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PREFACE

The present progress report on Nuclear Data Activities
in India is the eighth report, the first of which was
brought out in the year 1981. This report covers the work
carried out during the period from July, 1990 to June, 1992.
It contains brief description on various activities such as
measurements, evaluations, compilations, processing of
nuclear data, validation of nuclear data through
experimental analysis and other related works being carried
out in India, mainly at Bhabha Atomic Research Centre at
Bombay and Indira Gandhi Centre of Atomic Reseaxrch at
Kalpakkam.

The work related to basic nuclear physics including
nuclear structure studies and heavy ion physics being
carried out at Pelletron accelerator at Bombay and Variable
Energy Cyclotron at Calcutta has not been included in this
report which can be found in the proceedings of the
Symposium on Nuclear Physics, Vol. 35B, held at Bombay from
December 21-24, 1992. '

This report basically gives the extended abstracts of
the work carried out and these are not to be 1regarded as
publications or quoted without permission from authors.

S.S. Kapoor
Member, Internmational Nuclear Data Committee
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DETERMINATION OF THE TEMPERATURE AND LEVEL DENSITY PARAMETER OF
FISSION FRAGMENTS FROM MEASUREMENT OF NEUTRON ENERGY DISTRIBUTION
IN "5U(n‘hv£)

‘M.S.Samant, R.P.Anand, R.K.Choudhury, D.M.Nadkarni and S.S.Kapoor
Nuclear Phyasica Dlviasion, B.A.R.C., Bombay 400 085.

Emisalon apectra of the prompt neutrons emltted in flasion
contain valuable information on the statistical properties of the
figsion fragments. Statistical model analysis of thease emisasion
spectra can give information on the 1level densities of the
reaidual fragmenta after neutron emission. Details of the
experimental setup and the analysis procedure to determine the
neutron multiplicities and temperatures have been reported
sarlier/l1/. In the present work the 1level densities of the
flsalon fragments formed in 223U(n.n,f) have been inferred from
the analysis of the experimentally determined fission neutrcon
nultipllicitiea and temperaturea. Tables I and I] gilve a aummary
of the experimental results on the neutron multiplicities (V) and
neutron emlssion apectrum temperatures (T) aa a function of
fragment mass (M¢) and total kinetic energy (Ex). The present
results on neutron mutiplicity and temperature ag e functlion of
M, and Eyx were analysed to deduce information on the level
denslty parameter.

The average excitation energy of fragments of sgspecified M,
and Ex was calculated by the followlng relation

Ex(M¢ ,Ex) = V(Mo ,Ex)}*[Ba(Me) + 3/2 T(M,,Ex)] ¢+ E (M)

where B,.(M,) 1Is the neutron binding energy for the particular
mags group averaged over various fragment atomic numbers, and E
(M) la the average energy relczzad by gamma emiassion. The B.(M.)
values were calculated taking into account the fragment charge
distributions, and using the values of the neutron binding
energies from the mass tables and the ET(H') values were taken as
half the neutron binding energy. The total exclitatlon energies of



the fragments obtained by adding the excitation energies of the
complementary fragments were found to be in agreement with the
eatimates of excitation energies obtained from total kinetic
energy meaaurements within about 2 MeV. The fragment excitation
energy can be related to its temperature by the relation Ex=aTZ
where T lsa the fragment temperature after one neutron emisasion
and 'a’ ia known as the level density parameter. The results of
T® (=1.2T%.,,,) are plotted in Fig.1 as a function of the
excitation energy per nucleon for light and heavy fragments. Two
straight lines corresponding to the level denaity parameter a =
A/7 and a = A/10 have also been drawn in these figures. Although
there las a lot of acatter of the experimental points about these
lines it is seen that for the 1light fragments, the 1line
corregponding to a = A/7 ashows the average varlation of the data
points, whereas for the heavy fragments the line corresponding to
a = A/10 follows the average variation of the data points more
clogely. The above analysis indicates that the 'a’' parameter for
the light and the heavy fragmenta have different level denaity
constants. The reason for this difference in the mass dependence
of the ’'a' parameter for the light and heavy fragment regiona lia
not very clear at present and needs further investigation.
References:
/1/ M.S.Samant et al, DAE Symp.on Nucl.Phys.,Madras 33B

(1990) n.131
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Table 1

NEUTRON MULTIPLICITY AS A FUNCTION OF FISSION FRAGMENT MASS AND TOTAL KINETIC ENERGY
TRE 140 183 150 155 . 160 165 170 175 80 185 190 493

MASS

No.

a0 .00 00 a6 .24 9 00 0o .00 .00 G0 00 o
a2 00 .34 L1 114 93 ) 00 .00 .00 00 00 00
34 00 161 143 16 1.04 93 58 .00 .00 00 00 o0
8 1.62 1.84 1.68 1.34 1,21 1.01 81 .24 .00 00 00 .00
88 1.4 182 1.74 157 135 1.4 B4 .65 .00 .00 .00 .00
90 1.49 1.72 1.78 1,70 .52 135 1.18 .8 .57 .00 .00 00
92 1.93 2.44 2.07 1.84 167 1,54 1,35 1.1 78 00 .00 00
94 2,20 2.12 2.6 2.00 .81 1.64 1.46 1,19 .93 54 .00 .00
9% 2.2 2.0 2.25 2.11 1,88 1,71 1.54 1.29 1.00 74 .00 00
98 .00 2.5 2.36 2.24 1.99 1.83 1.3 1.33 1.07 84 .58 00
100 00 2,77 257 247 211 1.9 47 L4 L6 N Sh 50
102 .00 2.43 2.3 2,4 2,25 2.08 1.83 1.2 1.33 1.07 .80 .38
104 00 2,26 2,33 2.49 2,38 220 2.02 1,72 450 1.23 91 .85
106 .00 1.8 3.07 2,72 2.7 2.20 2.07 1.&7 1.9 1.43 1.7 1.00
08 .00 2.04 2.8 2,54 2.564 2,43 2.22 1.88 1.85 1.47 112 .00
110 00 475 2,26 2.2 2.3 2.49 2.18 2.10 1.87 00 .00 .00
12 .00 00 1,94 2,01 2.29 2.2 L0 .00 .00 .00 00 00
114 00 .00 1,98 1,80 1.87 00 .00 L00 .00 00 N .00
126 .00 194 155 1.09 1.05 80 .55 54 38 .00 00 00
128 .00 1.1 14 113 .79 B3 .58 4 .39 36 24 o¢
130 .00 4,23 1.17 1,26 1.00 .89 W61 92 .40 37 .28 .22
1 A0 1,52 .33 145 113 % 78 .46 P SR TS - T
134 L0 155 L3 .34 1.8 .03 g2 N 60 54 48
136 .00 1.8 1.40 126 1,20 1.U 98 .84 .8 0 M b4
138 .00 71 452 1.3 123 41 2 .3 M 74 18 00
140 1.89 41.80 .48 438 1.27 1.15 1.04 .91 J8 L8 .00 .00
142 456 1.9 1.5 1.40 1.26 4.12 7Y B 74 00 .00
144 2,08 1.72 1.60 4.38 4.2t 1,10 A .81 .75 00 00 .00
4 1.37 174 1,57 138 120 1.06 2 94 .82 00 o0 .00
148 1.08 1,74 153 1.39 1.24 .99 97 1.02 00 00 00 00
150 41.88 1,60 1.60 1,38 1.2 1.0 1.02 1.18 .00 .00 .00 .00
152 000 159 1,38 1.26 1,18 143 125 .0 00 . .00
154 .00 1.48 1,38 1.48 1.10 K 00 00 W06 W00 00 00
5% .00 00 162 1.4 .71 00 00 .00 .00 Lo .00 .00
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FISSION TIMESCALES IN 233U(nun,f) FROM PRESCISSION NEUTRON
MULTIPLICITY STUDIES
M.S.Samant, R.P.Anand, R.K.Choudhury, D.M.Nadkarni and
S.S8.Kapoor.
Nuclear Physics Diviseion, B.A.R.C., Bombay 400 085.

Preflaalion neutron emission has been used aa a senaitive
probe for the measurement of fission timeacales in fission
reactiona/1l/. In low energy fiassion, the preacisaion neutron
multiplicities can be determined from the measurement of angular
distributions of neutrons with respect to the flasdion direction
and comparing them with that expected on the basis of neutron
emiasion from fully accelerated flsasion fragments. In the paat
there have been a number of attempts to measure the prescission
neutron multiplicity ( VYore) valuea In ®R3%3U(n.n,f). In the
present work we have measured the Yp,. values in 233U(nen,,f)
from the measurementa of the neutron angular diastributiona as a
function of fission fragment mass and total kinetic energy (Fx).
Detalla of the experimental aetup and the analyasia procedure have
already been reported earlier/2/. Fig.l shows some typical
measured neutron angular distributions for different kinetic
energy bins for the fragment masses M, /My = 96/140. The results
of Monte Carlo calculationa corresponding to neutron emission
from fully accelerated fragments are also shown in the same
figure for comparison. It 1a aeen that the measurement and
calculations agree well for low values of the fragment Ex, but
with Increasing fragment E« there is a difference in the measured
and the calculated neutron angular anisotropies. This difference
in the meaaured and the calculated neutron angular anlaotropy |ia

used to estimate the Ve,, values. Fig.2 shows the resulig of
the present work on the YVere Vvalueas as a function of the
fragment mass. It is seen that Y,,. does not depend on fragment

mass and the average value of Y,,, for all fragment masseas la
found to be of the order of 0.18%0.05 neutrons per fiasion.

The average Vere value waa used to eatimate the saddle
to scisaion time of the fission procesa in the following manner.
In thermal neutron fission, the nucleua is8 quite cold at saddle
point and acquires excitation energy during the saddle to
asciaasion transition, due to drop in the potential energy. The
excitation energy of the nucleus during this time can range from
1 to 30 MeV depending upon the coupling of the collective and
internal degrees of freedom/l/. For an average excitation energy
of around 15MeV and the 1level denaity parameter a=A/10, the

pr— <~ s ~—— . —



astatlatical neutron decay lifetime f£rom the flaslonlng nucleus
estimated using the statistical model <code PACE II ls of the
order of 1.86 X 10-*®*g, In the extreme case, assuming the
excitation energy at scission point to be 30 MeV we get a neutron
lifetime of 1.25 X 10-7%gs. Thus using the measured Y,p., value of
0.18 and the above estimated neutron lifetimea, we get a saddle
to scission time (Ty) in the range of 3 X 10-*%g to 2 X 10-t°g,
Theae can be conaldered as the two limitz for the timescale of
the fission process. These two limits are shown in Fig.3, along
with the available data in heavy ion fusion-flasalon reactions for
various fissioning systems. It is seen that the present results
agree with the systematic trend obtained for all the systems.
References: i

/1/5.8.Kapoor ,Proc.INDC Meeting on the Physica of Neutron
Emission in Fission,Mito City, Japan, IAEA, June 1989, INDC-
(NDS)~-220,p 207

/2/M.S.Samant et al,DAE Symp.on Nucl.Phys.,Bombay34B (1991)p.231
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Excitation function and fragment angular 'distributions in the
fission of Au-197 induced by He-ions in the energy
range of 30 - 70 MeV

P.C.Kalsi, A.K.Pandey, R.C.Sharma and R.H. lyer
Radiochemistry Division , BARC
Trombay, Bombay - 400 085S, INDIA

The fission cross sections and fragment angular
distributions in the fission of Au~-197 (2=79) excited with He-
ions in the energy range 30-70 MeV have been measured using the
seasitive fission track technique. The measured fission cross
sgctions vary from 11 microbarns at 30 MeV to 16.8 millibarns at
70 eV, The data were analysed wusing a statistical model
expression to get tnes fission barrier, Ef of T1-201 t compound
nucleus formed by the interaction of Au-197 and He-ion) and the
level density parameters, 3, and ag for neutrons emission and
fission respectively.

The experimental values are : Eg = 19.3 £ 2.5 MeV : a5 =
16.75 MeV~! ; a, = 14.57 MeV~!, These values agree very weii with
the best data available in the literature. The anguiar

distribution data is being analysed to understand the variation
of anisotropy ratios with the excitation energy of the compound
nucleus and to get information on the spin distribution and
shape of the nucleus at the saddie point.

Tabie

!
s

4e + 1974y (q,f1

EL Ey a4 tcm) sgiem=) Experimencal

(HeV) (MeV) . - Anisotropy
¥1g0e/Ygge

integral method Absolute method QOptical Model

70 67.4 16.79 ¥ 10-27 20.11 % 10727 22,59 § 10723 1.89

65  62.5 9.46 % 10°27 10.96 ¥ 10-27 22.06 ¥ 10°2% 2.21

60  57.6 7.74 X 10-27 8.99 % 10727 21,42 § 10723 1.71

€5 52,7 3.20 X 10727 4.81 X 10727 20.62 % 10725 1.80

6 47.8 2.19 ¥ 10727 z.ss/i 10-27 19.52 & 10725 1.83

45 42.9 6.06 ¥ 10-28 7.17 ¥ 10°28 18.34 ¥ 10725 2.13

40  38.0 19.50 & 10°29 20.92 § 10729 16.67 ¥ 10725 1,90

s 33.1 29.30 % 10730 28.3 & 10°30 14.42 ¥ 16725 1,76

a0 28.2 11,55 ¥ 10-30 12,45 ¥ 16-30 11.36 ¥ 10725 2,50

Futlished in

i- LAE Symposium on Radiochem % Radiati C

) University, Nagpur, Fed. S-&'(zgsgf?xatlon chem.. Kagpur

<= 7 th Naticnal Conterence on Farticie Tracks in Zoligs,
Defense Laboratory, Jodhpur, Oct, 9-11 (1991,



12

Fission excitation function of 181ge compound nucleus
forsed by 12¢ + 16914 and 16p + 1654g reactions.

A.K.Pandey, P.C.Kalsi, R.C.Sharma and R.H. lyer
Radiochemistry Division , BARC
Trombay, Boabay - 400 085, INDIA

Vith a view to understanding the effect of angular momentum on
fission ‘barrier and fragment anisotropy we have measured the
fission cross sections and fragment angular distributions of the
7§181Ro compound nucleus produced by 5120059169Tm and
8 50f57155Ho reactions at several bombarding energies above the
fusion barriers. In particular , we have chosen lower energies
where no experimeital data are available and where the average
angular omomentum of the 160+16540 systems is lower than that of
the 12c+169Ty gystem the cross over occurring at an excitation
energy of about 57.6 MeV and <i>,, about 27.5 .

Statistical wmodel fits to the experimental excitation functions
wvere performed by using angular-momentum-dependent fission
barriers Eg(J) from Rotating Liquid Drop Model (RLDM} and from
the rotating finite range model RFRM of Sierk at different <l>5
values. Evaporation residue cross sections gp rather than ‘otal
reaction cross sections g (optical model) were used to get T¢/T,
values. It is seen that best fits to ths experimental data are
provided by wusing the E¢(J) from RFRM. The predicted cross
sections are amuch smaller with Eg(J) from RLDM,

Our data are consistent with RFRM E;(J=0) value of 19,2 MeV for
181Re, The RLDM E4(J=0) value of 22 MeV is high and is
inconsistent with the experimental data. Another noteworthy
observation is the excellent correspondence between the variation
of <15, of 12c+169Tn and 160416545 and the [¢/T, values with
excitation energy. The cross-over point (E=57.6 MeV and <13,
27.5 44} represents a true compound nucleus with out any entrance.
channel effects. Further measurements of ¢y and do/d2 on the
181R¢ and other systems at excitation energies close to the
cross-over region are in progress.

TABLE
SYSTEM EL Ey s
HeV MeV nh
160+165y, 81 50.7 .020
83 52.5 078
85 54.3 . 106
100 8.0 6.34
12041697, 70.2 50.7 . 104
72.1 52.5 171
74.0 54.3 .285
79.0 58.9 1.13
82.0 61.7 1.84

. = . . . = e = = = e = = == -

Published in

1- DAE Syap. on Nuclear Physics, Proc. of the vol. 34B, page no.
13., Bombay (1991},
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169-fon-Induced Fission 0f 197Au

A.K.Pandey, P.C.Kalsi, R.C.S5harma and R.H.iver
Radiochemistry Division , BARC
Trombay, Bombay - 400 085, INDIA

Analysis of the fission excitation function of 213 compound
nucieus formed by the 1604197, using angular-momentum-dependent
fission barriers has confirmed the vaiidity of Rotating Finite
Range Model (RFRM) in reproducing the experimental excitation
functions with the estimated fission barrier E¢ (J=0) vaiue of
7.62 MeV for 213Fr, The experimental anisotropies at different
energies of 16g vere compared with those calcuiated by Standard
Statistical Saddle Point Model.The experimental anisotropy data
are consistent with those obtained by SSPM.The measurements were
done by wusing the Lexan plastic detector.

Table
€, op  VigoelVgoe (Expt U0 Ug0s (Cairt
MeV mob
s a2z noaeoz vz
81 18.1 1,762, 14 1.348
96 420 2.662.21 2,464
108 919 2.90%. 15 3.068

Published in
1- DAE Symp. on Nuclear Physics, Univ. of Madras, Madras (1990},
Paper No, 024,

2- DAE symposium on Nuclear and Radiochemistry, Andhra
University, Visakhapatnam , Dec 21-24 (1992)
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Excitation Functions Of #He-lon-Induced Fission Of 1587y
And nat.yp

A.K.Pandey, P.C.Kalsi, R.C.Sharma and R.H.Iyer
Radiochemistry Division , BARC
Trombay, Bombay - 400 085, INDIA

work on the helium jon induced fission excitation
functions of Tb!59 (2:65) and Ybl73-1 (2270} have been complated.
The fission cross sections of and the total reaction cross
section oR obtained from th€seexperiments are summarized below

Experimental

TABLE-1 Experimental fission cross sections

He4 jon Target Excitation g oK e/ Tg
energy energy . b
(nev? (HeV) (en?) (em?) a§/eR

b e e e e e e e e e memmmmmmem—mmmemememe—mm———————
47.5  TblS®  4s5.8 14.1620.91110733 1,910%107%% 2,178%10°%
50.0 48.0 (1.5420.28)10732 1,954K10724 7,866%10°°
55.0 52.9 (4.19$0.48)10°32 2,026410°24 2,069K10"8
60.0 57.8 (1.5320.11110°31 2,083%107%% 7,331K10°8
40.0  Ybl73.1 36,9 (1.55%0.22)10732 1.722K10724 9,001K10°9
42, 39.3 (4,52%£0.56)10732 1,796K1072% 2,517%¥10°8
45.3 42.0 18.30+0.81)10°32 1.860K10°2% 4,462410°8
50.0 46.6 (1.20£0.07110°30 1,965510°24 6,107x10"7
55.0 51.5 (2.580.08)10730 2,047K10°2% 1,236K1076
60.0 56.4 18.90£0.31110°30 2,112Kk10°24 4,214%10°8
65.0 61.3 (1.4520.03110729 2,164X1072% 6,701%10°6
The data were anajyzed using the statistical model .The
experimental fission barriers of 1834o and 177 14f obtained by
analysis of excitation functions were compared with fission
barriers calculated by theoretical modeis such as the simpie
liquid drop model (LDM) , rotating liquid drop model (RLDM) ,
shell-corrected liquid drop wmodel and rotating finite range
models (RFRM) of Sierk and Mustafa et.al. These are summarized in
the table given below . There are good agreement between the
measured experimental fission barriers and those predicted by a

semi~empirical mass formulation based on the charged liquid drop.

This indicates that ground state deformation has very little
effect on the lowering of the fission barriers.

Table:- Experimental & theoretical fission barriers (MeV)

C.N.  EAP.Eg  L.D.M. RoL.D.M. Sh.-Corr.L.D. Sierk Mustafs
67Hol63  31.5:3.5 36.98 3.6 3 28,4 30.5
7201771 26.723.0 30.60 27.3 28.6 23.3  25.3
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Gur fission barrier data on the compound nuclei 163Ho, 171, 3yp,
1691y and 177 lyf along with simiiar data availabie in the
literature have been wused to bring out some interesting
predictions concerning the trends and systematics cof symmetric
and asymmetric fission barriers in lighter and heavier nuciei.

One of the most interesting resulis arising cut aof the present
analysis is the striking linear relationship between iogyg rflfn
normalised to a constant excitation energy of 40 MeV and 2274
tfor the compound nuclei from 1635 to 21 where symmetric
iission is predominant which can be represented by the equation

Logiof§/Tn = 1.262274 - 44.77 R F S

However, in the actinide regions ranging from 2327h-254pg (all of
which are predominantiy asymmetric fission nucleil, only a
relatively weak dependence of log;o ¢/l on 22/a was observed
wvhich can be represented by the equation

Logyp T§/Tn = 0.366 22/A - 13.455 ...... (2

A theoretically more meaningful analysis may be the
correlation of [§/I, with Eg'-B,' where E;' and By' are effective
fission barrier and neutron binding energy respectively. Based on
minimum sum of squares of deviation, 50% shell correction with
pairing energy term was found to best represent the data and can
be represented by the following equation:

Logiol¢/In = 1.593 - 0.452 (E;'-Bp'") cenees 13D

The results suggest that shel!l effects tend to persist even at
higher excitation energy .

On combining equation (1) and (3) the foliowing equation is
obtained.

Eg' - Bp' = 102.57 - 2.79 22/A ... ..., (4]

If one neglects, or averages out shell effects, and assumes Bp'
is approximately constant, then

Eg = Ky - Kp (227A) ceees (5

where K; and K> are constants. This is the same form given by
Cohen and Swiatecki for obtaining the barrier of a charged
liquid drop. Since the equation (4) represents symmetric fissian,
the Eg¢' in the above equation can be assumed to be
E¢'(symmetric)+ The symmetric fission barriers obtained from the
above equation were compared with the experimental symmetric
fission barriers available in the literature .(Table-1) It is
obvious from theso results that the sysmetric fission barrier
obtained from equation 4 are reasonably close to experimentally
observed fission barrier. From the limited available data an
asymmetric fission barriers , it is apparent that asymmetric
fission barrier (Eg'(agy) - Bp'J) is linearly dependent on 22:4,
Based on the available data, the asymmetric fission barrier can
be represented by the equation.
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Ef' (asym)- Bn' = 235.11 - 6.65 22/A ceel B

From table , it appears that near A=200, the asymmetric
fission barrier may become so much higher than symmetric fission
barrier that asysmetric fission may not be experimentally
observable below A » 200 and hence it disappears around A ~ 200.

Table Syametric and asysmetric fission barriers

Symm. fission Exp. symm. Asymm. fission Exp. Asyam. Average Exp.

Nuclide barrier fission barrier fission fission
(From eq.4] barrier (From eq.61 barrier barrier®
MeV MeV MeV Me¥ MeV
163y, 31.66 -- 57.90 -- 31.5
1687q 30.01 - 53.90 -- 29.8
171. 3yp 29.00 -- 51,14 -- 27.8
1731y 27.62 - 47.68 -- 28.7
177. 14¢ 27.01 - 46.57 - 26.7
2017y 21.47 - 28.02 - 22.5
210p, 20.67 21,2 23.51 24.4 20.4
213,¢ 15,43 17.3 17.04 19.8 16.8
227ga 11.89 9.3 12.06 7.95 --
226¢ 8.65 8.8 5.98 7.80 --
227,¢ 9.59 8.5 7.45 7.40 --
8.5 7.30 --
228, 9.02 8.8 7.47 7.0 --
9.2 7.2
2327y, 9.93 - 7.71 -- 5.95
2331 9.50 -- 7.87 -- 6.44
232p, 6.87 - 1.65 -- 5.18
238y 8.26 -- 3.54 -- 5.80

# Obtained by analysis of excitation functions.

Publ ished in
1- Physical Review C, Vol. 44, No. 6, 2644-2652 (1991},
2- DAE Symp. on Nuclear Physics, Proc. of the vol. 34B, page no.
213., Bombay (1991).
3- DAE symposium on nuclear physics , BARC , Bombay, Dec.
21~24,1992
4- Communicated to Physical Review C.
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Alpha particle induced reactions on 27Al at$55.2 and 58.2 MeV

8.S.Rattan, A.Ramaswami, R.J.Singh and Satya Prakash

Radiochemistry Division, Bhabha Atomic Research Centre,
Bombay-400 085, India

27A1 have been

The alpha particle induced reactions on
studied using gamma ray spectrometry. The cross sections for the
formation of 7Be. 22Na, 24Na, 27Mg, zaMg, 2821 and 29A1 in the
alpha particle induced reaction on 27A1 with alpha particles of
energy 55.2 MeV and 58.2 MeV have been determined. The results
are discussed in terms of increasing projectile energy and multi

nucleon as well as cluster emission from the excited nucleus.

Table 1. Experimental cross section in mb for the production of
"Be, 22Na, 24Na, 2TMg, 28Mg, 28A1 and 29A1 by irradiation on 27Al
with alpha particles.

Reaction Cross section in mb at alpha particle energies

products 55.6 MeV 58.8 MeV 58 MeV  55.2 MeV 58.2 MeV
[Ref.11 (Ref.1} {Ret.2} ----------Present~--------—-
TBe 0.98 1.32 1.0 1.025 1.136+ 0.054
225, 48.93 46.2 49. 49.77 + 0.82 43.98 + 1.63
24Na 15.11 22.56 18. 12.37 + 0.76 18.54 + 0.54
2Tug - - 5.4 2.34 + 0.07 3.01 + 0.12
28yg 0.46 0.60 0.43 0.435+ 0.039 0.410+ 0.032
285 - -- - 74.66 + 8.73 71.94 + 11.35
29, -- - 6.6 5.81 + 0.54 5.37 + 0.31

Published in Radiochimica Acta 51, 55-57 (1990)
For ve§evenceS,See above publicalion,
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Alpha Particle Induced Fission of 209Bi at 55.7 and 58.6 MeV

S.S.Rattan, A.Ramaswami, R.J.Singh and Satya Prakash,
Radiochemistry Division, Bhabha Atomic Research Centre,
Bombay-400085, India

The alpha particle induced fission studies of 2098§ have
been carried out at alpha particle energies of 55.7 MeV and 58.6
MeV using gamma ray spectrometry. The cross sections for the
production of fission products have been determined. The mass
distributions have been found to be broad with a peak near mass
104. The charge distribution in the alpha particle induced
fission of 20981 has been studied at alpha particle energies of
55.7 MeV and 58.6 MeV. The fractional cumulative yields of 97Zr.
99yo, 101y, 112p4 apg 117M¢y have been determined using gamma
ray spectrometry. The width of charge distribution has been found
to be broad.
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Table 4 . Experimental cross sections in mb for the formation

fission products in the alpha particle induced fission of 20931'
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'rableﬁ. Experimental fractional cumulative yields and calculated

Zp values in the alpha particle induced fission of 20931 at alpha

particle energy of 55.7 MeV and 58.6 MeV.

e T T et L L P P P \
'Parent | Gamma ray! FCY and Zp at alpha particle energy of H
{Nuclide | energy of! ---- 56.7 MeV¥ --- | --- 58.6 MeV ---- H
! ! daughter | FCY 2p ! FCY Zp :
! ! in kevV ! ' '
= e o e e oo /
] ] ] (] 1]
1977, ' 657.9 ! 0.667+0.039 39.86 ! 0.589 +0.111 39.93 |
(] [ ] [] ] ]

] [] ] §
1990 ' 140.5 ! 0.878+0.011 40.6T7 | 0.763 +0.174 40.75 !
1] 1] ] [ ] ()
] 1] [ ’
1101y, 1 306.8 ! 0.655+0.134 41.49 | 0.6B8 +0.114 41.56 !
L] ] [] [} ]
1 ] (] ] 1
1132p4 ) 617.4 [ 45.96 | 0.599 0.015 46.03 |
[ ] (] [} [] []
1117mcy g} 158.6, | 0.798+0.169 47.83 | 0.791 +0.130 47.81 !
' ! 553.0 ' ' :
A e L Rt /

# The FCY value of 17mCd is partial because here only m state

of 117Cd is involved.

Tableis. Total fission cross section in mb in the alpha particle

induced fission of 20981 at alpha particle energy of 55.7 MeV and

58.6 MeV.

Y e el e ek T e i \
!Alpha particle({Total fission cross section in mb | Average :
tenergy in MeV | (Ref. [7)) } Present i FCY used H
) LT {
1 65.7 { 64 H 66 i 0.733 H
: : [] ) ]
! 58.6 ! 88 {88 ! 0.660 f
! H H H !
\=====- T N T e e e e e e e e e e e e e e e /

Published in Radiochimica Acta 55, 169-172 (1991).

Fov velerences, sce abeve Publ/cabion,
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Alpha Particle Induced Reactions of 299Bi at 55.7 and 58.6 MeV

§.S.Rattan, N. Chakravarty, Ramaswami and R.J.Singh,
Radiochemistry Division, Bhabha Atomic Research Centre,
Bombay-400085, India

The alpha particle induced reaction studies of 20931 have
been carried out at alpha particle energies of 55.7 MeV and 58.8
MeV using gamma ray spectrometry. The cross sections for the
production of reaction products 207At, ZOBAt, 209At and 21044
have been determined. The variation of experimental production
cross section for the reaction products in 2OgBi(q’,xn)213—"At as
a function of neutron number of the reaction products at
different available energies showed the presence of possible
shell effects at neutron number 126.

Table j.. Experimental cross section in mb for the production of
2075y, 208y 209p¢ ang 210a4 by irradiation of 2098i with alpha
particles ’

et e e = e P il \
tin MeV ! ! ] ! :
P P !
' 55.7 V 37.2 i1 904 + 65 {1135 + 31 | 231 + 7 !
! ' 1 : H :
! 56.6  155.1%10.4 | 893+ 85 | 493+ 37 | 123 % 7 |
! i 1 ) : H
T T T T e e e e e e e e e e e e e e ——— /

Published in Radiochimica Acta 57, 7-9 (1992).



Table 2. Calculated lab energy and the éorresponding experimental
production cross section for reaction products in
zogBi(dbxn)213—xAt as a function of neutron number of the
reaction products at different available energies

'Reaction ! ! ! J
tproduct 12074t 12084 12094 121054 1211, 12124

/ ————————————————————————————————————————————————————————————————————
'Neutron {122 1123 1124 1125 1126 1127
!number ' ' : ] : H
/ ————————————————————————————————————————————————————————————————————
1Q-value !-50.899 {-43.65 |-35.24 1-28.08 -20.33 !-15.29
/ ————————————————————————————————————————————————————————————————————
{Avallable|{Calculated lab energy in MeV and the corresponding
1 energy :experimental28§oduction2i§gss section in mb for reaction
' (Eqy) iproducts in Bi (&, xn) XAt
/ ————————————————————————————————————————————————————————————————————
1.0 152.99  145.51  136.93  129.63  121.73  !16.54
: ! : : 1(8) 1(33) 1(0.2)
: . : : : : :
12.0 154.01  {46.53  137.95  130.65  !22.75  !17.56
: 5 : : 1(52) 1(116)  1(1.0)
: [} [) ) : ]
13.0 155.03  147.54  138.97  (31.67  123.77  118.58
: ; }(14) Po- 1(160)  !(240)  i(5.8)
' H ) 1 ] ]
14.0 156.05  148.56  139.99  132.69  124.79  119.60
: {(39) 1 (39) - 1(325)  {(390)  i(25)
[] [) [3 [) ] ]
{5.0 157.06 149,58  141.01 133,71  i25.81  {20.62
5 f(45)  {(80)  1(151)  i(560)  i(520)  {(76)
1] [} ] ¥
16.0 158.08  150.60  142.03  134.73  126.83  }21.63
: {(51) 1(120)  1(230)  {(780)  i(640)  {(132)
: H ) ] (] )
17.0 169.10  {51.62  {43.05 (3575  127.85  122.65
! - 1(180)  ((345)  1(820)  [(740)  !(140)
H { : ¥ 3
18.0 160.12  152.64  144.07  136.77  i28.87  {23.67
! ‘- 1(270)  1(570)  i(1020) {(810)  ((109)
H H H t ) )
19.0 {61.14  153.66  145.08  (37.78  129.89  124.69
: ‘- 1(405)  1(990)  i(1140) !(B70)  i-
: : : ' : ; :
110.0 162.16  154.68  146.10  !38.80  130.91  125.71
! & 1(620)  {(910)  {(1180)  {(900) |

Note: - The number in the brackets are the corresponding
experimental production cross section for reaction products in
20981 (‘,xn)ZIS'xAt.

~
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ANGULAR DISTRIBUTION IN ALPHA-INDUCED FISSION OF 232Th and 238U
T.Datta, S.P.Dange, H.Naik and S.B.Manohar

Radiochemistry Division,Bhabha Atomic Research Centre,

Trombay, Bombay-400 085, INDIA.

Angular distribution of fission products have been measured as s
tunction of mass asymmetry 1n the tissioning systems
“34rh(azy. 1Mevs 1), ZSBU(“‘ZB.OHeV'” and 238U(¢39.1Mev:f)' using
recoil-catcher technique and off-line gamma spectrometry. Present
data have been analysed alongwith similar data reported earlier
by wus in 232Th(u29"ev'f) and 233U(qggnev,r) and literature data
on mass-averaged products in the same tissioning systems i1n the
alpha energy region 16 to 40 MeV.

Angular anisotropies of the average symmetric and asymmetric
products in all these fissioning systems have been evaluated
based on the transition state model assuming two ti1ssion modes
with characteristic shapes and barrier heights and considering
multichance ftission at various alpha energies. Agreement between
the calculated and experimental anisotropies sndicate that the
angufar distributions for the symmetric and asymmetric modes
are decided at and well past the corresponding second saddles in
the deformation energy surtace. Eftfects ot multichance fission 1s
aiso seen to play a significant role depending on the properties

ot the nuclides concerned.



Table-1 :Anisotropy values tor Symmetric and Asymmetric modes 1n
23%ppa, 1) and 23Y%(a,t).
Fissioning System: ‘32Th + «a 1380 + «
Ex (MeV) 9.0 39.0 29.0 39.¢0
]
E (MeV) 23.5 33.3 23.4 33.3
<J> h 9.1 13.7 9.8 13.7

LAB. System:

W(0)/W(90) 1.38 1.62 1.37 1.54
:Symmetry $0.13 $0.10 $0.10 $0.06
W(0)/W(90) 1.64 1.96 1.66 1.78
:Asymmetry 20.09 20.11 t0.12 +0.09

C>H> System:

W(0)/uW(90) 1.26 1.49 1.25 1.41
:Symmetry $0.11 $0.09 $0.09 0.06
W(0)/W(90) 1.55 1.80 1.52 1.63

:Asymmetry $0.09 £0.10 t0. 11 +0.0%



w{0) 7 w{90)

2.5
23 Th + 240 ey I i
f {
1.5 }
1.0
200 o3 [
Th+d30Mmev Pt
i} 1y
1.5 :
i
1.0 J
2.0 238"“‘40'«1.\/
' i 1} -{ i
: I} i i It
l.5:- I I
Q- d
2.0 23°U+¢:igM v i
- 1
- I f }} i [
] }
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F!G.-l. EXPERIMENTAL ANGULAR ANISOTROPY AS

A FUNCTION OF FISSION PRODUCT MASS
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EMISSION ANGLE DEPENDENCE OF FISSION FRAGMENT SPIN.
T.Datta, S.P.Dange, H.Naik and Satya Prakash
Radiochemistry Division, Bhabha Atomic Research centre,

Trombay, Bombay-400085, INDIA.

. Average spin of fission fragment at specific mass-asymmetry has

been obtained as a function of emission angles in
238U(a39.1"ev.f)aystem from radiochemicaily determined
independent isomeric yield ratios of 1324, Fragment average spin

is seen to decrease from 11.2 to 6.5 4 with change in emission
angle from 90° to 20% due to the angle. dependent tilting
component over-and-above the statistical wriggling, bending. and
twisting components as per the collective mode model. Effects of
entrance channel parameters and multichance .fission are also

discussed.

’g}.: ?"5“'%"' C-46, 1445 (1332). :Tabl-2 .
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A. Fragment Angular Momentum Studies in Fission:
Technique: Radiochemically determined Independent Isomeric
Yield Ratio + Statistical model of Spin Distribution.

Table-1. Fissioning System 238U(015£é’as a function of energy.

Fission Product Isomer: g1.

Ea(MeV) Ex(MeV) Yield Ratio ers(h)
25.2 14.8 0.59£0.08 10.1£1.4
27.0 16.0 0.6810.06 12,2£1.3
33.1 20.6 0.7610.05 14.311.6
39.1 25.2 0.7610.05 14.4%1.5
44.2 29.7 0.7810.04 15.4%1.5

* Ref: H.Naik, T.Datta, S.P.Dange, K.Guin, P.K.Pujari,
S.M.Sahakundu and SatyaPrakash; Z.Phys.A-342,95(1992).

Table-2. Fissioning System 238U(a1§iﬂ as a function of angles.
Fission Product Isomer: 'o1.
Ea=39 MeV. Ex=33.2 MeV. <I>= 14.6 K

o(deg) Ao(deg) Yield Ratio I h
expt. Theor. [CMM]

84.5 10.9 0.812£0.01  11.2£0.4 11.5
64.2 8.5 0.80£0.02  10.8£0.4 10.8
48.9 6.3 0.70£0.04 8.310.8 9.9
38.5 4.3 0.6210.03 7.280.4 9.2
31.3 3.4 0.55£0.03 6.5£0.3 8.8
25.7 8.6 0.56£0.02 6.520.3 8.5

*Ref: T.Datta, S.P.Dange, H.Naik and SatyaPrakash;

Phys.Rev. C-46,1445(1992).
Table-3. Fissioning Systems: 252Th(a,f) AND 2°“Th(p,f).

* As a function of Kinetiisggeggy and Emission Angles.
Fission Product Isomer: '51.

System B2m(p, £) 232m(a, 1)
Ex(MeV) 23,2 33.2
<> 4.8 14.6
Al- Catcher

Thickness(micron) 7.6 25.0 7.6 25.0
<@ cut-off 43.0° 45.0-
W h 12.1 8.9 15.6 9.5

$1.2 20.5 $1.2 $0.5

*Ref: T.Datta, S.P.Dange, H.Naik, S.B.Manochar; DAE Symp. on
Nuclear Physics,BARC(1992).



Table-4. Fissioning System 2°Cm(n,f)
Fission Product Yield Ratio Jrms(h) TKE(MeV)
deduced expt.

131-Te 0.700.06 6.120.7 194.5 194.9
133-Te 0.5610.05 4.6x0.4 193.0 198.4
135-Xe 0.68+0.06 - 5.820.6 190.5 190.6

* Ref: H.Naik, S.P.Dange, T.Datta., DAE Symp. on Nuclear and
Radiochemistry, Waltair(1992).

B. Charge Distribution Studies in Low Energy Fission.

Table-1. Fractional Cumulative and Independent yields(132-I) in
the mass chains 128,131,132 and 134 in netron induced
fission of Actinides.

Actinide. 128-Sn 131-Sb 132-Te 134-Te 132-1

233-U 0.7820.10 0.5620.04 0.9620.04 0.6210.03 0.1810.01
235-U 0.94£0.04 0.80:0.02 0.9920.01 0.89£0.02 0.0210.01
239-Pu 0.8520.10 0.651+0.02 0.95%0.01 0.67+0.01 0.1610.01
241-Pu 0.93£0.04 0.78£0.03 0.99£0.01 0.8410.01 0.0310.01
245-Cm  0.7520.05 0.65£0.03 0.94£0.02 0.5610.02 0.2310.04

*Ref; H.Naik, S.P.Dange, T.Datta; Radiochim. Acta(1993).(in
press).



MASS RESOLVED ANGULAR DISTRIBUTION IN HELIUM ION INDUCED FISSION
oF 233,
A.Goswami, S.B.Manchar, S.K.Das, A.V.R.Reddy.
B.S.Tomar and Satya Frakash
Radiochemiatry Division, Bhabha Atomic Research Centre
Bombay 400085, INDIA

Angul ar distribution of eight fissicn profucts were
determined by receoil catcher technigque and direct gamma
spectrometry in the 28.5 MeV alpha induced fission of 233{1. The
data were fitted with standard angular distribution function to
obtain the angular anisotropies. Table~1 gives the angular
anisotropies for the fission products. The angular anisotropies
gf asymmetric fission products were found to be higher than those
of symmetric products (figure-1) indicating a correlation between
the fragment angular distribution and the mass distribution.
References:

1. A.Goswami, S.B.Manohar, S.K.Das, A.V.R.Reddy, B.5.Tomar, and
Satya Prakash Z.FPhys. A& 342, 299 (1992)

Table 1.
Angular anisotrapies of fission fragments in 233U(¢pf)
at E < =28, SMeV

Nuclides Angul ar anisotropy
W(O) /W(F0)

7z 1.35+0.08

M0 1.34+0.08

105Rh 1,36+0.08

1124 1.22+40.06
115gcy 1.23+0.09

131, 1.45+0.09

1324, 1.4240.09

1430 1.36+0.08

e st S o - - ~
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FIG.-2. DEPENDENCE OF ANGULAR ANISOTROPY ON MASS RATIO.
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wie The

Mass distribution in 120 induced fission of
S.B. Manohar. A. Goswami, A.V.R. Reddy, B.S. Tomar,
F.P. Burte and Satva Frakash
Radiochemistry Division, Bhabha Atomic Research Centre

EBombay 400 085, India.

Cumul ative/ independent cross-—sections of 25 tission
praoducts were determined in the 79 MeV 12¢ induced fission ot
232Th using recoil catcher technique and spectrometry. These
were used to deduce to mass yields using the charge distribution
parameters which were estimated trom the independent cross-
sections of the shielded nuclides IZZSb! 124Sb and lzbSb.
Table—-1 agives the cumulative/independent vields as well as the
corresponding mass yields. The mass yield distribution is plotted
figure—1. The mass distribution is a broad BGaussian with a aost
praobable mass of 119,0+0.7 and FWHM of 44.6+0.5 mass units. The
total fission cross—section computed from the mass distribution
curve is Bbéimb.

References:
1.S.HB.Manohar, A.Goswami, A.V.R.Reddy, E.S.Tomar, F.F.Burte and

Satya Frakash Radiochim. Acta S6, 69 (1992)
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TAELE-1
Mass vields in 79MeV 120 induced {fissiorn 23y
NMuclide rc (A cumuilative FCY/F1Y L
cross section
lgr  5.98 + 0.65 10.57+1.15  0.96 11,01 + 1.20
25  5.68 + 0.82 F.96+0.74 0.90 11.07 + .82
9zr B.9B + 0.64 16.29+1.18 0.98 16,62 + 1.20
72r  10.14 + 0.44 17.82+0.78  0.89 20,02 + 0.88
M0 16.30 + 0.46 2B.56+0.59  0.99 28.85 + (.60
10lve 12,07 + 0.18 21.19+0.32  0.95 ZRLEL + Q.34
103y 13,67 +'0.33  208.35+40.59  0.99 T4.60 + 0.60
L0470 13,19 + 0.39  24.89+0.73  0.99 25.14 + 0.74
1053gn  13.54 + 0.72 23.72+1.25  0.98 24.20 + 1.28
1070 16.28 + 0.64 2B.30+1.12  0.98 TE.BB + 1,13
124 17.34 + 1.12 30.28+1.95  0.87 34,80 + 2,24
ell3g 21.36 + 2.00 3I7.10+3.47 0.96 EB.63 + 3.6
#1%%h 2,69 + 0.18% 4.79+0.33  0.14 4,25 + Z.34
#1%%p  s.81 + 0.59% 12.68+41.10  0.35 6,12 + 3414
#196gh 6,69 + 0.67% 13.35+1.36  0.42 31.78 + T.24
Ysb  8.40 + 0.32 14.47:0.55 0.44 32.89 + 1.25
@139 6.54 + 0.24% 11.21+0.41 0.42 26.69 + 0.98
136ce  4.79 + 1.17% 8.13+¢1.97  0.41 19.84 + 4.80
17982 8.38 + 0.50 14.11+0.85 0.50 28.22 + 1.70
180pa 4,60 : 0.20  7.16+0.31 0,32 22,37 + 0.97
141ce  10.70 + 0.29 1B8.41+0.49 0.92 20,01 + 0.53
M2 a 4.93 + 0.26 B.2240.47  0.40 20.95 + 1.18
183ce 9,14 + 0.32 15.19+0.32 0,67 22.67 + 0,48
14780 3.92 + 0.18  6.66+0.2v  0.81 7.97 + 0.34
15%gm  3.25 ¢ 0.22  5.29+0.37  0.64 8.26 + Q.56

* refers to independent vield.

e 0 B e e e ot 6 P o U . e s St i e B S (e T an A Ve T e e S e O e

# includes vields of both metastable and ground states.

@ excludes small contribution of I~ decav branching of the

isomeric state.



CROSS-SECTION " {mb)

100 "
[ § THIS WORK
T A 23%, 4+ (46 MeV ) AA
REF.(6)
n éé—-— - 53
- & BN
e s 3 N
= 9/ f
Fa'sY
N /§ N\
/ A
/B ‘
10
- , .
B /
B /
B , \
| / \
/ \
o / -\
/
- / A
// 3
- a
0 ) i ] 1 i ] ] | 1 ] | |
74 86 28 no 122 134 146 158

FISSION PRODUCT MASS




7 -

s,

Independent lsomeric vYield Ratios ot i""'.‘T"Eil:) 1n
2 puing, . f) and “FBugl )
E.S.Tomar. A.Boswami. FA.V.R.Reddy. S.K.Das.
S.H.Manohar and Satva Prakash
Radiochemistrv Division. Ehabha Atomic Research Centre.
Bombay 400 8%, INDIA
Independent isomeric vield ratios (IYRs) of Loy, were
determined in 241Pu(nth,+) and 238U(a,+) using fast radiochemical
separation followed by camma spectrometrv(l). The corresponding
+ragment'angular momenta were deduced uding standard statistical
model code GROGI. Table—-1 gives the IYRs and fragments’' average
angular momentadd. ). Figure 1 shows a plot of +ragment angular
momenta for 132Sb, 1308b and 1285b as a function of excitation

energyt(Ex) of the fissioning nucleus. The J in general

v
increases with Ex. However the slape of J,, Vvs E: is muchk less
for 1328b than other fragments. This has been explained in terms
0t the persistence of shell effects even at an excitation energy
of about 20 MeV.

References:

1. B.S.Tomar, A.Goswami, A.V.R.Reddy, S.K.Dbas, &.E.Manohar &and
Satya Prakash Radiochim. Acta 85, 173 (1991

2. B.S.Tomar, A.Boswami. S.k.Das, R.K.Srivastava, Re.Buin,
S. M. Sahakundu and Satya Prakash Phys. Rev. 38, L1787 (1988)

TABLE }
xey
Fragment angular momenta of 1°‘Sb in

the law and medium energy tission of qupu

-~ e s et e o S i s e S o e

Fissioninag Excitation Ym/Ym+Yg) Average J
system Energy (MeV) ﬁh

ey g, f) 6.2 023 +0.08 4.62 + G.G8
23

2~BU"-‘31MEV’*) 20.5 0. 86 +0,02 7.15 £ 0.34
BUtazguey f)  27.0 ©.44 +0.06 7.29 + 1.01
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Complete and Incomplete fusion in 120 + c’73Nh and
150 +B9Y Reactions

B.S.Tamar, A.Goswami, A.V.R.Reddy, S.kK.Das, F.F.Burte,

S.B.Manohar and Satya Frakash

Radiochemistry Division, Bhabha Atomic Research Centre,

Bombay 400 085, INDIA

Excitation functions for the evaporation residues for the

reactions 12C + 93Nb and 160 + 89Y in the projectile energy range

of 4 to 6.5MeV/amuw have been measured using off-line gamma

spectrometry(l). The excitation functions for neutron (:n) ,

proton(pxn) and one alpha (axn)
similar ~ for both the reactions.

two alpha (2axn) emission show much higher cross sections in
explained in

emission channels are practically

However the products formed by
the

12l:: +93Nb than the 1"(:i+8c"\/ system. This has been

terms of the incomplete fusion process involving transfer of an
alpha particle from the projectile to the target in the former
case.

References:

1.RB.S.Tomar , A.Boswami , A.V.R.Reddy, S.K.Das, F.F.Burte,

S.HB.Manohar and Satya Frakash Z.Phys. A 343, 223 (1992
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Generation of Transport Cross-Section forjHydrogen using
BN=Approximation
R.D.S. Yadav and Vinod Kumar

Theoretical Physics Division
BARC, PBombay - 400 085,

In the analysis of lightewater reactor systems, it is very
important to take into account the anisotropic nature of
scattering €@ross=Sections. This is generally done by using
appropriate transo»ort Cross-Sections in the place of total
cross-sections while solving the transport ecuation. In the
multigroup picture, one cam obtain the transport cross-—-section
by using the zollowing expression

Sty = Oeg ~(F Gy Ty) /35 B

where, 3'
UZA,% - transport cross—section in group g,
U:u% - total cross=section in gpboup g,
t§;t§ - Pi Scattering Cross—section from group g'

to group g.
:E} - neutron current in the group g.

However, to calculate the transport crossesection from (1) one
must know the current spectrum Jg- In reference (1), we

discuss the generation of Py-scattering matrices for hydrogen

and solution »of BN equations for a given buckling.

In this manner, we obtain the neutron current spectrum

which are then used to f£ind the transport cross=-sections from
the 69=group WIMS library ror hydrogen.

In Table-lf*ke present the 69-WIMS and our recommended
values of transport cross=sections. For further details

kindly refer to reference 1,

References i

l., R.D.S.Yadav et al., Generation of ransport Cross-section
for Hydrogen using B approximation, Proceedings of the
BARC=IGCAR Discussion Meeting, Sept. 1990, BARC,
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TABLE-1

Energy-group structure and recommended transpoxrt cross-sections in WIMS-69

Group no: Upper energy lower energy Transport cross-section
69-WIMS Recommended
1 . 1000000008 L 60655000407 1.0655780 1.0655780
2 60655000407 36790000107 1.1061325 1.3338937
k] .36790000+07 .22310000407 1.32086%51 1.5923044
4 .22310000+07 . 13530000407 1.6357503 1.7528088
5 . 1353000007 .82100000+06 2.1206789 1.8893006
6 . 821000004106 LH0000000106 2.6771870% 1.9574760
7 . 5000000006 . 30250000406 3.5906724 2.2188643
8 . 30250000406 . 18300000406 4.3144354 2.3031185
9 . 18300000406 . 11100000406 5.2610499 2.5809887
10 . 11100000406 .67340000105 6.2107478 2.8869194
1" . 67340000405 . 40850000+05 6.8505459 3.2241471
12 . 40850000105 . 24780000+05 7.1901462 3.5725232
13 . 24780000405 . 15030000405 7.3040086 3.9244922
14 . 15030000 +05 . 91180000404 7.2176519 4.2830579
15 . 91180000104 . 55300000404 7.0723300 4.6363266
16 .55300000+04 .35191001404 6.9418323 4,8845754
17 .35191001+04 .22394500+04 6.9290756 5.1608307
18 .22394500104 . 14251001404 6.9336614 | 5.3967613
19 1425100114104 90689795403 6.8097395 5.5922551
20 L90609795103 36726196103 6.7102663 6.1204733
21 .36726196403 14872800403 6.6651149 5.9777331
22 . 14872800403 .75501404+02 6.6526122 5.8151120
23 ,755014044+02 .48052002+02 6.6523025 5.9053982
24 . 48052002402 .27699997402 6.6530284 6.2329080
25 .27699997402 . 15968000402 6.6872092 6.3320048
26 . 15968000+02 .98769999401 6.728877¢% 6.3468028
217 .98769999+01 . 40000000+01 6.7787806 6.7262283
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NEUTRON TRANSPORT CROSS-SECTION FOR HYDROGEN - VALIDATION
AGAINST SMALL MULTIPLYING SYSTEMS AND REACTOR SHIELDS

Ashok Kumar and Vinod Kumar
Theoretical Physics Division
Bhabha Atomic Research Centre, Bombay—-40008S5.

The neutron scattering cross—-section is highly anisotropic
specially with lighter nuclei such as hydrogen. Hydrogen nuclei are
abundantly present in light water moderated neutron multiplying
systems and reactor shields. Therefore, in order to predict
accurately the various parameters of interest for such systems, the
anisotropy of scattering must be correctly taken into account while
solving the neutron transport egquation. Multigroup approach is
normally employed to solve the neutron transport equation. In arder
to save on computing time and other complexities in solving the
transport equation, the anisotropy of scattering cross—-section upto
the Ist order is taken into account by the transport approximation
where the total cross-section in each energy group 'g' is replaced
by the transport cross—-section defined’as 9,

929 /__
0?3 = ng "Ziglq;l J ~/9
where, 0”sl is the first order term in the Legendre Polynomial
expansion of the scattering cross-section and J is the neutron
current. In the 69-groups WIMS and 146-groups Hansen—~Roch multigroup
data libraries available with us, the transport cross-sections are
obtained by assuming the current spectrum to be Maxwellian in the
thermal energy region and varying as 1/E in the fast energy region.

1t has been observed that the assumption of current spectrum
varying as 1/E is not valid in fast energy range specially for
small systems where more number of high energy neutrons leak out of
the system before making collisions. For such systems the transport
cross—sections are to be determined by correctly employing the
current spectrum. These transport cross-sections for hydrogen are
calculated by employing the current spectrum obtained by solving
the transport equation in fundamental mode for a representative
multiplying system. It is shown that using these calculated
transport cross—-sections for hydrogen the prediction of the results
for various critical assemblies and reactor shields improve
significantly and are similar to those obtained by employing the
anisotropy of scattering exactly upto the first order term.
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Investigations Regarding Accuracy of Thorium Cross
Sections in WIMS Cross Section Library

P.D. Krishnani
Theoretical Physics Division
Bhabha Atomic Research Centre

Bombay 400 085

The use of thorium in heavy water reactors has
been a 1long standing goal because of 1its enormous
potential to increase energy reserves. This is because of
the superior fissile properties of U=233 bred from Th-232
by capturing a neutron and subsequent beta decay.
However, very little information exists for 1lattice
physics experiments done with thorium fuel. In this
connection, Canadians have performed some integral
experiments with ThO2=U02 fuel in ZED~2 critical facility
at Chalk River. They have measured lattice parameters of
19« rod clusters of ThO2 containing 1.5% highly enriched
U02 (having 93% U=235) (1,2). These experiments were done
for a range of lattice pitches and with D20, H20 and air
coolants. In another experiment, the measurement of
relative conversion ratio was done with 19 rod ThO2 1.45%
U02 fuel in ZED-2 reactor (3).

The above stated experiments of ThO2=UO02 fuel were
analysed with the computer code CLUB using WIMS cross
section library (6-8). The computer code CLUB (4, 5) is a
multigroup integral transport theory code for analysing
heavy water moderated lattices. It was found from the
analysis of ThO2 experiments that there is a systematic
error in the prediction of Keff, which is underpredicted
on the average by 1.6% (6). The error in the prediction
of Keff for thorium 1lattices appears very large
particularly when it was predicted with 0.5% of unit for
UO2 lattices. From this analysis, it was also concluded
that the absorption cross section of Th-232 in the theWmal
range is large. Subsequently we received a communication
from Dr. M.J. Halsall (UKAEA) that they have revised data
fron Th 232. In the revised data of Th-232, it was found
that the absorption cross section in the thermal range was
indeed less than the old data. The experiments were
reanalysed with the new data for Th-232. The Keff was
underpredicted by 0.6% with the new data for Th-232 (7).
It was concluded that the cross sections for Th-232 may
need reevaluation.

References

1. A. Okazaki and S.A. Durrani, AECL 2778, 1967.
2. A. Okazaki, AECL 2779, 1967.
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Nuclear Data Activity During the year 1992

by
V. Jagannathan and R.P. Jain
Theoretical Physics Division
BARC, Bombay = 400 08S5.

fhe 1988 version of WIMS-KAERI library which
contains 69 group cross section data in thermal reactor
applications was received from Dr. S. Ganesan, Nuclear
Data Section, IABEA, Vienna. This library was made
compatible with the code NEW=MURLI, Reanalysis of all
the uniform lattice experimental data on U-metal, UO,

(enriched), mixed exide (UOz + Pu0) fuel with light

water moderators which are available in open
was carried out. The new WIMS-KAERI library
values within '#.0.01 of unity for almost all
analysesl. The r.m.s. deviation is <+ 0.005.
WIMS library which is currently in use shows
larger deviacions.

literature,
gives Keff
the cases
The old
slightly
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LATBEtNATIONAL CODE INTSHCCMPARISQN FQk.FISSION CRGSS-
SEHSTION CALCULATIONS, HAUSER-5 PROGRAM

H. M, Jain and S. Kailas
Bhabha Atomic Research Cemtre
Bombay 400 085 (India)

For this exercise, we use the HAUSER.5 PROGRAM based on the statistical
(Hauser.F eshbach theory with angular muaertum and parity conservation) optical
wdd. The pewron trammission coefficiets TL (En) are obtained from the
supplied T(1,J) input dats, Appendin-1 for Pu.2¥ and Appendix-2 for Am-241
vihich are the results of coupled channel calculations. The capture and fission
trammission coefficients are calculated as a furnction of spin and parity J7.
Th® doubile humped fission barrier model is used for fission calculatioms. The
reaction proceeds in tw independent steps 3

( 1) population of isolated nuclear levels of Class I,

(i1) decay of these levels ty neubron, gamma — ray eumi-
ssions and fissioos

Tk main quarbity calculated are the compound rucleus formtion cross-sec-
tions (9¢) using the optical mmde and the competing channels, 1,e,, compound
elastic plus inelastic, capture and fission crosas.sections using the statistical
model based on the HausenF eshbach theory,

The width fluctuation correction is applied to particle channel for dis-
crete level scheme only and not tc gamma and fission channmels. Tepel et.al method
of calarlation is used for this mrrection factor. For tht incidert neutron ener-
gles higher than the last discrete level, such fluctuations are not taken 4irto
account, The resomnce level interference correction is also mot taken into acc-

ount,

In the present code there is a provision to include upto 100 discretele-
vels and 1o the wbinuum region it uses the Comstant teaperature and Fermi gas
levels formulae. The maxizmum number of orbital angular mmentum and entrgies
for trammission functions and mapounl nuwclear reaction is 32.

Tramssission coefficients for gamma ray channels are calculated by assuming
R (Brick-Axd's formalism-giant dipole regpomnce mpdd) and ML (Weiskopf model)
trunsition between all possibtle existing states, comsistent with the appropriate
onergy and selection rules.

Within the limitqtions of HAUSER.5 program, applying the usial level den-
sitices formlac with an appropriate enhancanent factor and using the supplied
teutron transxission coefficients, level demsity parameters, discrete level
schemes, fission bairiers parand&'s and £i88ion transition states, we are able
to reproduce spproximately the ensrgy dependent behaviour of the fission cross
setions This program cannot predict the cross sections whers m megsured data
exist, since it nPeds atleast ont wilue of capture anl flsgion croas section for
mwrmlisation. Since thers exists no fire structure in fission cross section,
the double humped fissgion barrier is sufficient for these calciﬁat.iom. For this
exercise the target miclei are odd-nucled £3pPu 145 and and fissioning
compound muclei ulhb 404 2 7 are e¥en.even and odd-odd respectively. In
both these situaticns the pres code does a good job of reproducing the data
avallable and this amply desomstrates the capabilities of HAUSER.5 program for
predicting the fisasion cross gections with reasonable success as shown in Fig.l
and Fig.2 for 23pu anl 2‘.1“ regpectivdy.
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WIMS LIBRARY UPDATE PROJECT

P. Mohanakrishnan, Reactor Physics Division
IGCAR, Kalpakkam 603 102, Tamil Nadu
1, INTRODUCTION
The 69 energy group WIMS neutron cross section library is one of
the most widely used lioraries for thermal reactor analysis. IAEA has
initiated a WIMS Library Update Project (WLUP) to obtain, in stages, a
inproved WIMS library fram the recently available evaluated data files

ENDF/B-VI and JENDL-3.

2. PARTICIPATION IN STAGE-1
As part of the stage-l of the project, two critical TRX

lattices (UO /H 0), three critical BAPL lattices (UO /H O), three critical

2 2 2 2
ZEEP lattices (U0 /D O) and three exponential BNL lattices (U-233-
2 2 (1),(2) (3)
ThO /H O) have been analysed . A 1971 version of WIMS library
2 2 (4)

has been used with lattice code MURLI developed in India. The parameters
campared are criticality, epithermal to thermal capture ratio in U-238
(9 13 or thorium ( f”i, ratio of epithermal to thermal fissions in U-235
( .5“ ), ratio of fissions in U-238 to fissions in U-235 ( éz ) and
conversion ratio (C). The results are summarised in Table-I. The effects of
using hardened fission spectrum and improved 3y for hydrogen were also
investigated( Y .
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Table-I

Camparison of Calculation and (Experiment) when 1971 Version of WIMS Library is Used

‘Benctmark |  Reff | $'1(U lattices) or 25 29 Conversion Ratio(C*)
. ¢°* (Th lattices) $ $ or Relative Conversion
. Ratio (RCR)
TRX-1 1.0028 1.300 (1.320 +0.021) 0.0989 (0.0987 + 0.001) 0.0897 (0.6946 4+ 0.0041) 0.789 (0.797 + 0.008)
TRX-2 0.9992 0.815 (0.837 + 0.016) 0.0608 (0.0614 + 0.0008) | 0.0642 (0.0693 + 0.0035) 0.640 (0.647 + 0.006)
rBAPL-l 0.9975 1.409 (1.39 + 0.01) 0.0844 (0.084 + 0.002) 0.0714 (0.078 + 0.004) --
BaPL~2 0.9977 1.17 {(1.12 + 0.01) 0.0689 (0.068 + 0.001) 0.0616 (0.070 + 0.004) --
' BAPL-3 0.9975 0.920 (0.906 + 0.01) 0.0529 (0.052 + 0.001) 0.0507 (0.057 + 0.003) ==
» ’ZEEP—l 0.9933 -- -- 0.0668 (0.0675 + 0.0014) 1,272 (1.260 + 0.005)
PEEP-2 1.0026 -- - - -- --
L.EEP-3 1.0081 - - - - - --
. WL~L 0.9820 1.334 (1.338+ 0.042) -- -- ==
INTL~2 0.9881 0.921 (0.903 + 0.038) -- -- -
WNL-3 1.0007 0.424 (0.421 + 0.013) - - -- -
Wse : MISC-I




Radiative Capture Cross Sections for Mercury-202
V. Gopalakrishnan
Reactor Physics Division, IGCAR, Kalpakkam 603102.

Capture of a neutron by 80-Hg-202, a stable isotope of
Mercury ( abundance 29.8% ), results in Hg-203, a radioactive
nuclide with a half life of roughly 47 days. When the Hg-203 was
suspected to have been drawn from a manometer into the FBTR core,
the (n,y ) cross sections of Hg-202 were required to estimate the
amount of mercury drawn into the reactor. Since the nuclide sees
the spectrum of reactor neutrons, the cross sections in the
entire energy region of reactor neutrons are needed. On scanning
several of the literature dealing with neutron cross sections and
also the basic neutron cross section libraries available with us,
an. evaluation for Hg-202 was not found. In order to meet the
requirement, reconstruction of smooth cross sections over
energies varying from sub-thermal to 20 MeV was made. The neutron
cross section document BNL-325/1/ and the paper by Beer and
Macklin/2/ (which happened to be the latest data in EXFOR
received from IAEA), were the data sources for this work. The
details of this work and the (n,Y) cross sections constructed are
presented in an internal note /3/.

It is to be noted that ACTL-82 evaluation/4/, received from
IAEA after the completion of this work, gives cross sections for
Hg-202 differing considerably from ref. 1 and 2.

1. S. F. Mughabghab and G. 1I. Garbar, Neutron Cross Sections,
BNL-325 (1973).

2. H. Beer and R. L. Macklin, Phys. Rev./C, 32, p.738 (1985).

3. v, Gopal akrishnan, Radiative Capture Cross sections of
Mercury-202, Internal Note RPD/NDS/39 (1990).

4. H.D,Lemmel, ACTL-82: The LLNL Evaluated Neutron Activation
Cross Section Library of 1982, 1AEA-NDS-55 (1983).



Towards Recommending a Cross Section Set For PFBR Analysis
K. Devan, V. Gopalakrishnan and §. M. Lee
Reactor Physics Division, IGCAR, Kalpakkam 603102.

Most of the LMFBR core physics neutronics calculations at
IGCAR make use of the Cadarache Version 2 set/1/. But, this set
was found inadequate for the detailed analysis of PFBR because it
overpredicts the k-eff by about 3% of (i) the 1200 MWe
theoretical benchmark/2/ in comparison with that predicted by
BNAB-78 (adjusted Russian) and CARNAVAL-IV (adjusted French) sets
and (ii) the 500 MWe benchmark/3/ in comparison with that
predicted by BNAB-78 set and also because of the economic
penalties associated with such an uncertainty. It should be noted
that CARNAVAL-IV and BNAB-78 sets (not available in India) are
recognised to be reliable for fast reactor calculations. It 1is
thus realised that a better cross section set than the existing
Cadarache Version 2 set is required for PFBR analysis.

Our earlier critical assembly analyses/4/ showed that the
first version of our JENDL-2 based cross section set/5/ was
better than Cadarache set for big reactors. Further analysis/6/
showed that it agreed well with the CARNAVAL-IV and BNAB-78 sets
in predicting keff of the 1200 MWe benchmark. However, it must
be noted that the fission spectrum adapted in this first version
was from the Cadarache Version 2 set. Hence, towards recommending
a cross section set for PFBR analyses we have two options at
present: (1) to make the JENDL-2 based set self-consistent by
incorporating suitably averaged fission spectrum from JENDL-2
itself and (ii) to improve the Cadarache set.

(1) Adapting JENDL-2 fission spectrum: The structure of the
Cadarache Version 2 set, which we adhere to, allows only one
representative fission spectrum for the entire set. A study/7/
was performed to obtain average multigroup fission spectrum
weighted with various realistic cases of atom densities and flux
shapes, starting from the basic data on fission neutron energy
distribution given in the JENDL-2 library, and to see its effect
on keff. This study gave rise to a fission spectrum consistent
with our JENDL-2 based set, suitable for our PFBR calculations.

(i1) Improving Cadarache Version 2: From a detailed study/6/ of
reaction rate integrals of 1200 MWe benchmark, it was found that
Cr, Ni and Mn capture rates calculated with Cadarache set were
almost double, and Pu-241 fission rate was 19.6% higher than the
corresponding values obtained with JENDL-2 set. These materials
were replaced in Cadarache set from JENDL-2 set, individually or
in combination, and at each stage, the k-eff prediction is as in
Table 1. From Table 1 it is found that Cadarache Version 2 set
with Pu-241 replaced from JENDL-2 set gives k-eff closest to the
desired CARNAVAL-1V value. Since Pu-241 data was not involved in
the cross section adjustment that led to the Cadarache Version 2
set, it appears permissible to replace it with a newer data.
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1. Comparison of k-eff's calculated with Cadarache
Version-2 set in which some materials are replaced
from JENDL-2 set.

Materials replaced k-eff pcm deviation ¥

No material replaced 1.04294 +3024
Cr, Ni, Mn 1.03744 +2474
Pu-241 1.01360 +90
Cr, Ni, Mn, Pu-241 1.00818 -452
Ni, Pu-241 1.00994 -276
Cr, Ni, Mn, Pu-240, Pu-241 1.01033 =137
Cr, Ni, Mn, U-238, Pu-241 1.00336 -934
Cr, Ni, Mn, U-238,

Pu-240, Pu-241 1.00553 -717

whe

T w.T

This

.t. reported CARNAVAL-IV result, giving keff = 1.01270
study resulted in the recommendation of either the JENDL-2

based set with consistent fission spectrum or the Cadarache

Versi

on 2 set with Pu-241 replaced from JENDL-2. The latter being

an adjusted set, may have an edge over the former,

1.

2.
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Calculation of Fission Spectrum from JENDL-2
V. Gopalakrishnan and S. M. Lee
Reactor Physics Division, IGCAR, Kalpakkam 603102.

Recently, a complete multigroup cross section  set
(Unadjusted) with 31 materials was created from the Japanese
Evaluated Nuclear Data File (JENDL-2) in the same form as the
adjusted Cadarache Version 2 Set/1/. Even though the group
average values of fission spectra (X ) depend on the fissionable
nuclides, their atom densities and flux shape in a given reactor,
the adjusted Cadarache set gives a common (or representative)
fission spectrum to be used for the neutronic calculation of any
Teactor. This in principle may not be serious because the cross
sections have been adjusted adequately. On the contrary, in an
unad justed set, there 1is no unique way of defining a common
multigroup fission spectrum that would satisfy a variety of fast
reactors. Therefore, the fission spectrum of Cadarache set was
adapted 1in the first version of our JENDL-2 based cross section
set/2/ referred above, and analyses/3,4/ of several benchmark
criticals showed its performance to be fair. However, one would
prefer, for consistency and completeness, to have the fission
spectrum also from JENDL-2 in this set. Hence a study was taken
up towards arriving at a common fission spectra to satisfy at
least the need of fast power reactor analysis, for which our
JENDL-2 based cross sections seem reasonably good.

In JENDL-2 (as in any other ENDF type file}, the fission
neutron energy distribution x'(€»E) for each fissionable nuclide
i is given in one of several representations, but mostly in the
simple Maxwellian form, where E‘is the incident energy, E the
fission neutron energy. The multigroup fission spectrum for the
neutronic calculations must be averaged as

T ' ; ’ .' ' . 4 ’, . i ’ [ +
Xy =J j X! (e%€) V (E) Op(E) p(E) dEUE f\)'(g)g{'(g)d(e)de
B E€g &’
But, taking advantage of the weak dependence of X on E: we assume
i [,
X, = x' (¢2>E)dE
g = L

Using the above method,Xa were calculated for Th-232, U-233,
U-235, U-238, Pu-239, "Pu-240, Pu-241 and Pu-242 in 25 groups,
corresponding to E = 100 keV. The combined fission spectrum was
then computed as

c { i . < N
K5 = Z 0; % %@@%, ¢%/2a\ Zg’dq\{y 4

where Qi are the atom densities in a given region of a reactor
and £y the neutron flux. Representative averge fission spectra
obtaired by welghting with various cases of atom densities and
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flux shapes were wused in the analysis of the 1200 MWe
(Theoretical) benchmark and the observations are documented in an
internal note/5/.

1. J.Ravier, Section Efficaces Multigroupecet Jeu SEPR a 25
Groupes, CEN de Cadarache, Internal Report PNR/SEPR-66-050
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Multigroup Cross sections from ENDF/B-VI
V. Gopalakrishnan and S. M. Lee
Reactor Physics Division, IGCAR, Kalpakkam 603102.

It was decided to add to the Cadarache Version 2 Multigroup
cross section data set, available in our division, unshielded
multigroup cross section data for some materials not present but
which are occasionally required for reactor analysis. The chosen
materials, were Li-6, Li-7, Mg, Ti, V, isotopes of Eu Gd, Sb, Am-
241, Pa-231, Pa-233, U-232, U-237, Np-238 and Pu-38. The basic
data file ENDF/B-VI obtained recently from IAEA, that contained
all the above materials was chosen for the purpose. By using
IAEA processing codes/1/ LINEAR and RECENT for reconstructing the
ENDF data into linearly interpolable point data and by using our
code REX1-87/2/, multigroup cross sections, and scattering
transfer matrices were calculated. Since ENDF/B-VI, unlike the
other versions, does not explicitty give K(E) (Average cosine
of scattering angle in the Lab system),_ that is involved in the
definition of transport crpss section, J(E) were calculated from
the data on SNAD (Secondary Neutron Angular Distribution, by a
new program AMUL4/3/ written here for the purpose. The
unshielded (infinite dilution) multigroup cross sections ccmputed
by REX1-87 for these mcterials were added to the Cadarache data
set in binary by a program ADREX1/4/.

1. D. E. Cullen, Summary of ENDF/B Preprocessing Codes, IAEA-
NDS-39, Rev. 3.

2. V. Gopalakrishnan and S. Ganesan, REX1-87 - A Code for
Multigrouping Neutron Cross sections from Preprocessed
ENDF/B Basic Data File, Internal Note RPD/NDS/13 (1988)

-3, V. Gopalakrishnan, AMUL-4: A Program to Calculate Average
Cosine of Elastic Scattering Angle in the Laboratory System
frggzghe Data on Angular Distributions, IGC Report, IGC-141

1 .

4. V. Gopalakrishnan, ADREX1 - A Program to add wunshielded
multigroup cross sections to Cadarache Version 2 Cross
Section Set Directly from REX1l Output, unpublished.
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Calculation of Average Cosine of Elastic Scattering Angle
V. Gopalakrishnan '
Reactor Physics Division, IGCAR, Kalpakkam 603102.

Average cosine [t(E)of the elastic scattering angle in the
laboratory system is involved in the definition of the transport
cross section. This quantity has been explicitly given in the
ENDF/B upto its fifth version (ENDF/B-V) and is not given in the
ENDF/B-VI. Since we took up processing and multigrouping of some
materials from ENDF/B-VI, it was necessary to derive this from
the Secondary Neutron Angular Distribution (SNAD) given in
ENDF/B-VI. A program AMUL-4/1/ was written for this purpose, that
works on the simple kinematic relations, and the usual methods
of Legendre expansion of the elastic scattering. The program was
validated by computing ! from ENDF/B-IV SNAD data and comparing
it with those given explicitly in the same evaluation. Very good
agreement was obtained for most of the materials tested and at
most of the enegies, even though significant differences were
noticed for some light nuclides at a few energies, probably due
to inconsistencies between SNAD and ((&)in ENDF/B-IV. This
program was used to obtain [i&for the materials chosen for
gultigrouping from ENDF/B-V1 basic data file, obtained recently

rom IAEA.

1. V. Gopalakrishnan, AMUL-4: A Program to Calculate Average
Cosine of Elastic Scattering Angle in the Laboratory Systenm
fzgm( gg;) Data on Angular Distributions, IGC Report IGC-
1 1 .



Unshielded Multigroup Cross Sections of Major Fission Products
fros ENDF/B-VI

K. Devan and V. Gopalakrishnan
Reactor Physics Division, IGCAR, Kalpakkam 603 102

At IGCAR, an unadjusted multigroup cross section set has
been created/1/, based on the Japanese Evaluated Nuclear Data
File Version 2 (JENDL-2) in the same format as the Cadarache
Version 2 data extensively used in our Division. Our analyses
have shown that this JENDL-2 based set is superior to the
Cadarache Version 2 set in keff predictions for fast power
reactors like PFBR. In order to add, to this set, multigroup
data for the fission products, suitably lumped, we have chosen
the most recent American Evaluated Nuclear Data File Version 6
(ENDF/B-VI). Based on recommendations in literature, we have
selected some 112 fission product nuclides, from this 1library.
The data have been preprocessed and the cross sections
reconstructed to obtain linearly interpolable point data, from
the non-linear point data and resonance parameters, using TIAEA
preprocessing codes. From the reconstructed point data,
unshielded multigroup cross sections including elastic-inelastic
transfer matrices have been obtained. Since ENDF/B-VI does not
give the elastic scattering angle cosine ({i), required to define
transport cross sections, the code AMUL4/2/ was employed to
obtain g from the data on secondary neutron angular distributions
(SNAD) . Preparation of the lumped fission product data suitable
for our requirement is under way.

1. V. Gopalakrishnan et al.,, Multigroup Cross Sections from
JENDL-2 Point Data File, Internal Note RPD/NDS/42 (1991).

2. V. Gopalakrishnan, AMUL-4: A Program to Calculate Average
Cosine of Elastic Scattering Angle in the Laboratory Systenm

f{ggzghe Data on Angular Distributions, IGC Report, IGC-141



Expansion of the Cadarache Version 2 Multigroup Cross section Set
V. Gopalakrishnan
Reactor Physics Division, IGCAR, Kalpakkam 603 102

Our analysis/1/ has shown that the Cadarache Version 2 Cross
section Set which overpredicts the keff of a fast power reactor
Jike PFBR (by about 3%, compared to that predicted by CARNAVAL-
IV) becomes as good as the recent adjusted French or Russian sets
viz. CARNAVAL~IV and BNAB-78 respectively, when data of some
nuclides, Pu-241 for instance, is replaced from our JENDL-2 based
set/2/. However, it does not include data for nuclides required
at times. For instance, it does not contain data for several
higher actinides required for studies on the actinide buildup
with burnup and the consequences. It does not include data for
Antimony, which is a neutron source at startup of FBTR. In view
of all the above, an extended data set was created as follows: .

1. All the data (38 materials) of Cadarache Version 2 set
retained. .

2. Data for Fe, Cr, Ni, Mo and Pu-241 added from our JENDL-2
based set.

3. Data for Sb-121 and Sb-123 added f£rom ENDF/B-1IV

4. Data for higher actinides, not covered already, are taken from
ENDL/84-V.

For the present self shielding is not considered for the data
mentioned in 3 and 4 above. A card-image version of the above has
been created on a magnetic tape and the binary version is already
in use on the ND-570 computer system.

1. K. Devan et al., FBR Benchmark Analyses Towards Recommending
a Cross section Set for the PFBR Core Physics Calculations,
Report IGC-134 (1992).

2. V. Gopalakrishnan et al., Multigroup Cross Sections from
JENDL-2 Point Data File, Internal Note RPD/NDS/42 (1991).



Average Delayed Neutron Fractions from ENDF/B-VI
V.Gopalakrishnan and P.Mohanakrishnan
Reactor Physics Division, IGCAR, Kalpakkam 603 102

The importance of the delayed neutrons is well known in
the context of control of a fission reactor. Efforts on the
improvement of the data on the delayed neutron yield, its
dependence on the incident neutron energy and the temporal
groups, its energy distribution (spectrum), etc. are continually
made at leading institutions of the world, both by experimental
and theoretical means, resulting in revisions of the delayed
neutron data in the basic evaluated nuclear data files. Motivated
by the publication of the recent evaluation of delayed neutron
data by Brady and England/1/, part of which was supposed to be
included in the American Evaluated Nuclear Data File Version 6
(ENDF/B-VI), we calculated the average delayed neutron fractions
for various fissionable nuclides of importance from the ENDF/B-
VI, most recently (1991) obtained from IAEA. On comparison, we
find the absolute yield of delayed neutrons per fission, taken
from ENDF/B-VI library, coincide with the older values of ENDF/B-
V, though the calculated values published by Brady and England/1/
differ considerably from the older ones. An internal note/2/ has
been written to record the observations. A comparison of the
average absolute delayed neutron yields is given Table 1.

1. Brady and England, Nucl. Sci. Engg. 103 (1989) p.129,.

2. V. Gopalakrishnan and P. Mohanakrishnan, Average Delayed
Neutron Fractions from ENDF/B-VI, Internal Note RPD/NDS/50
(1992).

Table 1

Comparison of Total Delayed Neutron Yield per Fission

Nuclide Brady ENDF/B-V ENDF/B-VI
Th-232 0.0564 0.0527 0.0527
U-233 0.0097 0.0074 0.0074
u-235 0.0178 0.0167 0.0167
U-238 . 0.0405 0.0440 0.0440
Pu-239 0.0076 0.0065 0.0065
Pu-240 0.0081 0.0090 0.0090
Pu~241 0.0141 0.0162 0.0162

Pu-242 0.0143 0.0197 0.0197
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Calculation of Helium Produced in Stainless Steel
due to Neutron Irradiation

V. Gopalakrishnan
Reactor Physics Division, IGCAR, Kalpakkam 603 102

To get an 1idea of how well a sophisticated experimental
determination of the helium produced in stainless steel due to
neutron irradiation, agree with a theoretical estimation taking
into account all available information, a study was earlier
made/1/ for two austenitic steel samples with which Nandedkar
and Kesternich/2/ have made measurements and reported. Our
calculations accounted for the helium production due to (n,alpha)
reactions 1in all the components of the specimens and also due to
the two step process viz, Ni-58(n,gamma)Ni-59(n,alpha)Fe-56,
which accounts for the majority of the helium produced at high
fluences. At that time KEDAK-4 (German) was the only nuclear data
library, available with us, giving data for Ni-59. Now, the most
recent American Evaluated Nuclear Data File Version 6 (ENDF/B-VI)
includes data for this nuclide, and hence the entire exercise was
repeated with this new data. Even though the results with the
newer data tend to approach the experimental values, disagreement
of over a factor of two remain as seen in Table 1. Closer
observation has shown that uncertainties in the measurement as
well as in the data must be responsible for this difference.

1. V. Gopalakrishnan et al., Estimation of Helium Production in
Stainless Steel due to Neutron Irradiation, in Proc. DAE
Symp. Nucl Phys., Aligarh Muslim University, Aligarh, Dec
26-30, 1989.

2. §égv. Nandedkar and W. Kesternich, J. Nucl. Matr., 62 (1989)

Table 1

Comparison of Calculated and measured values of helium produced
(in atom parts per million, appm)

D Y o - - D - - - . = - A D e O e - — - ——— — —

T R D D G D D T R R - " - — " o - —— - = - -

1.4970 70 132 124



Calculation of Multigroup Displacement Damage Cross Sections
S.Selvi, V. Gopalakrishnan and M.M. Ramanathan
Reactor Physics Division, IGCAR, Kalpakkam 603 102

Displacement damage cross sections are required for the
study of changes 1in the mechanical properties of structural
materials in the radiation environment in fission or fusion .
systems. 25 group (Cadarache Version 2 structure) damage cross
sections were calculated from (i) the RECOIL data base, using
program RECOIL, and also from (ii) the SPECTER data base using
program SPECTER.

(1) The RECOIL System

The RECOIL data base/1/ consists mainly of recoil spectrunm
of the primary knock on atoms (PKA) in 105 neutron groups and 104
recoil groups, derived mainly from ENDF/B-IV, for neutron
reactions significant for radiation damage studies. The original
RECOIL program could calculate the damage cross section of a
single element or an alloy of materials (for which data 1is
available 1in the RECOIL Data Base). However, it did not have
provision to obtain broad group damage cross sections. The code
was modified to include a subroutine to calculate broad group
cross sections from the 105 group data using an input weighting
spectrum. The modified program was used to obtain 25 group
damage cross sections/2/ for the following nuclides:

The numbers in brackets refer to the ENDF MAT numbers.
Li-6(1271), Li-7(1272), Be(1289), B-10(1273), B-11(1160},

C(1274), N(1275), 0(1276), Mg(1280), Al(1193),
$1(1194), Ti(1286), V(1196), Cr(11910, Mn(1197),
Fe(1192), Co(1199), Ni(1190), Cu(1295), Zr(1284),
Nb(1189), Mo(1287), Ta-181(1285), Ta-182(1127), W(1128),
Au(1283), Pb(1288).

(11) The SPECTER Systen

The source for SPECTER data base/3/ was mainly ENDF/B-V with
some data from ENDF/B-IV. The SPECTER data base mainly consists
of 100 group cross sections for reactions essentially involved in
radiation damage. The SPECTER code can calculate the total damage
cross section, for a given nuclide or a mixture, in a given group
structure, and also the dpa (number of displacements per atom)
for a given fluence. Since we found the code to do multigroup
collapsing from the 100 group structure to a given broader group
structure, with only flat (energy independent) weighting, we
modified the code to apply flux weighting. With the modified
code we calculated/4/ the total damage cross sections for all the
41 nuclides in the data base, given below:
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H(1301), He-3(1146), He-4(1270), Li-6(1303), Li-7(1272),

Be(1304), B-10(1305), B-11(1160) . C (1306), N (1275),
0 (1276), F (1309), Na(1311), Mg(1312), Al(1313),
Si(1314), P (1315), S (1316), C1(1149), K (1150),
Ca(1320), Ti(1322), vV (1323), Cr(1324), Mn(1325),
Fe(1326), Co(1327), Ni(1328), Cu(1329), Zr(1340),

Nb(1189), Mo(1321), Ag-107(1371), Ag-109(1373) Ta (1285),
w-182(%}28), W-183(1129), W-184(1130), W-186(1131), Au (1379),
Pb(138

1. T.A.Gabriel., J.D.Amburgey and N.M.Greene, Radiation Damage
calculations : Primary Recoil Spectra, Diplacement Rates,
and Gas - production Rates, Report ORNL/TM/5160 (1976).

2. S.Selvi,M.M Ramanathan,V.Gopalakrishnan , 25 Group Damage
Cross Sections from the RECOIL Data Base, Internal Note
RPD/NDS/43 (1991)

3. Lawrence R. Greenwood and Robert K.Smither, SPECTER: Neutron
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Preparation of Neutron Gamma Coupled Cross-section Set. from
ENDF/B-1IV Using NJOY Nuclear Data Processing Code

S.Selvi and V.Gopalakrishnan
Reactor Physics Division, IGCAR, Kalpakkam 603 102

A neutron gamma coupled cross section library NEUGAM in 100
neutron energy groups and 21 gamma energy groups was prepared
from the basic evaluated nuclear data file ENDF/B-IV using the
1985 wversion of the Nuclear Data Processing Code NJOY/1/.
Anisotropic scattering upto the 5th Legendre order (P5) has been
included. DLC-99, the basic library for the photon interaction
data, was used for including gamma transport and transfer cross
sections. At present 20 materials of interest to reactor
sheilding studies at IGCAR have been included in the 1library
NEUGAM. A descriptive note/2/, detailing the options. procedures
and the modules of NJOY used for the preparation of NEUGAM was
written. Testing of the 1library NEUGAM is under way. The
following are the nuclides included in NEUGAM with their ENDF/B-
IV MAT numbers given in brackets:

H(1269), He(1270), B-10(1273), B-11(1160), C(1274), N(1275),
0(1276), Na-23(1156), Cr(1191), Fe(1192), Ni (1190), Mn(1197),
Co(1199), U-236(1163), U-238(1262), Pu-238(1050), Pu-239(1264),
Pu-240(1265), Pu-241(1266), Pu-242(1161).

1, R.L. Mc Farlane and D.W. Muir, The NJOY Nuclear Data
Processing System, Vol.l, User's Manual (1982).

2. S.Selvi and V.Gopalakrishnan, Preparation of Neutron Ganmma
Coupled Cross-section Sets from ENDF/B-IV Using NJOY Nuclear
Data Processing Code, Internal Note RPD/NDS/47(1992).
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