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FREFACE

The present progress report on Nuclear Date
Activities in India is the third in the new series of
progress reports, the first of which was brought out
in 1981, It covers the period from January, 83 to

June, 84,

It contains information about nuclear data
measurementd, compilation and ovaluation works being
carried out at B.A.R.C., Bombay; R.R.C., Kalpakkam
and at other institutions in the country.

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

S.8. Kapoor
Menber, International Nuclear
Data Committee,
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I. NUCLEAR FISSION

MASS, ENERGY CORRELATIONS IN “me INDUCED PISSION oF 28y
AT MEDIUM ENERGIES

R.X. CHOUDHURY, ALOK SAXENA, S.S. KAPOOR, D.M. NADKARNI,
V.S5. RANAMURTHY and P.P.SINGH

Bhabha Atomic Research Centre
Trombay, Bombay 400085.

The energy and mass distribution of fission fragments
in the fission of 238U induced by alphe particles of
bombarding energlies of 32,40,48,56 MeV, 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
magnetic tape. .The pulse height data were anslyzed off
line to obtain mass distributions and totel kinetic energy
distributions.. The variation in the peak to valley ratio
of the mass distribution was studied with increasing
bombarding energy. The detailed correlations between
the fragment mass (M) and the total kinetic energy (Ey )

were obtained. The "width of the mass distribution,

is found to decrease with increasing kinetice
energy whereaa,'ﬂg remaine almost constant upto most
probabls kinetic €nergy of 174 MeV and then it decreases
with Eg « The implicatione 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 distridution at these
energies will be discussed,
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ANALYSIS OF SIMULTANEQUS FRAGMENT MASS AND CHARGE DATA
FROM THERMAL NEUTRON INDUCED FISSION OF 235y

REKEA GOVIL, D.M. NADKARNI and S.S. KAPOOR
Bhabha Atomic Research Centre
Bombay 400 085.

The mean values and the variances of fragment mass,
charge and neutron distributions are detarmined as o
function of the total kinetag»energy By in the thermal
neutron induced fission ol 75U usirg & back-to-back
AE-E detector system. These parsmeters, which are a
function of the kinetic energy, summarirze the properties
of the nmucleon exchange process at the time of scission.
The results suggest that in the fission process also the
distribution of mess and charge is brought about by
nucleon exchange process and the degree of neutron-proton
correlation 1s found to be sirongly dependent on E,.
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ANGULAR DISTHIBUTION CF LONG~RANGE ALPHA PARTICLES IN FAST
NEUTRON=-]INDUCED FISSION OF 235y,

M.M. Shama' S8.C. L. Sharma. A+.K. Sinha and G.K. Mehta
Indjan Institute of Tocnﬁology. Kanpur-208016
INDIA

Angular distribution of long-range alphs particles emitted in
the fission of 235y induced by fast neutrons has been measured about
the neutron-besm direction. The technique /1, employs a AEB-E
semiconductor detector telescope to derive the angle information
about the detector axis. The technique is also :apable of identi-
fying the particles by the virtue of using a pa) ticle teleacope.

The experiment was carrisd out at several : sutron energies
betyeen thermal end 1 MeV and the anisotropies .n the angular
distribution of alpha particles about the neutrun-beam direction

were de termined., ,
The following table gives the results of such measurements/2/.

Table : Anisotropies (Y(O°)/Y(90°) of the ternary alpha particle
angular distribution.

Neutron Energy Anisotropy

(140 & 30) keV (-85 + 28) Y.
(170 + 25) keV (-87 & 32) 7.
(200 t 25) keV (-9 £ 31) 7.
(400 + 200)keV (=10 + 28) 7.
(600 + 180)keV (=25 £ 29) 7
(1000+ 170)keV (=50 % 27) %,

It turns out that the alpha particle angular distribution in termary
fission of 235y is peaked perpendicular to the neutron-beam direc-
tion at neutron energies in the above region. This would imply

that the ternary fragment sngular distribution peaks fore and aft
about the beam directior. This behaviour is similar to that of
binary fragments ia this energy region.

/1/ M.M. Sharma, S.C.lL. Sharma, A.K. Sinha and G.K. Mehta, Nucl,.
Inst. and Meth. in Phys. Res, (In press)

/2/ M.M. Shﬂ-map GeKa Mehtap Communicated to Prﬁmana(1984).
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ANGULAR DISTRIBUTION OF POLAR LIGHT CHARGED PARTICLES IN
THSRMAL NEUTRON-INDUCED FISSION OF 235y

M.M. Sharma, A+.K. Sinha and G.K. Mehta
Indjan Institute of Technology, Kenpur-208016,INDIA

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

The angular distribution of polar light cLarged particles
(LCPs) emitted in thermel neutron-induced fiszion of 2 5y has been
measured. The method of detection of polar LCPs consista of using
a pair of ionization chamber with a multi-hole collimator as a
common cathode. The ionization chambers detect the fission
fragments related to polar and equatorial LCFs, the LCPs being
detected by a semiconductor AE-E telescope. The collimator
arrangement thus separates the polar and equatorial events. Using
different collimation for .polar LCP region of angular distribution,
the yields of polar protons, tritons end alpha particles were
measured. Using Mote Cario simulation for the detection system,
c(©) fcr the anguler distributjon of polar protons, tritons and
alpha particles were determined (refer to table),

Table
The width of the angular distribution of polar LCPs.

LCPs . a(e)

Alpha particle (28.047,0)°
Proton (13.046.0)°
Triton (25.0£15.0)°

The errors indicated in the table are statistical 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,



ative yie 0. -8 8 ocus fiss
ot 5% ‘
3.8, Toar, H. Na'k, A. Rimaswany, Satya Prakash and M.V, Ramanish
In view of the paucity of data on the mass ylelds of short lived rare-
earth fission products, the present study was aimed at delermining the
cumlative yi®1lds of mainly short 1ived rare eacth isotopes in spontansous

fission of 25201'.

Fission produsts froma ~ B/ug 252

Cf scurce wexe collected on 1 mil
aluninium catcher foils. The 2zllection time was varied depending on the half
1ife of the isotope under study. Th  catcher foils were dissolved in i) HCL
in presenos of lanthamum carrier. Hare earths were separated by fast ouwe
step fluoride and hydroxide precipitation and this precipitate was dissolved
in 5 ml 411 EC]1 and counted. The counting was done on a precalibrated % HPGe
detector, (having a resolution of 1.8 Kev at 1332 Kev) coupled to a 4096
chanrel analyser.

The gawem reay pesk areas were corrected for absolute disintegration
ratd by wsing gamsa TRy ahlndanoo(1) an_d detector efficiency. The yields of
rare-earths uotépo; nﬁ dthniﬁd relative to the yield of 14600(2) and
are shown in table 1 alongwith the 1itexature values'>-3), mhe presenmt
¥i2ld values axe in good agreemsnt with the litersture da@a exoept in case
of 9'Kd. The fission yisld of 47Ce is determined for the firet time. The
large difference between cur value and the literature value for 151!6 could
be plsusibly due to the large variation in gamma ray abundance values taken
for yield calculation.

References
1. J. Blachot and Ch. Yiche. Annals De Physique §, 3 (1981).
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A« Bavaswamy, B.K. Srivastava, Adok Srivastava, 5.B. Manchar and Batya Prakesh

2.
DA B, Symposium on Nuclear and Radiochemistry Benares India Nov.3-7(1981).
3. K.*. Flynn, JE, Gindler, L.E,; Glendenin.
J. Inomg. Bucl. Chem. 37, 881 (1975).
4. H. Thierens, D. De Frente, B, Jacobs, 4. Ds. Clexeq, P, D' Hondt and
A.J. Deuytter.
Nvel. Inst. Meth, 134, 299 (1976).
5. L. Toppare, H.N. Erten and N.K» Ayes.
Technics) Journal, Turkish, Atomic Emergy Commission I, 8 (1980).
Table 1
252
Fission yields of Rare Eaxth Isotopes in ths apontareous fission of ct
Fuclide Halt iife gnm Present Tield valwe
@) B work. Bef3 Bef4 ML S
%1
1. Mo 32,5 D 1454  6.00£0.67 6400 6413 -
14
2. 4Zce 3; OH 293 03 6 n2°f°-71 6 22 6013 -
1 .
3. Ce 2.98 M T24:6  4.18:0.T1 - - -
146
4. Wce 4.2 N 218:0  4.08+0441 - 5.18 3.82
1
3. 1::1% 10.98 D 910  3.30:0.37 4.2 4.10 -
6. o 1.3 8 211.3  2.4240.27 2,71 2.74 242
1. 1;’% 12,44 ¥ 1163 0.9:0.12 - - 1.72
8. P 284 H 3400  1.40:0.14  1.81 1.99 -
9. 3y 46.78 103.2 1,350,166 133 1,39 -
10. 1558:- 2.1 M 104:0  0.69+0.07 - 0.84 -
(o) D= days H = Hours, ¥ = Ninutes
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Isotopic yield distribtution of isotopes in the the
233 235 239,
neutron induced fissjon of U, U and " Pu,

Alok Srivastava, 4. Goswami, 4.G.Cs Najir, B.K. Srivastava, B.B, Nanchar,
Satya Prakash and M.V, Ramenieh.

In contimuation of our woik on the systematic study of muclewur charge
distribution te fractional independent yicid of technetium isotopes mainly
104 103 104 105 :

Te, To, 5 and To have boen determined by separating Tc at various
cooling times as Tetraphenyl arsonium technate from other fission product
which were obtained by irradiating fissile materiails in solution form in CIRUS
reactor for about 20 sec, using pneumatic carrisr facility. The asctivity of
the samples were assayed using a prdoalibrated &F HPGe detector coupled to
8 4 X chanmel analyser. From the activity and cooling time, the fraotional
independent yields of technetium isotopes were obtained using standard decay

grovth relations.
233

The yields are comsidersbly lower for 277 and 27U compared to 27

Pu

fission. The lov yields sxe explained in texrms of the neutron to proton ratio

of produots being avay from the néutrom to proton ratio of the fissioning

system. Alsc the B2 closed ¥ shell of the complementary product is 239!\1 has

inflvence on the yizlds.

1. 4lok Srivastava, 4.G.C Nair, B.X. Srivastava, 3.B. Manchar, Satya Prskash
and M.V, Rawsnish,

Badiochim Acta ( In Press).
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Effeot of excitation energy on the imotopic yield distribution of Iodine in ihe

figsion of 2560.
A.V.Re Reddy, To Datta, S.M. Deshmikh, S.M, Sshalmndu, 8.B, Manohar, Satya FPrakash

and M.V, Samaniah

¥ith an aim to examine the role of excitation energy on the charge/mass polariza-
tion, etudies on fseotopio yield distritution of iodine in the alpha induced fisaion
or B%m, (2365®, 5® . 23.4 Me¥) were oarried out and the obtained syatematios of
the distribution were compared with the same in the thermal neutron induced fission
or 3% (2360*, . 6.5 ¥e¥), Irrsdistions werve carried cut using external
~particle beam of snergy 30 ¢ 0.3 MeV at the 88" Variable Ensrgy Cyolotrom,
. Caloutta using thorium metal foil .(29.7'15/012) target at a beam current of
2.5 ok I-depond.nt yields of iodim (130-134) and cumulative yields of its
precursors (Tellurium 131=134) were determined with and without radiochemiocal
separations for iodine using high »sazolution gamma spectrometry, relative to the

cumulative yield of 3 51.. and are given in Tables 1 and 2 respectively.

Using the obtaimed independent yields of iodine in the present work, the parameters
of igotopic yield distritution via most probabls mass (Ap) and width of diatrih:t.‘.bn
(0"‘) wore evalﬁm_hd ul 135.09 and 1.6 £ 0,16 masa units i‘espect:lvoly and the
6orreapond:lng values in low enexrgy system are 135,90 and 1.21 # 0.12 mass units
respectively, Inorease in o "a.nd less deviation of most probable mass with
inorease in E* from the one expected :rom unchanged charge distribution indicates
that the charge d:l.ﬁ'a:lon approichel towards statistiocal nu.turc‘” rémlting in -

unchanged charge distribution with fnoresse in excitation energy.

1. A.V.R. Reddy, T. Datta, S.M. Destmukh, S.M. Sahakundu, S.B, Manohar, Satys
Prakash and M.V, Ramenish. Communioated to Fhys. Rev, C.



TABIE §
Ind dent Yields Iodi th relevant Nucle
S.¥o, MNaclide ‘'ialf-1ife  Gamma % Atandance Independent  Isomerio
ener Yield Yield Ratio
()
1. 130 1238 h 53690 99 0.0178 + 0.0023 -
2. 131 8.04 4 364.5 81.2 0.0241 + 0.0038 -
3. 1722 m 1.39 h 667.7T 13.2
[+ 18 151 <+ 0-025 0.73 +* 0.06
132 g 2,30 h 667.7 99
4. 133 20080 h 52909 87 00448 + 0.068
5' 134 52.6 n “1'0 95.4 e
0.755 + 0.098 1
884.0 65.4
6 135 6.60h 1260 2.6 1"
h « hours, 4 = days, =m = mimtes
Q@ = asgumed, * » standard value
TABIE 2
Cumulative Yields of Tellurium Isotopes
8.No. Nuclide Half-life GCemma % Abundancs  Cumulative Isomerio
ener yields Yield Ratio
mvf’
1 131 » 3000 h 14907 24.2
2. 132 8.0 h 228 85.0 115 + 0.10 -
3. 1233 a 55.4 » 912 80.0 0,489 + 0,050 0.593 + 0,085
4. 134 4186 w 210 23.0 0.440 + 0.055
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Studies on fragment angular momentum in low energy fission
Te Dltta, S.pF. DBD&‘, Re lh:ln, H. Naik and s‘t’. Prakash

In order to study the influence of fraguent do!‘omtion and charge split on frag-
ment angular momentum, angular moments have been evaluated n-aﬁ radiéohon:lodly
deternined independent isomeric yield ratic of 1380 2/€ 4p 252 ¢(SF) amd of
131,133,,8/¢ an 2py(n, 1) systems using statistioal medel anslysis for lp:l.n TO-
distribution during fragment deexcitation, The independent isomerio yileld ratio

for 1380:"/ € yas obtaimd from follow-up of the 463 KeV composite gamma line after
dissolution of the aluminium foil used to collect the fission fragwents fronm
25234(SF) source. The independent iscmerioc yield ratio for 12 17133me were

obtained from irradiation .or 2“!’! at the APSARA reaoctor using the same methodology
ag desoribed elnewhom(1) . The independent isomeric yield ratios and the fragment
anguler momenta are shown in Table 1. '

The high angular momentum forAﬂ BG- has beem explained in tez"n- of high soission
point defcrmation of frageents in the vioinity of shell closure (N 82) due to core
polarization canced by odd proton. The angular momenta of 151"”‘1‘0 remain low anmd
are ocmparaple to the seme in other io' energy: actinide ﬁnsion:l:hg system possibly
due to low deformation expected in view of shell clopure proximity and even 3 nature

showing that the influenoe of post~scission coulomd excitation is not very prominent,

1s 7o Datta, S.,M. Sahalaindu, S.P. Dange, N, Chakravarty, R, Guin and Satya Prekash,
Phys. Rev, C. 28, 1205 (1983)e
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TABIE
Pissioning System Fiesion ~ Independent Isomerie Frugment dngulax
Produot Yield Ratio Mome nta
#pa(n, ) g 0.526 % 0,063 5¢8 & To1
133, 0.536 3 0.064 5695 £ 102
252 o( s¥) 138, 0,582 4 0.068 9.8 3 1.2
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8tndies on fragment angular momentum in medium energy fission
T. Datte, S.M, Sshalundu, S.P. Dangs, R. Guin, Satya Prakesh ani M.V.Ramanish

With the oY jective of imvestigating the influenoe of eniramce channel angular
mnomentun and excitation energy of the compound nucleus one fission fragment
angular momentum, the angular morentum of fragments corresponding to fisasion

products 13113304 4y 23 z!h( o(4° YoV ? f) heve been determined,

The irradiations were carrisd cut using sxternal « -partiole beam of energy
40 + 0.4 MeV at the 88" Variable Energy Cyclotron, Caloutta using thoriuvm
netel foil (29.7 wa/m®) tireet at bemm current . 1-2 ube Independent
isomeric yleld ratios of the isomeric fission product pairs were determined

radiochemically from follow up of the specifio composite gamma lines 149,

312 KeV for 13 1'1'9"/ 8’ 133’1‘0‘/ € respeotively on a high resoluticn semicondmotor
gaxma spectrometer, after correcting for precursor gontritution evaluated from
charge distritution e&etna.t:lcs. Fragment angular momenta were deduced in the
framework of statistiocal model to correct far spin-change (rgdi.trimtad) during

(),

fragment deexcitation

It was seen that for 1314133p, the angular momenta do not changs in partiocular
for 1311‘0, significantly ocompared to the same in the same flssioning system
2360 foined through 2350 + 0, Pprooess, although exoitai::lon energy and angular
moments are mach different in 2 °Th + 0(40 MoV system as given in Table 1.

The near constanoy of fragment a._ngular momenta in the magic sheil region nuolei
(mass 132) oompared to the expected enhancement due to (i) inoreass in tempera=
ture (excitation emergy effect), (ii) retaiment of part of initial angilax
momentum of 27 60' by the fragments, (1i1) increased deformation at higher energy
1e asoribed to (a) higher rigidity towards bending mode osoillation of 250" at
higher angular momentum, (b) low deformability of even Z, shell region fragmests,

(o) faster time of descent ;t higher energy fission,
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fe T Datta, BM. Sahalmpdu, 8.P. Dange, N, Chakravarty, R. Gain amd
Satys Prakash, Phys. Rev, C. 28, 7206 (1983).

TAELE 9
Hesioning Bxoitation Angular . Fragoent Angular
Systen -Enex, Momentum )
(xe¥) , 1B, 13y,
2550(%h' f) 6.5 I=4 . 6.0 ¢ 15 5.9 £ 1,0

D2 oty £) 33,2 "2 5.5 £ 1.0 T3 g 1.2
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Cumulative yielda of short-lived ruthenium isotopes 4n the thermal meutron
induced fission of 2%y, D% ana Ppy,

A,8,C, Nair, Alok Srivastava, A. Goswani and B.K. Scivastava

Cumlative yields of 1°7Ru, 1083“ and 109&: in the figsion of 2 4!), 2 60 and
24°Pu have been determined using fast gulioohenica‘l separation techniques
followed by high resolutionY-ray speotrometry. The fissile materials ( 10 /ug)
#ere irradiated in pneumatio carrier facility of CIRUS reactor for 20 seo. 'I.'ho'
ruthenium isotopes were separated from the irradiated target by distilling
ruthenium as Ru04 from fission products in presence of Na.Bi05 and was collected
in ice cooled 1M HC1l, Using this method a chemical yield of 50% and high de-
contamination ( »1000) from techretium and halogens wsre obtained. Cumulative
ylelds of 1O‘IRu, 10835 and 10911u wers ocaloulated from the experimentally obtainped
count rates which are corrected for detection efficiency amd ~ray abundances,
using standard equations. Further, these yields were comverted into chain yields
agsuming nommal charge distribution systeutio§ for comparison with the literature
deta on ohain yields. The following table gives the values of cumulative yields
and ohain yields,

TAHRIE {

Camuletive Yields of Ruthenium Isotopes in the
thermal neutron induced fission of 2337, 2357 end 29Pu

Mass 2530(%) o 2 5!1(%) 239Pu(%) Re ference

107 0,111 £0,012  0.145 £ 0,052 3,068 3 0.284 This work
0.13 & 0,01*

108 0.077 £ 0.005  0.067 # 0.017 2.005 £ 0.16 This work

0.042 £ 0.002% 1,89 % 0.0 ‘ _

109 - 0,034 ¢ 0.004 1.088 # 0.98 This work

0.027 % 0,003+

# P, Pettweis, P, Del Marmol, 3. Physik A. 215, 359 (1975).
© J.K. Dickens, J.W. Mo Connell, K.J. Northcut, Naol. Soi. Engg. 1T, 146 (1981).
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!aai Distribution of 232'111( o4 f) with 40 eV Alpha Particles

R. Guin, N. Chakravarty, S.M., Sahe Kundu, 5.8, Manohar, Satys Prakash

and K.V. Ramaniah ‘

T™is work was performed as a continuation of the programm <¢o study the energy
and argular morentun dependence of the {iasion product mass Jdistridution in
the (fiseion of 252!!!1 induced Yty alpha particles., The earlier woxk with 30 MY
alphas are  sported in (1). ‘

Thorium aetal foils (29.7 l:/enz) covered with 0.0025 om thick pure 41 foils and
were irradiated using extermel (A ~particle bteam of energy 40+0.4 MY at the

¥EC in Calcutts. The pen carrent was sround 1.5 /ul and the duration of the
irradiation was varied depending upon the half 1life of the muclide studied. The
fission products ware asssyed wsing high precalibrated HPGe deteotor coupled to
a 4K channel analyser. The yields for twenty six fission products are given in
Table 1 which wore evaluated using charge distribution systemstics(®). The mess
distritution shows the existence of a symetric peak giving & triple humped
distribution. To find ocut the oonfribution of symetric component in mess
distrivution, and its dependence on excitation emergy further work at different
excitation energien uaina radiochemical separations is being pursusd.

Raferences
‘1 A, Guin, K. Chakravarty, S.M., Sshekundu, S.B. Mencher, Satya Prakash

and M,V, Ramanish.
D4R Sywp. Radiochemistry and Radiation Chemistry Deo 7=11(1982) Pune.

2. 8. Umun, S. Paba and H. Baba
Fuol. Pnys. A 165, 65 (1971).
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TABLE 1

Fiasion Products Yields in the Resction 2321!1(0(. £) with 40 MeV Alpha Partioles

Chain Yields (cnz)

Tuclide G% I‘gx)zergy Lbu?;;me Half-1d.fe

s 613.6 54.0 151 b 4042 x 10728

8% 3045 14.0 4.48 h (2.94 * 0.15) x 10°27

8Te 402.7 4947 764 m (4.34 % 0.31) x 10727

58¢r 196.3 263 2.84 h (5.37 # 0.24) x 10727

89k 12481 46.7 Bed m 6.25 x 1027

Mgp 1024.3 33,5 9.48 h (5.9 # 0.24) x 10727

925, 13640 90.0 £ 1.0 2.71 h 6o21 % 0uTx 10727

4y 918.8 49.9 1846 m 6.5 x 10727

%¥0 18141 6.06 66 n 6.5 x 10721

35 49741 89.35 39.4 d 5.6 x 1021

104, 358 89.0 18.2 m 5.25 x 10721

55 319 1942 3544 h 4.32 x 10727

07, 392.5 8.9 217 m 3.06 x 10727

112p 617-4 4949 21.05 h 2.84 x 10727

e 29844 9.46 5.37 h (2.88 4 0.8) x 10727
1564 336.2 4641 53.5 h 1.75 x 10721

Meq 130343 1843 2440 h (1.41 £ 0.02) x 10727
1275, 685.7 35.7 3.85 a 4.25 x 10727
129, 54407 1841 4321 6.9 x 10727

By 36445 8142 8.04 a 6.72 x 10727
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II. NEUTRON CROSS.SECTIONS

RADIATIVE CAPTURE OF FAST NEUTRONS IN G4-160

R.K.Y. SING‘B, R, P, G'AUT“, M.A. ANSARI amd N.L.

SEHGAL, Department of Physics, Aligarh Muslim
University and S.KAILAS, Nuclesar Physics Divm.,
Bhabka Atemic Researsh Centre, Trembay,Bembay,

Neutren Capture oress sectiens have been messured
2er the reactien 16°Gd(n,vi1s1cd in the meutven energy
range of 0.48'lev te 3.04 NeV, Meneenergetioc meutrens
of suitable irtensity ocevering this energy range were
preduced by using the zbi (p.n)7no and 5!(§.n)3He resctions
and the pretens frem the Van de Graaff gocelerater at
Trombsy, The capture cress sectiens were edbtained by
measuring the activity ef 1616& preduced im the reactien
with & 100 oc Ge(ILi) detecter. We empleyed a 127,

16°Gd target and oarried eut the

sample alemg with the
" irrsdistion, We determined the Gd(m,¥) cress sectiems
nermalising it te 127, (1,3)1281 oress sectien a® standard,
at each neutren emergy. The results ef the éresent HOSSUrey

ment are given in the Table,

160&!( 2161E!

E. 6-"3 ‘.' o‘n,.?f
(MeY) (mb) (MeV) (mb)
0.430:0.040 29,2+6.0 1.20040,290 30.2+2.,6
0.780£0.070  35.44+2.3 2,19040,210 15,7+2.1
0.980+0,220 41.9+8,6 3+040+0,180 T.7£1.5
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NEUTRON CAPTURE CROSS -~SECTION OF 232 mp

»
R,P.Ansnd,H .M, J#‘n, 8, Kailas
S.X.fupta,V.5. Ramamurthy and
S.S5.Kapoor

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

The neutron cspture cross-sections of 232Th have

been measured relative to gold in the neutron energy
range of 450 -1100 KeV. Monoenergetic neutrons were
produced from the 7Li(p,n) reactiog‘using the mono-
energetic protons from the Trombay Van de Graaff Accele-
retor and a liquid nitrogen cooled Ii - metal targat.

A high resolution Ge(lLi) detector wes employed for
measuring the gamma sctivity of the product nucleus
These measurements were also cerried out at thermal
neutron energy for the oversll 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 ocample were also considered. The measured
cross section values are compsred with the other recent
measurements gnd evaluations,

233Th.

® Experimental Resctor Physics Section, Bhebha Atonmic
Research Centre, Bombay 400085, India. '
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PREEQUILIBRIUM PARTICIE EMISSION SPECTRA AND MULTIPART ICLE
REACT ION CROSS-SBCTIUNS OF NIOBIUN*, 3.B. Garg anq Amar Sinha,
Neutron Physics Division, Bhabha Atomic Research Centre,

Trombay, Bombay 400 085

Preequilibrium model and multistep Hauser-Feshbach
theory are two important toole which are increasingly utilized
in the analysis and prediction of nuclear induced multiparticle
reaction cross-sections, particle emigsion spectra and their
angular distributions, We have selected niobium foxr the appli-
cation of these models particularly because its neutron induced
particle emigsion espectra and their angular distributions have
been well measured at 14.6 MeV and it adequately serves as a
test case for these models, Niobium*ie also considered to be
& neutron multiplier in fusion-fission reactor systems and thus
it is a fit case for cross-section evaluation in the eV energy

range, :

We have adopted the generalized exciton model of Mantzou-
ranie et a2l /3/ for the analysis of preequilibrium angular distri-
butiona. According to this model the exciton state of a composite
nucleus ig represented by the exciton number n anl a direction -
which corresponds to the direction of the lncoming particle. IP
is assumed that on emission the direction of the emitted particle
coincides withJk .

A combination of preequilibrium exciton model and multi-
step Hauser~Feshbach theory /2/ has been used to evaluate
(n,n*), (n,2n) , (n,p), (nyel), (n,np), (n,pn) and (n,o{n) 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/. :

Pransmiesion coefficients for the neutron, proton and
2lpha 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 particles from
Huizenga and Igo /! /q

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 densities,

The preequilibrium contribution has been obtained by
extracting the value of K- the interaction matrix constant as
glven by Kalbach /8/ to fit the angle integrated total neutron
emission spectrum 49/d€ at 14.6 MeV and & varying from 6 o 9
MeV. e have also used the following expression for the average
traneition matrix elements
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12 - ga2 gzt

and extracted the value of K for evaluating the angular distri-
butiom of the first emitted neut.on, probon and alpha particles.
The master equation and the closed form approaches have been
adopted to obtain angle integrated particle emiesion spectra.

I+ hae been observed that the preequilibrium emission becomes
more predominant with the increasing energy of the incident
particle. Some of the evaluated data are given in the following
tables. The experimental data are taken from Hermsdorf et &l

/9/ .

Table 1
Angle Integrated Neutron Spectrum de at 14.6 Mev'
angle lntegrated euiron PpOOLIUE Fe - 2L=fed Oy
€ Exptl ¥|2 (kalbach) {2 (other
(MeV) { mb/MeV) 'calculated ca!.culated )
(mb/MeV) (mb/MeV)
67 56.0 + 6 53427 56.9
T7-8 46.9 + 5 45.89 437
8-9. 36.5 + 4 38.21 35.0
Table 2
Angular Distributions at 14.6 MeV (mb/st. MeV)
Angle € = 7 MeV &= 8 MeV € = 9 Moy
(degrees) Talc Expte Calc Expl. Calc Expl.
40 T7.07 7.30 5,96 6.94 4,99 4.95
60 5.68 5.23 4.70 5.93 3.89 5.62
90 351 3,11 2.T4 2.48 2.19 0.76
120 1.86 1.92 1.27 1.38 0.92 0.7%

* Communicated to NEA Data Bank for inclusion in the Internatioml
Nuclear Model Code Comparison Studies, Also included in the
Nuclear Physica and Solid State Physios Symp. (1983)

References

1.  G. Mantzouranis et al; Phye. Lett. 57B, 220 (1975)
2. W. Hauser and H. Feshbach; Phys. Rev. 87, 366 (1952)
3. D.M. Brink; Nucl. Phys. 4, 215 (1957)

4. P.G. Perey; Phys. Rev, 131, 745 (1963)
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NUITIGROUP PHOTON INTERACT ION CROSS-SECTIONS WITH P5-ANISOTROPIC
SCATTERING MATRICES, S.B. Garg, Neutron Physics Divieion, Bhebha
Atomic Research Centre, Trombey, Bombay 400 085

Secondary ganmm2 ray production and photon interaction
crose~-aections are nesded for shielding, eafety and radistion
transport studies, 25 group photon interaction cross~sections
in the energy range 20 MeV to 100 eV have been generated for
about 44 elements. PS5-scattering moments have alsc been svalua-
ted by making use of the Klein-Nishina type of reoipes.

The multigroup cross-pections include total, ooherent
soattering, incoherent ecattering, pair production and photo-
electric cross-sections and are available on request.

ISOMERIC CROSS-SECTIONS OF INDIUM

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

Phyeics Department
Aligarh Muslim University
Aligarh 202 001 -

Neutron capture cross-sections are measured in
the energy region of 1 to 3 MeV for the isocmeric
states of In-116. The compatative gamma activation
technique has been used. The present results are
compared with the previous data whereever available,
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'PROTON AND ALPHA-PARTICIE INDUCED REACTION CROSB-SECTIONS OF
CARBON, COBALT AND LEAD*, 8.B. Garg and Amar Sinha, Neutron

Phyaice Divieion, Bhabha Atomic Research Ceutre, Trombay,
Bombay 400 085

This optical model based study was suggested by the NEA
Jata Bank, France under the International Xuclear Model Code
Comparison Project to determine the accuraoy of transmisaion
coefficients obtained with the epheriocal optical model poten-
tial parameters of charged particles,

Reaction orose-sections, Differential cross-seotions,
polarizations, and spin rotation data have been estimated for
the proton and alphe particle induced reaction oross-seotions
of carbon, cobalt and lead at the incident energies of 5,10,15
ard 20 MeV in the laboratory syeteam.

Becchetti and Greenlees /1/ optical model parameters
have been used for the protons and McFadden and Sateheler /2/
parameters have besn used for the alpha&-particles.
Referonces

1. P.D. Becobetti, Jr, and G.W. Greenlees, Phys. Rev, 182,
1290 (1969)

2. McFadden and Satoheler, Nucl. Phys. 84, 177 (1966)

* comunioated 'to NEA Data TFrance
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‘BAR(C35-A35 GROUP CROSS-SECTION LIBRARY WITH P3-ANISOTROPIC
SCATTERING MATRICES AND RESONANCE SELF-SHIELDING FACTORS*, S.Be
Garg and Amar Sinha, Neutron Physics Division, Bhabha Atomio
Research Centre, Trombay, Bombt.; 400 085 :

Multigroup cross-sections are the basic input oconstants
to study the neutronic behaviour of riactor assemblies, These
basic=constants should account for the effects of different
temperatures and material compositions in the various assembly
regions and should represent well the anisotropio behaviour of
the scattering phenomena. To meet theee requirements a 35
group croee-section set, called BARC35, has been derived from
the basic ENDF/B-IV croes-section library for 57 elements. P3-
anisotropic scattering matrices and resonance eself-shielding
factore have also been evaluated and included in this library.
Resonance self-shielding factors are given at 300°K, 900°K and
2100°K for a variety of dilution constants. At any intermediate
temperature and dilution the self-shielding factors are evalué-
ted by appropriate interpolation schemes,

Thie cross=section library has produced close agreements
in the measured and calcuated multiplication constants of a few
selected fast critical assemblies representing large oxide and
carbide fuelled uranium and plutonium based systems. The reason
for sclecting large assemblies is that the resonance self-
shielding factorse play a dominant role in determining their
phyelcs characteristics, '

' The selected assemblies wdnclude ZPPR2, ZFPR-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
testing the accuraocy of cross-sectiona,

BARC35 library is well suited for the safety and neutro-
nics studies of thermal, fast or fusion-fission hybrid systems.

The library is available on requesat,
# Issued as a BARC Report BARC-1222 (1934)
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Generation of Doppler broadened Cross_Sections for 239Pu,
238y, 235y, 240p,, 2Mlpy, 42py, Fe, Cr, Wi, Mn, Mo, Na
for Hipher Temperature for use_ in Accident Analysisy

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

Doppler broadened cross sections to temperatures
varving from 300 X to 4500 K were gererated for various
fissile, fertile and structural materials using the pre~
processing code LINEAR=RECTENT and SIGMA‘!T. Self shielded
cross sections were obtained by using the program REX22.

Summarised below are the steps adapted for obtaining

the cross sectiors for various elements,

l. Using code fLINEAR?!, 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 reconstricted to a reasonable
precision by using code 'RECENT!,

3. For materials like 230U ana 237py which had large data
points, the ouvtput obtained from the code RECENT was
further thinned using LINEAR code to an acceptable
Dprecision before going to step 4., TFor the other materials
step 4 was directly followed.

4, Using the code SIGMAl the above eross sections were Doppler
broadened to 300 K with 0,0 thinning criteria. - :

For broadening to temperatures highex 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 SIGMAL depends on the number of points input to it
this method of going to higher temperatures was adapted., The
prOproéessing experience in the case of U~238 is detailed by
a flow chart in Fig.l.

The doppler broadened outputs were input to the program
REX2 for. obtaining the aself shielded cross sections.
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1, D.E. Cullen, Summary of Preprocessing Codes, Report IAEA
(x0s)-39 (1983), - :

2, V. Gopalekrishinan sand S, Ganesan, ﬁA Note on the Program

REX2 for Accuraté Gemeration of Self Shieldiag Factors
for Fast Reactor Applications’, Internsl Note REDG/RP=248(1984),
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ENDF/B-IV

ATTEMPTS TO RUN | ATTEMPTS TO RUN

LINEAR WITH 0-1% ——ﬂ RECENT WITH 01%
ACCURACY ACCURACY

1

CULLEN, I(AEA.

START FROM 0.1% RECENT OUTPUT
FOR U-238 OBTAINED FROM

TOTAL NUMBER OF POINTS 302,941

AS IT TAKFS MORE THAN 40

N

FOR LINEAR STAGE. THIS
LARGE ACCURACY CRITERION

ATTEMPTS WERE NOT SUCCESSFUL

HOURS OF CPU. THE CPU TIME
IS 60 MINUTES WITH 10% ACCURACY
CRITERION FOR RECENT AND 1%

31, 1 : IS NOT ACCEPTABLE

"RUN SIGMA 1 RUN LINEAR

WITH 0.1% WITH 1%

ACCURACY ERROR

AT 300K CRITERION

ATTEMPTS RESULT: THINNED

UNSUCCUSSFUL OUTPUT: 95 732 POINTS

BECAUSE CF TIME TAKEN BY LINEAR: 0-2419 HOURS

VERY LARGE

COMPUTER

TIME
RUN SIGMA? AT 300K
ERROR CRITERION 0-2% POINTS ; 27776
COMPUTER TIME FOR SIGMA1: -9870 HOURS
EXPECTED COMBIN ED ERROR IN PREPROCESSING
103 % RECENT (0:1%) LINEAR (1%) SIGMA 1(0:2%)

Nuclide U-~238

Fig.1 - Flow Chart describing the Preprocessing Experience for, the
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Generation of Activation Cross Sections in the DLC 100
Group Structure for Structural Isotopes

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

Activation cross sections were required in the DLC
100 snergy group structure for the computation of activation
rates in stainless steel of Interme:d; -ate heat exchangers in
fast reactHr system. The program 'REx1' was used to obtain
these cross sectioms using thé data available with us in the
ENDF/B-IV format. ' The isciopes and the basic data library
from which they were retrieved are as follows: -

Mn”° end Co”? - ENDL 78 of LLL?
Fesh, 56, Fe58,0r5°) 3

JENDL1-0of Japan
N198, 36O, ny6H 3 :

In addition to the activation cross sections viz, U(n,'p) and
V) (nX), 100 group cross sections have also been generated
for o'ther neutron nuclear reactions for vhich basic data are
_iva:llablo with us. These group cross sections have been saved
on magnetic tape and can be madé avallable to interested users

on request.

1. V.Gopalakrishnan and S.Ganesan 'A Note on the program REXi
for Accurate Generat:lon of Inf:ln1te 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. Anend, M.L. Jhingan, S.K. Gupta and
¥.X. Mehta

Nuclear Physics Division

Bhabha Atomic Research Centre, Bombay 400 085,

Introduction

The knowledge of (n,2n) and (n,3n) cross sections is quite esasential
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 sbout 14 MeV, above the threshold of (n,2n)
and (n,3n) reactions in most of the reactor materials. These crosas
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
emigsion 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 nonequilibriuvm effects were taken care by an
empitical factor obtained by Kondaiah 3) by the analysis of a large
number of (n,2n) cross sections measured at 14 MeV. This empirical
factor is valid only around 14 MeV and does not hold good at higher
energ¥. 4s 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 prcequilibrium mode of decay along with the
equilibrium mode is considered for the first particle emission.
Subsequent emissions are consldered to be due to the equilibrium
mode only. In the preequilibrium decay both proton and 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 mo::entum forbidden and further the level density is low at
that energy. This effect is 1ndi£§ctly compensated by using the level
denaity parameters of Pearlstein?’/ which are lower gy,about a factor
of 2.7 as compared to those of Gilbert and Cameron3), '

Method of Calculation

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

(1) Neutrong 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
t0 both preequilibrium and equilibrium processes while subsequent
emissions are due to the equilibrium process cnly.

(3) In the case of the preequilibrlum emission both proton and
neutron channels are considered while in the case of the equilibrium
emission the proton channel 1s neglected.

(4) The competition due to the gamma deexcitation is taken car
indirectly by using level density parameters given by Pearlstein4
which are leas by a factor of 2.7 as compared to those glven by
Gilbert and Cameron: '

(5) Equilibrium emission 1is calculztied according to the
Welsskopf model neglecting angular momentum.

When a target nucleus of mass A captures a neutron of energy B,
a composite nucleus of mass A+1 is formed at an excitation energy

Bp avove the ground state of nucleus A. The composite nucleus
dexxcites by en emissicn of neutron of enérgy €,and the residual
nucleus is left with an excitation energyf;€,) . 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 ?eutron
emission cannot take place and the event results in (n,n'). Similarly
after the emission of a second neutron if the residual nucleus .
possess sufficlent -energy to ehit a third neutron the same is
emitted., Otherwise the event results in (n,2n). In this work maximum -
four neutron emission is considered. The flrst neutron emission
consists of two components,preequilibrium and equilibrium and may be
written as follows as used by Chatterjee and Guptab

dfer folfrece) g)_,f__&} O

dé, | T e

where 4}5(60 is the fraction of neutrons emitted with energy €, due
to the preequilibrium process and {}a(ﬂ) 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 Y , of Kinetic energy €y from an
n-exciton state at an excitation erergy B is proportional to the
emission rate wWy(h €),E) multiplied by the timeT(MmE)the system
spends in a particular state and accordingly d{?é/de is given by

a—%,%% E_wy(h E,€9).T (ME). Dn

The emission rate 40(% t,e¢)of particle ¥ from an n-exciton state
composed of p-particles and 4-holes (n= P+k) is given by

Wy (M E,€9) - ‘2‘5"*'/([),@,6@_.«) Ry . é__(__,) “Z () () @
3
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¢ is 8 factor which arises due to proton neutron disiinguishability.
9 is the single particle level density and is taken to be A/I3, Awvis
the reduced mass of Y- particlie and Sy is its spin. Ty is the life time
of n-exciton state and is given by

TE)Y = \ | ' . _ @

Ant on
where ): is the ttansition rate to the next higher exciitn state and
is given by 2
> 2 2

M= Ty

[M?® is the average squared matrix element amd is taken to b-f)
dependent on average energy per exciton as given by Kalbach'/, Yn
in equation (4) is given as follows,

€
Yor = [ en B endey
A P=h °

Dn in equation (2) is the term responsible for depletion and is

given by A
D nen - Dn C_\— m’»\‘R) amd D= @

S in equation (1) is related with Dn as follows

-8 « Dase o &=1- Ddiun @

~

Inverse reasction cross sections have beenB?btained by the para-
metrisation developed by Chatter)ee st al to get Wilmore-Hodgaon 9)

optical mode” rTeaction cross sections. At energy lower than 2 MeV
thelir pare::+: jation is not accurate. ;ilssnce at these energlies an
expressio. .: .n by Blatt and Weisskopf ig usedby matching the
croas scctic - «t 2 MeV. ’

Egp.ilibrium Component

The equilibrium component is calculated according to the Welsskopf
model neglecting angular momentum. The probability of neutron emission
with energy € 1is given as follows.

Pe € 6.F0)
O/ i8 the inverme reaction cross section and 1s calculated as

explained in section III. _f(,u) is the level density at the excitation
energy U and is given by

2Jav

e

LW - ¢

C is taken to be constant, any slow variation in C is neglected. a
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is level density parameter given by Pearlastein. Accordingly, the
expreasion foz {n,2n) cross—section is given as follows,

£, EE) €67 F

hre , -8} St 0P, de @®
n.‘ln=6’f€ F40-0)—F Ty A€y
G (man) mJ g T5a6p)
Omis taken to be 6; for unon-fissionable nuclei and for fissionable
nuelei it is taken 83 6.0y . 63 las the fission cross section and is
taken from the measured data if avaiiable otherwise 1t may be
eatimated from the empirical formula given by Jhingan et a111), Py

is the provability that after the emission of the first neutron
the second neutron is emitted with such an energy thet the third
neutron cannot be emitted and is given as fcllows

EnrCi-cey £, - €~ E&I '
- 62- 6. ,_P JGL “h : ]2
PQI T Ew€-Eér T € 6. fle, O

°

EZB% and £B2 are the binding energy of one and two neutrons in the
nucleus A respectively. If b -€-Eghappens to be negative it is taken
to be zero. In the numeratornlimits of integration ensure that

gecond neutron is emitted with an energy so that third neutron

cammot be emitted. In a similar way expressions for (n,3n) and

(ny4n) are written.

In this work a maximum of four neutron wmissions 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 83 to 238 at incident neutron energies upto 23 leV. However
cross sections for 238y have been calculated upto 20 MeV only as the
fission cross sectlons have been taken from ENDF-B-IV where data

are given upto 20 MeV only. In some iypical cases the comparisons
between czlculated and measured cross sections are shown in figure

1 to 4.

Conclusion

The agreement in ease =f (n,2n) and {n,3n) cross section is within
1G4+ 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 preejuilibrium component is
fourd to be considerable at ernergies higher than about 16 MeV and
its inclus%?n is essential. Average squared matrix element given
by Kalbach{) can be used without any adjustment. It is not very
sensitive to (n,xn) cross sections. In thz 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 fn,Zn) and %n,3n) cross sections. It
appears to compensate +the effect of neglecting gamma deexcitation
and makes the calculation easier. The (n,xn) cross section for Un-
stable nuclei can be predicted by this method where direct measure-

nent is not possible.
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I11. OTHER NUCLEAR DATA ACTIVITY

Ceneration of New Multilgroup Cross Section Set for Various
Materials for Fast Reactor Applications

(M.M.Ramanadhuan, V.Gopslakrishnan, S.Ganesan)

Using the Nuclear Data Processing Code system RAMBHA
developed at RRC, Kalpakkam, miltigroup cross sections were
generated frum the basic data library ENDF/B-~IV for various
elements, The isotopes covered thus far include the followingt

2350, 238U' 2391,11'21401"“2!;1F u,znzl’u, fo
Cr, Ni, Na, O, C, Al, Si, Mo, Mn and Ga

The multigroup cross section data of these elements are considered
‘improved! compared to our earlier aetl dus to the following
improvements in the processing code system that is used for multi~- -

grouping:

‘1s Abandoning the resonance integral method, the 1nf:|.nite
dilution cross msection computed using the code system
L]JWEAR-RECENT-REmz which is the most suited for ENDF/B
type of basic data representation.

2. Ahandoning the J¥ method of Hwang, the shielded cross
sections are obtained using the code system LINEAR-RECENT-.
REX23 in the resolved resonence region,’

3. The LINEAR—RECENT—REX12 code system also improves the

elastlic removal cross section in the resonance region.

These new infinite dilution group croas sections were
compared in detail (groupwise, reactionwise and materialw:lso)
with the 1969 adjusted French multigroup cross section set using
the program COMPLOTu and thi> 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,react:lon'v:lse coaparisons of these —
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two multigroup infinite dilution cross section sets are

available with the authors for each of the isotopes mentioned
above. Interestingly this comp. '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 1969 French set.
For example, for transactinium isotopes such as 2380. 2350, 239Pu,
2z'oPu, 2MPu etc, in the new set, ine 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
for fertile isotopes such as 238u and 2hoPu, the effect of the
newly discovered stib threshold fission and its intermediate
structure is seen in the RRU set in the form of non zero fission
cross sections in lower groups., The absorption cross sections
for 120 and other medium mass elements such as Fe, 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 1974 ENDF/B=IV data base,

Part of these comparison study was presented in a recent
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Multigroup Constants for Gallium for use in Analysing Fast

Critical Assemblies
(S.Canesan end V.Gopalakrishnan)

In many multigroup data sets 11ke.SETR for instance
the mulvigroup data are not available for Gallium. The
basic deia library ENDF/B-IV avé:llable with us does not .
include Gallium date, 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 caseswhere the
concentration of Gallium is not so significant. For instance,
in SNEAK~9C2 assemblies POZ and C, the nuclides concentration
was only 0,00014104 nueclides/b-cm which was added1 to that of
Cu in analysis, In critical assemblies like THOR‘, the
element Ga is foundito be present in significent quantity.
(Pure plutoniuni metal has the unique characteristic of
existing in six allotropic forms between room temperature
snd its melting point at 913K. The delta phase of Pu which
occurs in the temperature range of 588 and 730K 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 730K well bebw 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 roéults. Therefore, the necessity of obtaining
the multigroup data Ga was felt. The basic library El‘iDL-'?B3
which was identified to be the only library available with
us containing basic data for Gallium was processed by the
code RAMBHA“. The multilgroup constants thus generated in 25
group structure are being used in the analysis of THOR5

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

Dilution Cross Sections, Flastic and Inelastic Transfer Matrices
and the Program 'REX2' for Accur-te Calculation of Self Shielding

Factors in the Resolved Resonance Region for Fast Reactor Appli-

cations

(V.Gopalekrishnan and S.Ganesan)

The computer programs REx11and RExzz are two parts of
RAMBHAB. a nuclear data processing code system for fast reactor
applications, developed at RRC to obtain multigroup cross
section datea using the basioc library in the ENDF/B-IV 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
pnrainetorizat:lon 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 reg:ldns, then, one has to use the
preprocessing codes LINEAR5--111‘2(3131«'1‘6 before using REX1 for multi-
grouping, In addition to group cross séctions, the program
calculates the multigroup transfer matrices for elastic
scattering by Bucholz' method7 and the multigroup transfer
matrices for inelastic scattering by the method followed in
MIGROS-SB. '

The program follows any interpolation scheme specified
according to ENDF/B-IV conventions and uses Gauss' quadrature
wvhenever numerical integrations are needed. Standard fast
reactor flux spectra expressed in a functional forni in various
energy regions are utilised for weighting.

REX2: The resolved resonance has been extended considerably
for meny isotopes of interost in reactor design by means of high
resolution cross section measurements. The improved quality of
data in the resonance region hes celled for faithful multi-
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grouping such that the multigroup constants exactliy represent
the evaluated data, Thus improvements in processing has
resulted in the routines for direct numerical Doppler Broaden-
ing of 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
dilutiona from the exactly Doppler broadened point cross
sections made available at a specified teumperature by rumning
the preprocessing code SIGMA1, If the cross section data comes
from the original ENDF 1ibrary at OK, then, SIGHA19 requires the
data to be preprocessed by the LINEAR5-RECEN'1‘6 code system,

The program REX2 replaces the older routines of
RAMBHA based on approximate J* method of Hwang in the resolved

resonance region.

The temperature (T) and dilution( G p) dependent
cross section knowvn as the shielded cross sectiom of any material
for a group g is computed using Bondarenko definition as

£ |
f" 6y CELTYSCED o

N

E
g (156 ° W (& cE, T+ D

j 3 S'CE) dc
re Es,, (0T Ce,T) +% )"

G;(E,T) is the cross section at energy point E and
temperature T for & process x; x is 1;, C, £ or s,

O

S(E) 1is the slowly varying weighting function
1 for flu:' weighting used for M other than t
end N= ) , oor current weighting used when % is t.
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The self shielding factor is defined as
Gy,q (T, %)
tf (T) 6_‘}; ) - e
3 Sy €T, )

where 6-3.(/3 C T,X ) is known as the infinite dilution
cross section. In REX2 '631’? (T,%0) is taken ag G;”a (T,1°20)
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Cross section Sensitivity Studies for Fast Neutron Transmission

of Sodium

(P.T.Krishnakumar)

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
asaist in the design of experiments intended to check the
accuracy of sodium cross sections required for L!l‘Bi! 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 performence para-
meter R due to relative change in cross section 2. 4,e.

L r/R

Azjs

A plot of relative sensitivity function versus neutron energy
is kmown as sensitivity profile, The linear perturbation code
SHANLAKE’ 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

Relative sansitivity function =

thick and a neutron detector at the other.

The striking features in the sensitivity px;of:u'e
reflect the corresponding behgviour of total cross section of
Na, Little transport can occur in the high cross section region
at 3 KeV, 52 KeV and beiween 700 KeV and 1 MeV, so that sensi-
tivity plot has a deep minima in- these energy regions.
Conversely the prominent spikes in the sena:ltiv:lty plot
corvesponds to four regions of minimum cross soct:l.onl {0.297 Hev.
0.522 MoV, 1.885 MeV and 3.075 MeV). The results® of the sbove
sensitivity study ‘clearly indicates the importance of high
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snergy region particularly 300 KeV and 500 KeV for the meutron

penetration,

1. P.T.Krishnekumar, Sensitivity Profile Generation Code
SWANLAKE, Internal Note RP-246 (1983).

2, P.T.Krishnekumar, Cross Section Sensitivity Studies for
Past Neutron Transmission in Sodium, Fifth National Symposium
on Radiation Physics, Calcuttas, 21-2%, Nov., 1983,
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A Criticol Assegssment of Multigroup Nuclear Data for

Structural Elements

{S.Ganesan, M.M.Remanadhen, V.Gopalakrishnan and R.S.

Keahavamurthy)

Our calculated values of central worths of structural
materials using the non-adjusted, ENDF/B-IV bascd, 1983 RRC
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 analys®s of selected fast
critical assembl:les3 viz, ZPR-6~7, ZPR-9~31, ZPR-3=48 and
ZPR~-3-56B. The Kerf of tho last assembly which has nickel
reflector showed an overprediction of 1,53% when calculated
uging the French set. One clear conclusion of the present
investigation is that the capture cross sections for Fe, Cr
and Ni in French set at RRC are definitely outdated and
incorrect. The modified French set in which the multigroup
sets for Fe, Cr and Ni alone were replaced in full by RRC
set gives a Keoif close to unity,

’ Further, the currently reported4 discrepancies in
resorance 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.Ramanadhaﬁ and V.Gopalakrishnan, 'Analysis
of ZPR-9 Assembly 31, the Advanced Fuels Program Carbide
Benchmark Assembly', RRC-61 (1983).

2. S.Ganesanet al., (unpublished werk) 1983.

3. ENDF~-202 Cross Section Evaluation Working Group Benchmark
Specifications, BNL 19302, Nov.1974; see also updates and
clar:fﬁeationa, from Philip M. Roae BNL, USA addressed to
S.Ganesan(May 1983). ' '

4, J.L.Rowlands,et al., 'Convergence of Integral and Differen~
tial Croas Section Data for Structural Materiaels' Nuclear
Data for Science and Techmiogy p.85 (1983). - D. Reidel

Phblishing Company,
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COMPLOT : A Program for Comparison of the Multigroup Constants

(M.M.Romanadhan)

Program COMPLOT1‘compares the values of the multi-
group constants obtained from the nuclear data processing
code RAMBHA? with those obtained from the 1969 adjusted

French cross secticn seta. 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 reactions. Option also exists for listing the
various multigroup constants for any particular isotope in
SETR format, With suitable modifications the codzs ~an casily
be adapéed 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
1libraries, Using this program many of the phys§@s aspects of
cross seciions of any particular isotope can be verified by
grapkical - plots and comparison tables. ' This ensures
automatic checking of the enormous amount of numerical date
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 elso to the identifications of
problem areas forsensitivity studies'in subsequent analysis
of critiqal expoeriments to valicxte the new multigroup
cross section data. The specificationsof this COMPLOT
program have been documented in Ref.l. -
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An interesting feature of this program is that the

number of inputs to this program is confined to specifying of
the number of isotopes to be compared, their identification
numbers, the old and new cross section sets and options to
obtain print outs or graphical plots.

1.

2.

3.

M.M.Ramanathan, 'Input specifications for the program
COMPLOT progtram for comparison of multigroup constants

" from various evaluated deta libraries in SETR format!

FRG/01100/83/239 (1983).
S.Ganesan et al 'Development of a new fast reactor

processing code *'RAMBHA' at RRC', in proceedings of

the Workshop on Nuclear Data Eveluation, Processing

and Testing, INDC(IND)-30 (1981) IAEA, Vienna.

J.Ravier aﬁd 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,
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Analysis of ZPR=9 Aaaa'nblx 31, the Advanced Fuels Program

Carhide Benchmark Critical Assembly
(S.Ganesan, M.,M.Ramanadhan and V.Gopalakrishnan)

The esnalysis of the 1000litre (core) sized carbide
benchmark fast reactor aasembly' using the RRC non adjusted
multigroup set and the adjusted French 1969 aei::a shows nc
surprising results as compared to ouv predictional cepability
for oxide cores, The results for central worths, compare
‘very well with those reported by U.S. team using ENDF/B-IV
Set and also show that non adjusted set maynot be satisface
tory in the prediction of central worths of materials. On
the other hand K.ff is best predicted by the non adjusted
ENDF/B-IV based RRC set and the ratio of fission reaction
rates are predicted to the same extent by the two sets

savailable at RRC.

Based on our prc.-nt analysis the folloving conclue~

sions and recommendations are drawn:-

1. Our attempts of writing our own nuclear data processing
code system RAMBHA and the generaf:lon of non adjusted
ENDF/B-IV based RRC multigroup datausing RAMBHA and its
validation have been quite successfuil,

The Keff for the carbide benchmerk critical
assembly is well predicted by the non adjusted ENDF/B=~IV
based RRC multigroup set.

2. The over prodictions 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 elements.

Special attention should be glven 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-I\f based RRC set is superior, as
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compared to the 1969 non adjusted French set, for isotopes
such as 2quu for which it is recognised that recent

(1969-78) evaluationstmeasurements of cross sections have
brought in many improvements over the earlier evaluations.

The predictional performsnce of RRC non adjusted set is
inbetween that of adjusted French set and the US non

ad justed set for the reaction rate ratios in ZPR-9-31
assembly, The details are given in Ref.3.
BNL-19302 (ENDF=-202), Cross Section Evaluation working
Group Benchmark Specifications, F.18-1 to F.18-19 (1983).
J.Ravier and J.N.Chaumont, Presentation of the Multi-

group Cross Section Sets prepared at Cadarache, Proceedings
of the Conference on Fast Critical Experiments and their
Analysis, Report ANL=7320, p.47-%3 (1966),
S.Ganessn,M.M.Ramanadhan and V,Gopalekrishnan, Analysis

of ZPR=9 Assembly 31, The Advanced Fuels Program Carbide
Benchmark Critical Assembly, Report RRC-61 (1983). -
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A Programme of Evaluation, Processing and Testing of Nheiear

Data for Th-232
(S.Genesan, M.M.Ramenadhan, V.Gopalakrishnen and R.S.Kesha-

vamurthy)

Within the framework of a RRC-TALA research r.-cmtro.‘c:t1
on validation ahd benchmark tes‘ ing of actinide nuclear data,
work has been initiated at Kalpakkam on a programme of evalua-
tion and walidation of nuclear data for Th-232 and U=-233 for
fast reactor applications. '

Generations of four different new multigroup cross
soction 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)

¢. Rumanian file (INDL/A~83) (Ref.3)

d, JENDL=-INDIAN file presently created at Kalpekkem

The first three files a, b, ¢ were obtained from TAEA Nuclear
Data Section. The processings of all these data files are
Seing done by processing code ayqtem RAMBHAZ‘ developed at
Kalpaekkam in the lastfew years,

The anaiysis of THOR assembly discussed in Ref.5
clearly favours 07 values lower than French and ENDF/B-IV
based set. This trend favours the Indian evaluation for capture
for Th=232 by Mehta and Jain6.
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Participation in TAEA Code Verification Project

(S.Ganesan and M.M.Remanadhan)

On a suggestion from IAEA Nuclear Data Section, we
started participating in JAEA Code Verification Pro,ject'.
This project attempts to assure that for a given input or
evaluated data and physical assumptions the output of cross
section processor is accurate., This 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 following:

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

2., To eliminate, through identification of week points, the
error producing options end sources {of discrepancies)

in the processor,

Once these two objectives are satisfir , it is possible
to have the generation of multigroup constants .dithout 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 IX 620 group structure. The codes LINEAR-RECENT-
GROUPIE’® were utilised, '

A comparison of our results were made at JAEA, with
the benghmark standard reaults. Differences were noticed for
very small values close to threshold and the reason was traced
to a procedure built into I.INEAR3 to handle the case of positive
and ziogat:l.ve background cross sections in the resonance region
vhich should not have been applied near thresholds. The versions
of LINEAR used does not further subdivide the intexrval if the
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cross section at either end of an energy interval is less than
a user specified value. This design problem in LINEAR was
overcome in a current version of LINEAR,

_ The participation increased our confidence in the
sucesaful adaptation sand use of preprocessing codes supplied

by TAEA, in our DPS=8 systenm,
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Gensration of Broad Group Errors and their Correlation Mati-:l.x
for Total Reaction Cross Section of U=-238

(S.Ganesan 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 L4 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.
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vhere T and I h g are the 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
& fine group boundary coincide, @ , ¢':r are broad group
fluxes end ¢‘- ¢d represent fine group values, An
assumption involved in deriving Eq.(1) is that & 5 does
not depend on Z‘; s Our derivation appears to correspond to
option LB = O given by Porey3 in ENDF/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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