is in

progress*

21. Application of the Symbolic Addition Procedure in

Neutron Diffraction for Non-Centrosymmetric Crystals - R,

Chidambaram and S.K. Sikka - The symbolic addition procedure

was shown earlier to determine in centrosymmetric crystals

t&e signs of about 95$ of the neutron structure factors when

the contribution of the negatively scattering atoms to the

total neutron scattering is less than 25$. How, this proce-

dure has been shown to be applicable for non-centrotiymiaatrio

crystals.

The procedure was applied to determine with reasonable

accuracy the phases of Bragg reflections for resorcinol and

methyl GAG.2HC1. ^ 0 .

I t has also been shown from probability considerations

that symbolic addition procedure will apply for crystals

containing up to 100 atoms per unit ceil .

22. The N-H 0 Hydrogen bond Interaction Between peptide

Groups: Modified Lippinoott-Schroeder Potential function - fi,

Chidambaram - The parameters of non-multif urea ted H-H"—~0

hydrogen bonds from crystal Btudies so tar by neutron diffra-

ction have been calculated and analysed.
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23. Instrumentation - R. Chidambaram, A. Seque&ra, S.K. Sikka

and S.A. Momin - A paper tape controlled au aatie diffraoto-

meter 3D-FAD has been designed and commissioned at the Cirus

reactor, for recording 3-dimensional neutron diffraction data

for the study of crystal structures.

Neutron Diffraction Study of Magnetic Materials
i

24. Magnetic Ordering and Cation Distribution in Spinel

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

B.S. Srinivasan, M.G. Nat era, S.I . Youssef, L. Madhav Rao and

S.K, Paranjape - Apparent inconsistencies in ea r l i e r work have

prompted a systematic investigation of single and mixed fe r r i t e s

and other spinel compounds. A method of using polarised neutrons

with polycrystall ine samples has been developed to enhanoe the

data available for the solution of various parameters. The

samples studied mre MnFegCL, Mgle^O , CoPegO,, COgTiCh and

Zn-Ni and Mg-Mn mixed f e r r i t e s . Some of the important resul t s

are MnPegO. is 92.6# normal, MgFOpO- is 86.5$ inverted and CoFe2O.

i s 98.2$ inverted. The diffraction pattern at 4,2°K of the

complete inverted spinel cOgliO. indicated a complicated magnetlo

s t ructure Mg-Mn fe r r i t e s have the Neel type of ferrimagnetism,

while the existence of YK angles in the mixed Zn-Ni f e r r i t e s has

been established.

25. Magnetic Structure of Heusler Alloys - H. 3 . Baty Murthy,

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

t Pd2MnSn, PdgMnGe, Cu2lvtaln, FeMnAl and CoMnSb have been studied
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with a view to throw BO me l igh t on tiie mechanism of magnetic

ordering in t h i s matrix. These alloys are a l l ferromagnetic

with t rans i t ion temperaturee of 190°K, 26CTK, 575°K, 17O°K

and 460°K reepect ively. The Mn atoms in each alloy show a

moment value close to 4.0 /v_ at liquid nitrogen temperature.

26. Magnetic Structure of FeMnGe - N.S. Satya Murthy, M.R.L.N.

Murthy, M.G. Natera and R.J. Begum - FeMnGe has a hexagonal,
o

filled WiAs structure with the cell constants a = 4.I5 A and
o

5.19 A. The 2(a) and 2(d) s i t e s are preferentially occupied

by Mn and Pe atoms. 76$ or Mn goes to the 2(a) s i t e s while

80$ of Pe goes to the 2(d) s i t e s . The alloy ehows two magnetic

t r ans i t i ons . Below 340°K, the 2(d) s i te moments Only are ferro-

magneticaily al igned, but below 245°E the 2(a) Bite moments also

become ordered with neighbouring moments being ant ipara l ie l to

each other .

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

L. Madhav Rao, S . I . Youesef and M.G. Mateia - The method of

moments has been employed to extract the exchange integrals

operating in a number of ionic compounds l ike TlMnPy ZnltegO.,

MnAlpO.. J for TIMnF- has been found to be 3°K which compares

well with the GF, BPW and DS predictions. Talcing into aooount

the small inversion of 9% in MnAlgO the following values were

obtained for the exchange i n t eg ra l s .

JAA " * ° - 2 1 ° K

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

28. MbratioE il Modes of Water MoleculeB in Single Crystals

)2.H20 - O.Ii. Thaper, B. A.

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

dependence of neutron incoherent scattering cross section can

to some extent be used to assign librational frequencies of

the motion of water molecules and to differentiate under suit-

able conditions between two closely spaced librational paaks

whioh are unresolved in experiments with powder samples. For
^

Q 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 Phononsm CalJV, and SriU - P.K.

Iyengar, P.R. Vijayaraghavan and S.IT. Slia - Measurements on

CaF2 have been made on a multiarm spectrometer in constant Q

mode of operation along [lOOJ , \ii6} and \i1i] directions

and to this date 7 branches have been completed - the accoustic

branches and the lower most transverse optic branch along the

[lOOj direction. Measured value of q = 0 transverse optic mode
12

is 7*75 x 10 cps with an estimated error of 1.5j4. Measure-

ments of SrPg 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

scattering of neutrons by a number of ammonium salts such aa

(HH4)2SO4, 1TH4 Br, NH4I and (NK4)2SnBr6 has been studied. Tne

scattering is quasielaa-uic and tht spectrum hae large wings.
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This ia a consequence of the reoricntation of the ammonium

ions. This feature persists at all scattering angles at

room temperature and at several temperatures from -50°C to

140°0. In Skold's taeory S(Q,W) is a sum of pure elastic

and quasi-elastic term. The quasi-elastic term is a Lorent-

zian, the widths and intensity of which depends on a chara-

cter is t ic time L representing mean time between two reorienta-

tione. Assuming ^t to vary as I ' = To £ and

using the value of "X and V from HMR measurements validity

of Skold's model has been established and also demonstrated

the direct comparison between NT/Li and neutron results.

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

1. Group Theoretical methods have been used in Born-von-

Karman theory to cover the case of external modes in complex

crystals as a further extension to Chen and Dvorank's work.

As an illustration case of CaWCK (space group 0,^) has been

investigated.

2. A metnod of constructing irreducible multiplier re-

presentations (appropriate to a given factor system) from a

knowledge of IMR's of a normal space group (of prime index)

of i t was developed. The necessary proof and illustration

of the method are given.

3. 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
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is shown that it ia possible to extend the method of Kellerman

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

4. If the different modes correaponding to a given q are

laballed by IMRds of the point group G'0(
(l) underlying the

group of wave-vectors G (q) and tnere is an TMS.S that

oocurs only once in the labelling then i t is possible to

obtain the eigenvectors of the modes corresponding to IMR-f

by purely symmetry arguments. Thus for such modes the

structure factor can be calculated by symmetry arguments

alone. A computer programme has been written to calculate

the structure factor.

32. Status of Muclear Data Work in Reactor Engineering

Diviaion - S. B. Garg - Work was done on a l l thw three branches,

namely - evaluation, compilation and derivation of nuclear

cross-sections.

Evaluation:- Elastic and inelastic cross-sections were cal-

culated for Or, Pe and Ni in the energy range

1.0 - 10.0 MeV using the local optical model

potentials which were obtained by fitting the

measured elastic scattering cross-sections and

their angular distributions.

Compilation:-KEDAK evaluated cross section library was stored

on magnetic tapes to carry out the reactor design

studies. This library consists of 41 materials

including the isotopes.
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Raw data scattered over 8 magnetic tapes was

scanned and efforts were made to rearrange the

data for each material separately. A computer

code was written to accomplish this job.

Derivation:- A 26 group cross-section Bet was genexated from

the basio energy point cross-section data to

study tile large fast power reactors, This set

consists of 15 materials and covers the energy

range .025 eV - 10.0 MeV. Th« derived group

croas-aections were modified in view of the new

alpha values of plutonium-239«
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3 . TATA INSTITUTE OF FUNDAMENTAL RESEARCH.BOMBAY-5

1 . Angular D i s t r i bu t ion of Gamma-Ray a From 5"oo(p,nV) % 1

and V(p.nY) Or Reactiona - B. Lai and Baldev Sahai - The

angular d i s t r i b u t i o n oi" several gamma rays generated in the

r e a c t i o n a 5 9Co(p,nY)5 9Ni and 5 1V(p,nY) 5 lCr has been s tudied

wi th a 2 cc . (}e(Li) de t ec to r . The inc ident proton energies

were choBen to be j u s t above the threshold for the e x c i t a t i o n
59 51

of low ly ing s t a t e s in- Ni and Or. Hauser-Feshbach-Satchler

statistical model is being applied to infer the electromagnetic

decay properties of theee low lying states.

2. Angular Correlation Analysis of the (TT ,nn) Reaction

- B. K. Jain B. Banerjee - Angular correlation distribution of
— fi 1 ?

the reaction (TT , nn) on Li and C nuclei has been analysed

in the quasi-deuteron model absorption for the pion. For the

bound nucieons single particle wave functions have been used.

The scattering of the outgoing neutron with the residual

nucleus has also been included. Results are in good agreement

with the experiments.

3. Distortion and Antisymmetrisatjon Effects in 6Li(p,pd)4Be

Reaction - A.K. Jain, N, Banna and B, Banerjee - The reaction

Li(p,pd) He has been analysed using the Distorted Wave Impulse

Approximation (DWIA). A fully antisymraetrised 6Li cluster
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model wave function has beai used which has the correct

asymptotic behaviour for the relative d - oC wave function.

The effects of distortions and antisymmetrisation are Investi-

gated. Satisfactory agreement with 155 MeV data is obtained.

4. Quantitative Estimate of Preoompound and Compound Parti-

cle B of -Decay in Nuclear Reactions - II.L. Jhingan and E.Kondiah

- Griffin's "exciton" model of a nuclear reaction is ussd to

calculate the ratio of the pre-compound to compound emission

probabilities in medium energy nuclear reactions. The experi-

mental ratios are obtained by fitting the theoretical distribu-

tions of the emitted particles to the observed reaction spectra

reported in l i terature.

5. High Resolution Studies of °Ac -» Th Decay - R.C.

Chopra, Bidarkundi , S.H. -Oevare and H.G. Devare - The gamma
228spectrum of the 6.1 hr. activity of Ac is studied with a

20 c.c. CJe(lii) detector at ^ 3 keV resolution. The K conver-

sion lines of 209.1, 270.1,327.9, 338.2, 910.1 and 968.1 KeV

gamma rays and L shell conversion of 127.y and 153.5 KeV gamma

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

give the internal conversion coefficients. These are used to

* Guest worker from I . I .T. , Powai.
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deduce the multipolarity of the transitions. In particular,

the possible M2 admixturee in some of the E1 transitions have

been estimated.

6, Perturbed Angular Correlation and Paramagnetic Correction

in i4"?0e —> *^Pr Decay - B.C. Chopra, S.H. Devare and H. G.

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

143 143

cascade in the Ce *• Pr decay i s studied in an external

magnetic field of 6 k gauss, for both the field d i rec t ions .

The source was used in two different chemioal forms. With

CeGl, in a di lute l iquid form the rotation of the angular

correlat ion pat tern due to the effective magnetic f ie ld was

21° while with the ac t iv i ty as CeO2 powder, a ro ta t ion of 16°

was observed. ThiB direct ly proves that the paramagnetic

correction factor A i s different in the two cases and hence

the resul t ing ionic s ta tes of Pr are different . This enables

unambiguous determination of the Larmor frequency and hence

the g factor of the 57 keV s ta te irrespective of any perturba-

t ions of the angular correlat ion.

7. Lifetime and Magnetic Moment of 93 KeV s ta te in

- S. K. Bhattacherjee and H.C. Jain - The half l i f e of the

93 KeV s ta te in 5Rh populated in the y3 -decay of 1 O 'HU has

been measured both by ~% - "Y and j3 -conversion electron delayed

coincidince metnods. In the f i r s t case a Pb-loaded p las t i c

s c l n t i l l a t o r has been used to detect the low energy if - ray. In

the se-eond case, a single gap y6 -ray spectrometer has >«
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used to select the K-conversion electron of tiie 53 ke?

t rans i t ior j . The r e s u l t s of both the experiments give a half

l i f e of 1.13 + 0.03 ns .

Directional correlat ion measurements have been made on

the composite (557 - 53) keV and (444 - 53) keVY-Ycascades.

Further the magnetic moment of the 93 keV level has been

measured by perturbed angular correlation method. A p re l i -

minary resul t of (1.20 + 0.25) has been obtained for the g

factor of the 93 keV e t a t e .

S. Decay of Lu " - A.P. Agnihotry, K.P. Gopinathan and

M.CJ. Joshi - The decay of Lu177m(155 d) to excited s ta tes of
177Hf has been studied with 20 c . c . Ge(Li) detector having a

resolut ion of ^ 2 . 5 keV at 300 keV. Due to the higher

efficiency of the Ge(M) detector improved re la t ive inten-

s i t i e s of gamma rays were obtained. Coincidence measurements

were done with the Ge(M) detector and Nal(Tl) detector. The

E2/M1 mixing r a t ios and branching r a t i o s have been calculated

and compared with the pure ro ta t ional model.

9. In ternal Conversion Hsetsurenents in tne Decay of

Y b 1 6 9 — » W 6 9 - A.P. Agnihotry, K.P. Sopinathan and M. C.

Joshi - Internal conversion electrons from the decay of

Yb -^»- Tra have been measured with a double-focus ing

electron spectrometer with bet ter than 0.1^ resolut ion. The

gamma spectrum has been studied with a 20 c .c . Ge(Li) detector
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Having a resolution ~ 2 . 5 keV at 300 keV. The L subshell

internal conversion ra t ios of the hindered 63.12-, 177.18—,

and 197.97 keV transi t ions were found to be : LJ /LJ - J -AJJJ =

2 0 0 . 1 ' / 73.0 / 100, 873 / 172 / 100, 1583 / 254 / 100 respec-

t ively . Possible Hu.clear structure effects in the L sub-shell

conversion coefficients of these t ranai t ions are analysed.

10. Levels of Sb125from the Decay of Sn12?(4T min) - K. G.

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

act ivi ty of Sn ' was studied with high resolution Ge(Li)

gamma-ray detector . The *i rays of energies 160-, 38Q-,540-

and 550 keY with re la t ive in tens i t ies 100, c£ 0..004, «. 0.003

and ss 0.003 respectively, were obseirved. TheJ&-"^coincidence

measurements are also made to determine <̂ C« -the K-shell

internal conversion coefficient of 160 keT t rans i t ion . The

resu l t s are! explained by constructing the levels at 712-, 540-,
123and 160 keV in Sb . Nature of these levels is deduced.

11* The Calculation of TTuclear Gompresslbility - V. R.

Pandharipande. - The compressibility of f in i t e nuclei i s c a l -

culated by constrained Thomas-Fermi method. I t is found to be

much, lower than the ini'in i te nuclear-matter compressibility and

i t s var ia t ion \vith A is well explained by the nuclear liqiaid-

droD model.
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12. Fabrication of a high Resolution Mthium-Drifted_

Germanium Detector - M.D. Deshpspde and S.K. Mitra - A planar

type l i thium-drifted germanium detector of active volume 0.4

cm and in t r ins ic thiekneBe 2.5 mm has been fabricated in our

laboratory. Single crystal ,p- type germanium doped with ga l l -

ium with a r e s i s t i v i t y in the 5-15 ohm-cm range was used as

the basic material . Lithium-diffused germanium diode was

obtained by evaporation and subsequent diffusion of lithium

on to one face of the crystal in a vacuum evaporator uni t .

Lithium-ion dr i f t was carried out in an atmosphere of dry

nitrogen at temperatures and bias levels ranging upto 50 C

and 300 volts respect ively , 'i'he diode was tested f inal ly at

77°K in a cryostat with a vacuum maintained by a molecuLar

sieve cryosorption pump. The diode has beei found to give a

resolut ion of 2.6 keV (FWHJ.1) at 198 keV gamma-ray energy

increasing to 6.2 keV at 1.35 MeV.

13. Some Data for a s ix Gap B»ta Ray Spectrometer - S. K,

AmtoH.rciekar,S.M. .Bharatiji and O.V.K. Baba - Data regarding the

construction and performance of an enlarged version of the

or iginal Copenhagen model of a s ix gap beta ray spectrometer

are given. The spectromieter was constructed with the view to

study low energy conversion electron spectra ar is ing from

thermal neutron induced react ions. An electron energy range

from about 5 keV upto about 5 MeV can be covered.
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0, SAHA, INSTITUTE OF SPOItBAB PHYSICS. CALCUTTA-9.

1. Exqitatioc Energy of Fermi gas Systems - Swapna

Ohatfcerjee and Aparesh Chatterjee - Studies of fast neutron

reactions r e f l ec t the nuclear structure effects in the r e -

action crose-aections . In a reaction procesB, the nuclear

eyetem is often desoribed as an ensemble of free iermions

with an excitat ion energy U measured from the Fermi surface

£Q . In a r ea l nuclear system, £o i s shifted to £• due to

nuclear in te rac t ions , and the excitation energy U ia measured

from the modified ievmi surface £ • '^hna in general,U j£ U .

When the theory.of s t a t i s t i c a l nuclear reactions are applied

to estimate the reaction cross-section G" * the observed U

has to be shi t ted by properly talcing care of nuclear i n t e r -

actions to match U .

o

In a form of renormalized interacting gas model developed

by ua „ the surface £ i s correlated with £ by considering
the long range and short range parts of the residual i n t e r a c t -

ions of the extracore nucleons in an open shell system. She

long range part ttnds to unbound the system by the magnitude

of the Roaenzweig sh i f t 9 , She short range and colleotive

interact ions (pairing and deformation effects) tend to bind

the system* these are estimated from the BGS formalism of

Belyaev*,

When properly cox-related to i t s non-interacting form,the

auclear Interact ion energies will be released and will contribute
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to U.

Fast (n,2n) cross-sections are oaieulated and compared5

witn experiments from the above viewpoint and are found tc

agree well in the trend and magnitudes.

She cross-section depends equally sensitively oa the

single particle density function g. This g can be similarly

correlated to i t s non-interacting form gd again using the

nuclear interactions properly .

1. A. Chatterjee, Nuel.Phys. bO( 1964)273; Phy3.Rev.154B

(1964)374; S. Chatterjee and A. Chatterjee, Nucl. Phys.

A125(1969)593; P. Stronal et a i . , Nucl. Phys. 3J>(1962)49{

M. Bormann, Nucl. Phys. 65.(1965) 257; J. Csikai and G.

Peto, Phys. Lett. 20(1966)52; P.Hille, Nucl. Phys.AI07

(1968)49; P. Manero, JEN internal report (unpublished);

Private coam.; Antwarp Neutron Conf.(1965) paper no.120.

2. A. Ohatterjee, unpublished (1966-69)?A Chatterjee,

S. Ohatterjee, S.K. Ghosh and R. Sarkar, to be published

in parts .

3. »N. Hosenzweig, Phys.Hev.jO8( 1957)817;private conan,

4. S.T. Belyaev, Dan.Mat. Pys. 21(1959), Ho.il.

5. S. Ohatterjee, to be published in Nucl.Phys. (1970)

6. S.K. Ghosh, S. Ohatterjee and A. Chatterjee, to be

published
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2. Evaluation of the a-parameter from the flenormallsed

Fermi Gas Model-Sudip Kumar Ghosh, Swapna Chatterjee and

Apareeh Ohatterjee - The single particle level density at the

Fermi euri'aoe of a nucleus and the associated level density

parameter (the a-parameter) are being studied in terras of

nuclear structure effects. Previous works on the level density

parameter hav6 shown that these parameters strongly reflect

the nuclear structure eftectB, and they haye been rather

empirically treated.

We attempt to treat the a-pararaeter in the framework of

a renormalised interacting Fermi gaB model (RG-M). In the

RGM, the free gas Fermi surface shifts as a result of single

particle interactions (evaluated through the Rosenzweig com-

binatorial correction ) and the pairing interactions; the

deformation effects, the odd-even mass effects and the coulomb

energy contribution in a deformed nucleus are also Included

as and when necessary. Shese corrections are evaluated from

the BGS formalism of Belyaev and the collective potential

energy surface (PES) concept of Mosei and Greiner .

An expression for the single particle has been derived

from a standard phase analysis. Information of nuclear

structure has bee a introduced from the RGM and the phenomeno-

logical coulomb correction has been treated from the PES. KM

calculated values for the a-parameter agree fairly well with

those obtained experimentally and reproduces the empirical

conjectures . This set of a-parameters will be used to analyse
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the structure e i feo is in neutron Induced reactions,

1. T.D. Newton, Can. J.Phys._3A( 1956)804; A.G.W, Cameron,

Can.J. Phys. 16(1958)1040} £. Erba et a l . t Nuovo Cim.

22(1961)1237; U. Facohini and E. Saetta-Menichella,

Energia Nuolare 15.(1968)54; A0V. Malishev, Soviet Phys.

JBTP 16(1964)221

2. A. Ghatterjee, unpublished; A, Chatterjee, S. Chatterjee

S.K. Ghosh and R. Sarkar, to be published in par t s .

3 . N, Rosenzweig, Phys. Rev. jKJ8( 1957)807% A. Ghatberjee,

Nucl. Phys. 60(1964)273; Phys.Rev.,134B( 1964)374

4 . S.T. Belyaev, Dan.Mat. Pys. 3J.(1959), Ko.11.

5. U. Mosel and W. ^reiner, pr ivate comm., 3 . Physik

217(1968)256.

C, S.K. Ghosh, S, GfaattSrjjee and A. Ohatterjee, to be

published.

3 . Nuclear Structure Effects ia (n,2n),(n.p) and (n,°c)

Reactions - Swapna Chatterjee, Sudip Kumar Ghosh and Aparesh

Chatterjee - The two basic parameters needed for evaluating

the s t a t i s t i c a l nuclear reaction cross-sections are the

exci ta t ion energy U and the level density parameter; the ex-

c i t a t ion energy U i s measured from the nuclear Fermi surface

£ and the level density parameter a is needed to generate

the t o t a l level density y° at an excitation U. She RGM is
-A

able to treat both these quantities satisfactorily1.



An attempt is being made to use the microscopic

coneistent RGM iormuiatiun in fast neutroo reactions and to
p

reanalise and improve the previous viewpoint . The Bpecific

channels in which these improved treatment wil l be used are

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

1. See the two previous reports

2. A chatterjee, Phvs.Rev. 134B( 1964)374; Nuel.Phys.6O(1964)

273; Proc Antwarp Neutron Oonf. (1965), paper No.113.

4. Optical Potentials for He and Triton - S. Mukherjee,

R.K, Satpathy and S.K. Samaddar - The optical potentials for

He and triton are calculated in terms of the optical potentials

of i t s constituents by extending the formalism of Mukherjee for

the case of deuteron in a straight-forward manner. Comparison

with experimental results for elastic scattering cross-sections
3

of He from various targuts indicates that a good f i t to the

experimental results cannot be obtained if the well depth of

the imaginary part of the rmcleon optical well is not allowed

to vary with energy.

5. Lifetime of the Excited States in 51Y and 9°Y - H. Singh.

aad B. Sethi - The life-times of the excited states in 51V and
90

Y have been measured by the delayed coincidence technique

uBing a time to amplitude converter. The rad. oactive sources

of the 5»8 min 5 'JCi and the 3.1 hour 9OmY were produced by
51T(n,p) 5 1Ti, 93Nb(n,oC) 9Omr and 9OZr(n,P)9OnT reactions at
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the s tructure effects in neutron induced reactions.

1. T.D, Newton, Can. J.Phye,_3_4( 1956) 804? A.G.W, Cameron,

Can.J. Phys. 3_6( 1958) 1O4Q; £. Srba et a l . , Kuovo Oim.

22(1961)1237; TJ. Facohini and E, Baetta-Menichella,

Energia Nuolare 15.(1968)54; A.V. Malishev, Soviet Phys.

JETP 16(1964)221

2. A. Chatterjee, unpublished? A. Ohatterjee, S. Chatterjee,

S.K. Ghosh and R. Barlcar, to be publiehed in pa r t s .

3 . N. Hosenzweig, Phys. l ev . H>8(1957)807s A. Chatberjee,

Nucl. Phys. 60(1964)273? Phys.Rev. 134B(1964)374

4. S.T. Belyaev, Dan.Mat. Eys. 51(1959), No.11.

5« U. MOE^I and W. ^reiner , private comm*,, Z. Physik

21J(1968)256.

6. 3,K. Ghosh, S. Chatt0r^ee and A. Chatterjeo, to be

published.

3. Nuclear Structure Effects in (n e2n).(n.p) and (n,oc)

Reactiona - Swapna Chatterjee, Sudip Kumar Ghosh and Aparesh

Chatterjee - The two basic parameters needed for evaluating

the s t a t i s t i c a l nuclear reaction cross-sections are the

exci ta t ion energy U and the level density parameters the ex-

c i t a t ion energy U i s measured from the nuclear Fermi auriace

and the level density parameter a is needed to generate

the total level density P at an excitation U. She RGM is

able to treat both these quantities satisfactorily .



An attempt is being made to use the microscopic erex.1-

coneietent RGM formulation in fast neutron reactions and to
2

reanalise and improve the previous viewpoint • The specific

channels in which these improved treatment will be used are

(n,2n), (n,p) and (n,<*) reactions.

1. See the two previous reports

2. A chatterjee, Phys.Rev. 134B( 1964)374; Nucl.Phys.60(1964)

273; Proc. Antwarp Neutron Conf. (1965)f paper No.113.

4. Optical Potentials for He and Triton - S. Mukherjee,

H.K. Satpathy and S.K. Samaddar - The optical potentials for

He and triton are calculated in terras of the optical poten fciale

of i t s constituents by extending the formalism of Mukherjee for

the case of deuteron in a straight-forward manner. Comparison

with experimental results for elastic scattering cross-sections
3

of He from various targuts indicates that a good f i t to the

experimental results canoot be obtained if the well depth of

the imaginary part of the nucleon optical well is not allowed

to vary with energy.

5. Lifetime of the Excited States In ^1Y and 9QY - H. Singh

and B. Sethi - The life-times of the excited states in 51V and
90

Y have been measured by the delayed coincidence technique

using a time to amplitude converter. The radioactive sources

of the 5.8 min Ti and the 3.1 hour ""Y were produced by
51V(n,p) 51Ti, 9hb(n,oC) 9Omy and 9OZr(n,p)9OmY reactions at
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the structure effects in neutron induced reactions,

1. T.D. Newton, Can. J .Phye ,_3ji( 1956)804; A.G.W, Cameron,

Can.J. Phya. 16(1958)1040? E. Erba et a l . , Nuovo Oim.

22(1961)1237; V* Facohini and Et Saetta-Menicheila,

Energia Nuolare 1J5(1968)54$ A.V. Malishev, Soviet Phys.

JBTP 18(1964)221

2 . A. Chatterjee, unpublished; A. Chatterjee, S. Ohatterjee,

S.K. GhoBh and R. Sarkar, to be published in pa r t s .

3. BT. Roeenaweig, Phye. Hev. 108(1957)8078 A. Ohatterjee,

Nucl. Phye. 60(1964)273; Phys .Rev.134B(1964)374

4 . S.T. Belyaev, Dan.Mat. Sye. 21(1959), Ho.11.

5. U. Mosel and W. ^reiner, pr ivate comm., Z. Physik

217(1968)256.

6. S.K. Ghosh, S. Ohatterjee and A. Chatterjee, to be

published.

3 . Nuclear Structure Elfeots in (n,2n),(n,p) and (n.oc)

Reaotiona - Swapna Chatterjee, Sudip Kumar Ghosh and Aparesh

Chatterjee - The two basic parameters needed for evaluating

the s t a t i s t i c a l nuclear reaction cross-sections are the

exci ta t ion energy U and the level density parameters the ex-

c i t a t ion energy U i s measured from the nuclear Fermi surtaoe

and the level density parameter a is needed to generate

the total level density P at an excitation U. Ihe RGM is

able to treat both these quantities satisfactorily .



An attempt ia being made to use the microscopic

consistent RGM formulation in fast neutron reactions and to
2

reanalise and improve the previous viewpoint . The specific

channels in which these improved treatment will be used are

(n,2n), (n,p) and (n,od) reactions.
1. See the two previous reports

2. A chatterjee, Phys.Rev.134B( 1964)374; Nucl.Phys.60(1964)

273; Proci Afltwarp Neutron Oonf. (1965h paper No.113.

4. Optical Potentials for He and Triton - S. Mukherjee,

R.K. Satpathy and S.K. Samaddar - The optical potentials for

He and triton are calculated in terms of the optical potentials

of i t s constituents by extending the formalism of Mukherjee for

the case of deufceron in a straight-forward manner. Comparison

with experimental results for elastic scattering cross-sections
3

of He from various targots indicates that a good f i t to the

experimental results cannot be obtained if the well depth of

the imaginary part of the nucleon optical well is not allowed

to vary with energy.

5. Lifetime of the Excited States in ^V and 90Y - H. Singh.

and B. Sethi - The life-times of the excited states in ^1V and
90

Y have been measured by the delayed coincidence technique

using a time to amplitude converter. The radioactive eouroes

of the 5.8 nxin 5 Ti and the 3.1 hour 9OmT were produced by
51Y(n,p) 5 1Ti, 93Nb(n,<4 9OnV and 9OZr(n,p)9Omy reactions at
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the s tructure ef iee te la neutron induced reactions,

1. T.B. Newton, Can. J.Phys._24_( 1956)804; A.G.W, Cameron,

Oan.J. Phys. 16(1953)1040; J£. Erba et a l . , Nuovo Oim.

22(1961)1237? V, Facohini and E. Saetta-Meniohella,

Energia Nuclare i§.(1968)54? A.V. Malishev, Soviet Phys.

JBTP 1£( 1964)221

2» A. Chatterjee, unpublished; A. Chatterjee, S. Ohatterjee,

S.K. Ghosh and R. Barkar, to be published in pa r t s .

5. N, RoseniBweig, Phys, Rev. 108(1957)8078 A, Chatfcerjee,

Nucl. Phys. 60(1964)273; Phys.Rev. 134B(1964)374

4 . 3.T. Belyaev, Dan.Mat. l y s , ,3J.(1959), Ho.11.

5. TJ. Mosol and W. ^reiner, private comm., Z. Physik

21J(1968)256.

6. S.K. Ghosh, S. Ohattgrjee and A. Chatterjee, to be

published.

3 . Nuclear Structure Effects in (n,2n),(n.r>) and (n«°c)

Reactions - Swapna Ohatterjee, Sudip Kumar Ghosh and Aparesh

Chatterjee - The two basic parameters needed for evaluating

the s t a t i s t i c a l nuclear reaction crose-sections are the

exoi cation energy U and the level density parameter j the ex-

c i t a t ion enargy U i s measured from the nuclear Fermi surface

£ and the level densiiy parameter a is needed to generate

the t o t a l level densi ty P at an excitation U= The RIMS i s

able to treat both these quantities satisfactorily .
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An attempt i s being made to use the microscopic

consistent RGM formulation in fast neutron reactions and to
2

reanalise and improve the previous viewpoint . The specif ic

channels in which these improved treatment w i l l be used are

(ns2n) f (n,p) and (n,ot) reactions.

1. See the two previous reporta

2. A chat ter jee, Phys.Rev.134B(1964)374; Nucl.Phys.60(1964)

273; Proc. Antwarp Neutron Conf. (1965)* paper No.113.

4 . Optical Potentials for *He and Triton - S. Mukherjee,

H.K. Satpathy and S.K. Samaddar - The opt ical potent ia ls for

Ha and t r i t o n are calculated in terms of the optical potent ia ls

of i t s ooast i tueats by extending the formalism of Mukher^ee for

the case of deuteron in a straight-forward manner. Oorapar' m

with experimental resu l t s for e las t ic scat tering «roes-aec Jna

of He from various targuts indicates tiaat a good f i t to the

experimental resul t s cannou be obtained if the well depth of.

the imaginary part of the cucleon optical well i s not allowed

to vary with energy.

5. Lifetime of the Excited States in 51Y and ^°Y - H. Singh

and B. Sethi - The l ife-t imes of the excited s ta tes in 51V and
y Y have been measured by the delayed coincidence technique

using a time to amplitude converter. The radioactive souroee

of the 5.8 min 5 1Tfand the 3.1 hour 9OmY were produced by
5 V ( n , p ) 5 1 T i , 93Nb(n,rf) 9Omy and 9OZr(n,p)9OmY r e a c t i o n at
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14 MeV neutron energy, '̂ he resul t s obtained are as follows8

Nucleus Level Half-life ^naec)

51V 320 0.190 * 0.030
930 0.070 + 0.025

y Y 202 0.130 * 0.030

The r e l a t ive i n t ens i t i e s of the "V -rays in ^1V and 9uY

have been measured with the help of a Ge(Ll) detector, and

on the basis of these resul ts^ the pa r t i a l half- l ives for

~i -emission have been determined and compared with

Weieskopf estimates.

6. The Decay of 6-rMIN 1^2Pm - K.S.N. Murty, B.P. Pathak
152

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

the (n,p) reaction on Sm has been studied using s c i n t i l l a -

tion and Ge(Li) de tec tors . Besides the gamma rays of 122 and

245 keV reported e a r l i e r , new gamma r£.ys of 811, 1113* K08

and 1511 keV have been observed to decay with 6-min ha l f - l i f e .

The observed beta and gamma t rans i t ions have been incorporated

into & decay scheme.

7. The Decay of 9 1 m & gMo to the Levels in 91Nb - N.G. Das,

B.P. Pathaic and S.K. Mukherjee - The decay character is t ics of
91metastable (66 sec) and ground (15.6 min) states of * Mo have

been studied using (Je(li) and s c in t i l l a t i on speotrometersc

The gamma rays of 536, 786, 1034,1406 and 1576 keV energies

have been found to decay with 15.6 min ha l f - l i f e . The 66 see

metastable s ta te of 91Mo has been found to decay with th©
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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(!T), 1172,

1 196, 1537 and 1626 keV. A decay scheme for " m gMo i s

suggested.

8. Level Scheme of Gd - B. K. Dasaiahapatra - 23 gamma
152rays are f i t t ed in a new decay scheme of Gd from a study

of high resolution (2,6 keV) &e(Li) gamma spectra of the

12.4 y 152Eu ac t iv i ty . Three new levels ; 2 + , 1109.1 keV,

3 + , 1434.2 keV and 4 + , 1281.8 keV are located in 52Gd.
152Unlike previous informations, i t i s shown tiiat Gd may

have propert ies consistent with large nuclear deformation.

9. Decay of 71mZn - H. Sing, B. Sethi and V.K. Tikku

- The decay of the 3.9 hour Zn has been investigated

with the help of a Ge(Li) detector and sc in t i l l a t i on counters.
71 m 71 71 m

The Zn source is produced by Ga(n,p) Zn reaction with
7114 MeV neutrons using enriched Ga target, The relative

intensities of tne gamraa-rays arising in the decay have been

accurately measured and the branching ratios fox the beta-

and gamma-rays have been deduced.

10. Decay of 7^Ga and Energy Levels of 74~Ge - H. Singh and

B. Sethi - The decay of the 7.9 min 7 4 ( J a t o t h e l e v e l s o f

74.
Ge has been e ^died wita the help ox a Ge(Li) detector and

scintillation counters, The '̂ Ga acxivity has been produced



by *Ge(n,p) '*Ga react ion with H MeV neutrons.. New gararna-

rays have been found in the energy interval 0.6 = 2.2 MeV.

A decay scheme of Ga i s proposed on the basis of accurate

energy and intenst iy measurements of gamma- and beta-rays,and

coincidence s tudies .

11. Decay of 15-Min Ga ? to Zn - D. Basu - Fifteen minutes

Ga was produced from the Zn (pt"$)Ga * reaction. The decay

of t h i s isotope was studied using a Ge(Li) detector. Several

~i -rays have been detected, and a consistent level scheme i s

proposed.

12» Energy Distr ibut ions in Prompt Fission Fragments - Eatna

Saricar and Aparesh Chatterjee - Total energy release in prompt

f iss ion phenomena and the d is t r ibu t ion of th i s energy as the

exci ta t ion and k ine t ic energies of a conjugate fragment is

predicted from the potent ial energy surface (PE3) concept and

the renormalised Fermi gas model (RGM); In the PES concept,

the t o t a l nuclear energy \(P) a * ground s ta te deformation

is expressed in Belyaey's BOS formalism. This energy is expand-

ed in a power se r ies to obtain energy E^(oC) at an arbitrary

deformation CC . I f . X i s the saddle-point deformation para-

meter, the to ta l energy release in fission .or binary divisions

frj^1*0 II where the square bracicetted terms represent the
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in&eraction5 between the light (L ) and heavy (H) fragment

of a conjugate pair. '-Che o 'B are estimated by minimizing

the energy with respect to o.

The nuclear structure-sensitive part of the PES is

treated by the RGM. The shell effects, pairing effects and

dedormation effects appear aa suitable energy corrections

f, TT and o • . The total RGM correction ia f - TT - 0 .

I t is assumed that the total RGM oorrebtions of the fragments

over tnose of the fissioning nucleus must appear as a part of

the excitation energy U . '-The rest of the exoitation energy

is estimated from the change of the deformation-dependent part

of the 7/ES UPES. The to bal excitation energy is thus UR(JM +

U1* . The total kinetic energy T is then ER - U.

These predictions are tested for the spontaneous fission

of 2 5 Of, thermal neutron induced fission of 2 '5U, 255U,25^Pu

and fast neutron fission of '? U, In each case, good agree-
2ment was found between the experimental and predicted values .

1. TJ. Mosei and W. ^reiner,Private coram.; Z. Physik

217(1968)256.

2. R. Sarkar and A. Ohatterjee, Phys. Lett.3QB(1969)315i

Phya. Hev. (to be published)

13. Prompt Samma Decay of gjsaion fragments - Ratna Sarkar

and Aparesii Chatter'jee - Uur previous RSM-PES approach1 was
p

found to give fairly good description of the fission energy



k i n e t i c s in case of spontaneous f i s s i o n of Of, slow

neutron fission of several nuclei, and fast neutron fission

of ^ U, without using a mass formuia to evaluate the fiss-

ion energy release Eg. "She partitiion of energy ER into the

prompt fragment excitation UP and fragment kinetic energy $_

were also satisfactorily treated. A realistic structure-

sensitive variation of the symmetric and asymmetric collective

stiffness coefficients CQ and 02 (or C „ for notations, see

ref.) may be considered by assuming that they are functions

of extracore nucleona n in a nucleus k^(n/k-, => <)§•/£- )•

The occupation dependence of the coefficieats are

0F - °oo <1 "

where Q_o and 0^ a r e the s t i f f n e a s ooei'ficien ts or a free

g a s . In t h i s Work, 0 o o = 520 MeV and 0 ' » 160 MeV have been

assumed*

The e n t i r e fragment de=esc i t a t ion procesB i s assumed to

be : AF < . n ^ l y t # . 1
Vp s*

where ^3? and s^, a re the number of neutrons and gaauna rays

r e s p e e t i v e l y from the fragments IP and IP1* A cascade de -

e x c i t a t i o n process i s assumed t o be favoured both fo r theo-

2 ' "5-5
r e t i c a l and experimental"^ J r e a s o n s .

Since the RGM can evaluate the s ing le p a r t i o l e dens i ty

g (or i t s r e l a t e d l e v e l density parameter a of the nuclear
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system in the form

we assume that the cascade process is allowed only through

a set of equidistantly spaced levels (of spacing dp, » 2/gj>)

of the 3ams kind of par i ty . We thus obtain the resu l t

^ = U f i - - 2(8 , , - 1 ) / gF , (4)

where E™81 is the maximum gamma energy' (about 3-4 MeV).

Fai r ly good f i t s of the prompt gamma energies and gamma

ray y ie lds have been found using the above ideas for the

thermal neutron fission of y U and spontaneous f iss ion of
2520f.

1. A. Ohattsrjee, unpublished} A. Ohat terjee, 3 . Chatterjee,

S.K* Ghosh and R. ^arkar, to be published in par ts

2 . R. Sarkar and.A. Chatterjee, Phys. Lett . 3,08(1969)313?

Phya. Hev. (to be published)

3 . S.A.E. Johansson, Nucl. Phys.60(1964)378;b4(1965)147

4. H. Maier-Leibnitz et a l . , Proc. uilzburg Oonf. on

Fission (IAEA, Vienna) 1965, Vol. n , pe 143.

5. E.G. Malenschein et a l . , Proo. 2nd Intern. Oonf. 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 Masa Yields ol' the Fission Fragments - Ratna

Sarkar and Aparusn Chatterjee — In the caee or binary fission,

the l i f e time of the fiasioning nucleus i s assumed to be BO

large that a s t a t i s t i c a l equilibrium is set between the f i s s -

ioning nucleus and the preformed fragments and hence the entire

fission phenomenon may be described in terms of the phase space

available to tne process . The re la t ive decay probability in

a given fragment pair (1,2) i s then given by uhe relat ive

transparency factor T^2 times the level densities ol the

fragme nt s 8

Y12 °^ P12 = ' ri2 e x p 2 ( a l u 1 ^ exP 2(a2U2)*

where Y12 ^s ^iie y ie ld and P1 2 is the decay probabil i ty.

I t ia poe sible to calculate the excitation energies U,
p

and U2 from the RGM-PES approaoii , I t is further possible to

compute the s t a t i s t i c a l level density parameters a and a2

2
from tne RGM di rec t ly as

a. = ir

where . £. i s the RGM correction of the i - th nucleus.

The complicated problem of evaluating the re la t ive t rans-

parency factor S1 2 i s handled by using a simple form of ion-

optioai potential due bo 'Phomas . Using the WEB approximate a 9

the transparency T i 2 for a parabolic barrier of height B is of

the form
T = 1 /-(1 - exp(2 TT / -K to) (B-I ) wi th^lO= (//<•) (d2V/dr2)

evaluated at a point vmere V(r) i s a maximum lor X • 0.
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The independent mass yields Ŷ gf and Y1

(Y = v
12^)» are oaloulated for the fiBaion of 258U with

neutrons of energy EQ = 2.8 MeV. The agreement between the

theoretical* and experimental vaLues is satisfactory. The

agreement at E = H MeV is also impressive ' .

1. T. Ericson9 Advan. Phys.JJ (1960)425

2. H. Sarkar and A. Chatterjee, Phys.Lett.20B(1969)313

3. T.D. Thomas, Phys. Kev, H6J1959) 703

4. R. Sarkar, to be published

5. 3. Katcoff, Hucleonics 16(1958),p.78

15• Fission Energy Kinetics, Fragment Deformations.The

Fission Barrier and Mass Yields - Ratna Sarkar and Aparesh

Ghatterjee - Sncouraged by the partial success of a unified

microscopic H5M-PES approach of treating the energy kinetics

in fission phenimena, a. detailed program has been undertaken

to calculate the above quantities for a large number of f iss-

ile nuclei (A = 185 to 260). We hope to treat (i) the

scission point deformations of the fragments, ( i i ) evaluate

the scission point barrier heights, and ( i l l ) predict the

independent mass yields from the same basic self-consistent

approach without the use of a mass formula.

Only a limited part of tue program has so far been
p

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 of the Fission Fragments - Ratna

Sarkar and Aparush Chatterjee - In the case or binary fission,

the life time of the fiasioning nucleus is assumed to be so

large that a statistical equilibrium is set between the fiss-

ioning nucleus and the preformed fragments and hence the entire

fission phenomenon may be described in terms of the phase space

available to tne process . The relative decay probability in

a given fragment pair (1,2) is then given by che relative

transparency factor T^2 times the level densities of the

fragme nt s:

Y12 °^P12 a T12 e X p

where Y12
 i s ^ e yield and P12 is the decay probability.

I t is poe sible to calculate the excitation energies U,

and Up from the RGM-PES approach „ It is further possible to

compute the s ta t i s t ica l level density parameters a and a2

2
from the RGM directly as

where . ^ . is the RGM correction of the i-th nucleus.

The complicated problem of evaluating the relative trans-

parency factor T12 is handled by using a simple form of ion-

optical potential due to Thomas . Us tag the WKB approximation t

the transparency T l 2 for a parabolic barrier of height B is of

the form

T1O = 1/(1 -

evaluated at a point where V(r) is a maximum for X = °»
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The independent mass yields Y12» and Y1 and Yg,

(Y. = T12^), are calculated for the fission of 2^8U with

neutrons of energy B = 2.8 MeV. The agreement between the

theoretical4" and experimental yaLues is satisfactory. The

agreement at E a 14 MeV is also impressive ' .

1. T. Ericson, Advan. Phys.JJi (iy60)425

?. R. Sarkar and A. Ohatterjee, Phy8.Lett.30B(1969)313

3. T.D. Thomas, Phys. Hev. H6(1959) 703

4* R. Sarkar, to be published

5. S. Katcoff, Nucleonics Jj3(i958),p.78

15. Flaalon Energy Kinetics, Fragment PeformatlonsyThe

Pission Barrier and Mass Yields, - Ratna Sarkar and Aparesh

Chatterjee - Encouraged by the partial success of a unified

microscopic HSM-PES approach of treating the energy kinetics

in fission phenimena, a detailed program has been undertaken

to oalculate the above quantities for a large number of f iss-

ile nuclei (A =* 185 to 260). We hope to treat (i) the

scission point deformations of the fragments, ( i i) evaluate

tne scission point barrier heights, and ( i i i ) predict the

independent mass yields from the same bacic self-conaistent

approach without the use of a mass formula.

Only a limited part of tne program has so far been
2

oarried out with fair success.

1. E. Sarkar and A. Chatter jee, Bee the previous three

reports

2. E. Sarkar and A. Ohatterjee, to be published
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16. The Stability of Aotlnide igloments and Superheavy Nuclei

- Sudlp Kumar Ghosh and Aparesh. Chatterjee - A great deal of

recent work has studied the (luestlon of stability of actinide

elements fend superheavy elements in the framework of the liquid

deop model and oollective behaviour of tne nuoleons* An

attempt is being made to look into the stability problem form

the interacting renormalizsed Fermi gae model (RGM ) viewpoint.

The RGM treats the long-range and short-range parta of tne re-

sidual nuclear interactions properly .

The RGM is also able to treat the single particle level

density g of the nuclear ay stem by reconsidering the same

basic interactions in a deformed potential and additing up the

phenomenological coulomb interaction effects. We expect these

two features of the RGM to define at least a partial criterion

of s tabi l i ty .

The main difficulty of treating the superheavy nuclei is

that the shell model interactions in these regions are obscurely

known. A correct guess of the shell structures are needed to

obtain the RGM structural corrections dfr and the RGM single-
2

particle density g . These are being looked into .

1. See previous reports

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

17. Predictions of Deformations and Quadrupole Moman_ts

- Swapna Ohatterjee and Aparesh Ohatterjee - Simple calculations

on these properties of nuclei showed the need of considerable
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improvement in our treatment oJ' the RGM. We shall reoaleulate

them witJi our modified RSM.,

1. S. Chatterjee, unpublished.
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D. LABORATORIES FOR NUCLEAR RESEARCH. ANDHRA UNIVERSITY

""WALTAIR— — '——'

1 • Ieomerlo Ratio Analysis of (nt2n) Reaotion.Some Rare-

Earth Nuolides - P. Rama Prasad, J . Rama Rao and E.Kondaiah

- Isomerlc cross seotion rat ios for (n,2n) reactions on

Nd-142, Sm-H3 and Eu-153 were measured at E = 14.2 + 0.2
n -

with a well-type Nal(Tl) Scintil lation Spectrometer. The

experiment ally determined values are compared with those

calculated theoretically using the Huisenga and Vandenboseh

formalism, to find the value of the spin cut-off factor

The corresponding nuclear moments or Inertia are also

deduced*

2. Preoompound Particles in 5In(p.o) Sn Reaetionsand

(p tn) Reactions In General - E. Parthasaradhi, C.RoOhandraa,

V. Seshagiri Rao and S. Ramamirthy - An examination of

^In(p,n) Sn reaction data at four bombarding energies
80 80

reveals features found previously in Se(p,n) Br8

9*Zr(p,n)94Nb, 1 1 6Sn(p,n)1 1 6Sb, 1 1 7Sn(P f a)1 l 7Sl>,1 1 8
S B<p tn}1 1

100 100

and Sn(p,i.) Sb react ions,-viz . , the existence of pre-

compound particleb at a l l bombarding energies and the ia-

creasing bombarding energies„ General conclusions concern-

ing (p»n) reactioas are drav?n<>
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3. K-X Ray and &amma-Ray Directional Correlation in the

Decay of Rehenlum - 186 - K.V. Ramana Rao, P. Jagam, D.L.

Saetry. - In view of the recent work of Perpelkin on Mn-54

in wlich he reported a definite angular correlation between

the K-Xray following the K-capture and the succeeding gamma

ray, we conducted measurements carefully employing a high

efflciencey Sum-peak Go incidence Spectrometer Set-up on the

angular correlation between the K-X ray following the K-

capture and the succeeding gamma ray in the decay of

Rhenium -186,

4. Nuclear Matrix Elements Governing the 450 KeV First

forbidden Beta Transition - M. L. Harasimha Raju, V.

Seshagiri Hao and D.L. Sastry - The energy dependence of

the angular correlation of the 450 KeV beta - 176 keV gamma

cascade in Sb-125 measured with a fast-slow sointillation

spectrometer. A maximum beta-gamma anlsotropy of about 25$

is found. The present values of angular correlation are

combined with the allowed shape of the 450 keV beta t ransi-

tion in order to obtain the f i rs t forbidden matrix elements

governing the 450 keV beta transition. The exact theoretical

expressions that include the finite size effects and Blaalla

and Rose tables are used in the analysis. The analysis ia

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

.1,31 - V.V. Rama Murty, M.T. Rama Hao, G. Satyanarayana and

V. Lakehmlnarayana - Delayed coincidence measurements on

the 80 and 364 keV levels in Xenon-131 are performed. The

measurements yielded valuea of (380 + 20) psec. and

(360 + 40)psec. respectively for the half lives of the two

levels* The single partiole estimates of the transition

probabilities are oompared with tLose calculated on the

basis of the experimental valuea of half lives. These values

indicate that the 80 keV and the 364 keV levels should arise

out of some collective mechanism of excitation. The results

are liscuseed in the light of the recent phenomenological

nuclear models of de=Shalit and Kisslinger and Sorensen.

While the Kisalinger and oorensen wave-functions eeem to

describe the ground and the 80 keV levels adequately well,

evidence for dominant contributions from the d3/2+ phonon

and s i /2 f phonon parts in the 364 keV level is observed.

The unified nuclear model with a restricted configuration

space consisting of si/2 and d3/2 orbitals alone available

for the odd neutron occupancy seems to be applicable to this

nucleus.

143
6. The Structure of the 57 and.351 keV Levels in Pr -

V»V. Rama Murty, M.T. Rama Rao, S. Khayyoom and V.

Lakshminarayana - The half-lives of the 57 and 351 keY levels
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in 1*^Pr are measured to be (4.05+0.12) na and (68+8) pBt

respectively, by the delayed oo incidence technique, using a

time-to-amplitude converter. From a comparison of the

observed transition probabilitiee with the single particle

estimates, .it is inferred that the levels could be attributed

to a collective mechanism of excitation. The core exciatatlon

model, extended with admixture in the wave functions, as well

aa the pairing and long range force model, are found to be

inadequate to explain the observed results. Wave functions

have been provided by Choudhury and Kujswaki as well as Heyde

and Brussaard, on the basis of the unified nuclear model in

Its intermediate coupling approach, with ^BnM a n d 2<*5/2

orbitals available to the odd proton. While the former rule

out an experimentally established 3/2+ state around 351 keY,

and indicate a 7/2+ spin to this level,the wave functions

provided by the la t ter for a 3/2+ level below 500 keV provide

results which agree approximately with the present experi-
»

mental estimates. A better agreement appears possible with

the Inclusion of 2d, /g and 3e.j ,g orbitals also in the inter-

mediate coupling model calculations.

?• Beta Groups of 99Mo - T. Nagarajan, M. Ravindranath

and K.V, fieddy - An analysis of beta spectrum of ^%o taking

la to account the correct shape of the outer beta group re-

vealed beta groups with endpointst 1215+1 (84#),840+5 (2#),
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450+10 (4#) keV. The shape co-efficient of outer group ie

« a » -0.O13+.OO7. On the basis of shell model matrix

elements,the CVC prediction for A gave a positive value for

a, whatever be the value of A o . Treating both A and Ao

ae free parameters, a f i t with experimental shape gave :

3.4 ^ A ^ 5 and 2.3 <r A o ^ 3.7. The shape of the

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

non-unique type consistant with shell-model prediction,even

though the 5H keV (3/2~) *w..l fed by th i s beta group i s

considered as arising from the weak coupling of p proton -

hole to the 2 f i r s t excited s ta te of the core v Mo). But

the large log f t value of . this t ransi t ion may perhaps be

explained by giving "micrQaccpic" picture to the core.



- 44 -

E. ALIGARH MUSLIM UNIVERSITY. ALIQARH

1. Measured (n.p) Reaction Cross Sections and Their

Predicted Values at 14.8 MeV - R. Prasad and D.C. Sarfcar

- (S,p) react ion cross sections ior some fortyfive cases in

the range 167 ^ A 2̂- 6 ar« measured by the ac t iva t ion

technique at 14.8 + 0.5 MeV neutron energy. Measured oross

eeotibns are compared with the cross sect ions semi-einpirioally

prediotcd by Gardner and Cevkovskii. Experimental cross seot-

ions are also compared with crosa section values obtained

theore t i ca l ly using a shell dependent leve l density.

2 . S t a t i s t i c a l , Theory Calculations of Keutron Capture Cross

Sections at 200 KeV - A. K. Chaubey, M.S. Kajjput and M.L. Sehgal

- Neutron capture cross sections have been calculated using

s t a t i s t i c a l theory or nuclear reactions at 200 KeV. By com-

paring these calculated cross sections with the e a r l i e r measured

values of capture cross sections at 200 keV, values of para-

meter ^ •• (D/2TT / Y ) were calculated. These yaluaa of

were compared with the values of t obtained from low energy

resonance parameters. In general there is'..-good agreement In

these two values of £ which confirms the va l id i ty of s t a t i s t i c a l

theory a t t h i s energy.

3 . On Spectral Density Method In the Perturbed Angular

Correlatloe - K. Rama Hsddy - For a l i n e a r response d<* footing



system the tiae and frequency spectra of the perturbed

angular correlations are calculated. Calculations are based

on the toohniq.uea of random signal analysis. The frequency

spectra, thus calculated, contain resonate es whose positions

are determined by the hyperfine interactions, The line width

of a resonance ie just the natural llae-width of the decay-

Ing nuclear s tate . Numerical results are discussed for

various stationary and non-stationary perturbing interactions*
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?.3eoBrtrr.apt of Physics« Bangalore Urviveralty.Bengalore-1_.

1 . Sp^ctfO€ooplo Factors for Pickup Inactions - M. 0.

Puttaawamy - Nuclear reactions involving the tranefer of one

nucleon are being studied in large numbery. For nuclei in

the a-d ohel l , epectroacopic fnctore for stripping reactions

have been predicted by Glaudemans et al 'who have performed
"'"' 2f£ -a gh ell-mod el calculation assuming an iner t Si core and

permitting a l l configurations within the a(1/2) and &(3/2)

shel l s . Since pickup reactions ytsld very similar informa-

t ion , the same wave functions have been used to predict

epectro3copic factors for ptoron and neutron pickup reactions

on a l l stable nuclei with 29 ^ A £ 4O2 . In pa r t i cu la r ,

the resu l t s on the neutron pickup from •57Gi and 59K is dealt

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

* Work supported by f ivm c t a l grant from the.
University Grants Com mis ei on.

1) P.W.M. Glaudemans, G. Wiechors, and P.J . Brussard,
Nucl.Phya .56,548 (1964)

2) The author la thankful to the Computer Staf f a t H.M.T.
Ltd. for tneir help and cooperation.
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G. BANARA3 HIITDU UNIVERSITY,

1. Suitable Optical Model ParameterB for Evaluation of

Neutron Prone Seotlons Below 2 MeV - H.C. Sharma and N. Nath

- The effect of varying individual parameters of the opt ical

model po ten t ia l on the angular d is t r ibut ion of e lae t lca l ly

Boattered neutrons has been investigated for a number of

nuc l e i . The aim i s to find the permissible range of these

parameters suoh tha t both the d i f fe rent ia l e laa t io as well

as i n e l a s t i c oross sections can be rel iably estimated well

wi th in the usual experimental e r rors , Further, the compound

e l a s t i c cross Bections from di f ferent nuclei have been e s t i -

mated to look for the extent of she l l effeots. An attempt

has also been made to study possible effect of compound

nucleus level-width f luctuat ions on these cross sections by

appropriately varying the imaginary potent ial depth parameter.

2 . On the oonneotion between the RMS Charge Radii

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

between the r .m.a . charge r ad i i of H and He and the brems-

etrahlung weighted cross section of photodisintegration of

these nuolei , which one expects on the basis of the sum-rules

of Lerenger and Bethe, can be seen more d e a r l y on taking

account of the charge d i s t r ibu t ions of the nucleons. I t i s

aeen that t h i s connection gives an independent check on the

value of the el°pe of the neutron charge form-factor GEQ (0 ) ,
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Tills 1B rather interesting because the information on this

quantity, as derived from the eleotron-trinuoleoc scattering

data, is not quite unambiguous being dependent among other

things OQ the assumed wavefunotion of the trinucleons.
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H. BOSS INSTITUTE. CALCUTTA-?.

1 . iilectronlo Charae Distribution in Heivy Atoms from

Non-Kesonant Coherent Scat ter!rg Croaa-Sectione - Q.c. Hoy

and A.M. Gho.se - An attempt has beon made to determine the

elect ronic charge dis t r ibut ion of heavy and intermediate mass

atoms from the experimentally determined values of the non-

resonant coherent scat ter ing cross-sections Gj-j (9) of gamma

rays for these elements, In the non-relat iviet ic cane and

for a spherically symmetric atom the atomic form factor

F(z»<l) is related to the electronic charge density d i s t r l -

bution P(t) by j f *
o

where q is the change of momentum of the photon.

The experimentalGg(9) has been analysed to estimate

the relat ivlst ic effects and the ..compensating effective non-

relat iviat lo crosa-section has been used to determine F(z,q).

Numerical Integration was carried out using Simpson's 4̂ - rd

rule-for q ranging betv/een 0 to 2.5 me unite. The p(T) was

calculated upto L-shell of electrons which was then compared

with the values obtained from Hartree-FocK approximations.

Although K-enell radii are obtained datiefaoGorily by this

iflethod,. anomalous peaks in charge distribution have been fomod

between K- and L-shells. Possible causes for discrepancy are

being 'etudied.

* Work performed under the sponsorship of the U.S.
National Bureau of Standards.
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2, Measurement of Coherent Scattering Croge Sgotlone at

Very Low Momentum Transfers - A. Hath - Coherent sca t te r ing

oroaa sections of gamma rayB at very low momentum transfers

(q = 0.009 to 0.118 me) have been measured for C,Cu,AlfFe,Sn

and Pb scnt terers using , Ce 0.145 MeV photons. The

experimental resul t s show reasonable agreement with Hartree-

Pook form factor calculations as well as with the empirical

formula of Nath and (Jhose. Violent disagreements with

theoret ical resu l t s as well as unexpected structure effects

reported by Hauser et a! have not been confirmed.

* This work was performed .inder the Sponsorship of
(J. S. National Bureau of Standards.

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

- Absolute valuee of (n,2n) cross sections of P, Or, 0u,
64Zn, 6 W 9 B r , 9 V 1 O 7 A S , 1 1 5 I n < n 2 " \ 1 1 3In ( 1 1 2 s ) ,1 2 1Sb

141

and Pr have been measured near 14 MeV (En = 14.2 and 14.S

MeV). Absolute neutron flux has been measured; by a biased

plas t ic e c i n t i l l a t o r ueing response function determined by

the method develope'd by Chatterjee and dhoae. Positfon

act iv i ty naa been measured by a calibrated coincidence

spectrometer.
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1 . ITIPTAN STATISTIOATt INSTITUTE.

1« Nucleon-Donteron Scattering - 3. Hamachandran - The

Importance of the D-state and i t s relative phaae with

respect to the leading S-etate of deuteron in the context of

nucleon-deuteron scattering ie discussed. The impulse

approximation Is used and the valldityiof the model at low

energies is also analysed in the light of experimental data

at these energies.
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J . INDIA.. INSTITUTE OF TECHNOLOGY. KAIIPUR (U.P.)

1. Shell Model Calculation of TT -Absorttlon Rite In

Complex Nuclei - R.^. Kauehal - The proceae of two-nucleon

©ralefion (which predominantly occurs) following the IX -cap-

ture In complex nuclei i s etudied. We calculate the pion
12

absorptLon rate In a coniplex nucleus like C and study the

oontributlons1 due to excited stages in the residual nucleus.

The results are found' to be In satisfactory agreement with

experiments on Ly if the absorptLon due to 1+ excited level of

fl la taken into account. The branching ratio RC=w(pn -#- nn)

/•V(pp -+.pn) 3 ie also satisfactory. I t is further noticed

that the inclusion of final sta*,e interactions do not cancel

each other and provide a substai t ia l contribution making the

results somewhat unsatisfactory.

2. Absorption of Free Pione Followed by Sinple-Nucleon

Emiaeion - H.S. Kausiial and Y.R. V/aghmare -Using the Ilartree-

J*ock model lor the complex nucleus we study the single-nucleon

emiepion procesi? following the absorption of positive pions.

Differential cross sections for single-nucleon emiaeion from
1 ? 1 fi

a given shell in cases of C and 0 nuclei are calculated.
12

For C, the resulte are compared with available experimental

data at 68 MeV pion energy and the agreement is found to be

satisfactory. The effect of a distorted outgoing proton

wave has been pointed out.



3. Statistical P.eeonanne of ?lutonl"Tn-2Hq - A'. Sengupta

and 3. SrlVantiah - "ecent data show th°.t neutron resonances

of Plutonium-239 have been resolved upto an energy of about

300 eV(1). However, neutron croap sections of fissile nuclei

over the entire energy region are neoded for nuclear reactor

calculations. Statist ical methods have been applied pre-

viously to obtiin average cross sections over the energy

range of unresolved resonances (2). In this work the theory

and a cr i t ical examination of such atatietical methods is

given and these methods are tnen applied to obtain the re-

sonance parameters if plutonium-239 in the unreso lved region.

The results have been compared with the available integral

experimental data. Though the agreement is not good there ia

evidence to ehow that the experimental data can be bracketed

in between theoretically derived curves based on different

s ta t i s t ica l distributions (3). This indicates a plausible

energy dependence of the number of degrees of freedom (which

physically correspond to the number of open channels for the

particular reaction).

1) J .J . Schmidt,Kernforchungszentrura Karlsruhe, Report
KFK-120,1962

2) G. Srikantiah, Brookhaven National Laboratory,
Report 3NL 73b3, 1963

3) A Sengupta, Dept. of Mechanical Engineering, IIT,
Kanpur,*M. Teeh. Thesis, 1969
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4, Liquid Drop Model Calculation of the 'lotnl Prompt Gamma

Snerflyf The Total Kinetic Era ray and the Scission Point De-

formations of Different FlHt'lon Fragment-Pairs From the prompt

^eutron 'lumbers - Shankar Mukherji and K.-3. Lai - Assuming that

the scission point configuration may be well approximated by

two collinear tangent prolate apheroids, the extent of defor-

mation of ench of the complementary fragments has been cal-

cuLatel by equating the defornation ^energy of each f n ^ s n t

ae given by the Bohr-V/heeler expression to the energy required

to evaporate the experimentally observed number of prompt

neutroig. 14ng the deforr^t^on parameters thus calculatedithe

total prompt gamma eneTgy and the total kinetic energy for any

fr-vnent-pnir hap been calculated by equating them to the

coulomb and the nu^.drunolar interaction ienergies betwefin the

cor.nlenent'iry fra/»ments at the scission point, respectively. J

Prompt -̂ini;:a energie? of individual fragments have also been

predicted. These calculations have been performed for about

thirty frignifint pairs from each of the fissile nuclei :

U-233(n,f), U-235(n,f), Pu-239(nff) and Gf-252*(Bpont). The

calculated values are in excellent agreemsnt wi«h the corres-

ponding experimen tal values in l i terature.
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£. ll.DIAN IH3TITUTE OP TECHNOLOGY, KHARAOPtm-2

1. Binding Em rgy of Alpha Par t ic le with a Teneor Velocity-

Depundent Potent ia l - D. Mahanti, H.L. Yadav and B K. Srivaatava

- We make a va r ia t iona l calculation of the binding energy of

the alpha pa r t i c l e with the teneor valoolty-dependent potent ial

of Nestor at a l . The t r i a l wave function ie a mixture of

S-atate and tne pr incipal D-etate, the radial dependence of

both these etatoa being Gaussian. We calculate the Coulomb

ero rgy of interact ion of protons in ths alpha part icle by using

perturbation theory. Our calculation ^ivea values of binding

energy and r .m.s . radius of tne alpha par t ic le in reasonable

agreement with experiments.

L. MADRAS UNIVE \SITY,MADRAS-25

1. Nuclear Distort ion Effects of the Emitted Pion in Photo-

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

nism f i r s t suggested by Butler for photopro duct ion of pions

from nuclei i s a phenumenological model and i s introduced to

explain the gross features in tne absence of any detailed

knowledge regarding the e i fec ts of ( i ) two-nucleon correla t ions

in nucle i and ( i i ) the f inal s ta te interaction of the emitted

pion wrth nuclei . A detailed study of tii^ee two effects fcavs

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

124
1. The Decay of *Sb - S. P. Sud, K. K. Suri and P.M.

124Trehan - The deoay of Sb has been Investigated employing

sc in t i l l a t i on spectrometer in fast-Blow, eum- and sum-peak

coincidence modes. Promt -If coincidence studies new levels

at 2040 and 2775 keV proposed by Stelson (1) and Zirnheld

and Henok (2) are confirmed. Levels a t 1901 and 2865 keV in

the level scheme adopted by Lederer e t a l (3) are not suppo-

rted by the present investigations. Weak gamma t rans i t ions

from 2695 and 2295 keV levels are confirmed. The di rect ional

correlation o f ^ - V cascades} 2090-6,03, 1690-603,1368-1526,

1336-722, 968-1526, 968-722, 645-605, 1368-603 and 722-608

keV have been measured* The resul ts of the d i rec t ional corre-

lat ion measurements permit spin assignments 2 + , 4 + , 2 + , 4 + ,

3~ and 3" to Hie 603, 1248,1325, 1960, 2293 and 2693 keV
124

levels of VPe. In case of the 2040 key level the possible

spin assignments are limited to 2 + , 3 + . She experimental
124

level scheme of *Te i s found to be in broad agreement with

the predict ions of the vibrat ional model.

2 . The Decay of 134Ga and * 9 2 I r - S.P. Sud, K.K. Sur i ,

P.O. Man gal and P.M. Trehan - The gamma ray spectra observed

in the decay of 1 ^ C s and 1 ^ I r a a v e b e e n investigated using

ao ic t i i l a t i on spectrometere in fast-slow,sum-and sum-peak
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oolnoidence nodes. In the case of *^Ce a weak gamine ray

of 1580 keV reported by Nagpal and could not be observed in

the present s tud ies . The gamma-gamma coincidence studies

Bupport the existence of a weak level at 1773 keV in 1 ' 4 Ba.

The direct ional correlation measurement of the 1038-605 keV

oascade assigns a spin 3+ to the 1643 keY level in 1^4Ba.
192

In the case of I r , the 4TT sum-peak coincidence spectra

with integral biases Bet at 200 and 400 keV support the

existence of a 769 keV gamma ray from the 1380 keV level in
192

Pt . A orosB-over t rans i t ion from the same level has been

found to be absent, The sum-coincidence spectra with the

gates set at 1330, 1200 and 921 keV support the existence

of gamma rays of energies 7851 769 and 460 keV. These weak

gamma rays oould not be observed in a recent study by Palaska

e i a l . using a Ge(Li) detec tor .

3 . gamma-Gamma Directional Correlations in Od - S.P.

Sud, P..G. Mangal and P.N. 2 r ehan - The direet iocal correla-
110t lons of eight gamma-gamma cascades in Cd fallowing the

decay of Ag have been measured. The cascades inves t i -

gated ares 764-1505, 1505-658, 1565-658, 706-1565,1384-884,

884-658* 937-384 and 446-(937)-884 keV, of which the cascades

1565-658» 706-1565 and 446-(937)-884 keV hav© been attempts*!

for the f i r s t t ime. The r e su l t s of the direct ional corre la-

t ions of the 1565-658 and 706-1565 keV cascades permit a

unique spin assignment of 4+ to the 2220 keV level* The
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following oharaoterlBtioa for the gamma radiations arc

ainedi V 15051 (9.0+1.8)# E2 and (91.0 ± 1.8)£ 111 s

15651 ^100* E2| "i 706» (91.0+^'°)^ E2 and

(9.0+3:g) $ M1t i 1384i(9.5 ± 1.0)?C E2 and

(90.5+1.0) H M11 ̂  884| 100?S E2| "̂  937t

~100£ E2 and l( 446i (81.2 + E'S) ?6 B2 and

(18 .8 + j|'5) 9̂  M1.
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N. SHIVAJI UNIVERSITY, KOLHAPUR-4,

1. Reeonarpe Magic Cores Model For B - K.L. Narayana.-

The to t a l wave function on the basis of this model is

wri t ten as a l inea r combination \j^ = TSC + P ^MC w n e r e

7 ^ c and ^-ffir stand for possible eingle oore and multi-

ple core s t ruc tures . The multiple core structure which

a r i se s for the Boron-IO nucleus ia a double core formed by

the two oC-» pa r t i c l e s separated by a distance 3.23 fm. We

have in addition a proton and a neutron moving about these

two cC-pa r t i c l e s . This resonates with a single core s t ru-

cture of Be9 plus the two nucleone. The c?C - oC inter-

action of a gaussian shape involving both the a t t ract ive and

repulsive parts i s used. (Physical Review,I3_3f637B,(1965)).

The resu l t s indicate that a 4-0# dual core component requires

the n-p interact ion of strength about 50 MeV, to furnish

the experimental ground s ta te energy of B . 4 consistent

in terpreta t ion of the ground s t a t e energy of^B hyper-

nucleus is also considered on the basis of th i s model.



0. UNIVERSITY OF RQORKEE, ROORKEE.

1, On the Higher Order Effeots In Some Allowed Beta

Transit ions from tho Decay of Ce and Sb - H.S. Dahiya

and B.P. Singh - Beta-Gamma angular oorre la t lon s tudies are

done for the allowed t r ans i t i ons from the decay of OB '
125 '

and Sb . For these studies p las t ic s o i n t l l l a t i o n spec t ro-
meter for y3 pa r t i c l e s and Nal(Tl) s c i n t i l l a t i o n spec t ro -

meter for Y - rays alongwith alow-fast coincidence set i s

used. In Cs decay the following fj groups and • o t r a n -

s i t ions are studied (a) JJ group of 410 keV in the energy

range of 300-400 keV with gamma radiat ion of 1040 keV using

in tegra l spectrum above 900 keV (b) /3 group of 662 keV in

the energy range 500-600 keV with gamma radia t .one of 796 keV

in 4 vol t s channel width (1 Volt ^ 15 keV). In Sb 1 2 5 the

following s tudies are done (a) P group of 130 keV in the

energy range of 80-100 keV with 600 keV gamma radia t ion in

4 Volts, channel width (1 vol t ^ 1 5 keV) (b) fi group having

energy range of 120-150 keV with gamma radia t ion in 4 Volta

channel width select ing gamma radiat ion in 400-460 keV*

2 . Nuclear Transit ions in Cs from the Decay of B a 1 ^

- U.S. Pande and B.P. Singh - In order to study the mul t i -

polar i ty of 79.60 keV t r ans i t i on from the 161 keV leve l in

Cs from the decay of Ba 5 3 and also the spin of 161 keV
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excited level fho gaiuna-gamraa-ganma angular correlation

study ia done having 276 keV-79.6-81 keV cascade. For this

atudy three Nal(Tl) spectrometers are uaed. Two detectors

detecting 276 kaV and 79*6 kef gamma 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

Bpeotrum above 200 keV and photopeaka in 2 volts channel(2

Volta » 20 keV) respectively. The third deteotor detecting

the 81 keV gamma rays photopeak in 2 volte channel (2 Volts

• 20 keV) is movable in the plane oi the table. The source

was kept at 4.5 cm from the detectors. The angular correla-

tion function was obtained by keeping the detector detecting

81 keV gamma rays at various angles. The function thus

obtained iB (without applying solid angle correction);

W(Q) = 1 + (0.104+0.022)P2(Cos 9) + (0.003+0.026)P4(Cos 0).

All other possibil i t ies 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 mixuxres in 81

keV and 79 keV gamma rays and 276 keV .to be pure. The multi-

polarit ies for 79.6 keV transit ion, thus obtained is compared

in the light of other data.

1823 . Tr ip le Gamma Cascade S tudies in W Q£ From the Decay of

1 ftpTa °* - U.S. Pande and B.P, Singn - The gamma-gamma-gamma

(t r ip le gamma cascade) angular correlation stuaies have been

done in W182 from the decay of Ta182. The studies have been
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done UBing three ac ln tUla tors Nal(Tl) detectors . Two of

the detectora are mounted on the table, one of them Is fixed

and the other one is movable in the plane of the t ab le . The

fixed detector detects the f i r s t and the movable detector

th i rd radiation of the gamma caacade. The tnird detector i s

kept perpendicular to the table which 1B also fixed and makea

an angle of 90" with both the detectora and detects the 2nd

gamma ray (middle of the cascade). The angular correlat ion

studies were done by changing the angle of movable detector

with respect to fixed detectors . The correlat ion function

for the caacade (without applying solid angle correction)are

aa follows. For 68 KeV-1122 keV-100 keV cascade

W(9) = 1 + (0.1565+0.0141)P2(Cos 0) + (0.0118+0.0179)P4(Cos 9)and

for 151 keV-1122 keV-100 keV cascade W(0) m 1-(0.1181+0.0674)

P2(Coe 9)+(0.1137+0.0824) P4(Cos 9) .
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