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PREFACE

The pressnt progress rlporﬁ,on indien Nucleer Oata
Activitiss ie the ssoond of ths new series of progress teporte,
the fizet of which wae brought out in 1981, It covere the period
from July, 81 to December, B2, -

Ae the procssdings of ths annusl nuclear phyeics end
solid state physice eymposis pive full Eovnrngo of the nuclear
physics activitise in the couniry this raport ie limited to the
compilation of nuélodr data related ectivitiss only.

Bulk of the nuclear data related work in the country is.
bedng carried out at B.A.M.C., Bombay end R.R.C., Kelpekkem.
The concerned divieions snd esctions of thesee rcesarch centres
weres requested to submit contributions for thie report ﬂ"thllt
nucleer data rslated work, both published and unpublished, ccrrlld
out during the ‘bovn period. ‘Thn nucleer dete related work cerrisd
out in the other inatitutione and anvorqiticl. which wers reported
at the nuclaar physics and eolid state physic; symposium held at

Varaneei in Dec.82, havs alsc basn included hers.

Convenesr
Indien Nuclear Desta Group.



F1S510N FRAGMENT ANGULAR DISTR!BUIigN DATA FOR
NEUTRON INDUCED FISSION oF u*

SeS. Kapoor, K.N. lyengar, O,M. Nedkerni and V,S, Aamamurthy
Nuclear Physics Division
Bhabha Atomic Ressarch Centre, Trombay
Bombay 400 085, INDIA.

jntroduction

The fission fragment engular distributions provide importent
information on ths gqusntum statse aveilable at the ssddle point to -
the fissioning nucleus which in turn provides e basie fur a theore~
tical underetanding of the fission procsss. A knowladge of the
fragment angulsr dietributions is eleo important in svelueting those
experimental fission crose saction messursments in which fiseion
fragments were detected at.spscified angles snd not in a 2717 guome=-
try. In the case of neutron induced fission of an sven-odd target
nucleus like 235y, at neutron snecgice sxcaading e few MeV the nume
ber of K-states at tha seddle point bacome eufficiently large for
8 eotatieticel d-acription1 to be velid. In thie r-gion ths frag=-
ment anisotropise depend on ths value of o parnmot-rxb (the ver=
iance of the assunmed Gaussian distribution in K), which is related
to the effective momunt of inertis (and hence the nucleesr sheps)
at the fission berrier. It hes been pointed out sarlierZ that for
nuclai -xhiblting s double-humped barrisr shaps, tha traneition
state is axpected to graduslly shift from the pogition of the out=-
or barrier (barrier II) to the liguid drop model shepe, with an
increase in the excitation energy, as e result of the washing out
of ths nuclear shell effecte with excitation energy. Some svidence

“gf thie feature in the experimental fragment aninotrogy deta for
42py tiseioning nucleus was also pointed out earlier In this
work, we hsve looksd into this featurs of ths expected sxcitation
snsrgy dependance of the fission traneition etate in the_fragment
shisotropy date of the fast nautron induced fission of 235y, The
presant snalyeis provides svidence forthe presance of the sbove

feature expected in the cass of all nuclei with double=humped
berciers.  This suggests that svaluation of the fission data for
nuclei with double=humpsd fiesion berriar shape should incorpor=-
ate the abovs important fsature r--ulting from the gradual wash=
ing out of shell effsacts.

Degcription of ths Ogts

. . The measurad fragmnnt anisotropiss W(0°)/%(50%) in the neu=
tron induced fiesion of 235U in the neutron energy rangs of 0 to 23
reV tekan from Refs.3-17 are given in Fige.1 and 2. Rezults of ’
racent messursments of -J.W. Masadowe a d C. Budtz=Jorganssn ob= .
tained through private communication? have also been includad
in the figures. Figs.1 and 2 provide a summary of the present
status of the measursd fragment anisotropies for diffsrant
nautran -anergiss for the case of the targst nuclaus. 2350. reault-
ing from thorough litarature survey. Although the average trand
+Lontribution to Intsrnaticnal Lonference on Nuclaar "-ats for -
Sciencs and Tnchnology, Antwerp (6-10 Sept.1582).
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of the variation of the anisotropy with the neutron energy is
clearly brought out in the figures the different messsuremsnte of
the anisotropy are gensrelly in egresment with each othsr to only
uith1?511¥|1uc of 0.05. Comparing the two most recent nessure~
mente ""? 77 tne anisotraopies of Ref.17 sppeer to be systsmatically
lowsr by & feu per cent se compered to thoes of Ref.16., For
exampls, at 300 keV end 1040 ksV whare both have reportad mee=
suraments, the valuss reported in Ref.17 ars 1,098 end 1,017 as
comparsd to 1,170 end 1,040 of Ref.16. Further cereful messurs=
mente et these two snergiee will be ueeful in resolving the abova
emall descrepancy between ths sbove two recent messurements.

Apalvais of the Dete snd Discussion

We heve carrisd out etatistical model snalyeis of the come
piled fragment anigotropy dete (Fige.1 and 2) on the bseis of the
statisticel theory*, Below the second chancs fission thrashold,
the theory predicts an enguler distribution of the fore

W) = 1+ &K (a?8)/ (14 £ /3)
whare of is related to the quantity p = -LM/‘IKEJJ,{“"Q the
meximum sangular momentum brought in by the nautron in"e aharp cute
.eff model and X2 is o psramster which is the product of ths effece
tive moment of Inertia Jape ond temperature T of the ssddle point
nucleus. UWith the opening up of the multichence fission, one has
to slso consider the angular diastributicns of nmultipls chence
fission fragments. In addition, it is known thst for incident neu-
tron cnergiees of about 14 MeV, significant pre=sguilibrium effscts
set in leeding to uncerteintise in the engular momentum distribu=-
tion end sxcitetion snergy of the fissioning nucleus. UWe have
tharefors restricted ths present analysis to the range 0< En( 11
MeV where third chance fiseion is sleo not open.

In the present analysis, the first chence fiseion anisotropy
of ths 236y figsion fragments for neutron snergiss upto 11 MeV
have besn deduced, from the cxpirimontci gntc on£§£[1n and sniso~
tropiss for neutron induced fission of 35y ang Us In this
way, the cbserved anisotropiss of 236U nave besn corrected for
the sscond chence fiseicn in a nesrly model indepsndent wey. The
maximum sngular_momentum l,.. is obtsined from the relstionship

given by Blannl@,

The continuous lins in Fige.1 and 2 ropronnato-thn values of
the anisotropy resulting from the varistion of K3 versus £  shown
in the Snest in Fige1 ae solid line. Alec ehoun in the insst,

srs the expscted valuss of K3 vereus E for the sscocnd barrier
shaps (dsshed 1ins) anc the shape predicted by the ligquid drop
model (LOM) (desh=dot 1ine). For ths LOM shaps the shell snd
pairing corractions havs bsen included as in ”"ii& . Thus,. the
sbove analysis demonatratss thet the fission of U sxhibits the
same features as was ssrlier pointad out for the 242py ficeiocn,
namsly, thet due to weshing out of shell effsctes the shape of the
transition stats shifte from the sscond berrior shsps to the LOM
sheps. This feature is sxpscted to be common to all ectinide
nuclel with doubleehumpad fission berrisrs and Whould bs considere



éd in any rission data svaluaticn.
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PROMPT NEUTRDN\KINEiIC ENERGY DISTRIBUTION IN FISSION

) Herashit Majumdasr
Ssha lnetituts of Nuclear Physics, Calcutta = 706 C64.

. Aparesh Chstter jes
Physics Department, Calcutte Univeraity, Calcutta = 700 D09,

‘The avaraege kinetic energy diztribution ‘QF:for prompt ney=
trons.in fission io found by modifying Le Couteur's formelism /1/,
including the (L) nuclesr structura esffucte explicitly end (4i)
excitetlion dependence of ths lovel deneity parameter a {U). Cone
trary to sarlier sttempts /2,3/ we heve consistently uassd sll in=
put perameters from our Structure~ssnaltive Statistical Saddle-
scieeion Point modal /4,5/ without introducing any nsw peramsters.

Assuning thet only neutrons srs emittad end that the frag-
ment excitatlon Ug> Bp, where By ie the avarege neutron binding
snergy, the number of averags prompt n-utrun-i@ (ar) emitted from
ths fragment Ar ie given by

- Ue- E
Ve CAE) ='Qf F EVFaLU/('BF-'-:LT) TS

whers ths denominstor is ths averagas onergy carried away by a
neutron at any stags U of compoynd nuclesr sxnitetion. The
meximum ensrgy aveilsbls for neutron emiseion ie Up-E.F, where
qu ia the ) de-sxcitetion energy, T ie the nuclesr tamplrcturo.
A'functionel form of U is necesssry to sveluste 8g.(1). The

- level dansity P (U) is sssursd to hsve the form

P (u) = & exp Llaquy) 2704, ' (2)

where K is a constent end a(U) is our excitation depsndent
level dansity perameter of tha form /6/

*(u) « 3{1 + x,U "'"‘2“-2) ' | (3)

Here a is the ground stats a=paremester end Xq» X, @re the struc~
ture=sensitive coefficients.. Using ths definitidn 1/T = (d/du)in
f(u), U ie deduceo as s function of T; this halps solving eq.(1).
Ths actual integration gives T

’ . ’ - ) g -a
Vy (A= (RB/a] (€)Y O 5CT '{‘*Cf?/fﬁaeF)}‘"(‘*"'a “)

whers ¢ = (3/2)x ;BE end r -27/8r and T, is the_temperature ot
the highest 1limi Up - £ _~» The averags esnesrgy €nf and sverege
. kinetic ensrgy ?i,r(nr) SF ssch nsutron emittsd sre

"._'v__"'—..,—-- = .

G-,,F-C;UF _E?F)/VF(AF)’ 5 Np(A) =€np-Br (9
A Maxwellian ehepe for the neutron kinetic snergy epectzum is
used to fihd .the averags r.;ul.o% neutron snergy ‘7. in the c.me
frsme, the girresprnding value & in the leboratory frems and the
sversge number of neutrons (V )} per fission avant.

7



lnput parameters for ths microscopit calculetions are ssti-
mated from SSSP mocs) /4,5/. Resulta for the T’F dletribution,
the £ ond ﬁ_ values are batter. than earlier simple studise ‘?-‘/-
Our predictions for Vg for 2350 (ny),r),2390u (n.,,r) and 253ce
(s.f) are compared in fig.1 with the availsble u%undnd resulte
. — " /2,3,7,8/+ A Pair egreemsnt is
_ achieved; for 252¢cP the discre-
vt . I 1. pency with expt. /8/ esems to ba
rael in ths range .AF‘.‘—-’ 125=145,
"We predict a minimum in Npdn

o . d{” 1. E the neighbourhood of Ag = 132
. . i l _ . (corresponding to Z = 50 and
| X A S U, N = 82) in all these cases.

Flg.1. Distribution of . as e function of &
'~ 28y ¢ .« = presan & =mref /2/, owref./7/;
240

Pus o = present, & stef/2/y B%rs
o= present, Asref /3/ = ref./8/

/A/ Ke3s Le Couteur, Proc. Phys. Sec., A65, 716 (1952)

/2/ Sy Kluge snd A.'Lajtai, Phys. Lett, 308, 311 (1969)

/3/ €. Nerdi et el, Phye. Lett.43B; 259 (1973) :

/4/ Hs Majumdar ‘and A. Chatter jes, Ind.J.Phys.534,367(1979)

/5/ H. Mejumder and A. Chattei jes, Z.Phys. 305, 45 (1982)

/8/ W, Majumdar end ‘A, Chatterjée, LattoAl Nuovo Cimente
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77/ 3.C. Milten and J.S. Frasér, Proc.tist IAEA Symp. on Phys.
"and Chem, of Fission, Selzburg, 2, 39 (1965). .

78/ H.R, Bowman et. al, Phys. Rev. 129, 2133 (1963)



STUDY OF FISSION FRAGHENT MASS DISTRIBUTIONS 'OR
SPECIFIED TOTAL KINETIC ENERGIES

Rekha fGovil, S,S. Knpoor. D.M. Nadkarni, S.R.S. Mur thy
and P,N., Rama Rao
Nucleur Physics Divieion, Bhabhe Atomic. Ressarcn Centres,
Bombay 400 .085.

The cocrelation. betusen tha fiseion fragment mass (Mp) and
total kinstic snergy (E k) huo been esrlisr /1,2/ dapicted in
sezme of the d-pcnd'ne' of £ ang 6' on specified mese rstio:
or H'. However, for a dirosg computlnon of the mess dietriby-
tion with wode)l predictions it is desirsblo to have sxparirantal
Sfnformetion on the fregment maae distribution for specified total
kinetic energy (E )+ In the pressnt work ws report resuits of a
double kinetic enargy meesuremants which are different from car=
lier published work in the following two respscta., Firstly, the
tiseion fragment detectors used in the beck-to-=back geomstry were
high rseolution heavy ion detectore with centrsl collimator holeas
(2mm) to 1irF’t tha detection area to the centrsl region of the:
detectcrs. Secondly, the gnalysis of tha deta wes cerriad out to
obtain prsnsutron emission mese distribution for nerrow 4 MeV
intervale of £ .

The lxpot&nontnl ssesibly consieted o an avecuated chember
conta;nina tuo semiconducior datsctors placed on sithst eide of o

Ag/cm source an V¥NS backing and this chamber yes irre~
dlatod in thl noutrun beam of CIRUS resctor. About 2x10° two
psrameter svents wers rascordsd on mag teps snd snalynsd off-lins
on s computer. Ths analyeis involved mess depsndent snergy cell::
bretion of the detsctors, the correction for ths effecte of nau-
tron emission ueing ¥V (M, E,) dsta end the ususl momentum end
mess concorvation relations event by svent, Fig.1 shows the ob=-
served mass distribution of fiesion fragments for s few rspressn~
tativa € windows., Fige2 shows_ths variation of the most proghsble
valuss of the light fragments (M ) and the _heavy fragments (R.)
with E_. 1t is esan thet es £, Incresees M end M, epproach sech
other snd, in particuler for very large E b-lu.. H" epproaches
thes velus of 132 which corresponds to thu doubly mepic configurae
tion (Zw50, N=B2), It may be noted that the highest kinstic
snergy window (E, s~ 205 MaV) ehown in tha figure nearly corrse=
ponds to the Q-velus of ths rssction for the fiagment magsos ob=
servac, based &n the celculations carried out with ths exieting
mass formulse /3/. This impliss that for thess cases the fins}
excitetion snhergiss sre very smell and at scisaion Shsy may be
virtually cold as soms ‘energy mey be locked up. in the light frsge
want deformstion energy. .It ia en interseting feature that even
for these cold fission ceses ths character of the mess diatriby=
tion with ite finite mese width ie not much elterad. This appsars
to bs contrery to what uould be lxpoct-d on the besis sf the

- mtatietical modsle where the excitstion energy at scission cru-
‘vially determines the mass. ylnld distribution, The present duto



TN(Eg )

10

ihnroforc'potn; to the imgortance of the dynamical sffacts in
determining ths nass distributions.

/Y H.u. Schnitt. JaHe Nnilor snd F,J, Walter, Phys. Rav.

141, 1148 (1568),

/2/ 8.5. Kepoor, D.N, Nadietni, R. Hemanna end PeNs Rama Rao,

Phys. Rev, 137, 8511 (1968).

/3/ A.H, Wapstra and K. Bos, Atomic Date snd Nuclnor Dats

Tebles 12, 474 (1975)
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CHARGE DIVISION MECHANISM IN BINARY FISSIOM IN TERMS OF DCM

P. Bawu, M.8. Ch-ttorjo- and M.L, Chetter jes
Sahe Institute of Nuclesr Physics, Calcutta 700 009.

The cherge and mass valuee obteined from our DCA /1/ agrase
fairly well with the expsrimentsl findings of Unik et el /2/.
This hoe led us to investigate, how far the DCM agrees with ths
existing cherge division mecheniome of binary fission. There are
ot pregant two well knoun chapge division hypothssis, namsly, UCD
end ECD /3/.

The expeziments of Unik et el /2/ (from x=ray nooluronnnta)
suggests a modified form, which gives much bettar agreement with

.the expte.

A, = A . .
L (B e A ek ()
. < ‘
F

where the eymbols have thoir usual meaninga,.
In order to errive at the nodiflod Uck formula, fro- the OCA,

we stert with
ALF = ALC + Ne/2 and .HF'- A"c + No/2

where Ne io.tho excass neutrons, which is squi=pertitioned betuwsen

the heavy (A .) and light (AL ) core.
After .Hﬁ- triviel alge Enp we finally errive at

A, = A : ' '
W __z_l;_(t“ +C) s AU.= A (2 -C)

o %
where C'= F(erll) ‘ r'zg) Z, » ie positive.

We worked up this relation for fioaioning nuclei 23°Th, 2‘oﬂu

end 252cP, gnd found that for sll possible complemsntery fregment
peirs, C.ranges bstween .2 and 1. Perticulerly in the high yield
ragione (2, = 52 «~ 56) C has a valuo betwsen 3 and 8.

The EED hypothasis attempte to connect the prompt fragmente
in fieeicn with the rndxocholicnl proauctu cbteined after nsutron

and bete’ emiseiond.
from OCM, ths increment of mese of onch frngncnt WeTote the

ieotopically abundont core, on the line of stsbility, end before
nsuytron emission, is given by,

l\n - A = A d Aln = A =Ac
Rndioehlnical nnosoo are ootatnod nftlr noueron c-tooion. viz.

Ap = Ayp - ”.L =he* "'/2." 1

11
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where and ’ -r. the no. of noutronl emitted from the h'lvy'
and lighg core roﬁpoctivnly. .
Finally be obtein the charge dinplncononto (1]

Ne/z - Yy 5 AZ[ = Ne/o - Y,
(A A /Az.)A e (A_ A /Az.)

Tho sbove result wee tried for 252 cr and 254 Fa where and

ers experimentally known /4/ for different colplomlntury frag-
noht paire. The agreement between A 2y and ZLZL le ootiofactory
ae avidanced from the following table:

AZH=
Arc

Teable = 1 ]
Chatge Displacemente from UCM for 2‘2Cf
H.F. L.F. Ne AzH Azl
129, 123¢4 20 2.59 2.07
137, Mg 18 2,45 2,18
e M 20 3.36 2.89
1465, 106, 16 3.23 3.16
150¢, - 102 20 4.2 4.31

Thue DCM can also fairly reproduce ECD.

/1/ M.L+ Chatter jes, ths.‘L!tt. m (1977) 319,

/2/ 3.P. unik at al, Proc, 3rd IAEA Symp. on the Phyeics and
Cheaistry of Fiesion, Rochseter, New York, August 1973,
Peper IAEA = SM -~ 174/209.

/3/ E.K, Hyde, "The Nuclear Propertise of the Hsevy Elemente

, (I111-Fission Phenomenon, 1564 (Prantice~Hall) pp 141=144,

/4/ R.l. Walsh and 3.4, Boldemen, Nucl. Phys. A276 (1977) '

‘ 1693
J.E. Gindlaf ‘et al, phy-. Rev, Ci6 (1977) 1483.
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Cumulative ::I.cld- of short-lived Fu :hotopu
in the spontsnscus fission of 2520f

AelieQs ld:. Alck Srivastava, B.X. Srivastavas,

Satye Prakash and M.V Ramenish,
Redioohenisiny Division, Zebha Atomio Ressazrch

Oentxe, Trombay, w& India.

Comtletive ylelds of the sort-lived 0w, '°7m 0wt P 1a
the spomiansous fission of 2920f have been dederiined W & fast Tedtochemical
separation r'tenu'wd by gme spectremsiry. The ournlative ylelds for “’h,
O, op e "_"in are 7:20 + 0,30, 6435 # 053, 589 + 0.29 s 4.08 +
0,30 respectivedye e %hu 34412 values eported in the Literatare have
Poor ssreemmnt. This has bemn explained in terms of the ohemical behaviour
of redic ruthaniume The fast redicchemicsl serarstion of rthemivn from
other fiseden products wan achieved within 40 sece afier the enl of irredie=
tion. The overull unoertainty in the measured yield valwes is axound 5 te

"
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Charged particle induced fimsions p.nd!%
angular mominttm on entrence channel ia
T. Datta, S.M. Sehakundu®; ﬂ.l’. Dange, N. Chakravorty*
R CGuin®, s‘f;lmlﬂ'a'om !
Redioohemistry Division, Bhabha Atomic Research Centre,

Troubay, mwoooe:.. India.
* YEOC, calouttu.

In this work fission fregment angular momsnta fox fragaemnts coxrresponding
t0 flasion profuct iscesrs. 31 My ey 3 ®ing have been deduced from the
radiochemically determined independent isomrdo yield :,'Qupl in 30 MgV alpha-

- particls induced fission of 22, fiagion. Tne obacotin of this wark was te
investigats the influence of initial exoitation exergy and sngmlar momeninm of
the campound muoleus on the fission fragmnt sngular momentum, an aspect, not
80 well understocd so far although scanty data that are availedle indioate
somewhat uncertain inoresss of fragmnt snguler momeitum with initial excita-

tion snexgy.

Expexrimentals

Table ¢ Conparieon of Anguler Nomenta in 22m ( °/;o n.r:) -
235y (x\mot) mtu

Fosioning  Beottetion <> po msdakamua ()

systen Boergy (¥av) ) By, 1530
2% gy 2) 6455 3404 640 + 1.5 5¢9 # 1.5
TS 2 0.7 645 : Ou4

. 2’25‘ D( »2) 25033 1042 %eT £ 0.6 6.9 + 0.9
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Charge distribution 4= ihe spontantous flesion of 2520¢
l:nto nation of frectional oumulative yields of 0N

-Alek Srivastava, A.0.C. Malx, 3.,XK. Srivastava,
Satys Prakash and M.V, Bemenish
Rediocchemistry Division, Mhadha Atomio Buou'dl
Cantxe, Trombay, W' India.

e frectional cumaletive yisdds (301) of “O2e ant ¥5ce 1n the
spontanecus fisston of 2520¢ kave been determized using reficointosl
separation sl direct .—s-zw counting o!' she irrediated osboher foil
er & 60 o.0. Ge(ld) ocupled to & 4 K analysaxe The fractional owmle~

tive ylelds sice oaloulated from e CM and des:;,- of the dmughier
produots 149;. and “‘P: :«poounly. The values of frectionmal

ouulative ylelds sre 0:9977 + 0,0018 and 0,969 + 0.002 for Wpy wu
'“oo xespectively. These values correspond 40 & width (<) of
0.59 # 0,07,
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Isotopio yi !}’g distribution of Iodime in the spontansous
LTission of €7°Cfs Influence of proton pelring effect

A-V-n- Reddy, BOBO.W| Taxun Datta, V.3. Mallemirker,

Satys Prakssh end M.V Remanish
Radiochemistry Division, bhabhe Atomic Researvh Cemtre,

Trombay, Bombay-400085, Indim.

. Indepentent yields of P12 131 4y e postanecus fLaston of B20g
were determined ganma lpzcotrmtrically following separation of iodine from
other fission productss The axperimental data were umsed t0 Parametrise tha
isotople yield distribution (Ap model) for fodine {Zw53) 1n 25%0¢ (s7). e
valuee for most probsble mass (Ap) and the width of the distribation ( )
as obtained in this work are 135.75 uﬁ 1466 % Ou14 mass units respectively,
Total elemental yield (Y] was estimsted as 8¢2 % 0o7%. Using this valme of
'r.. in thie work an) the litexaturs date for other chlinu; the odd-sven
effect due $0 proton Palring was emtimated as 139 + 4¢6% for 220¢ (87).

Rperimsntel Resultst

lxcl‘ldo‘ ' I.Y.

k3 (2474 2031} x 1072
P2 (4e65 32.32) z 107
i - (574 £0:30) x 107
kar | (1097 2031

# Prom reft 8.3 Nanchiar et al.. Puys. Beve g 17 (1) (1976) 1e6.
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Teotopic yield distribution of Technetium isotopes
in the epoutanecus fiasion of 23202

Alck Srivastava, A«GeOe Nair, B.K. Srivastava,
8:3+ Manchar, Setys Prakesh snd M.V. Ramenish
Badiochenistry Divieion, Ihabhs Atomloc Hesesroh
Cantxe, T!u\bq. WOOOOS, Indiae

e creotionsl xdepentent vielas of Vg, Wny, Wy o 10 4y
the spontanscus fiesion 0{25_2 have been desermined by following thedecsy of
technstiun after rapid chemioal separation from molybdenum. From the IYe
the most Twobable mess AP and the isokoplo dispersion paramster { T 1) were
‘.tl_rﬂl_'d apd ure 107.30 X 0,60 and 1.80 b 0430 respectively. The _#.Ml
of o, W5 et %0 are consiotens with te yields of cestim totopes

siioh are coaplementary o To.

fable 3. Fractional Independent Tields of To

Oy, 04007 0,002
103, 0,045 + 0,010
104y, © 0,078 # 0,022

e "I 04339 % 0,064
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I BRI Mo
T. Datts, SeP. Dange, 5.K« Das and Satys Frakash
| g::t;d:qu J.H.v:llion. hu!i;.. At?;: Fesesrch

In low enexgy ﬂ.niming' systen with low initial angalar momentum,
generation of fragmenia with high wguler nomente is asoxibed 0 strons
coulcabic interaction hetween the fragmenis for ncn-iinur lo:luion eonfigu-
ration. Thexefore, -na expects a strong corrvlation bct-nn fragmant snglax -
acmentunm, mode of oharge eplit and fragment do:rmt:!.on. Inveatigation on
unjular momenta of charge ocmplémnta.ry frageants is therefors useful to study
the effeot of coulombio torque which in turn depends on the charge split amd

" deformation of individual .ﬁagmlnts, on the fragment angular momentums
In this wrk angular momenta of fragments corresponding to K 1"_1’515
and "11’4. which we charge-complementary have besn deduced from the radio-
chexioally determinad indaepexdent 1aanerio yleld ratios of these fissiom

prcduot isomers in the spontansous ﬁ.slion of 252 CcL.

Table 3 Iscmeric yleld ratio amd angular momenta

Fission producs Yield Ratio . RMS Angt(%;.r Nomentum
Wiy o 04601 & 04018 845 + 0u15
131TG 0.503 x 0.026 58 :1 ‘

15304 ' 0.544 + 0,062 6o %1



A SIMPLE MODEL TO CALCULATE FAST FISSTON CROSS SECTIONS
INCLUDING THE EFFECT OF PRE-EQUILIBRIUM.

R.P, Anand, M.L, Jhingan®* and #,X, Helta
Nuclear Fhysics Division, B.A.R.C,., Bonbay 40c085

rilsion cross sections for fest neutrons play an ime
portant role in the design of fast reactors., Although the
neasurements of fast fission cross ssctions hiave been
carried out extensively for the important fissile nuclei
"but these croses sections for the less stable nuclei, which
are produced in the core of the reactors, can not be meaw
sured very sasily. Here a semi-empirical approach, based
on actual physical processes involved at higher neutron e
energies, has been adopted to calculate fission cross=-
sections from 1 to 18 MeV (upto third chance fission)
using the first fission plateau (2-4 MeV) cross sections as
imputs. The basic assumption employed here is that,
the ratio of neutron width to the fisslen width is consie.
dered to be independent of excitation energy (at least upto
25 MeV) for the decay of the nucleus through the statistical
process, The affect of pre~equilibrium emission of first
neutron is considered alongwith its equilibrium emission,
The subsequent neutsron emissions are assumed to be purely
due to equilibrium process. When the first neutron is emi-
tted due to pre-equilibrium, the first chance fission of
the nucleus is not possible but the second« and thirdee
¢hance fission probabilities are not effected, Near the
fission-barrier., The barrier penetration factor as given
by Hill and Wheelar was used, The gamma emisgion is negle~
cted as it is very small in comparison to neutron emission.
The reaction cross sections required are taken from the
Wilmore and Hodgsonjs optical cross-sections.

The first-chance fission crosz-sections were tnkon
from the experimentally measured data wherever availabie,
Otherwise they were taken from the systematics of Behrens
and Howerton (1978).

Baséd on this prescription a computsr ¢°d‘tV"t:‘V'1°'
ped and saio ros ect g were culated for (]
nuclel 255 23& !35 ég'?hlp and’ Esaru in the energy
range 1-18 Mov and thcao enlculatod cross sections were
found to agree within 10% with the recently measured fissi-
on cross sections for these nucleli, Thus after establishe
ing this. prescription it was used to predict thassisaion
553" sections for the less stable nuclel like Th and

Pa whers neasuroments are not available,

Bcnrons, J.W. and Houorton, Red, (1978);Nucl.Sei. Engg.65,
hbh,

#Member of T.I.F.R,
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THE RADIATIVE NEUTRON CAPTURE CROSS-SECTIONS FOR 'y N
MEV ENERGY REGION

M. Afzel Anasri, R.K. Yaiskul Singh and M.L. Sshgal
Oapartment of Physics,
Aligarh Muslim University, Aligarh, Indie

and

VeKe Mitte), D,K. Avasthi snd I.M. Govil
Ospartment of Physics
Panjab University, Chandigarh, India.

NTRODUCTION: Vansdium has besn considared as ons of ths impor-
tant elements for the futurs fast reactor dssigning, as ite alloys
are being used as one of the fuel-cladding matarial /1/. The:
encrgy range of 10 KeV to J MeV is of principal interest to such
a reactors. Besides, maasurements of fast neutrcn cepture cross-
sections furnish veluable informations about nuclesr structurs.
Hence the precise knowledge of the resction cross~saction is '
esssntial in this ensrgy region, In thes presen ,uork. radistivo
neutron capture cross-section for ths resction *'v(n, ¥ ) 4y
has veen messured at thres nsutron snargies, i.e. 1.07+0.20MeV,
1.8930.17 MeV and 2.8530.15 MeV, using activation technigue.

-The sxperimsntal resulte have besn compered with ths stetisticel
theory celculetions by Holmes et al /2/, to sse whathsr stetisti~
cal theory is good enough to pradict the redistive neutron cap-
ture cross-section up to. 3 MeV ensrgy.

Experimentsl Detgils: 'In the present measuremente, activation
technique has been applied. Monoensrgetic neutrons gf the de~
sired energies were produced by masns of the T(p,n) YHe rsaction
using the Verisble Energy Cyclotron at Chandigarh. Neutron ensr-
gies wers calculated from reaction kinsmetice. The spresed in ths
neutron energy was estimated from ths known target thicknere end
the geomeiry involved, Ths trisium terget was cooled by lsteral
hest conduction process. _ S

" spectrogrephically pure (599.99%) vanadium oxide was ussd ss
samplo, The target sample was made by uniformally spreading the
powder within the perspex ring of specified radius, which wss
sandwiched betwesn two thin celluloss tapes. This sample was than
pleced betwsen two stendard ssmples of potassium fodide of eimilaer
size to get the sverege neutron flux passing through the sampla
under investigetion. The target sample wes irpsiiated in the
‘zero degres forward direction with respect to the proton beam.

A high resolution 50 c.c. Go(Lx) dastector (FWHM of 2KeV at

9.33 MeV) was ussd to detsct the cherscteristic gamma lines. The
photopeak detsction efficisncy of the Ge{Li) detector for gamme
ray at various snergiss were dstermined expsrimsntally by ueing
standard gamms rey sources. The gamma rays spectra in the decsy
of samplss were recorded with e pre-calibrated 4096 chennal KD=100
. analyser, The half life was elso followsd upto asveral halflives
to be sure about the formstion of 52V with Ty/p = 3.76 min.
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The formuls used for computing the cross=section in thc pre=
sent work is, . X
Adexp ( A.t2)

NFE® K/1 = exp( -»1\ t.')JLT- oxp ( = Ats)J-

where A is the total counts undsr the photopesk of ths characteris-
tic gemma ray, )\ is the decey constant of the oroduct nucleus, N
is the number of nuclei of the isotope under invastigetion, € is
the effsctive photopeak detection eftficiercy, § is the average neu=
tron flux, @ is the absolute intensity for characteristic gamms
tay, K is the self abesorption correction fector for the gemma ray
in the sample, t, ie the irredistion time, ta ie the slapeed-time
between stopping of irredistion and sterting of counting end ty is
the counting time. For better accuracy of the results ths measure~
mente were done for two ur more irrediations et sech incident neu=
tron enatgy. The errors and uncectainties sssociated with the re=
ported results comprises of various fectors /3/, whose corrections
has baen taken into account in the messsursd valuse.

M&Mﬂ:ﬁm' The mesasured rediative nsutron cepture
croes-asction for STV at thres nsutron ensrgies are given in
tables 1. A comparison of our measurad cross-ssctions with the
statisticel thsory calculetions of Holmse st sl /2/ has alsc

bsen given in ths same tsble. Since the etotistical thsory csl-
culstions sre peremeter depaendent, /2,4/ the sxsct agresment bete
wesn experiment end theory is herdly possible. Howsver, the
sgrasmant batwean cur experimental rosult end theorsticel predice
tions, is within a factor of two.

Jabla I
The (n, Y ) cross=scction for the resction 51U(n. Y )52v

SeNQ. Ne:Z;on Energy ' J:.EP("' ¥ ) ?:E':?(n.’y) 'o’.xp(m)

Mey_/ b :
{nod F e ¥)
T 7.0740.20 2.8430435 7.9 T.45540. 185
2. 1.8980.17 1.7840. 20 1.15 1.54830.174
S 2,8540.15 ' 0.9240.13 1.06 0.86840.126

* /1/ N.D. Duday, R.R. Heinrich end A.A. Medson, J. Nucl. Energy

23 (1969) 443
/2/ J.A. Holmea et sl., At.Dete and Nucl. Dete Tebles/1B (1976) 305

/3/ M. Afzel Anseri, FPh.D. Thesis (to bs submitted) A.M.C. Aliperh

(1562)
/4/ R.R. Roy and B.P. Nigam, Nucllur Phylicu. John Wiley and Sons

Inc, New York (1967) 200.
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THERMAL CROSS-SECTIONS OF 25T ang 223y
_ P. Mohanakrishnan
~ Theoretical Reactor Physics Bection
Bhatha Atomic Research Centre
atup the 4

The recent finding of R.C.1ittle et. 1( ). that the 0.0253 oY capture
cross-section of 22 4o be 6.45 barne as agatnst the EXDF/E-Y mormalisation
of 7. 40 barns arouses a 1ot of interest. fThese are the first ever direct me-
asurements of 2°°m cepture cross-section below 0,036 e¥. To see Whether
integral measurements warrant the use of nduevcd capture crosa-section of
232& below 0.0 eV, we have analysed the Rrook-haven National iaborators
(BNL) exponential 1attscen (2) using ENDF/B-V cross-sections, as well as the
reduced thermal cross-sections normalised to 6.45 barne at 0.0253 eV.

The following microsoopic peint croes-sections were cbtained on raquest
from TAEA, Viennl(s). ' »
(1) neutron capture cross-sections of 2321£ from ENDF/B-Y in the range

0 to 4.0 eV.
(11) total croes-sectioms of 222 from ENDF/B-IV in the energy range
, 0 to 4.0 eV, '
(441) total, cepture and fission cross-sections and ¥ nlm of 2”\1
from ENDF/B-IV in the energy range O to 0.625 eV,

The above mentioned point oross-sectiona were converted to multigroup
ecross-sections with the epergy limits matohing with those of WIMS €9 group
livrary weing & hardened Maxwellian shape in neutron enexgy (E) in the rsnge
0.0 to 0.14 o7 and 1/E shape in the Tange 0.14 to 4.0 oV sa the weighting
spectra. For wing Iittle's ruultl,n propmd another set of cross-asctions
by reducing the clpturl cross-section of 232, belew 0.05 oV n-o- mr/s.v
values by a factor 7.4/6.45.

The BNL lattioes chosen for analysis were seven E,0 -m;’mu single
fuel red lattices (moderator to fuel volume ratio = 0.997 o 9.2747) and
four 2,0 modezated single fuel rod ‘lattices (moderatar to fuel voluse ratio-
11,7159 o 37.8276). The fuel comisted of ¥ enriched 2700, in M0,.
h'.lturwp integral trmlpert theory was used for spectrum eﬁeuhtiou
inaide the unit cell of the lattice followed by multigroup diffusion theary

oaleulations uiing the meusured meun;-' to gi_‘t the mltiplication factors

22
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and also the leakage corrected spectra for finding the resotion rates.

c us
| With TNDF/B.Y croas-ssotions for 27°Mn, good predictioms in the
oriticality of E,0 moderated lattioes are obtained. Nowsver, there is

‘an underpredistion of multiplioation factors by 1.9% in D20 moderated

lattices. Ainother parametsr which shows deviation Latween caloulated
and uumd uluu is the ratio of epithermal to therm) captures in
2%m(  §o° ) which 18 undexmwedicted in voth 2,0 an n.‘,o mode-
rated lattices by about 114,

With the uwee of "Little et.al" cross-sestions belevw 0.03 oV for

- 232, the multiplioation factor prediotion of Dp0 moderated 1attices

izprove to 0.999 + 0.009. At the saxe time, multiplication factors pre-

' diotion of n20 poderated lattices remain good at 1,006 + 0,001, Thers

is sn improvemsnt in ,? %2 predictions in hoth B ,0 and D,0 moderated
1sttices « deviations: roduclng to .

Tt is concluded from cur enalysis that it ie preferable to uwe a
value of sround 6.45 barne for 2°2qm capturs oross-section at 0.0253 e¥
(found in R.C.Little et.al's measurexents) instead of ENDF/B-V normeli-
sation of 7.40 bn-m

go!‘mggn ‘
1. Mtﬂ. R.C. .to.].' Nucl. Sci. and Engg. n’ 115 (1951)

2. Windsor E.H. et.al, Nuol. Sci. md Bugg. 42, 150 (1970)
3. letter of Day Day N., Fuclear Data ‘Bection, JAEA, Vierna to Mchana-
krishnan PO. BARC, Boadey, Jul, (1930)



EVALUATICN OF THE ©%*mn NEUTRON CAPTURE AND FISSION

: CROSS-SECTION ABOVE 50 keY

HM. Jain® end M.K. Mehta™*

As a part of the IAEA-NDS sponsored Coordinated Research Programe
on the Intercomparison of Evaluation of Adctinide Neutyon Nuclesr, the
evalustions of the measured differential data for 232m, (n, Y ) mnd(n, £)
croav-naction above 50 keV were eoﬁplebod. 4 paper (E-11) vas preaented l
at Intemational Confersnce on Nuclear Data for Science and Technology,

Antwerp, Belgium (Sept.1982).

Most o€ the existing differential measurements Were reviewed and
_serutinised for reliability. Selected data sets were renormalised to
ENDF/B-V vslues of the aﬁgndar_d cross-sections and fitted with computer
program SPLINE. The end results of both these eviluations are sets of
“pecomuended® values at energy intervals cJ.eu enough to enable linear
interpolation (Ref.NDE (BARC)-9 snd 10). The present evaluations are
compared with some recent ones, Reglons of Larger uncertainties are

pointed out vihere new measurements would be of value.

‘® EaPS
*% NPD
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EVALUATION OF NEUTRON CRUGS-SECTIMNG FOR 32Th‘*

scBo Ga.rg’ Anar Sinha and V.K, shukl‘
Experimentel [leactor Physics Section
Bhabha Atomic Research Centre
-Trombey, Banbay - 40O 085

Thorium=232 1s a fertile element which leads to the production of
fissile Uranium=-233 when irresdiated with neutrons in nuclear reactors.
In order to assess its physics potential neutron induced reaction
cross-sections are needed in the energy range extending upto 20 MeV. To

"mee; this end evaluauions of totul, elastic, inelastic, level excita-
tion, capture, fission, (n, 2n) and (n, 3n) cross-sections have been
carried out under a project of Intercomparison of Eveluation of Acti-
nide Neutron Nuclear Data sponsored by Nuclear Date Section of Inter-

nationel Ataunic Energy Agency.

~ The measured totel and elastic scattering cross-sections have been
evaluated /1/, /2/. Deformed opticel model with adiabatic approximation
hes been used with the parameters of Guenther et al /3/ to generate neu-
tron total and elastic cross-sections upto 20 MeV, The spherical opiical
model parameters of Sinha and Garg /4/ have yielded the compound mclear
contributions and the level excitation cross-sections. (n, 2n) and
{n, 3n) cross-sections have been derived using preequilibrium-statistical
model /5/. Upto 18 Mel of neutron energy an evaluation of measured (n,2n)
cross-sections carried ocut by Anandet al /6/ has been accounted.

For fission and capture cross.sections,evaluations of Jain ad Mehta
/1, /8/ have been tsken into account in order to obtain the total in-
elastic croas-sections.,

/) V.K. Shukla and $.B. Gars :  Evoluation of Measured Neutron Total
Cross-Sections of Th, NDE (BARC) - 4. )

/2/ &mar Sinha and $.B. Garg ; Evalustion of Measured Neutron Elas-
tic Scattering Cross-Sections of Thorium, NDE (BARC) - 1.

/3/ P.T. Guenther et, &l $ Nucl. Sci. Eng. 65, 17 (198).

/b/ dmar Sinha md S.B. Garg ; Opticel Model Potential for 22
for Neutron Interaction, Nucl. Phys. & Solid’ St. Phys. Symp.,
11T, Delhi (1980). -

/5/ émar Sinha snd S.B. Garg j A Statistical-Prewquilibrium Model

Based Malysis of (n,2n) and (n,3n) CroksiSections of Th-232
and U-238 § Atomkemenerzis-Kornteohnik, 38, 382 (1961).
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/6/ RP.dnand et al ;. Evaluation of (n, 2n) and (n, 3n)
: Cross~Sections for Thorium Isotcpes ; Workshop on Nuclear
Data Evaluation, Processing snd Testing ; R.R.C.,;Kalpakim

(1981),

/7 HX. Jain nd M.X. Méhta ; Evaluation of 2%m Neutron
.'Fission Cro ss=Sections Above 50 ke¥ ; NDE (BARC) = 11.

/8/ HM. Jain and M.K. Merta ; Braluation of °3°m Neutron
Capture Cross-Sections Above 50 keV ; NDE (BARC) - 10. -

*  Issued as Report No. NOE (BAKC) - 12 (1982).



MULTIPA«I1CLE iBACTION CraOS-SECTIQNG#

S.B. Garg, V.K. Stukla and dnar Sinhs
Experimental Reuctor Physics Section
Bhabha Atomic Research Centre
Trombay, Banbay - 400 035

Neutron induced multiparticle reaction cross-sections are needed for nuclear
- safety end radiation damage studies in reactor systems. V, Cr, Mn, Fe and Ni
are the structural elements and their charged particle emission cross.sections
have not been measured in the enerzy range extending upto 20 MeV. To fill this
gap (n,2n), (n,p), (n,ol ), (n,np), (n,pn) and (n,nol) reaction cross-sections
have been evaluated by making use of Hsuser-Feshbach multistep statisticel theory
/Y end the preequilibrium exciton model /2/.

Optical model parameters for neutron gnd proton particle emission are those
of Becchetti and Greenlees /3/ eand for alpha particle emission are those of
McFadden and Satchler /L/. Neutron total cross-sections calculated Wth these
perameters agreed within 4% with thoSe given in INDF/B-IV cross-section litrary
indicating their sdequacy. Trenamission coefficients and branching ratios for
various reactions have been obtained by considering the energy level atructure of
target end residugl nuclides, their coniinuum being represented by back shifted
Fermi gas model., Pairing energy corrections :nd level width fluctuations have

also been accounted for.

Precompound emission of particles has been tsken at 8 MeV or above of neutron
incident .energies snd the evaluations have been male by meking use of the exciton
model with the reaction matrix constant given by Kalbsch /5/. It has been noted
that (n,2n), (n)p) + (n,np) + (n,pn) = { n,x») and (n,sd) reaction cross-sec-
tions sre cslculeted within 2% of the corresponding measured entities in the magic
nuclides 1y and SaNi. In the cagse of others the deviations are mors, It may be
stressed that the measured infomation on the reactions mentioned in this psper is
rather scanty and hence a systematic study of these model based reactions can yleld
reasonable estimates of charged particle emicsion cross-sections for direct appli-

cation in radistion damege calculations.

A few reaction cross-sections are listed in the following Table st 15 MeV to
indicate sgreements between the calculated and the measured valuess

Zgble

Element Crosgs-Section Type Calculated {mb) Measured (m|
.5z , 2 , 360.5 W2 s+ 29
'3:'5? :, x{;i 89.1 91 3 Lk
Ni.58 n, Xp 1042.3 1000 * 120
(n,= ) 71 98 3+ 6
(n, 2n) 49 39 i_ I

P.~56 (nv 2“) . ‘078 © .
(a, xp) 309.5 290 & 22

Cra=5< (n, ) 38k4.3 20 £ 25
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Spectra of emitted particles, slustic, inelastic and level excitation cross-
sections have also been evaluated in the mergy rangs 1 M&¥ to 20 MV,

/Y W, Hauser and H, Feghbach j Phys. Rev.87, 366 (1952).
/2/ 3. Grafrin 5 Phys, Rev, Le%t,17, k78 (1966),
/3/ F.P. Becchetti Jr, & G,W, Greenlees ; Phys. Rev,182, 1190 (1969).

/4/ L. McFadden and G.H. Satchler j Nucl, Phys. 8k, 177 (1966).

/5/ C. Kalbachy PRECOB, Program for Calculating Preequilibrium Particle
Energy Spectra, infomal report issued by Trimgle Universities
Nuclear Laboratory snd North Carolina State Uhiversity Chamistry

. qumt, Du!'hcm, Nc. 19775 .
#  Peper presented at Nuclear Physics and Solid State Physico Symposium,
Banaras Hindu University, Varsnasi (1962).



ANALYSIS OF THERMAL REACTOR BENCHEMARKS

H-C- Buril
Theoretical Reactar Physics Section
Hnathe Atomic Research Centre

Thermal reactor benchmarks recormended by the Cross-sections Evaluation
Working Group of National Nuclear Data Centre of BNL“) were analysed using
th= multigroup cross-sections derived from UENDL. The benchmarks included
(1) unreflected critical apherea of uranyl nitrate solution in H,0, (11)
homogeneous 23%pu critical bare spheres, (111) TRA-1 and 2 lattices, (1v)
BAPL - 1,2,3 lattices and (v) MIT - 4,5,6 lattices. The first iwo sets of
benchmarks are useful for (a) testing E,0 fast scattering data, (b) thermal
absorption of hydrogen, (c) 2°°U thermal data, (4) 2%pu thermal dsta. The
remaining sets of experiments were analysed with the ohject of validating our
calculational procedures vis a vis more sophisticated ones.

The calculated eigenvalues for the 2351] spheres were found to be consistently
lower than the measured ones with maximum deviation being around 1.5%. .The
cross-sections for H,0 were in sgreement with those recommended in EN]?F/B—IV.
Use of the ENDF/B-V suggested fission spectrum (with E = 2,03 Me¥V) and an in-
crease of 0.74% in the thermal 7)) of 235y brings the calculated eigenvalues
very close to the measured values. The effect of these modifications on the
calculated parameters for lattice benchmarks is being investigated.

With regard to the examination of 2>%py criticals, the computed eigenvalues
were overestimatéd with a large scatter ( o 2.5€) with average calculsted
K g = 1-0134. These results are in good agreement with the observations
nsde by other evaluators of the same btenchmarks. It has teen found that
these benchmarks have poor consistency and there exists the need for some
well determined experiments for evaluating data for plutonium 1soto_pu.

Analysis of lattice benchmarks Wrought out very clearly rather poor
consistency of D20 moderated exponential experiments. The cross-sections
used by us which are based on WIS 1library (derived from UKNDL) are in
general sdequate in predicting the physics characteristics of thermal reactors.
The results are discussed in detail in Reference 2. '
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1. Cross-sectiont Ivaluation Working Group; Benchmark Specifjcations
BNL - 19302 {ENDP-202) '

2. H.C.Haris, P.Mohanekrishnsn snd B.P.Restogi, Analysis of Thermal
Reactor Benchmarks, Paper submitted to Seminar/Wewkshop sntitled
'"Thermal Reaotor Benchmark Caloulations, Techniques, Results end
Applications', BNL, USA, May 17-16, 1982.



NEUTRON ANGULAR OISTRIBUTIONS IN REACTIONS
-INOUCED BY 14 MeV NEUTRONS

A Chatt!cha and S.K. Gupt.
Nuclear Physics Division
Bhabha Atomic Ressarch Centre
Trombey, Bombay 400 0B85,

. In the fast particls modsl /1/ presquilibrium angular distri-
butions described in terms of a gensrslized master squation, a
crucial assumption is that at asch atage there is an identifiable
lesding perticle, Ths predictions of this model generally under-
estimate the smission at backward angles /2/. In the present
work the exciton stetes are further classified /3/ as muitistep
compound (MSC) = including only bound excitad states and multi-
step direct (MSD)} = with at leest one unbound particle. The
angle dependent emission is assumed to arise only from the MSD
states, The branching is assumed to occur at the first step with
the unbound branch propbability,

KIL e PF’ ap ot P‘n B (1)
whers Py and P, are the probabilities of the initial interaction
with a target proton or tsrget neutron and rp and ry, are the
ratio of the unbound to the total state densities /4/ for the

two resulting configurstionsg taking asccount of neutron-proton
distinctién. Assuming idsntical trensition rates for thc two

chains of states,
é:g:—— = Q - {\) u)};\l\l PJ(V\, (—_) \ej (_\’\) + '<1(“>~_i: K(-L‘S e) pr.(h,e)\g(ﬂx 2)
Ol_e c‘L 0‘ .oon . v t h

where "G (iL) ara. the Legendce coefficients of sxciton state
lifetimes as in ths ususl fast perticls model.

The resulta using the present model are shown in Figs 1
and 2 for S5(n,n') ana Ca(n,n') for £4 14 MeV. The dashed
curve is tha prediction of the usual fest particle model. Ths
prasent model results in an improved agresment with the data.

/1/ G. Mantzouranis et al, Phys.Lett.57B, 220 {1975).
/2/ 3.M. Akksrmane et al, Phys.Rev.C22, 73 (1980).
/3/ H. Feshbach st al, Ann.Phys.125, 429 (197%).

,‘;’3/ C. “'lb.ch' phy'un_.Vtczﬂ 819 ‘1981).
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A STUDY OF PRE-EQUILIBRIUM EMISSION IN (n,p)
REACTIONS BETWEEN 10-20 MeV

J.p. Gupta and R, Prasad
Physica Department
Aligarh Muslim Univorcity, Aligarh 202 001.

. A nnnputor code ACT h-? bezn unod to c-lcg}nto the excitstion
functions. for 48:49,5071, 5 Cu, and In(n,p} reac~
tions in the energy rangs 10 to 20 nqv/1/. Hybrid model /2/ frame
work has been used for treating the pre-squilivtrium emission. Pre~

equilibrium emission is considered only in the first step of de-
excitation where the excitation energy is sufficiently large. In
thess calculations conservation of the psrity and angular momsntum
heve basn taken into account at sach atep of de-sxcitation. Back-
shifted Fermi level density parameters have been used, Pauli ex=-
clusion principle and width fluctuation correction can also bs in-
corporated optionally, For all calculatione level density psra~
meter, the effective moment of inertia and fictive ground statse
position have been taken from ref./3/. The following values for
the other parameters nhave been used in theee calculations : p=2,
h=1 and FM=430, where p and h stands respectively for the parti=-
cles number end the hole degresa of freadom of the initiel ststes.
FM is the constant (Mev3)’
which defines /4/ the mat-
rix element for internal
- transitions campeting
with pre-equilibrium decay.
As can be seen from Fig.1
the function of the pre-
equilibrium emisaion in=-
cresasss for each cass
with incrassing excita-
tion energy /1/. At 15.0
MeV excitstion energy the
pro-aauiligﬁiun fraction
faor 4 - Er
650y and 64 66Zn targot
nuclei havs bssn plottad
in Fig.2 as a fuynction Of
atomic mass number A; pro-
ton number Z, nsutron num-.
ket : "ber N znd ;;ymnctry para~-
00 1wqr—n-1r~s—1r-wmw“ﬂt'ﬁ'"“' meter (N-2)/A. It can be
T chnon entar v ~ sean from Fig.2 that the
Frg. 1. pre-aquilibrium fraction
at this snergy variss linsarly with mass n, sr, groton ngmhor
and nautron number in gensral, except for Ti, 65Cy end
terget nuclei. Howaver, no regular variation of the prn-oquili-
brium fraction has been observed ae a function of esymmetry pare-
aotor {N=2)/A. Further investiyetione ars in prograss to sas
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this trend in other nuclei alsds
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/17 3.P. Gupts and R, Prased, Procescing of 7th conference on
the epplication of eccelerstor in reswarch and industry,
North Texas stats university, Tcxco. usa (1982) To be
published)

/2/ M. Blann and A.Mignery, Nucl.Phy..AlBﬁ. .245 (1912).

/3/ W.Dilg, W.Schantl, H.Vonach end M.Uhl, Nucl.Phys.217A,
269 (1973). .

J4/ C.K. Cllnn. Nucl. Phy..l210. 590 (1973)¢



EVALUATION OF THRESHOLD REACTION INTERFERENCES IN
REACTOR, NEUTRON ACTIVATION ANALYSIS USING (n,Y ) REACTIONS.

$. Yegnasubramanian and S. Gangadheran

Analytical Chemistry Divisien
Bhabha Atomic Research Cenitre
‘Trombay, Bombay 400 085.

The estimation of Impurities by (n,X) reactions in resctor neutron
activation analysis can suffer from the presence of the high snergy
component In the reactor neutron spectrum, which can produce the same
product nuclide through (threshold) n_ﬁcloar -reactions with the other
elements constituting the matrix. Theoretical) evaluation of such Inter-
ferences regu!res knowledge of the excitation functions end fﬁo newtron
- spectrum {n such detatls that It st 1l remains not "quantitative"
for analytical applications. The ultimste Interest In analytical esti~
watlons (s the "yle!d" wvhich Is a convoluted product of T(E) and HE),
integrated over the entire neutron energy spectrum at the Irradlation

p-sition. Characterising the irradiation positions of the reactcr enables
the activation analyst to have an awareness of the extent of hard compo-
nont present and the experimental measurement of the fact neutron resc-
+ion yleld luprdvu the sccuracy in the anaiytical detarwmination by the
in,Y ) reaction. However, this fast neuftron component Itselt can bo' usod
with great adventage in analytical sppiications, as In the case of
+itanlwe through scandium by the (n,p) reaction!’ and Its application
1o the estimation of titsnium In steels?),

Measurewents of the thermal flux ﬁn made with high purity folis
of Co/Al alioy contalning 0.1% and 15 Cobalt. Irradiations were done st
two (n-core and three out-of-core positions of the APSARA reactor and '
the Induced 60Co wctivity was measured wsing calibrated ¥- spectrometers.

Preliminary Investigations regarding the hard components of the

newtron spectrum were provided by the cadmium ratios, defined u>

Cd ratio = Bare foll activii: at zero~time
Cd covered 7oll ectivity aT zero-Time

"All cadmlwm ratios wers calculated wsing imm thick Interlocking Cd
Flve ditferent nuclear reactions wers used to determine the Integ-
rated fast flux . The threshold monltors were high purity folis irradiated
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" simel taneously at the five positions (as In the therm! flex meesure~
ments) for 24 hours. Table | sumsarises the okservations fer ati the
tlux measurements and the cadwium ratios. '

The threshold reaction Interferences have desn evelmted for six
nuclear reactions and are expressed as the quentity, in mg, of the
olement, which through tho fast neutron resction ‘would' produce the
activity of the product nuciide equivalent tc that from | ug of the
twpurity oloment by (n,¥) resction, The oburv-ﬂqn'm swrerised
In Table 2 for two positions A7 snd C8. ALl measerements were dome by
gemms spectrometry except for 32P ter which a chemicat separation
procedere (phosphorovs precipitated ss ammontum phospho motybdate)
fol lowsd by bets comnting wsing a GM counter was edopted. Al the
irradiations wori for a iunﬂon of 24 howrs except lron,used fo
evaluate the ”Fo(a,p)”m reaction, in which case it was for | howr.
The observations are iw sccordance with the epectaticia that the -
in-core position(A7) with a higher fast component requires much tess
amount of ihe interfering element marﬁ To €8 fo yield the seme
activity &3 would be produced by | ug of the (n,X) slement, except in
case of 630“!!,:0)“’00 reaction which has s high positive 'Q' valwe.

This type of chmc'hrtnﬂon has proved to be nuch woful in owr

routine analysis of varleties of semples. This ewercise of characteri-
sation has 1o be revised to reflect significant cere (fwel) changes.
TRBLE | |
Flux Measurements made at Apsara

3,4) "’oﬂ‘-"“ Flux (n.cm2,s~1)

oaction oIt o, ~ (In.anHs of i0'0)

' ' w. AT___C8 €8 D9
cotn,¥1%00 thermal 37500 260 2 210 1™ 20
59cotn )00  Cadmlwm ratlo 17 N W 1t »
437} (n,p)Bsc: 7.2 %0 0.0% 0.084 0.071 0.046 0.014
“-m.,,,“" 5.5 23  0.400 0.417 0.363 0.2% 0.0%
Sreln,p) 3 4.2 610 1.96 195 1.2 LI 0.1%
Suitn,)%0 2.9 40 305 283 245 157 0.37

ND : Not Determined
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_ TABLE 2
Evaluated Threshold Reaction Intertersaces

(n,¥) equivalents), mg

Reaction

A? cs
33C1tn,p)32p 0.06 " 0.13
4571 (n,p)*0sc 99 212
¢ etn,p) oM | 6.5 _ ND
60N1 (n,p)6CCo 120 180
63C, (n ,)50Co 500 4%0
“Sr(n.p)“kb 26 7
REFERENCES
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. CENRAPION N> TESTING OP MULTIGROUP GROSS SECTION SE? FR FAST REACTR

S.Canesan, V.Goj:alaln'illinsu and M. M.Ramansthen
Mat Reactar Group, Reactor Res:arch Centre

Kalpskkam 603 102, Tawii Nadu

Usiog EWiF/5-1v, the generation of smltigroup crogs section eot
has been compluted with the present version of RAMBHA code uylh-“) for
299y, 405, 241y, A2y, 235y 2By \ w0, ¢, 81, B, Cr, M and
Ma in Cadarache 25 group energy strwtwe. A program CONP'>) has been
written to compare groupwiese and r_no,tioni:ln par tial, total reastion
oross sections inelastic and elastic scattering mtrices of the present
ot with the qvailable Xrench set for each isotope. The comparisons
olearly show that as compared To 1969 aijusted Fremoh set the [resent mil ti-
gfoup constants widely differ by moce than 50% for strustural elemsnts and
by 10-15% for heavy elements in som easrey regions for both partial asd

total reaction oross seotions.

Sensi tivity studies and validation of the new oross section set by
amlysis of seleoted fast erittod‘nunbnn are nearing completion. The

results obtained thus far are encouraging.

8 m o 3 A

i.. 3. Ganegan et Ql.. in Proceedings of the Workshop on Nuclear Data
Bralustion, Rrocesaing and Testing, August 4,5 1981, TARA (IND)-30
(1981), TARA Vienm. | '

2, W.MRamamadban 'COMP = A program for oomparison of RAMHIA'a output with
Kench Set groupwise snd reactionwise’ Uopublished (1962).
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§ENSITIVITY METHODLOGY AND APPLICATION PROGRAM AT RRC F®R FAST REACTOR

Analveis

P, T.Krishnakumar, S.Ganesan znd R.Shankar Singh

Fast Reactor Group, Reactor Researcn contro
Kalpakkam = 603 102, Tamil Nadu

The measuremont, evaluation and processing of radiation interaotion
data together with expesrimental and analytic data tosting efforts have been ‘
the mjor activities of Reactar Physics Community for several Aecades. .
Tmplicit in such a Aata acquisition is the goal of generating good quality
data to assess the reactor design paramcti' unoer tainties arising from nuclear
dats related uncertainttes. Developments in the field of sensitivity analyeis
and in partioular to those relatei to gemnsralised perturbation theory have
been central to the successful definition of such procedures.

The following program of sensitivity studies at RRC havabeen taken
ups
1. To determine nuclear Aata related and msthod, uncerainties for specified

perfarmance parameters in ratiation shielding amd reactor Aﬂosign problens

of Prototype Fast Breeder Reantar from baiig cross section Aata.

2. To provide quantitative guidance to the cross section data me#suronnt.
evaluation and processing code dovalopmeﬁt rograms at RRC in the farm of
egtimated aocuracy requirements for basic anuclear data to -ict design
constrainta and errar larglnu.

-3, To provide qual:ltativo and quantitative understanding of the rehtin
importance of basic physiocal data and interaction process involved in
analysing any design or experimental problem so that conclusion drawn
from one stuly can be extrapolated to another élpoei ally in the ghielding

exporimatal analyses to commeroial Feactar shield esign.
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COMPARTSONS 0 » ' EIDING FACT » RE Y,

2x. 2
250, 20, ve ana 3y

3.Canepan, M,M.Ramaradhan mnd Y.Oonldcridhu

‘Tast Regotar Group, Reaotor Rewearch Oontre
Kalpaciamw 603 102, Tamild Nadu

The central question sbeut the Aata ropresentations and their
processing in the resonance region is whetner or mot the jnunt apsr oach
10ads to & ccrrect satimate of rescnance self-shielding'™4, Obviowly, e
direct gompariecn of caloulated self shielding fuctors (8SPs) with measwed
valuss as a function of tesperatw's, energy and background dilution will anwwer
this question. The jresent work cospares ti» 3SFs caloulated by J* wethod of
Bvang® with those caloulatsd by Cullen's codes® > for 2730 mda 2P R using
ENDF/B-IV datas The reported experimental values'O~1! of SSMs have been used
for comparison with calculsted veluss. Far 2 Na amd W, the experimontal -

vnuum of 33Fs are compared with valuss caloulated using Cullen's oodn"’.

T™se prinoiple behind the semi~empirical deteraination of sol ¥
shielding fectors is weil documented in the 1iterature’®™2, o J¢ method

3

the code nmm' was used.

The results show that at lower backerowd dilutions thers is o
wife disperaion among the valuss of aelf shielding fectors calculated by two
Aifferent methods and those obtained experimentally. At hisher Alutions the
'm'uu of po1f shie1ding factors caloulated by doth the methods ennnui
tmlll experimental nluu’ut:lmthuy. The results were wegented in

Ref, 1 4,
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s DS EXACT FROCESJING OF CR 8 IN RESOLVED R ESONANCE R BGT

. M,M.Ramanathan, V.Oopalakrishnan and S,Ganeuan

Fast Reactor Group, Reactor Resegroh Centre
Kalpakikam 603 102, Tamil Nadu

It has been found desirable to use the weprocessing coc!os(-"“

LINEMR-R BCENT-SIGMAI ~GROUPTE for generation of self shielMng fagtors in
regolved resmance region so that the gelf shﬁoldad cross sections acours-
tely represent the evaluated data. Thess codes bave been commissioned,
tested and extensively used for generation of accurate group constants in

the resolved resonance rng:lon‘” for mny nuclides at RRC, The funotions

are explained Iriefly. '

1« Te cole LINEAR converts evaluated cross sections in the ENDR/B
tornt“) into a tabular form that ig subject to linear-linesr inter-
polation in energy and cross section, and removing points that are not
needed for linear interpolability. A major advantage of this code is that
it allows subsequent codes to oomsider only linear=linear data.

2, e cods RECINT reconstructs the rnomnﬁo contribution to the cross
section ih linearly interpolable form adds in any linearly inter-
polable backeround cross seotion and outputs the result in ENDF/B format.
The output inclules the original resommmoe peramsters in a form that can
be ussd in Doppler lroadening and self-shielding cdculaﬂonm Since the
oode RICENT requires the background cross seotiors to b limsarly inter=
polable, it is necessary to process the ENF/B file by the code LINEAR
before RICENT is used. On the IEN 370/155 the program requires 7.5 mins
to reconstrust 227U cross sections to 26 accuracy end on Honeywell DES 8/

46_' 1t 19 5.6 mins. The program requires 42 X words of core storage,
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In tis regolved i-ogion the ENDY/B format allows paramsters from
four resomance fﬂ"lil.(s, a, Beit-Wigoer nnno-ioni paramsters,
b) Peit-Wigner mltilevel parameters, o) Reioh-Moore paramsters ani 4) Adler-
Adler paramters. The rogcam reads parameters in any of ﬁiuo formts acd

computes the resonancd contribution for all exespt Reioh-Moors parame ters,

which are ignored.

3. The code STGMA Doppler u'odlonl ovd.mtod aoss gections in tho nOorY/2
formt. The code requires data as nnoarlv interpolable mmﬁou of oncrcr
and output- troatenid cross uofion- in the DY/3 fa--t.

The SICMA! method ean e um to Toppler iroaden orose sections for
any partiole vis, neutron, proton eto. inoident at non-_nhtiﬂltiq wmergies
on a target in which the free atom approximation is valid.

4. ™w gote GROUPIE reads evaluate! data in the EDF/B formt and caloulates
‘any ocombination of the foné':lng quantities a. unshielded group averaged
cross seotions, b, Bondarenko self-shielded group averaged oross
ssctions, o. Mul tiband parameters.

The oode allows for specifying ecbitrary emergy groups amd an
arbitrary energy depemtent neutron spectrum. All integrals are pecfoarmed
anglytically to the required accuraoy. .

™e oode system s been utilised to generate self shielding faotors
for sany ¢lements of interests Pe, Na, Pu isotopes, U isotopes Ma, Mo eto. in
rogolved regonance region.
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ON THE NEED PR _CHANGING THE ENDF/B CONVENTION FR THE R EIR ESENTATION OF
CRO§S-SFCTTONS IN THE UM ESOLVED REGONANCE REGTON OF FRTILE AND FISSTLE
NwLEL

. S, Ganesan
Past Reanotor Group, Reactor Research Centre

Kalpakikam 603 102, Tamil Nadu
A more fundamsmtal scientific basis £& the prediction of the

Doppler effeot in fast réactar systems denanis that the usual BP/B and
EEDAK conventions rox-Ath- representation of oross-sections in the umresol~
ved resonance reégion should be changed, This eeneluuon(') is dased upon
the experience acquired in evaluations of statistical mean resonance para-
meter sets made at BRRC _Kalpdtkam. for use in neutronic calculations of fast
reactors in the recent past for 00U, 0my, 22m, 2Pyen 2By, A weier
account of ssveral sensl tivity studies and neutronic calculations male with
these mean resonance data sets was presentoc!(' )I. ™e existence of non- uni~-
| quenegs of mean resonance daﬁé sets has been clearly eatablished and an
uncertainty due to the choice of the mean resonance data set is found to be
usociatod with ﬁhe thecaretical calculations of neutronic parameters of
reactor systems. This uncertainty, identified at falpakka;. has not received
attention in the past aml is found to hi significant in the case of the
'oucuhﬁon' of the Doppler coefficient in fast reactors. It should have been
taken into account in the interpretation of the Doppler effect experiments
performed in #agt oritical facilitio_l far both ﬁ-ailc and fertile samples.

The present method of statistical representation of cross-sections
leads to a higher utitiptioul uncer tainty in the prediction of e Doppler
reactivity effect under coolant voifed comiitions ia fast power reactors than
in be normal case. Also the effect of imolusion of intermediste struoture
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in the fission oross seotion for 2391’!: on the tesperature derivative of
self shielding factors is dgn:lﬂunt and qannot be modelled eatisfactorily

at presmt,

If the High resolution cross~section wasurersnts, as sugzested
by de Saussure and FPoroz, are made available for the mein figsile aml fer-
tile isotopes, thinnin& and dirsct Doppler broadening of the cross-section
data by the p-o'poc_u-_ing mthods daveloped by Cullen and his coworkers
appear to be & promising approach, Until such time the ovaldatod nuc lear
data files ahould_.attnpt 4o contain self-shielding fgcta:n direc'ly evaiua-
ted with the suppirt of self-indication and transmission weasuwements instesd

of the present convention of having mean resonance data sets in the umresol-

ved region.

Reference .
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Halg-dife of 24%ca
SeK. qumd. AeVe J.lhl'p Sede Ohitlﬁu'. AeRe Pmb.
‘PoMle Shah, Asl. Almanls) Ko thunun. CeKe Bivarema-
krishnan and HeCe Jain
Radiochemistry Division, Bhabha Atomic Ressarch Centre,
mp MW‘NS, India.

The half-1ife of 24%0a has been deternined by two independent methods
(1) by airect deosy 1n0{~ proportionsl counter amd (11) by rreparing synthe-
tio mixtures of 24200 ana 2440n ma studying periodically the deorease in
m&ﬂ“ﬁ slpha sotivity ratio by o{= spsctrometry. The half-life valuss
obtained are 163.17 + 0.06 day and 162.82 + 0.21 day respectively. Average
of thess two independent values gives a half-lige walue of 163.00 + V.11 deys.
The uncertainty specified on the valuas is e standard devistion cbtained in
ths present work is significantly different from the valus 161435 + 0.30 4
reparted from JARRI in 1961 amd ccapares well with the values reported in

1975 ana 1979





