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PREFACE

The present progress report on Nuclear Data
AotiTities in India is the third in the new series of
progress reports, the first of whioh was brought out
in 1981* It oorers the period from January, 83 to
June, 84*

It contains infoxnatlon about nuclear data
measurements, compilation and evaluation works being
carried out at B.A.R.G., Bombay,- H.R.C, Kalpakkam
and at other institutions in the oountry.

The doouaent oontalns information of a private
nature and should not be quoted without prior
permission from the authors.

S.S. Kapoor
Member, International Kuclear

Data Committee.
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I. NUCLEAR FISSION

MASS. ENERGY CORRELATIONS IN 4He INDUCED FISSION OP 2 5 8U
AT MEDIUM ENERGIES

R.K. CHOUDHURY, AIOK SAXENA, S.S. KAPOOR, D.M. HADKARNI,
V.S. RAHAMURTHY and P.P.SINGH

Bhabha Atonic Research Centre
Trombay, Bombay 400083.

The energy and mass distribution of fission fragments
ill the fission of 238JJ induced by alphc. particles of
boabarding energies of 32,40,43,56 MeY, were studied. The
measurements were done by using two surface barrier dete-
ctors in the back-to-back geometry and the coincident pulse
height information for each fission event was recorded on a
aagnetic tape. The pulse height data were analyzed off
line to obtain aass distributions and total kinetic energy
distributions. The variation in the peak to valley ratio
of the mass distribution was studied with increasing
boabarding energy. The detailed correlations between
the fragment mass (MJJ) and the total kinetic energy (
were obtained* The width of the mass distribution,
( © Kg) is found to decrease with increasing kinetic
energy whereas, IL remains almost constant upto most
probable kinetic energy of 174 MeY and then it decreases
with E K. t The Implications of these results on the
excitation energy dependence of the fission process will
be discussed. Also from the present data the possibility
of deducing, the first chance mass distribution at these
energies will be discussed*
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ANALYSIS 0? SIMULTANEOUS FRAGMENT MASS ABD CHARGE DATA
PROM THERMAL NEUTRON INDUCED FISSION OF 235

BEKHA GOVIL, D.M. NADKARNI and S.S, KAPOOR
Bhabha Atonic Research Centre

Bombay 400 085.

The mean values and the variances of fragment mass,
oharge and neutron distributions are determined as a
function of the total kinetieenergy \t in the thermal
neutron induced fission of z " u using a back-to-back
AE-B detector system. These parameters, which are a
function of the kinetic energy, summarise the properties
of the nucleon exchange process at the time of scission.
The results suggest that in the fission process also the
distribution of mass and charge is brought about by
nucleon exchange process and the degree of neutron-proton
correlation is found to be strongly dependent on E^.
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ANo'ULAR DISTRIBUTION OF XONG-flANGK ALPHA PARTIGiJSS IN FAST
NEUTRON-INDUCiSD PISS ION OP 235tf.

H.M. Shanna, S .C.I . Sharma, A.K. Slnha and G.K. Mehta
Indian Inst i tute of Te e c o l o g y , Kanpur-208016

INDIA

Angular d is tr ibut ion of long-range alpha par t i c l e s emitted in
the f i s s i o n of 235|j induced by fas t neutrons has been measured about
the neutron-beam direction* The'technique / I / employs a AE-B
semiconductor detector telescope to derive the angle Information
about the detector a x i s . The technique i s a l so capable of i d e n t i -
fying the par t i c l e s by the virtue of using a pa? t i d e te lescope .

The experiment was carried out at several : sutron energies
between thermal and 1 MeV and the anlsotropie* ja. the angular
dis tr ibut ion of alpha p a r t i c l e s about the neutron-beam direct ion
were determined.

The following; table g ives the r e s u l t s of such measurements/2/.
Table j Anisotropies (r(O°)/r(9O°) of the ternary alpha par t i c l e

angular d i s tr ibut ion .

Neutron JSnergy Anisotropy

(140 + 30) keV (-85 ± 28) %
(170 + 25) keV (-87 ± 32) 7 .
(200 ± 25) keV (-94 ± 3 D 7.
(400 ± 200)keV (-10 ± 28) '/.
(600 + 180)keV (-25 ± 19) */,
(lOOOt 170)keV (-50 ± 27) V.

It turns out that the alpha par t i c l e angular d is tr ibut ion in ternary
f i s s i o n of 2?5{j ia peaked perpendicular to the neutron-beam d irec -
tion at neutron energies in the above region. This would imply
that the ternary fragment angular d i s tr ibut ion peaks fore and aft
about the beam d irec t ion . This behaviour i s s imilar to that of
binary fragments isi t h i s energy region.

/ I / M.M. Sharma, S.C.L. Sharma, A.K. Slnha and Q.K. Mehta, Nucl.
Inst . and Heth. in Phys. Res. (In press)

/ 2 / M.M. Sharma, G.K. Mehta, Communicated to Pramana (1984).
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ANGULAR DISTRIBUTION OF POLAR LIGHT CHARGED PARTICLES IN
THERMAL NEUTRON-INDUCBD FISSION OP 2 3 5

M.M. ahanna, A.K. Sinha and G.K.. Mehta
Indian Institute of Technology, Kanpur-208016,INDIA

D.M. Nadfcarnl
Bhabha Atomic Research Centre, Bombay-400085, INDIA*

The angular distribution of polar ligfc* cLar^ed particles
(LCPs) em i t tad In thermal neutron-induced fission of 2"u has been
measured. The method of detection of polar LCPs consists of using
a pair of lonlzation chamber with a multi-hole collimator as a
common cathode. The ionizatlon chambers detect the fission
fragments related to polar and equatorial LGPs, the LCPs being
detected by a semiconductor AB-£ telescope. The collimator
arrangement thus separates tha polar and equatorial events. Using
different collimation for polar LCP region of angular distribution*
the yields of polar protons, tritons and alpha particles were
measured. Using Mote Carlo simulation far the detection system*
o(0J fcr the angular distribution of polar protons, tritons and
alpha particles were determined (refer to table).

Table

The width of the angular distribution of polar LCPs.

LCPs a(&)

Alpha particle (28.0±7.0)°
Proton (13.0+6.0)°
Triton (25.0+15.0)°

The errors Indicated in the table are stat ist ical only. The
angular distribution of polar protons was found to be narrow
compared to a wide angular distribution of polar tritons and alpha
particles as indicated in the table.
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Cumulative yields cf rare-earth tpufxm product* to the spontaneous fission

of

B.S. Toaar, H. HaJk, A. Xamaawaa/, Satjya Prakash and M.Y. Ramanlah

In view of Hit paucity of data on the M M yields of short lived xare-

earth fission products, -the present .study ,mi aiaed at d«ter«inir« tii«

cuaalatl-v* yi«ld» of aaiuljr ahozt llvad xmxa eâ Hfa laotopas in »pontaneou«
252

ftoaion of Cf.

Piaaion pacodnst* fro» a -v 3/% 252Cf •ouzo* Mit colleoted OP 1 mil

alualaiua cateh«x f o i l s . HM csllvction tiat was rartod depanding oa Hi* half

l i f e of 1he isotops under study. Ib catcher fo i l s were dissolved in dil HC1

in presence of lanthanua carrier. Baxe earlfas were separated ty fast erne

step fluoride and hydroxide precipitation and -this precipitate was dissolved

in 5 «1 dil HC1 and counted. The oountinf was done on a pxecalibrated G9£ HPGe

detector, (having a xesolutlon of 1.8 Kiev at 1332 Kev) coupled to a 4096

channel analyser.

the gaant ray peak areas wexe corxeoted for absolute disintegration

rate hy using gaasa ray abundance^1' and detector efficiency. The yields of

xaxe-eartbs Isotopes were determined relative to the yield of * Oê  ' and

axe shown In table 1 alongwiih 1fae litezatuze. values®~J', The pxesent

yield values axe in good agreement with the literature data except la case

of 1 5 V d . the fission yield of *5Ce is determined for the f ixst t ine. The

laxge difference between enr value and the literature value for W could

be plausibly due to fee laxge variation In gamna ray abundance value* taken

for yield calculation.

References

1. J . Blachot and Ch. *iohe. Annals He Ihysique &, 3 (1981).
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2 . A, SMaawawy, B.K. 8rivMtav*, Aide Srivaatava, S.B. Mtnohar and Batya Pxakaah

J>,1£. Syapoaiua on Kuclear and l«diooh«»iatxy Bauaraa India IOT.3-7(1981).

3 . K.F. Flynn, J«E. Gindler, 1.E* Glendenin.
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Technical Journal, Turiclah, Atoadc Xtmxfj Coraiiaaion I , 8 (1980).

Tablt 1
252

fisaion yield" of Xaze larth l»otop«a in -the apontaneoua fisalca of Cf

1.

2 .

3.

4.
5.
6 .

7.
8.

9 .

10.

Huclide

Ce

Ce
4 A C145

Ce

Ca
147Hd
1 4 9Ka

Hd
1 5 1 Pm
153sB
1 5 58«

Half l i f t

32.5 B

33 .OH

2.96 If

14.2 M

10.98 B

1.73 H

1244 H

284 H
46.7 H

22.1 X

Gaum

1454

293.3

724-0

218*0

91-0

211.3

116.3

340-0

103.2

104-0

6.00+0.67

6.20+0.71

4.18+0.71

4.06+041

3.30+0.37

242+0.27

0.94+0.12

140+0.14
1.35+0.16

0^9+0.07

Yield

6.00

6.22

-

-

4.26

2.71

-

1.81

1.33

-

valu*

6.13

6.13

-
5.18

4*10

2.74

-

1.99
1.31

0.84

-

-

3.82

»

2 4 2

1.72
-

-

m

(a) 9 . iaym H - Honot, M « «inutM
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laotoplc yield attribution of teohnetlua Isotopes in the therwal
233W 235OT 239

neutron Induced f to*ton of P» P and PH.

Alolc Srivaatava, I. Coswaml, A.G.C. Hair, B.K* Srivastava, S.B. Ihnohar,

Saigra Pralcath and M.V. Baaanlah.

In continuation of our work on the ayataaatie atudy of nacla&r

distribution tMa fractional lndapsndant yiold of teohMtinn laotopes n i n l y
101_ 103., 104 105

™o, To, To *nd To haw to«u dttanimd by separating To at various

cooling t i w s as Tetraphenyl azsoniun teohnattt froa other fission product

which were obtained by irndiatlnf fins l ie materials in solution font in CIRDS

reactor for about 20 «eot using pneuaatio oarrler fac i l i ty . The aetivligr of

•the samples were assayed using a praoalibrated 8?6 RFQ* detector coupled to

a 4 I channel analyser. Froa ttje activity and cooling t iae , the fractional

independent yields of teohnetlua Isotopes were obtained using standard decay

growth relations.

The yields axs considerably lover for 2^\ and ^ \ oompared to 2'9Pu

fiss ion. The lov yields tax explained In t e n s of the neutron to proton ratio
of products being aray froa the neutron to proton ratio of the fissioning

239
systea. Also the 62 olossd K shell of the ooapleaentary product Is Pu has

influence on the yie lds .

1. Hole Srivastam, A.G.C l a i r , B.I. Srivastava, 3.B. lfcnohar» Satya Frakash

and M.V. Baaaniah,

Badioehia Acta ( In Press).



* tmt. 1.

sesana TMSLD ( r n ) or TBCHBETHW ISOEOIES

HUCLUB GilDtt.
233

SKEBST OSBP

101
fo 14.0 307 ̂ > 0.607 0.0023+0.0015 0.007+0.002

103. 50 MOB 346*0 0.01+0.02 0^)346+0.0141 O.O45+O.O1O

104
18.0 358*0 0X12*0.02 0.02 0.0900+0.0135 0.078+0.022 &

'»o ail* , 159.0 0.04+0.02 O.1947+O.O452 0.359+0.064
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Effeot of excitation energy on the isotoplo yield distribution of Iodin» i s vhe

fission of 2 3 S .

A.V.R. Reddy, T. Datta, S.M. Desbaukh, S.K. Sahakunda, S.B. llanohar, Satya Erakash

and 11.7. iiaaaniah

With an ata to examine the role of excitation energy on the charge/mass polariza-

tion, studies on isotopio yield distribution of .iodine in the alpha induced fission

of 252Th ( 2 5 V \ 5* . 23.4 MeV) were oarried out and the obtained systeaatios of

the distribution were ooapared with the ease in the thermal neutron induced fission

of *"HJ ( *TJ , S - 6 . 5 MeT), Irradiations wet* oaxxied out using external

-particle beast of ener&- 30 ± 0.5 MeV at the 88" Variable Energy Cyolotron,

Calcutta using thoriw aetal fo i l (29*7 • « / « ) target at a bean current of

2.5 «A. Independent yields of iodlm f130-134) and cumulative yields of i t s

precursors (Telluriua 131-134) were determined with and without radioohemioal

separations for iodine using high resolution gana speotrometry, relative to the

cumulative yield of ? ' l , and are given in Tables 1 and 2 respectively.

Using the obtained independent yields of Iodine in the present work, the paraaeters

of isotopic yield distribution via aost probable nass (A. ) and width of distribution

( 0".) were evaluated aa 135*09 and 1.6 ±0 .16 •ass units respectively and the

corresponding values in low energy system are 135*90 and 1.21 + 0.12 aass units

respectively* Inorease in <T. and less deviation of aost probable aaas with

inorease in E froa the one expeoted iroa uaohanged charge distribution indicates

that the charge division approaches towards statist ical nature* ' resulting in

unchanged oharge distribution with Inorease in exoitation energy.

1. A.V.E. Reddy, T. Datta, S.V. Deshaukb, S.M. Sahakundu, S.B. Hanohar, Satya

Prakasta and M.T. Baaaniah. Coanunioated to Phye. Bev. C.
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TABES 1

Independent Yields of Iodine with relevant Buolear Data

S»Do«

1.

2.

3 .

4.

5.

6.

JNuolide

130

131

132 •

132 e

133

134

135

'lalf-i

12.38

B.04

1.39

2.30

20.80

b

d

b

b

b

52.6 m

6.61 b

Gamma
energy

536*0

364.5

667.7

667.7

529.9

847-0

864.0

1260

it Abandanoe Independent
Yield

99

81.2

13.2

99

87

95.4

65.4

26.6

0.0178

0.0241

0.151

0.448

0.755

1*

+ 0.0023

+ 0.0038

+ 0.025

+ 0.066

+ 0.096

Isomerio
Yield Eatio

-

0.73 + 0.06

1*

b - hours, d » days, • « minutes
• - assumed, * - standard value

TABLE 2

Cumulative Yields of Tellurium Isotopes

Nuolide Half-life Camna $> Abundance Ccanulative Isouerio
energy yields Yield Eatio

O.6O5 + O.O6O O.516 + O.O5O

1.15 +0 .10

0.489 + 0.050 O.593 + 0.085

O.44O + O.O55

1*

2.

3.

4.

131 •

131 e

132

133 •

134

30.0 h

25.0 m

78.0 b

55.4 a

41*8 B

149.7

149.8

228

912

210

24.2

67.7

85.0

80.0

23.0
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Studies on fragaent angular aoaentua in low energy fission

T. Datta, S.P. Bangs, H. Ouin, B. Haik and Satya Irakash

In order to study the influenoe of fragnent deformation and charge split on frag-

rant angular momentum, angular momenta hare teen evaluated from radlooheaioally

determined independent lsoaerio yield ratio of i 5 8 Cs"' 6 in 25%f(SF) and of

151.13^11/6 J n Ztfj^n,*) syateM using statist ioal aodel analysis for spin re-

distribution during fragment deexoitation* The independent lsoaerio yield ratio

for Cs"' * was obtained froa follow-up of the 463 XeV ooaposite ganaa line after

dissolution of the aluainiua foil used to oolleot the fission fragments fron
252Cf(SP) souroe. The independent isoaerio yield ratio for W'W<it wore

obtained froa Irradiation of ^Jta at the iPSARl reaotor using the ease methodology

as described elsewhere" ' . The independent lsoaerio yield ratios and the fragaent

angular momenta are shown in Table 1*

The high angular aoaentua for Cs has beea explained in terms of high solssion

point deforaatlon of fragments in the rioini^r of shell closure (N 62) due to core

polarization caused by odd proton. The angular momenta of " ' "Te remain low and

are cmparaole to the sesie in other low energy actinide fissioning systea possibly

due to low deformation expected in Tiew of shell closure proxiaity and even S nature

showing that the influence of post-soisaion oouloab excitation i s not very prominent,

1. 7. Datta, S.M. Sahakundu, S.P, Sange» N. Chakrararty, E. Guin and Satya Rralcash,

Fhys. Her. C. 28, 12CXS (1983).
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fissioning QystM fission lBdtp«nd«nt Iaourio Frugaent
ftroduot Yitld Ratio XoMrta

252Cf<SF)

151T« 0.526 ±0.063

133T# 0.536 ± O.O64

1 3 8 C B 0,582 ± 0.066

5.8 ± 1

5.95 ±

9.8 •

.1

1.2

1.2
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Stadias on fragment angular momentum ia medium energy fiasion

T. Datta, SJI. Snhakundu, S.P. Bangs, B. Guin, Satya Prakasb and M.Y.Bamaniah

With the ohjootire of investigating the influenoe of entranoe channel angular

momentum and excitation energy of the compound nucleus one fission fragment

angular momentum, the angular momentum of fragments corresponding to fieaion

produota 1 3 i»1 3 3Te in 25%h(<<.0 ^ , f) har< been determined.

The irradiations were oarrisd out using external cxf -particle beam of energy

40 + 0.4 UeV at the 88" Variable Energy Cyclotron, Caloutta using thorium

aetal fo i l (29*7 mg/cm ) tnrget at beam ourrent - 1-2 /uA. Independent

lsoneric yield ratios of the isomerio fission produot pairs were determined

radioohemioally fron follow up of the apecifio oonposite gamma lines 149*

312 KeV for 131Te"'8 , 153T«"A reapeotiTely on a high resolution semioonanctor

gaama spectrometer, after oorreoting for precursor contribution evaluated fro*

oharge distribution eyetewatios. Ecagnent angular momenta were deduced in the

framework of stat ist ical model to correct for spin-change (redistributed) during

fragment deexcitatiotT .

I t was seen that for ""*"*£% the angular momenta do not change in particular

for Te, aignifioantly compared to the same in the same fissioning system

v formed through % + n.. prooesa, although excitation energy and angular

momenta are much different in ^̂ Th + oC,n ., _ system as given in Table 1*

4<J Mev

The near oonstanoy of fragment angular momenta in the magic shell region nuolei

(mass 132) oompared to the expeoted enhancement due to ( i ) increase in tempera-

ture (excitation energy effeot), ( i i ) retainment of part of ini t ia l angular

momentum of ĤJ by tiie fragaents, ( i l l ) inoreased deformation at higher energy

i s asoribsd to (a) higher rigidity towards bending mode osoiilation of <J at

higher angular momentum, (b) low defoxmaollity of even Z, shell region fragments,

(0) faster time of desoent at higher energy fission.
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1* T. Aatta, 8.K. SahaknnAu* 8.P. Daigt, I. Chakrurarty, R. Oaln

Satya Peakaah, Phjrt. Bir. C. g , 7206 (1983).

TABLE 1

fissioning Izoitation Angular ifcagMut Angular
Batrer MoMntuB . Mcawnta

6.5 3-4 6.0 t ic5 5.9 ± 1.0

33.2 14.2 5.7 ± 1.0 7.3 ± 1.2
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Cumulative yielda of short-lived ruthenium iaotopea in the tbanial neutron

induced fisaion of 2 3 3U, ®% and 239Pu.

A.O.C. Hair, Alolt Srivaatava, A. Goawami and B.K. Srivastava

Cumulative yielda of 107Ru, 108Ru and 109Bu in the fission of S3AU, 256D and

Fu have teen determined using fast radioohemloal separation teohniquea

followed by high resolution ^-ray speotrometry. The f i ss i le material a ( 1OyUg)

«ere irradiated in pneumatio oarrier faoility of CIRUS reaotox for 20 seo. The

ruthenium isotopes were aepaxated from the irradiated target by dist i l l ing

rathenitw as RuO. froa fission products in presence of NaBiO- and was oollected

in ice cooled 1M HC1. Using this method a chemioal yield of 50^ and high de-

contamination (>1000) fxoa teohnetiUB and halogens were obtained. Cunulatire

yields of ^Eu, Ra and ™Ru were oaloulated from the experimentally obtained

count rates whioh are corrected fox detection efficiency and -ray atandancea,

using standard equations, further, these yields were converted into ohain yialda

assuming normal charge distribution systematic a for comparison with the literature

data on ohain yielda. The following table give a the values of cumulative yields

and ohain yields.

TAHfi 1

Cumulative Yialda of Ruthenium Isotopes in the
thermal neutron induoed fission of 233n. 235tf and

lotope
253u,

Haas 233U(y0 235U(?S) "**&) Reference

107 0.111+0.012 0.145 ±0.032 3.068 ± 0.264 This work
0.13 ±0.01*

1OS 0.077 ± 0.005 0.067 ± 0.017 2.005 ± 0.165 This work
0.042 ± 0.002* 1.89 ± 0.05*

109 - 0.034 ±0.004 1.088 + 0.98 Thia work
0.027 ±0.003*

* P. Pettwela, P. Sal Marmol, Z. Physik A. Z&, 359 (1975)<

© J.K. Dickens, J.V. Mo Connell, K.J. Horthout, Kiol. Soi. Bngg. 21* 146 (1981).
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Haas ^Distribution of 832Th< <* , f ) with 40 M»T Alpha Partiol«a

I . Culn, H. Chakravarty, S.M. Saha Kundnf S.B. Ihnohar, Satya Prakash

and it.V. Raman iah

This woik was performed as a continuation of tha pxogxana to study tha energy

and angular momentum dependence of tha fission product ntsa distribution in
232

the f l u i o a of Th induced lagr alpha particles. Tha earlier woifc with 30 Ifet

alphas axe sported In (1) .

Thoriua metal foi ls (29.7 Kg/on ) cohered with 0.0025 oa "Hiiok pure Al fo i ls and

were irradiated using txtexnal C^-partiole tieaa of «nexgy 40+04 ifeT at tha

TBC In Calcutta. Tha team eurxant was around 1.5 ,uA and the duration of ttia

irradiation was varied depending upon the half l i f e of ttie nuclide studied. To*

fission products were assayed using hifh piacalibratad HPGa deteotor ooupled to

a 4X channel analyser. The yields for twenty s ix fission products axa t i tan in

Table 1 which * e » evaluated using charge distribution systeaat ics v c ' . Tha aass

distribution shows the axlstenoa of a symmetric peak giving a triple hunped

distribution* To find out the contribution of syanstrio oonponent la aass

distribution, and its dependence on •xoitatlon snexgy further vozk at different

excitation eneigies using radioche«ical separations is being pursued.

BBfarancas

1. A. Culn, I . Chakravartgr, S.M. Sahakundu, S.B. Manohar, S*tya Pxakash

and M.T, Bananlah.

Oil Syep. Badiochemiatxy and Badiation Chaaistry 1)80.7-11(1932) Pon«.

2* 8 . Uoeeava, S . laba and E. laba

luol . Phys. A V&, 65 (1971 ) •
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TABIE 1

Fission Products Yields i n th« Reaction 252Th(<?4 f ) with 40 IleT Alpha Particles

Nuclide

78Aa

fl7Kr
88Kr
89Rb

9 1Sr
9 2Sr

94Y

"l io

103au
1°4Te

* * *

1 0 7 Rh

1 1 2 P d

1 1 3 Ag

1 1 5Cd

1 1 7 W
1 2 7 S b

1 2 98b

131j

Gamma Energy
(KeV)

613.6

3O4.5

402.7

196.3

1248*1

1024.3

1384.O

918.8

181.1

497.1

358

319

392.5

617-4

298.4

336.2

1303.3

685.7

544.7

364.5

Abundancew
54.0

14.0

49.7

26.3

46.7

33.5

90.0 + 11.0

49.9

6.06

89.31;

89.0

19.2

8.9

49.9

9.46

46.1

18.3

35.7
16.1

81.2

Half-life

1.51 h

4.48 h

76.4 m

2.84 h

15.4 B

9.48 h

2.71 h

16.6 B

66 h

39.4 d

18.2 n

55.4 h

21.7 m

21.05 h

5.37 h

55-5 h

2.40 h

3.85 d

4«32 h

8.O4 d

Chain *

4.42

(2.94 ±

(4-34 ±

(5-37 +

6.23

(5.9 ± (

6.21

fields (cm2)

x 10-28

O.15) x 1O"27

O.51) x 10"27

0.24) x 10"27

x 10-27

).24) x 1O"27

i 0.7x 1O"27

6.5 x 1O"27

6.5 >

5.6 3

5.25

4.52

3.06

2.84

(2.88 +

1.75

(1.41 i

4*25 :

6.9 x

6.72 :

: 10-27

: ID"2?

x 10-27

x 1O-27

x 10-27

x 10-27

0.8) x 10~27

x 10-27

0.02) x 10"27

* 10-27

10-27

* 10-27
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II. KEUTRON CROSS-SECTIONS

RADIATIVE CAPTURE 0? EAST BBUTBONS IH M-160

Jl.K.T. SINGH, R.P. GATJTAM, M.A. ANSABI aad M.L.
SEHGAL. Departaent af Phyeico, Aligarh Mualia
UaiYeraity aad S.KAILAS, Nuclear Phyeiea Diva.,
Bkabha Ataaic Reaeareh Ctatre, TreabayfBeBbay#

Veutrea Capture areas aeetlana have beea tieaaxired

far the reaetiaa 16OGd(a,y)161<Jd ia the aeutvan energy

range ef 0*48 MeV ta 3.04 MeT. Heaaeaergetie aeutraaa

af auitable iataneity catering thla energy range were

predueed by using the Li (f,a)7Be aad 5f(pfn)
5He reactiaaa

aad the pratena fraa the Van de Graaff aeceleratar at

Troabay. The capture cv*» aectieae ware ebtalned by

aeaauring the activity af ad predueed ia the reaotiea

with a 100 oc Se(Ii) deteoter* We eapleyed a 1 2 7I
160

aaapla alaag with the G« target aad o«rried ant the

irradiation. We deteraiaed the Gd(a,ir) oraas aeotiaaa

aaraallaiag it ta 1 2 7I (»,v)128I orasa aeotiaa as standard,

at each aeutran energy. The reaults af the present aaaaure*

aeat are girea ia the Tables

(MeT)

0.480+0.040
0.600+0.060
0.780*0.070
0.980+0.220

(•b)

29.2+6.0
37.7+7.2
35.4+2.3
4L9+8.6

(MeV)

1.200+0.290
1.540+0.260
2.190+0.210
3.040+0.180

l - b )
30.2+2.6
35.2+2.2
15.7+2.1
7.7+1.5



HEUTRON CAPTURE CROSS -SECTION OF 2 3 2 Th

H.psAnand,H.M. .T;.'
Jn, S. Kailas

S.K.CJupta,V.S, Rsraamurthy and
S.S.Kapoor

Bhabha Atomic Research. Centre,
Bombay-400085, India.

232
The neutron capture cross-sections of Th have

been measured relative to gold in the neutron energy

range of 450 -1100 KeV. Monoenergetic neutrons were

produced fron the Li(p,n) reaction using the mono-

energetic protons from the Trombay Van de Qraaff Accele-

rator and a liquid nitrogen cooled Li - metal tprg«t.

A high resolution Ge(li) detector w?s employed for

measuring the gamma activity of the product nucleus

These measurements were also carried out at thermal

neutron energy for the overall normalization. Small

variations in the neutron flux with time were taken into

account while calculating the cross-sections. The effect

of self absorption and multiple scattering of neutrons

In the Thorium oample were also considered. The measured

cross section values are compared with the other recent

measurements and evaluations.

• Experimental Renctor Physics Section, Bhebha Atomic
Research Centre, Bombay 400085, India.
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PKBEQUILIBHIUM PARIICIE EMISSION SPECTRA AND WI/PIPARTICIE
ENACTION CROSS-SUCTIONS OF NIOBIUM*, S.B. Garg and Amar Sinha,
Neutron Physios Division, Bhabha Atomic Besearch Centre,
Trombay, Bombay 400 085

Preequilibriuin model and multistep Hauser-Feshbach
theory are two important tools which are increasingly ut i l ized
in the analysis and prediction of nuclear induced multiparticle
reaction cross-seotions, par t ic le emission spectra and the i r
angular d is t r ibut ions . We have selected niobium for the appl i -
cation of these models part icularly because i t s neutron induced
part icle emieeion spectra and the i r angular dis t r ibut ions have
been well measured at 14.6 MeV and i t adequately serves as a
tes t caise for these models. Niobium *is also considered to be
a neutron multiplier in fusion-fission reactor systems and thus
i t is a f i t case for cross-section evaluation in the MeV energy
range.

V/e have adopted the generalized excitbn model of Mantzou-
ranis et a i /%/ for the analysis of preequilibrium angular d i s t r i -
butions. According to th is model the exciton s tate of a composite
nucleus is represented by the exciton number n ani a direction -*1-
which corresponds to the direction of the incoming par t ic le* H
is assumed that on emission the direction of the emitted par t ic le
coincides with-»1- .

A combination of preequilibrium exciton model and multi-
Btep Hauser-Peshbach theory / 2 / has been used to evaluate
(n,n»), (n,2n) , (n,p>, (n ,oO. (n»np), (n,pn) and (n,oin) reac-
tion cross-sections at 10,14.6, 20, and 25.7 MeV. Gamma emission
has been accounted for according to the Brink-Axel giant resonance
theory / 3 / .

Transmission coefficients for the neutron, proton am!
alpha channels have been computed with the spherical optical
model. The potential parameters for neutrons and protons have
been taken from Perey / 4 / and those for alpha par t ic les from
Huizenga and Igo / 5 / .

The discrete levels of the residual nuclides and their
level density parameters have been taken from ref . / 6 / and the
continuum of levels has'been estimated according to Gilbert-
Cameron / 7 / formalism of level dens i t i e s .

The preequilibrium contribution has been obtained by
extracting the value of K- the interaction matrix constant as
given by Kalbach / 8 / to f i t the angle integrated t o t a l neutron
emission spectrum dV<l« at 14.6 MeV and fe varying from 6 to 9
MeV. We have also used the following expression for the average
transi t ion matrix elements



and extracted the value of E for evaluating the angular distri-
butions of the first emitted neut^jn, proton and alpha particles.
The master equation and the closed form approaches have been
adopted to obtain angle integrated particle emission spectra.
14 hae been observed that the preeq.uilibriuQ emission becomes
more predominant with the increasing energy of the inoident
particle. Some of the evaluated data are given in the following
tables. The experimental data are taken from Hermsdorf et al

Table 1

Angle Integrated Neutron Spectrum **.. •

(MeV)

6-7
7-8
8-9

Exptl
(mb/MeV)

56.0 +6
46.9 +5
36.5 + 4

Table

Angular Distributions

Angle £ - 7
(degrees) Calc
40
60
90
120

7.07
5.68
3.51
1.86

MeV
Expt.
7.30
5.23
3.11
1.92

| M | 2 (Kalbach)
calculated
(mb/MeV)

53.27
45.89
33.21

2

at 14.6 MeV (mb/at.

6 m 8 MeV
Calc Expl.
5.96 6.94
4.70 5.93
2.74 2.48
1.27 1.38

at 14.6 MeV

hit2 (other)
calculated
(mb/MeV)

56.9
43.7
35.0

Me?)

Calo

4.99
3.89
2.19
0.92

9 MeV
Expl.

4.95
5.62
0.76
0.75

* Communicated to NBA Data Bank for inclusion in the International
Nuclear Model Code Comparison Studies. Also included in the
Nuclear Physics and Solid State Physios Symp. (1983)

References

1.
2 .
3 .
4 .

<J. HantzouraniB et a l ; Phys. Le t t . 57B, 220 (1975)
W. Hauser and H. Feshbach; ghye. Rev. 87, 366 (1952)
D.M. Brink; Nucl. Pbys. 4 , 215 (1957)
P.e. Pereyj Phys. fiev. 131, 745 (1963)
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(1965)

8 . 0 . Kalbaoh; Z. Pu«r Piy»lk, A285, 401 (1977)
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MDMIOROUP PHOTON INTERACTION CROSS-SECTIONS WITH P5-*NISOTROPIG
SCATTERING MATRICES, S.B. Garg, neutron Physics Div is ion , Ehabha
Atonio Research Centre, Trorabay, Bombay 400 085

Secondary gamma ray production and photon interact ion
oross-aeotions are needed for sh ie ld ing , safety and radiation
transport s t u d i e s . 25 group photon interact ion oross-seotions
in the energy range 20 lieV to 100 eV have been generated for
about 44 elements. P5-scattering moments have also been evalua-
ted by making use of the Klein-Niehina type of rec ipes .

The multigroup cross-sect ions include t o t a l , coherent
scat ter ing , incoherent sca t ter ing , pair production and photo-
e l e c t r i c cross-sectionB and are available on request .

ISOMBRIC CROSS-SECTIONS 0? INDIUM

M. APZAL ANSARI, R.K.Y. SINGH, M.I. SEHGAL, V.K. MITTAL
D.K. AVASTHI and I.M. GOVIL

Physics Department
Aligarh Muslim University

Aligarh 202 001

Neutron oapture cross-sections are measured in

the energy region of 1 to 3 MeV for the isomeric

states of In-116. The conpatative gamma activation

technique has been used. The present results are

compared with the previous data whereever available.
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TROTON AND ALPH1-PARTICLE INDUCED REACTION CROSS-SECTIONS Of
CARBON, COBAIO! AND LEAD*, S.B. Garg and Amar Sinha, Neutron
Phyeice Divis ion, Bhabha Atomic Researoh Centre, Irombay,
Bombay 400 085

This opt ical model based study was suggested by the NEA
Data Bank, France under the International Nuclear Model Code
Comparison Project to determine the accuracy of transmission
coef f i c i ents obtained with the spherical opt ica l model poten-
t i a l parameters of charged p a r t i c l e s .

Reaction oross-seot ions , Di f ferent ia l eross - seot lons ,
polar izat ions , and spin rotation data have been estimated for
the proton and alpha part ic le induced reaotion oross-seotions
of carbon, cobalt and lead at the inoident energies of 5,10,15
and 20 MeV in the laboratory system.

Beochetti and Greenlees / I / opt i ca l model parameters
hare been used for the protons and McPadden and Sateheler / 2 /
parameters have been used for the a lpha-part ic les .

References

1. F.D. Beoobetti . Jr . and G.W. Greenlees, Phys. Bey. 182.
1190(19695

2. MoPadden and Satoheler, Nuol. Phys. 84, 177 (1966)

« Communicated to NBA Data Trance
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iBAHC35-A35 GROUP CROSS-SECTION LIBRARY WITH P3-ANISOTROPIC
SCATTERING MATRICES AND RESONANCE SELF-SHIEIDING FACTORS*, S.B.
Garg and Amar Sinha, Neutron Physics Division, Bhabha Atomio
Research Centre, Trombay, Bomb-/ 400 085

Multigroup cross-sect ions are the basic input constants
to study the neutronio behaviour of reactor assemblies* These
basic-constants should account for the e f f ec t s of different
temperatures and material compositions in the various assembly
regions and should represent wel l the anisotropio behaviour of
the scattering phenomena. To meet these requirements a 35
group crose-section s e t , called BAHC35, has been derived from
the basic ENDP/B-IT cross-sect ion library for 57 elements. P3-
anisotropic scattering matrices and resonance se l f - sh ie ld ing
factors have also been evaluated and included in th i s l ibrary .
Resonance se l f - sh ie ld ing factors are given at 3O0°K, 900°K and
21O0°K for a variety of di lut ion constants. At any intermediate
temperature and di lut ion the se l f - sh ie ld ing factors are evalua-
ted by appropriate interpolation schemes.

This cross-section library has produced close agreements
in the measured and calcuated multiplication constants of a few
selected fast c r i t i c a l assemblies representing large oxide and
carbide fuelled uranium and plutonium based systems. The reason
for selecting large assemblies i s that the resonanoe se l f -
shielding factors play a dominant role in determining the ir
physics character is t ics .

The seleoted assemblies Include 2PPR2, ZPR-3-48, ZPR-3-53,
ZPR-6-6A, ZPR-6-7, ZPR-9-31 and ZEBRA2 and are amongst those
recommended by the US Nuclear Data Evaluation Working group for
test ing the accuracy of cross-sect ions .

BARC35 library i s wel l suited for the safety and neutro-
nlcs studies of thermal, fast or fus ion-f iss ion hybrid systems*

The library i s available on request.

* Issued as a BARC Report BARO-1222 (1934)
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2*? 9
Generation of Doppler broadened Cross Sections for Pu,

2 3 8 U . 2 3 V 2 f t 0P U.
 2ttlPu. 2* 2Pu. Fe. Cr. Hi. Mn. Mo. Na

for Hi^ier Temperature for use in Accident Analysis

(M.M. Ramanadhan, V. Gopalakrishnan and S. Ganesan)

Doppler broadened cross sections to temperatures

varying from 300 K to 4500 K were generated for various

fissile, fertile and structural materials usinp the pre-

processing code LINEAR-RECENT and SJGMA1 . Self shielded
2

cross sections were obtained by using the program REX2 .

Summarised below are the steps adapted for obtaining

the cross sections for various elements*

1* Using: code * LINEAR1, the evaluated cross sections of

the particular elements from the ENDF/B-IV file, were

linearised to high precision (0.1$).

2. The above linearised data was reconstructed to a reasonable

precision by using code 'RECENT1.

218 219
3. For materials like J V and J ?Pu which had large data

points, the output obtained from the code RECENT was

further thinned using LINEAR code to an acceptable

precision before going to step h. For the other materials

step h was directly followed.

k. Using the code SIGMA1 the above eross sections were Doppler

broadened to 300 K with 0.0 thinning criteria.

For broadening to temperatures higher than 300 K, one

thinned output for 300 K was taken as input and cross sections

were obtained at a number of temperatures. Since the running

time of code SIGMA1 depends on the number of points input to it

this method of going to higher temperatures was adapted. The

preprocessing experience in the case of U-238 is detailed by

• flow chart in Fig.l.

The doppler broadened outputs were input to the program

REX2 for obtaining the self shielded cross sections.
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1. D.B. Cullen, S U M M I T of Preprocessing Codes, Report IAEA

(MDS)-39 (1983).

2. V. Gopalafcriahnan and S. Ganesan, 'A Note oh the Program

REX2 for Accurate Generation of Self Shieldfrig Factors
fov Past Reactor Applications'* Internal Note REDG/RP-21»8(198V)»
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ENDF/B-IV
ATTEMPTS TO RUN
LINEAR WITH 0-1%

ACCURACY

ATTEMPTS TO RUN
RECENT WITH 0-1%

ACCURACY

START FROM 0.1% RECENT OUTPUT
FOR U-238 OBTAINED FROM
CULLEN, IAEA.
TOTAL NUMBER OF POINTS 302,941

RUN SIGMA 1
WITH 0-1%
ACCURACY
AT 300K

ATTEMPTS
UNSUCCUSSFUL
BECAUSE OF
VERY LARGE
COMPUTER
TIME

RUN LINEAR
WITH 1%
ERROR
CRITERION

ATTEMPTS WERE NOT SUCCESSFUL
AS IT TAKFS MORE THAN 40
HOURS OF CPU- THE CPU TIME
IS 60 MINUTES WITH 10% ACCURACY
CRITERION FOR RECENT AND 1 %
FOR LINEAR STAGE. THIS
LARGE ACCURACY CRITERION
IS NOT ACCEPTABLE

RESULT: THINNED
OUTPUT: 95 792 POINTS
TIME TAKEN BY LINEAR: 0-2419 HOURS

RUN SIGMA 1 AT 300K

ERROR CRITERION 0-2%POINTS; 27776
COMPUTER TIME FOR SIGMA 1: '9870 HOURS

EXPECTED COMBIN ED ERROR IN PREPROCESSING
1-03% RECENT (0-1%) LINEAR (1%) SIGMA 1(0-2%)

Fig.l Flow Chart describing the Preprocessing Experience for the
Nuclide U-238 '
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Generation of Activation Cross Sections in the DLC 100

Group Structure for Structural Isotopes

(V.Gopalakrishnan, M.M.Ramanadhan, S.Ganesan)

Activation cross sections were required in the DLC

100 energy group structure for the computation of activation

rates in stainless steel of Intermediate heat exchangers in

fast reactor system. The program 'RKX1' was used to obtain

these cross sections using the data available with us in the

ENDF/B-TV format. ' The isotopes and the basic data library

from which they were retrieved are as follows: •

Mn55 and Co59 - ENDL 78 of LLL2

Fe 5\ Fe56, Fe58,Cr5°)
58 60 6h \ JENDL1 of Japan

In addition to the activation cross sections viz. 0 (n»p)

(j (n.̂ jF), 100 group cross sections have also been generated

for other neutron nuclear reactions for which basic data are

available with us. These group cross sections have been saved

on magnetic tape and can be made available to interested users

on request.

1. V.Gopalakrishnan and S.Ganesan 'A Note on the program REX1

for Accurate Generation of Infinite Dilution Cross

Sections, Elastic and Inelastic Transfer Matrices for

Fast Reactor Applications', Internal note REDG/RP-243

(Sept. 1983).

2. 0. Schwerer, ENDF-78 LLL Evaluated Nuclear Data Library

1978, IAEA-NDS-11 (1979), Vienna.

3. N.DayDay, JENDL-1 Japanese Evaluated Nuclear Data Library,

Version-1, TAEA-NDS-18 (1979), Vienna.
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Role of Pre-equilibrium Emission on (n.xn) Cross-Sections

R.P. Anand, M.L. Jhingan, S.K. Gupta and
M.K. Mebta

Nuclear Physics Division

Bhabha Atomic Research Centre, Bombay 400 085•

Introduction

The knowledge of (n,2n) and (n,3n) cross sections is quite essential
in the reactor technology. Recently hybrid fusion-fission reactors
have gained considerable importance* The energy of the neutrons from
the fusion reaction D-T is about 14 MeV, above the threshold of (n,2n)
and (n,5n) reactions in most of the reactor materials. These cross
sections are needed in shielding and breeding calculat ions also.
Many of .the nuclides produced in the reactor have short half lives
and it is not possible to measure their cross sections directly. Also
it is interesting to see the role played by the preequilibrium
emission in the case of (n,xn) reactions. Here a simple method to
calculate (n.xn) cross sections has been developed. In our earlier
calculations ' ' the preequilibrium mode of decay was not taken
explicitly but all nonequilibrium effects were taken care by an
empitical factor obtained by Kondaiah 5) t>y -\^& analysis of a large
number of (n,2n) cross sections measured at H MeV. This empirical
factor is valid only around 14 MeV and does not hold good at higher
energy. As a result in our earlier calculations upto about 16 MeV
there was agreement with the measured cross sections but at higher
energy systematically calculated (n,2n) cross sections were lower-,
than measured ones and the reverse was true in case of (n,3n). In the
present work the prsequilibrium mode of decay along with the
equilibrium mode is considered for the first particle emission.
Subsequent emissions are considered to be due to the equilibrium
mode only. In the preequilibrium decay both proton arri. neutron channels
are considered while in the equilibrium decay proton channel is
ignored as in this case proton is likely to have low energy insufficient
to cross the Coulomb barrier. Gamma deexcitation competes with neutron
emission near the threshold as the neutron having low energy is
angular momentum forbidden and further the level density is low at
that energy. This effect is indirectly compensated by using the level
density parameters of Pearlstein*/ which are lower by about a factor
of 2.7 as compared to those of Gilbert and Cameron!?).

Method of Calculation

Cross sections for (n,xn) reactions are calculated on the following
assumptions:

(1) Neutrons are emitted in a statistical manner from the composite
nucleus formed after the capture of incident neutron.
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(2) The emission of the first particle is considered to be due
to both preequilibrium and equilibrium processes while subsequent
emissions are due to the equilibrium process only.

(3) In the case of the preequilibrium emission both proton and
neutron channels are considered rhile.in the case of the equilibrium
emission the proton channel is neglected.

(4) The competition due to the gamma deexcitation is taken care
indirectly by using level density parameters given by Pearlstein^)
which are less by a factor of 2.7 as compared to those given by
Gilbert and Cameron5'.

(5) Equilibrium emission is calculated according to the
Weisskopf model neglecting angular momentum.

When a target nucleus of mass A captures a neutron of energy EJJ

a composite nucleus of mass A+1 is formed at an excitation energy
^n above the ground state of nucleus A. The composite nucleus
deaxcites by an emission of neutron of energy 6i and the residual
nucleus is left with an excitation energy(£h-€|) * If this energy is
more than the binding energy of one neutron in the nucleus A, a
second neutron is emitted with energy otherwise further neutron
emission cannot take place and the event results in (nfn ). Similarly
after the emission of a second neutron if the residual nucleus :
possess sufficient energy to emit a third neutron the same is
emitted. Otherwise the event results in (n,2n). In this work maximum
four neutron emission is considered. The first neutron emission
consists of two components.preequilibrium and equilibrium and may be
written as follows as used by Chatterjee and GuptaS)

J
where •j'ps^O i s the fraction of neutrons emitted with energy 6| due
to the preequilibrium process and /ffl(£|) is a similar term due to
the equilibrium process. £ is the sum of neutron and proton
fractions emitted due to the preequilibrium process.

Preequilibrium Component

The emission of particles of type V , of kinetic energy €y from an
n-exciton state at an excitation energy £ is proportional to the
emission rate Ôr̂C**, £>>,£) multiplied by the time *C0»,E) the system
spends in a particular state and accordingly etfof/J* is given by

(2)
The emission rate*1" '»•(.*'.£>£•/) of particle V from an n-exciton state
composed of p-particles and -&-holds (y,- b+L) is given by
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£>J is a factor which arises due to proton neutron distinguishability.
§. i s the single particle level density and is taken to be ft/13.Atia

the reduced mass of V-par*Jole and Sy is i ts apin. T>> is the l i fe time
of n-exciton state and is given by

where \ i s the ttansition rate to the next higher excitcn state and
is given by • . _—-»

IKF is the average squared matrix element ana is taken to bev
dependent on average energy per exciton as given by Kalbach'-'
in equation (4) i s given as follows,

Sn in equation (2) is the term responsible for depletion and i s
given by

in equation (1) is related with Dn as follows

Inverse reaction cross sections have beerL.obtained by the para-
metrisation developed by Chatterjee *t alB' to get Wilmore-Hodgaon ̂ )
optical mode' reaction cross sections. At energy lower than 2 MeV
their parsv ; nation is not accurate. 9@pce at these energies an
expression --•,- in by Blelt and Weisskopf10' is usedby matching the
cross Hectic " *t 2 MeV.

Equilibrium Component

The equilibrium component is calculated according to the Weisskopf
model neglecting angular momentum. The probability of neutron emission
with energy € is given as follows.

p ~ e. <T.
tf^is the inverne reaction cross section and i s calculated as

explained in section III.ftv>) i s the level density at the excitation
energy U and i s given by

- C e
C is taken to be constant, any slow variation in C is neglected, a
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iB level density parameter given by Pearlatein. Accordingly, the
expression foi (n,2n) cross-section is given as follows,

a taksn to be tf£ for non-fissionable nuclei and for fissionable
nuclei it is taken as<Ŝ -<f/. <ŝ  is the fission cross section and is
taken from the measured data if available otherwise it may be
estimated from the empirical formula given by Jhingan et al''/. Po

is the probability that after the emission of the first neutron
the second neutron i& emitted with such an energy that the third
neutron cannot be emitter! and is given as follows

• , -

JSB1< and £B2 are the binding energy of one and two neutrons in the
nucleus A respectively- If E -£r£fjhappens to be negative it is taken
to be zero. In the numerator limits of integration ensure that
second neutron is emitted with an energy so that third neutron
cannot be emitted. In a similar way expressions for (n,3n) and
(n,4n) are written.

In this work a maximum of four neutron omissions have been consid-
ered. Accordingly a computer code has been'developed. All the
integrals have been evaluated using Simpson's rule. Cross sections
have been calculated and compared for a number of nuclei in the mass
region 89 to 258 at incident neutron energies upto 23 MeV. However
cross sections for 238U have been calculated upto 20 MeV only as the
fission cross sections have been taken from ENDF-B-IV where data
are given upto 20 MeV only. In some typical cases the comparisons
between calculated and measured cross sections are 3hown in figure
1 to 4.

Conclusion

The agreement in case of (n,2n) and (n,'3n) cross 3ection is within
1O/£. Data on (n,4n) are scanty and wherever measured data are
available they have been compared with the calculated ones and the
agreement is within a factor of two. The preequilibrium component is
found to be considerable at energies higher than about 16 MeV and
its inclusion is essential. Average squared matrix element given
by Kalbach?) can be used without any adjustment. It is not very
aensitive to (n,xn) cross sections. In the present work there is no
fitting parameter. All the parameters have been teken from the
literature. The level density parameters given by Pearlstein give
good agreement in the case of (n,2n) and (n|3n) cross sections. It
appears to compensate the effect of neglecting gamma deexcitation
and make3 the calculation easier. The (n,xn) cross section for Un-
stable nuclei can be predicted by this method where direct measure-
ment is not possible*
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III. OTHER HUCLEAR DATA ACTIVITY

Generation of Way Multigroup Cross Section Sot for Various

Materials for Fast Reactor Applications

(M.M.Ramnnadhan, V.Gopalakrishnan, S.Ganesan)

Using the Nuclear Data Processing Code system RAMBHA

developed at RRC, Kalpakkant, multigroup cross sections were

generated from the basic data library ENDF/B-XV for various

elements* The isotopes covered thus far Include the following:

Cr, Ni, Ha, 0, C, Al, Si, No, Mn and Ga

Ibe multigroup cross section data of these elements are considered

'improved* compared to our earlier set due to the following

improvements in the processing code system that is used for multi-

grouping:

1. Abandoning the resonance integral method, the infinite

dilution cross section computed using the code system

LXNEAR-MBCENT-KEX12 which is the most suited for ENDF/B

type of basic data representation*

2. Abandoning the J* method of Hwang, the shielded cross

sections are obtained using the code system LINEAR-RECENT-

REJC2 in the resolved resonance region.

o
3* The LXNEAR-RECEHT-RE3C1 code system also improves the

elastic removal cross section in the resonance region*

These new infinite dilution group cross sections were

compared in detail (groupwiae, reactionwise and materialwise)

with the 1969 adjusted French multigroup cross section set using

the program COMPLOT and this comparison not only brought out

the differences due to Improvement in our own processing code

system but also the significant changes in the basic cross

section data itself, thanks to improved differential data base*

The groupwise and reactionwise comparisons of these
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two multigroup Infinite dilution cross section sets are

available with the authors for each of the isotopes mentioned

abore. Interestingly this corap_ .ison brings out the changes in

the cross sections of some isotopes reflecting the refinement

in the ENDF/B-IV data after nearly a decade of improvement in the

techniques of evaluation and measurement in constrast to the old

differential data base used in the generation of 19^9 French set.
238 235 239

For example, for transactinium isotopes such as U, U, "^Pu,
h 2lohn 2ll1

Pu, Pu etc* In the new set, the total inelastic scattering

cross sections are increased considerably and in some cases even

by a factor of 3 or more around the inelastic threshold. Also
218 2bO

for fertile isotopes such as J V and Pu, the effect of the
newly discovered sub threshold fission and its intermediate

structure is seen in the REC set in the form of non zero fission

cross sections in lower groups. The absorption cross sections
12

for C and other medium mass elements such ad Fev Cr and Ni are
found to be very different by several factors in the new set

because of improved helium and hydrogen production cross sections

in the 197*» ENDF/B-IV data base.

Part of these comparison study was presented in a recent

conference .

1. Activity Report of Reactor Physics Section 1982, Ed. C.P.Reddy,

Report RRC-58, p.7 (1983).

Z. V.Gopalakrish/•..;. and S.Ganesan, 'A Note on the Program REX1

for Accurate Generation of Infinite Dilution Cross Sections

Elastic and Inelastic transfer Matrices for Fast Reactor

Applications', Internal Note REDG/RPS-2^3 (1983).

3* V.Gopalakrishnan and S.Ganesan? 'A Note on the Program RE3C2

for Accurate Generation of Self Shielding Factors for Fast

Reactor Applications' Internal Note REDG/RPS-2^8 (1984)

k. McM.Ramanadhan, •Program COMPLOT' Note FRG/01100/83/RP-230,

(1983).
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M.M.Raaianadhan, Y.Gopalakrlahnan and S«Ganaaan, 'Generation

of Now Multlgroup Croaa Section Sot for 12C, i 60, 239Pu,
Jl38tr, and 2*°Pu Baaod on BHDP/B-IV Filo for Faat Raactor

Applications •, Fifth National Syapoalua on Radiation Phyai.es,

Calcutta, NOY.21-2%, 1983*
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Multigroup Constanta for Gallium for use in Analysing Fast

Critical Assemblies

(S.Ganesan and V.Gopalakrishnan)

In many multigroup data sets like SETR for instance

the multigroup data are not available for Gallium. The

basic df»ia library ENDF/B-XV available with us does not

include Gallium data. In such a situation, the usual practice

had been to replace Gallium with Copper as an approximation

for nautronic calculations for fast critical assemblies.

This approach might be roughly valid in cases where the

concentration of Gallium is not so significant* For instance,

in SNEAK-9C2 assemblies POZ and C, the nuclides concentration

was only 0.0001410^ nuclides/b-cm which was added to that of

Cu in analysis. In critical assemblies like THOR , the

element Ga is foundito be present in significant quantity.

(Pure Plutonium metal has the unique characteristic of

existing in six allotropic forms between room temperature

and its melting point at 913K. The delta phase of Pu which

occurs in the temperature range of 588 and 73OK can be

stabilised by the addition of a nominal amount of Ga to the

Pu metal. The alloying increases the delta phase stability

range from 73OK veil befew room temperature). In THOR, the

nuclide concentration is 0,00133 nuclides/b-cm in the core,

and a replacement of the same with a different element in

neutronic calculations will lead to uncertain intrepretation

of calculated results. Therefore, the necessity of obtaining

the multigroup data Ga was felt. The basic library ENBL-78

which was identified to be the only library available with

us containing basic data for Gallium was processed by the

code RAMBHA . The multigroup constants thus generated in 25

group structure are being used in the analysis of THOR

assembly.
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The Program 'REX1 for Accurate Generation of Multigroup Infinite

Dilution Cross Sections. Elastic and Inelastic Transfer Matrices

and the Program 'RBX2* for Accurate Calculation of Self Shielding

Factors in the Resolved Resonance Region for Fast Reactor Appli-

cations

(V.Gopalakrishnan and S.Ganesan)

1 2The computer programs REX1 and REX2 are two parts of

RAMBHA , a nuclear data processing code system for fast reactor

applications, developed at RRC to obtain multigroup cross
u

section data using the basio library in the ENDF/B-TV format.

REX1: This program is intended for multigrouping point data

available in the ENDF/B-IV format* The program expects the

cross sections to be directly specified as point data without

parameterization through resonance formalisms. If the actual

cross sections are represented by a combination of resonance

parameters and floor corrections in some energy region and as

point data in other energy regions, then, one has to use the

preprocessing codes LINEAR -RECENT before using REX1 for multi-

grouping. In addition to group cross sections, the program

calculates the multigroup transfer matrices for elastic

scattering by Bucholz' method and the multigroup transfer

matrices for inelastic scattering by the method followed in

MIGROS-38.

The program follows any interpolation scheme specified

according to ENDF/B-XV conventions and uses Gauss' quadrature

whenever numerical integrations are needed. Standard fast

reactor flux spectra expressed in a functional form in various

energy regions are utilised for weighting.

REX2: The resolved resonance has been extended considerably

for many isotopes of interest in reactor design by means of high

resolution cross section measurements. The improved quality of

data in the resonance region hes called for faithful multi-
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grouping such that the multigroup constants exactly reprsssnt

the evaluated data, Tnus improvements in processing has

resulted in the routines for direct numerical Doppler Broaden-

ing oT cross sections in resonance region without using the J*

formalism,

The program REX2 calculates the self shielded cross

sections and the self shielding factors for a set of input

dilutions from the exactly Doppler broadened point cross

sections made available at a specified temperature by running

the preprocessing code SIGMAt. If the cross section data comes
a

from the original ENDP library at OK, then, SIGMA1 requires the
data to be preprocessed by the LINEAR -RECENT code system.

The program REX2 replaces the older routines of

RANBRA based on approximate J* method of Hwang in the resolved

resonance region.

Hie temperature (T) and dilution( (J" ) dependent

cross section known as the shielded cross section of any material

for • group g is computed using Bondarenko definition as

N

/

S C £

(Tg(BfT) is the cross section at energy point E and

temperature T for a process x; x it t, C, f or >,

S(S) is the slowly varying weighting function

for flux weighting used for It other than tl:and H» , 2 f o r c u r r e n t weighting used when % is t.
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The self shielding factor la defined as

where ^^/3 CT;O(~) ±B known as the infinite dilution

cross section. In REX2 tf^ & CT/"0} i s t a k e n a s Qi * (T»10 )

1. V.Gopalakrishnan and S.Ganesan, 'A Note on the Program REX1

for Accurate Generation of Infinite dilution Cross Sections

Elastic and Inelastic transfer matrices for fast reactor

Applications', Internal Note REDG/RP-243 (1983).

2. V.Gopalakrishnan and S.Ganesan, 'A Note on the program REX2

for Accurate Generation of Self Shielding Factors for Fast

Reactor Applications', Internal NoteREDG/PP-248(l984).

3* S.Ganesan et al., 'Development of a New Fast Reactor Proce-

ssing Code RAMBHA at RRC, in Proceedings of the Workshop on

Nuclear Data Evaluation, Processing and Testing Report INDC

(IND)-3O (1981), IAEA, Vienna.
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Croaa section Sensitivity Studies fox* Fast Neutron Transmission

of Sodium

( P. T . Krishnafcumar )

All the present designs of Liquid Metal Fast Breeder

Reactors- (LMFBR) involve thick layers of sodium of about five

metres above the core. The manner in which fast neutrons

penetrate particularly from a fission source is of considerable

practical- interest from the point of view of shielding. To

assist in the design of experiments intended to check the

accuracy of sodium cross sections required for L W f t shielding

calculations* cross section sensitivity profiles have been

generated for geometry and detector combination approximating

experimental set up.

A relative cross section sensitivity function is

defined as the relative change in reactor performance para-

meter R due to relative change in cross section 2 T i.e.

Relative sansitivity function a . ^ R

A plot of relative sensitivity function versus neutron energy

is known as sensitivity profile* The linear perturbation code

SWANLAKE has been used for the generation of sensitivity

profiles for the total flux for a plane isotropic fission

source incident on one side of a slab of sodium, five metres

thick and a neutron detector at the other.

The striking features in the sensitivity profile

reflect the corresponding behaviour of total cross section of

Na. Little transport can occur in the high cross section region

at 3 KeV, 52 KeV and between 700 EeV and 1 MeV, so that sensi-

tivity plot has a deep minima in these energy regions.

Conversely the prominent spikes in the sensitivity plot

corresponds to four regions of Minimum cross sections (0.297 MeV,

0.522 KeV, 1.885 MeV and 3.075 MeV). The results2 of the above

sensitivity study -clearly indicates the importance of high
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energy region particularly 300 KeV and 500 KeV for th» neutron

penetration.

1. P.T.Krlshnekuaar, Sensitivity Profile Generation Code

SWANLAKB, Internal Note KP-2k6 (1983).

2. P.T.Krishn&kuaar, Cross Section Sensitivity Studies for

Vast Neutron Transmission'In Sodium, Fifth National Symposium

on Radiation Physics, Calcutta, 21—2k, Nor. 1983*
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A Critical Assessment of Multiy;.TOUp Nuclear Data for

Structural Elements

(S.Ganesan, M.M.Ramanadhan, V.Gopalakrishnan and R.S.

Keshavamurthy)

Our calculated values of central worths of structural

materials using the non-adjusted, ENDF/B-TV based, 1983 HRC

set and those using the 1969 adjusted French multigroup set

showed discrepancies ranging from + 20 to + 60$ in comparison

with experimental values in our1'2 analyses of selected fast

crit ical assemblies viz. ZPR-6-7, ZPR-9-31, ZPR-3-48 and

ZPR-3-56B. The Kgf f of tho last assembly which has nickel

reflector showed an overprediction of 1.63$ when calculated

using the French set . One clear conclusion of the present

investigation i s that the capture cross sections for Fe, Cr

and Ni in French set at HRC are definitely outdated and

incorrect. The modified French set in which the multigroup

sets for Fe, Cr and Ni alone were replaced in ful l by RRC

set gives a Keff close to unity.

Further, the currently reported discrepancies in

resonance parameters and measured cross sections in structural

elements are also being surveyed to identify problem areas

which need further attention*

1. S.Ganesan, M.M.Ramanadhan and V.Gopalakrishnan, 'Analysis

of ZPR-9 Assembly 31, the Advanced Fuels Program Carbide

Benchmark Assembly', RRC-61 (1983).

2. S.Ganesanet a l . , (unpublished work) 1983.

3 . ENDF-202 Cross Section Evaluation Working Group Benchmark

Specifications, BNL 19302, Nov.1974» see also updates and

clarifications, from Philip M. Rose BNL, USA addressed to

S.Ganesan (May 1983).

ht J.L.Rowlands,et a l . , 'Convergence of Integral and Differen-

t ia l Croas Section Data for Structural Materials' Nucl.ar

Data for Science and Techn4o«y p.85 (1983). D. Reid.l

Publishing Company.
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COMPLOT : A Prorrain for Comparison of the Multigroup Constants

(M.M.Rnmanadhan)

Program COMPLOT compares the values of the multi-

group constants obtained from the nuclear data processing

code RAMBHA2 with those obtained from the 19-69 adjusted

French cross section set . The program has also been utilized

for comparing multigroup data sets derived from the same

basic file using different processing approximations. The

output can be in a tabular form or as m graphic plot depending

on the option exercised In the input, for various isotopes and

for different reaction*. Option also exists for listing the

various multigroup constants for any particular isotope in

SIDTO format* With suitable modifications the cods -an sasily

be adapted for comparison of the multigroup constants from

various evaluated data libraries..

This program plays a major role in checking, plotting

correcting and processing of SETR formatted multigroup

libraries. Using this program many of the physj.es aspects of

cross sections of any particular isotope can be verified by

graphical. plots and comparison tables. ' This ensures

automatic checking of the enormous amount of numerical data

that go into the various multigroup sets for various energy

ranges, reactions and nuclides. The importance of these

comparisons-study during the preparation of a new multigroup

cross section, set for a given isotope is quite enormous for

it quickly identifies any large deviations between the new

and old cross sections and also to the identifications of

problem areas forsensitivity studies in subsequent analysis

of critical experiments to valicite the new multigroup

cross section data. The specifications of this COMPLOT

program have been documented in Ref.1.
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An interesting feature of th is program i s that the
number of inputs to th i s program ia confined to specifying of
the number of isotopes to be compared, their ident i f icat ion
numbers, the old and new cross section sets and options to
obtain print outs or graphical p l o t s .

1. M.M.Ramanathan, 'Input specif ications for the program
COMPLOT program for comparison of muitigroup constants
from various evaluated data l ibraries in SETR format1

FRG/01100/83/23 9 (1983).
2. S.Ganesan et a l 'Development of a new fast reactor

processing code 'RAMBHA* at HRC, in proceedings of
the Workshop on Nuclear Data Evaluation, Processing
and Testing, 1NDC(3MD)-3O (i98i) IAEA, Vienna.

3 . J.Ravier and J.M.Chaumont, Presentation of the multigroup
cross section set prepared at Cadarache, Proceedings of
the Conference on Fast Critical Experiments and their

Analysis, USAEC Report ANL-7320.



Analysis of ZPR-9 Assembly 31. the Advanced Fuels Program

Carbide Benchmark Critical Assembly

(s.Ganesan, M.M.Ramanadhan and V.Gopalakrishnan)

The analysis of the 10001itre (core) sized carbide

benchmark fast reactor assembly using the RRC non adjusted

multigroup set and the adjusted French 1969 set shows nc

surprising results as compared to ovr predictional capability

for oxide cores* The results for central worths, compare

very veil with those reported by U.S. teas using ENDF/B-XV

Set and also show that non adjusted set maynot be satisfac-

tory in the prediction of central worths of materials. On

the other hand Kftff is best predicted by the non adjusted

EHDF/B-IV based RRC set and the ratio of fission reaction

rates are predicted to the same extent by the two sets

available at RRC.

Based on our pro.; ?tt analysis the following conclu-

sions and recommendations are drawn:-

1. Our attempts of writing our own nuclear data processing

code system RAMBHA and the generation of non adjusted

ENDF/B-IV based RRC multigroup datausing RAMBHA and its

validation have been quite successful.

The Keff for the carbide benchmark critical

assembly is well predicted by the non adjusted ENDF/B-IV

based RRC multigroup set.

2. The over predictions of central worths by non adjusted

RRC and US sets are more, compared to the over prediction

by the adjusted French set, for most of the element*.

Special attention should be given to

reducing the over prediction of central worths of various

elements in future with stress on improving the status

for structural elements.

3. The non adjusted ENDF/B-IV based RRC set is superior, as
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compared <w the 1969 non adjusted French s e t , for isotopes
such as Pu for which i t i s recognised that recent
(1969-78) evaluatians^measurements of cross sections hare
brought in many improvements over the ear l i er evaluations.

Um The predietional performance of RRC non adjusted set i s
inbetveen that of adjusted French set and the US non
adjusted set for the reaction rate rat ios in ZPR-9-31
assembly. The deta i l s are given in Ref.3.

1. BNL-19302 (ENDF-202), Cross Section Evaluation working
Group Benchmark Specifications, 7.18-1 to F.I8-19 (1983).

2 . J.Ravier and J.N.Chaumont, Presentation of the Multi-
group Cross Section Sets prepared at Cadarache, Proceedings
of the Conference on Fast Crit ical Experiments and their
Analysis, Report ANL-732O, p . 1*7-53 (1966).

3 . S.Ganesan,M.M.Itamanadhan and V.Gopalakrishnan, Analysis
of ZPH-9 Assembly 31, The Advanced Fuels Program Carbide
Benchmark Crit ical Assembly, Report RRC-61 (1983).
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A Programme of Evaluation. Processing and Testing of Nuclear
Data for Th-232

(S.Ganesan, M.M.Ramanadhan, V.Gopalakrishnan and R.S.Kesha-
vamurthy)

Within the framework of a RPC-IAEA research contract

on validation and benchmark tea- ing off actinide nuclear data,

work has been initiated at Kalpakkara on a programme of evalua-

tion and validation of nuclear data for Th-232 and U-233 for

fast reactor applications.

Generations of four different new multigroup cross

section sets in 25 energy group structure using the following

basic data files have been completed for Th-232.

a. ENDF/B-IV
b. JENDL-1 (Ref.2)
c. Rumanian file (INDL/A-83) (Ref.3)

d. JENDL-INDIAN file presently created at Kalpakkam

The first three files a, b, c were obtained from IAEA Nuclear

Data Section. The processings of all these data files are
h

being done by processing code system RAMBHA developed at

Kalpakkam in the lastfew years*

The analysis of THOR assembly discussed in Ref.5

clearly favours Og" values lower than Prench and ENDF/B-IV

based set. This trend favours the Indian evaluation for capture

for Th-232 by Hehta and Jain .

1. Research within the framework of 'Co-ordinated Programme

on Validation and Benchmark Testing of Actinide Nuclear

Data1 Agency Research Contract N0.369O/KB (13 Dec. 1983)

Kalpakkam.

2. N.DayDay, •JENDL-1, Japanese Evaluated Nuclear Data

Library, Version-1, IAEA-NDS-18 Rev.O (Sep. 1979).

3. V.G.Pronyaev, H.D.Lemmel, K.McLaughlin •INDL/A-83,

IAEA Nuclear DataLibrary for Evaluated Neutron Reaction

Data of Actinides* IAEA-NDS-12 Rev.7 (December 1983).

k, S.Ganesan et al«, 'Development of a New Fast Reactor

Processing Code RAMBHA at RRC In Proceedings of the

Workshop on Nuclear Data Evaluation, Processing and

Testing, August 4-5, 1981, Kalpakkam, Report No.

INDC(IND)-3O (1981) IAEA, Vienna.
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$• S. Ganesan, M.H. Rananadhan, V. Gopalakrlahnan and
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Participation in IAEA Code Verification Project

(S.Ganesan and M.M.Ramanadhan)

On a suggestion from IAEA Nuclear Data Section, we

started participating in IAEA Code Verification Project .

This project attempts to assure that for a given input or

evaluated data and physical assumptions the output of cross

section processor is accurate* Ibis project does not deal

with errors in the evaluated data or the modelling accuracies

of the transport or diffusion approximations of the physical

problem. The objectives are therefore limited to the followingt

1. To examine the behaviour and test the accuracy of processing

programs*

2. To eliminate, through identification of weak points, the

error producing options and sources (of discrepancies)

in the processor*

Once these two objectives are satisfi' ., it is possible

to have the generation of multigroup constants ithout introducing

significant errors in processing, within reasonable computing time

using correct models for processing*

Using the latest so called 'mod. 1 library' (referred

to at Vienna as EN5-D2-p ENDF/B-V dosimetry library) we

generated flat weighted zero kelvin unshielded cross sections

using SAND II 620 group structure. The codes LINEAR-RECENT-

GROUPIE3 were utilised.

A comparison of our results were made at IAEA, with

the benchmark standard results. Differences were noticed for

very small values close to threshold and the reason was traced

to a procedure built into LINEAR to handle the case of positive

and negative background cross sections in the resonance region

which should not have been applied near thresholds. The v&rsions

of LINEAR used does not further subdivide the interval if the
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cross Motion at either and of an energy interval is lass than

a u*«r specified value, this design problem la LINEAR was

overcome in a current version off LINEAR.

Hie participation increased our confidence in the

sucesaful adaptation and use of preprocessing codes supplied

by IAEA, in our DPS-8 system*

1. D.E.Cullen, W.L.ZiJp, and R.E.MacFarlane, Verification of

Nuclear Croaa Section Processing Codes, INDC (NDS)-134/G

(1982).

2. D.S.Cullen.et al, the IHDF 82 Doaiaetry Crosc Section

Library, Report IAEA NDS-48, Vienna (1982).

3* D.E.Cullen Summary of Preprocessing Codes, June 1983,

Report IAEA-NDS-39, (1983).
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Generation of Broad Group Errors and their Correlation Matrix

for Total Reaction Cross Section of U-238

(S.Ganeaan and V.Gopalakrishnan)

A recent Argonne National Laboratory evaluation has

provided the fine group values of errors and their correlation

matrices for U-238 from hk keV to 20.0 MeV energy region. This

fine group error matrix has a dimension of 55 x 55*

A practical problem in sensitivity analysis is

concerned with proper collapsing of the large correlation matrix

into a small sized matrix for determination of error associated

with calculations of neutronic parameters arising from cross

section uncertainties and their correlations.

A derivation made by us, invoking certain assumptions,

as detailed in Ref.2 gives the following expression.

A A Ac

A
where <-> 2.j and £ j " a r e t h e broad group values of the

errors and their correlation matrix. Q is the number of fine

groups in the broad group I and p the number of fine groups in

broad group J. It is assumed that the broad group boundary and

a fine group boundary coincide. Cp^ <f'-% are broad group

fluxes and 9t ^ ^A represent fine group values* An

assumption involved in deriving Eq.(i) is that (ft • does

not depend on *Lg * Our derivation appears to correspond to

option LB • 0 given by Perejr in END F / B uncertainty file.

Calculations are in progress to collapse the above

55 x 55 matrix Into 10 x 10 matrix. The aim is to obtain

familiarity and experience in processing of uncertainty files

and get a practical idea about the whole problem.
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