
/
- /

B.A.R.C.-1183

S3

I
GOVERNMENT OF INDIA

"nuns sad SHW)*T
ATOMIC ENERGY COMMISSION

PROGRESS REPORT ON NUCLEAR DATA ACTIVITIES IN INDIA
c for the period from July 1981 to December 1982

:' . Compiled by

R. P. Anand:
Nuclear Physics Division.

BHABHA^ATOMIC RESEARCH CENTRE

BOMBAY, INDIA
.• "' • • " • J : . : - . i - 9 , 8 2 . ' - '• • '•

robertsj
Text Box
INDC(IND)-034/G



B.A.R.C-1183

a •

GOVERNMENT OF INDIA

ATOMIC ENERGY COMMISSION

PROGRESS REPORT ON NUCLEAR DATA ACTIVITIES IN INDIA

for the period from July 1981 to December 1982

Compiled by

R. P. Anand
Nuclear Physics Division

BHABHA ATOMIC RESEARCH CENTRE

BOMBAY, INDIA

1982



COMTCNTg

Page

PREFACE 1

!• Nuclear Fiat&on

I»1. Fieelon Fragment Angular Distribution Data for

235
Neutron -*ndui;ed Fiaaion of U i S.S. Kapoor,

KfN. lyengar, D»M. Nadkarni and U.S. Renemurthy..... 2

1.2. Prompt Neutron Kinetic Cnargy Distribution In

Fisaiun i Hereahit ftajumder and Apareeh Chattarjaa... 7

I»3. Study of Fiaaion Fragment Maaa Olatributiona for

Spacifiad Total Kinatic Energiae t Rakha GeviX,

S.S. Kapoor, D.n. Nadkarn.i« S.n.S. (lurthy and

P,N. Rama Sao • ••••.•••»•...•••••.«••••.•.•• 9

1.4. Charge Olviaion naehania* in Binary Fiaaion in

Tern* of DCft I P. Seeii* n.B. Chattar Jaa and

n.L. ChatterJee. 11

1.5. Cumulative Vlelde of She1*-lived Ru-Iaotopea in

252
the Spontanaoua Fiaaion of Cf t A.G.C. Neir,

Alok Srivaatava, B.K. Srivaatavat Satya Prakaah

and fl.V. Rananlah 13

1.6. Chargad Particle Induced Fiaaion i Dependence of

Fragment Angular Momentum on Enterence Chennel in

U Fiaaion.t T. nutte, S.fl. Sahekundu, S.P. Oange,

N. Chekreworty, R. Guin, Setya Prakaah and

n.V. Ramaniah..et....t«.«.«...............••••••••••14



1.7, Charge Distribution in the Spontanaoua Fisaion

of "*cr t Determination of Fractional Cumulative

Yields of 140ea and U 6Ca t Alok Sriveetava,

A.G.C. Hair, B«K. Sriveetava, Satya Prakaah ond

M.V. Ramanlsh........«.*... IS

1.8. ieotopic Viald Distribution of Iodine in the

252
Spontanaoua riaalon of Cf t Infiuanea of Psoton

Pairing Effect t A.V.R. Riddy, 8*6. tianohar,

•Tarun Oatta, V.5. Wallopurkar, Satyc Pr*k««f» and

n.V. Rananiah 16

I.e. laotopic Yield Distribution of Taehnitiuai lao-

252
topea in Spontaneous Fission of Cf $

Alok Srivastavoc A.G.C* Nair, B.K. Srlvastava,

S.B. nanohar, Satya Prakash and n.V. flamaniah,........17

1*10. Fission Fragnent Angular Monentuft I Independent

laomerlc Yield Ratioa of 131Te, 133Te snf< 111Pd

in 252Cf (SF) -System » t. Oatta. S.P. Dange,

S.K. Das and Satya Prakaah............................19

1.11. A Simple nodal to Calculate Fast Fiction Ccoae-

eectlena Including the Effeet of Pra>equlllbrlum i

B.P. Anand, fl.L. Ohingan and n.K.Mehte ...* ..19

II* jUautron Ctoas*Sectione

11*1. The RadiativM Neutron Capture Croea-ftectiona far

S1V in riaV energy Region I R. Afial Anaari,

U.K. Yaiakui Singh, R.L. Sehgel, V.K. Rittal,

D.K. Avaathi and 1«R. CBvil............e.<«•>....••••••20



nil!

Paga,

II.2. Thermal Croaa-aactiona of 2 3 2Th and 2 3 3U I

P. Rohanakrlahnan 22

232

U . S . Evaluation or tht Th Neutron Capture and

Fiaalon Croaa-aactlpna febove 50 kaV t

H.M. Jain and n.K. Hahta 24
232

11*4. Evaluation of Nautron Croaa-aactiona for Th i

S.B. Garg, Amar Slnha and V.K. Shukla 25

U . S . Wultiparticle Reaction Croaa-aactiona I

S.B. Garg. V.K. Shukla, and Amar Sinha 27

III. Othar Nuclear Oata Activity

III.I.Analyale of Thnrnal Reactor Buncnmarka i K.C. Nnrla...29

III.2.Neutron Angular Oiatrlbutiona in Reactiona

induced by 14 Ma« Nautrona t A. Ch«tterjee and

S.K. Gupta............. 31

III.3.A atudy of Pra-Equllibriu* Enlaalon in (n,p)

Naactiona between 10-20 PlaV % 3.P. Gupta and

R. Praaid 33

III.4.Evaluation of Thraahold Reaction Interference

in Raestor Nautron Activation Anal/eia Using

( " J Y ' ) Reactiona t S. Vagnaaubramani and

5. Gangadharan... .....35

III.5.Generation and Tasting of Multigroup Croaa-

aaction fat for Feat Reactor Appllcatlona t

S. Ganeaan, V. Gopalkrlahnan and M»M. Rananadhaa)..3e



IV

Paga

111.6. Saneitlvity ftathodology and Application

Program «t RRC for Faat Raactor Analyeia i

P.T* Ktiehnakuaar, S. Ganaaan and

ii. Shankar Singh.. .............39

111.7. Compaj.-iiona of Calculated Self Shielding
OIQ 93S

Faotora with Meaeured Valuta for Pu, U,

Fa and Na t 6. Ganaaan« fl.ft. Hamanadhan mnit

V. Gopalkrlahnan. 40

111.8. Toward* Exact Proceaaing of Croas-aactiona in

Raaolvad Raaonanca Ragion t fl.M. Ramanadhan,

V* ISopalktiKftnan and S. Ganaaan...............•.••.43

111.9. On tha Naad foe Changing tha ENOF/B Convention

for: tha Rapraaantation of Croaa-aectiona in tha

Unraaolvad Raaonanca Ragion of Fartila and

Flaaila Nuclei t S. Ganaaan. ..................46

111.10. Half-life of C« 9 S*K. Agarwal, A.V, Jadhav,

ii.A. Chita*bar, A.R. Parab, P.R. Shah, A.I. Alnaula,

K. flaghuraman, C.K. Sitfacaaiakriahnan and

H.C* Jain *. 48



PREFACE

The present progreaa report on Indian Nuclear Oata

Activities la tha aaoond of the new aatiaa of ptogtaaa reporte,

tha flsat of which wee brought out in 19S1. It covers the period

from July, 01 to December, 82.

Ae tha proeeedinga of tha annual nueleer phyaiea and

aolld atat* phyaiea aympoaia give full covaraga of the nuclear

phyaica aetivitiaa In tha country thia report la limited to tha

compilation of nuclaar data related activitiee only*

Sulk of tha nuclear data related work in tha country la

balng carried out at B.A.n.C, Bombay end R.R.C., Kelpekkem.

Tha concerned dlwiaiona and aectlone of theae rcaaarch centree

ware raquented to eutimlt contributiona for thia report of their

nuclaar data related work, both publiehad end unaubliahed, carried

out during the above period. Tha nuclaer data related work carried

out in tha other inatitutiona and universities* which were reported

at tha nuclear physics and aolid etate physics sywposium held.at

Varanaei in Dec.82» have eleo bean included here.

Kapooft)
Convener

Indian Nuclear Data Group*



FISSION FRAGMENT ANGULAR DISTRIBUTION DATA FOR
NEUTRON INOUCEO FISSION OF *3BU+

S.S. Kapoor, K.N. lyengar, D.M. Nadkerni and U.S. Ramamurthy
Nuclaar Physics Division

Bhabha Atomic Research Centre, Trombay
Bombay 400 085, INDIA.

Introduction

Tha fiaaion fragment angular distributions provide important
information on tha quantum statas available et the aaddla point to
tha fiaaloning nucleus which in turn provldaa a basis for a theore-
tical underatanding of tha fiaaion process. A knowledge of the
fragment angular distributions la aleo important in evaluating those
experimental fiaaion cross section meeeurements in which fission
fragments wara detected at epecified anglee and not in a 2TT gbO«s-
try. In tha caae of neutron induced fission of an even-odd target
nucleus like 23Su, at neutron energies exceeding e few MeV tha num-
ber of K-statss at ths saddle point become sufficiently large for
a atatiaticel deacription1 to be valid. In thia region the frag*
ment anisotropxes depend on the value of a parameter &o2(the var-
iance of tha assumed Gauaalan dlatribution in K), which le related
to the effective moment of inertia (and hence the nucleer shape)
at the fiaaion barrier. It has been pointed out earlier2 that for
nuclei exhibiting a double-humped barrier shape, the transition
state is expected to gradually shift from the position of tha out-
er barrier (barrier II) to the liquid drop model ahape, with an
increase in tha excitation energy, as a result of the washing out
of ths nuclear shell effects with excitation energy. Some avldancs
of thia faeture in the experimental fragment aniaotrooy data for
242pu fisaioning nucleus waa alao pointed out earlier

2. In thia
work, we neve looked into this feature of the expected excitation
energy dependence of tha fiaaion transition state in tha fragment
anieotropy data of tha fact neutron induced fiaaion of 235U. Ths
present analysis providaa avidence for the presence of the above
faeture expected in the case of all nuclei with double-humped
barriers. Thie euggeete that evaluation of the fieeion data for
nuclei with double-humped fission barrier shape should incorpor-
ate ths above important feature resulting from the gradual wash-
ing out of shell effects.

Description of tha Oata

Tha measured fragment anieotropiee W(0o)/U(90°) in ths neu-
tron induced fission of 235U in the neutron energy range of 0 to 23
KsV token from Rsfs.3-17 are given in Fige.1 and 2. Requite of
recant measurements of J.U. Meadowa and C. Budtz-Jorgenaen ob-
tained through private communication17 have alao been included
in ths figures. Figa.1 snd 2 provide a summery of the praasnt
statue of the measured fragment anisotropies for different
neutron energies for the case of the target nuclaua 235U, reeult-
lng from thorough literature eurvay. Although the average trend
+EontrlEuTIon £o IntarnetIonaT*Con7are'nce'" on " Nuclear ?at«"
Science and Technology, Antwerp (6-10 Sept.1982).



of tha variation of tha aniaotropy with the neutron energy la
clearly brought out in th« figure, tha different measurements of
tha aniaotropy are generally in agreement with aach othsr to only
within a value of 0.05. Comparing tha two m a t recant meaaurs-
ijisntsiO»lf tna aniaotrapiaa of Ref.17 appear to ba systematically
lower by a faw par cant aa compared to thoas of Ref.16. For
example, at 300 keV and 1040 kaV whata both have rsportad msa-
surarasnts, tha valuaa tcpottad in Ref.17 srs 1.098 and 1.017 aa
compared to 1.170 and 1*040 of Raf.16. Further cataful msaaura-
menta at these two energlee will be uaeful in reeolving the above
email daacrapaney batweeci tha above two racant measurements.

Analysis of tha Data and Oiecuaslon

We have carried out statistical nodal analyaia of tha oom-
piled fragment aniaotropy data (Figs.1 and 2) on the baaia of tha
etatlstical theory*. Below tha eeeond chanea fiaaion threshold,
tha theory pradiota an angular distribution of tha for*

where <<, ie related to the quantity p - ij^/^lfc^i^aing tha
maximum angular momentum brought in by the neutron in*e aharp cut-
off model and K | is a parameter which ia tha product of tha effec-
tive moment of inertia J,ff and temperature T of the saddle point
nucleus. Uith the opening up of the multichancs fission, one has
to slso consider the angular distributions of multiple chance
flesion fragments. In addition, it is known that for incident neu-
tron energies of about 14 PlaV, significant prt-squllibrium effects
sat in leading to uncertainties in tha angular momentum distribu-
tion and excitation energy of tha fissioning nucleue. We have
therefore restricted the present analysis to tha range 0 < E n < 1 1
HaV where third chance fission is also not open.

In tha present analysis, the first chance fiaaion aniaotropy
of tha 2 3 6U fission fragments for neutron energies upto 11 NeV
have been deduced, from the experimental data onCfr/Tn and sniso-
tropies for nsutron induced fission of z a sU and "*U. In this
way* tha obaarved aniaotropiss of 2 3 6U have been corrected ror
tha second chance fission in a nearly model independent way. Tha
Maximum angular momentum l n a x is obtained from the raletionahip
givan by Blennia.

tha
in
are

The continuous lins in Fige.1 and 2 represents tha values of
i enieotropy resulting from tha variation of K* versus Ex shown
tha inaat in Flg.1 as solid Una* Also shown in tha inaat,
i tha expected values af K* versus E for ths ssoond barrier

enaee (dashsd line) and tha ahsps predicted by tha liquid drop
nodal (LDfl) (daah-dot U n a ) . For tha LOn ahapa tha shell and
pairing corrections have baan included «e in Raf.2. Thus, tha
above analyaia demonetrates that tha fission of z a BU axhibita tha
same faaturaa as wss earlier pointed out for the «42pu fiBtian,
namely, that due to washing out of shall effects ths ahapa of tha
tranaition atata shifts from tha second barrier ahapa to tha LOW
ahapa. This feature ia expected to be common to all actinide
nuclei with double-humped fission bstriara and fcfhould ba consider-



ad in any fieeion data •valuation.
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PROItPT NEUTRON KINETIC ENERGY DISTRIBUTION IN FISSION

Haraahit ttajumdar
S«ha Inatituta of Nuclear Physics, Calcutta » 700 D64.

Apataah Chtttarjta
Physics Department, Calcutta University, Calcutta » 700 009.

Tha average kinetic energy distribution \p for prompt neu-
trons in fiaaion io found by modifying La Coutmir's formalism /1/,
including tha (i) nuclear structure effucta explicitly and (ii)
excitation dependence of th« level density parameter a (U). Con-
trary to earlier attempts /2,3/ ue heve coneiatently uaad all in-
put parameters from our Structure-sensitive Statistical Saddle-
scission Point modal /4,5/ without introducing any new parameters.

Assuming thst only neutrons arc emittad and that tha frag-
ment axcitation UF>Bf, where Bf la tha avacaga neutron binding
energy, the number of averege prompt neutronsy, («f ) emitted f
the fragment /y la givan by

where the denominator ia tha average energy carried away by a
neutron et any etaga U or compound nuclaer excitation. Tha
maximum energy available for neutron emission is \lf-£Jt, uhara
E f is tha y da-axcitation energy, T ia the nuclear temperature.
A functional form of U ia necssssry to evaluate eq.(1). The
level density /'(U) is sssumsd to have the form

- K axp^2(.(u).U)1/27/U5/4. (2)

where K is a conatant and a(U) ia our axcitation dependant
level density parameter of tha form /6/

*a(U) «5{t + ̂ U + x20
2) (3)

Hare e is the ground atete e-parameter and x., x. are the etruc-
ture-eeneitive coefficients. Using the definition 1/T « (d/dU)ln
f(U), U is deduced as a function of T; thia helps solving aq.(1).
The actual integration givea

^

where c - (3/2)x.'aBr and r «2T/Br and TM is ths_tsmperaturs at
the highest limit Uf - £ .. The avarege energy € np and average
kinetic energy T^F(Ap) or aech neutron emitted ere

A Maxwellian shape for the neutron kinetic energy spectrum ie
uaed to find the avarag* fissioo neutron energy ^ in the c,«.
frame, the pprreepending;value IT in the laboratory frame end the
averege number of neutrons (*V ) par fission event.



modal / 4 , 5 / . fteaulta for tha y- distribution,
lues j re battar than earlier almple atudiaa /2 ,4 / .
for V for 235U (n^.f^p,, ft f ) „* fri/

red in fig.1 with tha avalleble standard reeulte

Input parameter* for the microscopic calculation* ere eetl-
ftated from SSSP modal / 4 , 5 / . Haaulta for tha y- di*tribution,
tha £ and J5 value* •••• hat*«i> fh«n a>ni<>w .4_ f i_ _^..^<._ /.« ,
Our predictiona .._
(a. f ) era compared

/2 ,3 ,7 ,8 / . A fair agreement 1*
achieved| for 252cf t n a aimetm-
pancy with expt. / 8 / aaems to be
reel in the range A_2f 125-145.
Ue predict e minimum in n.pirt
the neighbourhood of A- • 132
(corresponding to Z * 50 end
N m 82) in e l l theee c«aee.

rig.1.

240,

tt&butlon of T ,̂
U i •• * preeen
Put • a

ae a function of A_
4 »ref / 2 / , o-ref./7/t

ptaaant, A «raf /2/ | Cf!
present, A »r * f /3 /« -« ref./
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STUDY OF FISSION FRAGMENT MASS DISTRIBUTIONS FOR
SPECIFIED TOTAL KINETIC ENERGIES

Rakha Govil, S.S. Kapoor, 0.(1. Nedkarnlt S.R.S. rturthy
and P.N. Rama Rao

Nuclear Physioa Division, Bhabha Atonic Reaaaren Cantta,
Bombay 400 005.

Tha correlation between tha fission fragment maee (ty) and
total kinstic energy (Ek) haa baan earlier /1#2/ dapictad In
*s?me ef tha dspandanoa of fc\ and tf"£k on speciflad maae ratio
or fy. However, for a dimes comparison of the mess distrlbu*
tion with nodal predietiona it is dealrebla to have experimental
Information on the fragment mass distribution for specified total
kinetic anargy (Ek)« In tha preaant work wo report raauita of a
double kinetic anargy meaaurementa which are different from ear*
liar published work in tha following two respacta. Firstly, tha
fission fragmsnt detectors used in the back-to-beck geometry wara
high rseolutlon heavy ion datactora with central collimator holes
(2mm) to lir't the detection area to tha central region of the>
detectors* Secondly, the analyaie of the data waa carriad out to
obtain pranautrjn amieeion mass distribution for narrow 4 tteV
interval a of E. .

The experimental aaee«bly consisted of an evacuated chamber
containing two semiconductor ditscters placed on either aida of a
30 ^tig/en" 2 3 5U aource on VVNS backing and this chamber was irra-
diated in tha neutron beam of CIRUS reactor. About 2x10* two
parameter evente were recorded on nag tape and analysed off-line
on a computer. The anelyaie Involved maaa dependent anargy call
bration of tha detectors, the correction for the effects of neu-
tron emission using T? (n,Ck) data and tha ueuel momentum and
maaa conservation relationa event by avant. Fig.1 shows tha ob-
served mass distribution of fission fragments for a few repreasn-
tativa E. windowa. Fig.2 ahowa^the variation of the most probeole
values or tha light fragments (K.) and ths^haavy fragments (nL)
with E. . It is seen that aa E,, incraaaee n. and FL approach eech
other end, in particular far very large E^ valuae H^ approaches
the velue of 132 which corresponds to tha doubly magic configura-
tion (2«50, N*82). It may be noted that the hlgheat kinetic
energy window (E^ *—»205 AaV) shown in the figure nearly corrae-
penda to tha Q-wslue of the reaction for tha fragment masses ob-
asrvadf bsssd on tha eelculatione carried but with the exieting
mesa formulae /3/. This implies thet for theee cases the fina.1l
excitetion energies era vary email and at scission shay may be
virtually cold ae some energy may be locked up in the light frsg-
ment deformstion energy* It is sn interesting feature that even
for thaae cold fiesion cases ths character of tha mass distribu-
tion with its finite ness width is not much altered. Thia appeara
to be contrary to what would be expected on the beele of the
statiatlcal modela where ths excitation energy at scission cru-
flially datarminea the maaa yield dietrlbution. Tha presentdata
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therefore point to the importance of tha dynamical affacts in
determining tha aass distributions*

/I/ H.W. Sehmitt, 3.N. Nailer and F,3. Walter, Phye. Raw.
141. 1146 (I960).

/2/ S.5. Kapoor, O.M. Nadkerni, R* Ramanna and P.M. Rama Rao,
Phye* ftav. ,15£, 8511 (1966).

A.H. Wapetra and K. 6oa, Atomic Data and Nuclear Data
Tablaa J7, 474 (1976). •
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CHARGE Oil/IS ION flCCHANXSH IN BINARY FISSION IN TCRflS OF DCfl

P. Baau, M.B. Chetterjee and n»L. Chetterjee
Saha Xnatitute or Nuclaar Phyaice, Calcutta 700 009.

Tha cherga and maaa value* obtained front our OCfl /1/ agriaa
fairly wall with tha experimentel findinga of Unik at al /S/.
Thia hea lad ua to investigate, how far tha DCfl agraaa with tha
exleting charge divieion aechcniaae of binary fiaaion. There ara
•t preaent two wall known charge diviaion hypothesis, namely, UCO
and ECO /3/.

Tha experimenta of Unik at al /2/ (from x-ray meeauremenfea)
wuggaat* a mdifiad form, which glvaa Much battar agraamant with
.tha axpta.

A .5) , V -j^ ( .

whara tha aymbola have thair usual maaninga.
In ordar to arrlva at tha nodlfiad UCD foraulai froii tha DC«#

wa atart with

\r " \ c + N # / 2 a n d
 *HF •" AHC * N t / 2

whara Na ia the axcaaa nautrona, which la aqul»partitlonad between
tha heavy (AHC) and light (A,.) core.

After eSMa trivial algabfap wa finally arrive at

*HT "J3L <*H
 + C) * *LF

2 "2 r " ~

*"'•" C- f< ZF» ZL> 2- - r ( Z F ' V ZH . ia po.itiwa.
2 1 2 H

jin 240
Ua worked up thia relation for fiaaionlng nuclei 7h9 Pu

end 2S2Cf, and found that for all poaaibla conpleMentery fiegaent
pair*, C ranges between .2 and 1. Particularly in tha high yield
rsglona (ZH • 52 •• 56) C hea a value between .4 and .8.

The ECO hypotheala atteapte to connect tha prompt fragnenta
in fiaaion aith the radiocheiiical proaucta obtained after neutron
end bete emieaione.

From OCR, the increment of maea of each fragment w.r.t. the
laotoplcally abundant core, on the line of atability, and before
neutron emiaaion, ia given by

Radiochamical meaeea are obtained after neutron amiaeion, viz*

11
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whtra V H « n d Vi » « • tnt no« of neutrone •mitted from the h»«vy
and light cor* respectively.

finally fee obtain tha charge dieplecemente aa

The above reeult wee tried for '°*Cf and 'o<*Fm where V u >nd

•y, ere experimentally, known /4/ fer different complementary frag-
ment patre. The agreement between A *H and A Z , ia eatiafactory
ae evidenced from the following teblei

Table - 1

Charge Displacement• from OCR for

H.r. L,F. Ne

1 2 9Sn

1 3 7 T .
1 4 1X.

1 4 6 B .

1 S 0 C .

123Cd

11SPd

111Hu

106flo

«>22r

20

18

20

10

20

2.S9

2.4S

3.36

3.23

4.62

2.07

2.15

2.89

3.16

4.31

Thue DCM cen aleo fairly reproduce ECO.

/1/ n.L. Chetterjee, Phye. Lett. §££. (1977) 319.
/2/ 3.P. Unik at «1, Prpc. 3rd IAEA Symp. on the Phyaice end

Chanietry of Fieaion, Rochester, New York, Auguat 1973.
Papar IAEA - SM - 174/209.

/3/ C.K, Hyde, "The Nuclear Propartiee of the Heavy Elcnente
(in-Fieeion Phenomenon, 1964 (Prentice-Hall) pp 141-144.

/A/ P. .L. Wai ah and 3.W. Boldaman. Nucl. Phya. A276 (1977)
169|
3.E. Gindler at aX, Phya. Rev. C^6. (1977) 1483.
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emulative yields of abort-Hvad Ki isotopes
la the spoataMons fiaaloa of *"*"

A.0.0. *ttr, ilok gtlTMtafa, BJC. Srivaatnra.
«a*y» Krafcaah at* M.T. apaalah,
BadLootaaaUtegr BMaion, feabh* Akoado Bastaxoh
Oaatm «reaftajr ta*ajr4OOOe5 laUaOaatm

jrlalda of «M diort-livad 1 0 V t ^Ba , 10Saa mA 1°9Sa la

tta •poataMoaa flMion of ^ O f ham 1M«B datocalaad fegr a Aurt xadiodwaleal

MpanUoa feUomd by gaaaa. apaota—airy. BM ousolativa ylalda for 1°5Ba,

^Bci, 1Oei» sad ^Jta asa 7*20 +0.30, 6.35 ±O«53. 5^9 ± 0 ^ 9 and 4««> +

0*30 rt«paotlTa]gr* fha ^i ta yiald ranta taportad la «i« Utanrtosa ham

poor adxaaaaat. this baa taaa axplaiaad la tazaa of HM ohaaloal Mhanrioav

of radio rothaiduau Aa fast radiodwadoal aaparatloa of artteatm froa

ottMr Aaelaa prodaots was aablamd withia 40 ato. aflar «M an! of ixraila-

tion. Bis overall oaoarialatr la tta ataanrad yield ralaes la arovad 9 to

7* .
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Ohasgad partlola ladnoad flaaion* BaPandana of n
angular aoainttai on antranoa ohannal lm 2>bV XiMd.ee

T. ifctta, SJI. S.hakundu«, 8.P. Danga, I . Oufcxwrortgr*,
B. (tain*, Saty* Pxaluuh and M.T. Baaanlah
Badioohaaiatxy Dtvi«ion, Biabha Atoaio BtMaxoh O«at» t
Sr<Md>agr» BoBbay*4OOO65, ladia.
* TOGO, Caloutta*

ZB thl« worie flaalon fiM^ant asfalar aoamta for fxafantfl

to Xl«alon produot ISOMXI. 1 J 1 "»*Pt aud 1 5 3 "'fPt hwa btaa dadoaad «co» tha

ndlodiaBloalljr datanaliwd ladapaadant iaoawrlo yield I K U M In JO IbT alsba-

partidU lnAuoad flaaion of 2J2Th flaalon. Sot objaotlva of this wet* « M t«

inraatlgata tha lniltunoa of in i t ia l axdtation anaxtjr aad anflalax aoMntaai of

tha coapound auolaua on tha fLaalon fxaeatnt amwlar Mawntaa* an aapaot, net

•o wall undaxstood ao fas although aoaaty data that as* «vallabla ladioata

•0M«hati wwartaln lnoxaaaa of fragaant anxalas awaMntua «dth Init ia l amlta-

tlon anaxgjr*

•sp«riatntal<

Tabla t Coapaxlaon of Angular Moaanta l a
&5 ) ay«ta»

Jlaaloalna Imitation
ajstaa Inargjr (MaV)

2550(nth»f) 6.55 5 to 4 6.0 + 1.5 5.9+1.5
7«5*0.7 6.5

252Sh(O(,f) 2J.38 10.2 5.7±O.<
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Charge distribution i s tin SfOtttsneou* fLscloa of
Seteadaation of fractional oumlatlN yields of

Alek Srivaetava, A.O.O. Mix, B.X* arlyastara,
Satya Pxakash and M.T. Baunlafc
BadioobMlstagr Division* Biattia itoaio Btstarcb
Cssfcxsi Traabay, BoabaT-400085, India.

9SM fraotioaal ouwOaUTi yields (JOT) of 14°*i aadl ^Cfs U His

STontatMOus ftsstcn of 2'20f bam %«sn dstsndasd oslaf isdlooiJialoal

stpaxation and diMsi i p n - r i y oouatlaj of the lnadlatsd oatobw foil

db a 60 o*o. Oa(ld) ooupled to a 4 X aaaljrMK. 9 M fsaotlonal osjatla-

t i n yields KM calculated fxom ifae grow* anfi deesy of 1he dM|hte*

produots ^ U and 14^Pr xespeotlvely The valnes of fxaotioaal

MBMdstive yields CM 0.9977 ± 0*0018 and 0.969 + 0.002 for ^ B a aM

^Oe nspeotlvelar. HUM -values ooraesponl to a width (o" ) of

0*59 ± 0.07.
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Xaotopio yield diatxibution of Iodine in the apontantoua
fiaaion of 2™Cfi Influenoe of pxotoa pairing affaot

A.7.B. Baddy, S.B. llanohax, Taxun Datta, T.3. llaXlagnxker,
Satya Prakaan and M.T. Baaaniah
Badiooheaietxy Divlaion, Hbabha itonlo BaaaazUi Centre t
Troaibajr, Beabagr-400065* India*

Xndapaadant jdtlda of 131>152»153X l n t h c w<rjtanioua iiaaion *f 2520f

wtri dttaxaiiwd flaana •ptotrosntrioall}- followlnt Mpaxatlon of lodlnt tscm

other ilaalan product*. The eareriiaantal data were uaed to paxaMtrla* tt*

iaotopio yield dlatxitatloc (if aodal) fox iodine (z«5j) la 2520f (SF>. The

Taluee for aoat probable aaaa (iff) and the width of tte diatrlbatioo ( <?1)

aa obtained In tola work are 135*75 and 1*66 +0.14 aaaa unita xaapeottvely.

Total eleMtttal yield (T%) vas eatimvted aa 8.2 + O.TJk Oalnf thla TBJM «f

Ts In tiiia node and the literature data for otber elcaenta» the odd-eren

efftot due to proton pairing waa eatiaated aa 13.9 ± 4*^ for 2520f (Sf>»

•xpeviMntel Beaolta*

iaoUde I.Y.

131I (£.74+0.31) x 10"4

1 5 2 i (4.65+2.32) 1 io~3

1 3 3 I (5.74+0.30) x 10"1

1 3 4 I» (1.097+0.137)

« Ixoa xaf< 8 .1 . Hmobar at a l . Ibya. Ber. 2_ l i ( i ) (197«) 186.
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Isotqpic yield distxifcatioa ofJMbmttxm laotcpaa
In the Bpoutaateua flaalcn of z5*Cf

Aide Ssivaatava, A.Q.O. UXx, BdE.
8.B. Itancfear, 8aty» ftnOcwh and K.Y.
BadioohmlrtXT DirUion, a»Uha Atoalo
Ccntn* B 0 0 0 6 5 I d l

fma«i«Ml infl«p«na«nt yield* of 1 0 1 TO, ^ © J , 10*to «irf 1°5R» l ap

«h* *poat«HOtt« i lMion of 2$2 ham b**n datcx^wd by follovtai ttatdooagr off

sapid oh««io*l aapamtloit froa mtigbimm* ftroa «lw KXa

«t« Mat prottabXfl MM* ip and th» i«o*oplo dl«ptxrtoa j t m i t a i < ^ l ) M M

dttoniMd and n n 107.30 + 0.60 and 1.80 + 0.J0 MapaoUvalgr* QM ji t lda

of ^'xot 104To and 105Sa axt ooaalafttxit with tfct yiolda of Malta laotopta

afalob axa oooplaaantary to So.

Tabla 1* liwoUooal Ind«p«ndant Xtalda of So

0.007 + 0,002

O.O45 • 0.010

0.078 • 0.022

± 0.064
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flaalon fragntnt angular BoaentuBi Independent laOMxio yield
ratios of 1 1a'«P

 1 3%, aad "1?d i n 2 » C f (OT) ^ , t 4 l |

f. Datta, SJP. Bangs» S.K. DM and Satya Prakaeh
Badioohenlstry Division! Biabha Atoado Bieaareh
Cantxtf Trenbay, Boobay-400085, India*

la loir aaargy fiaaioainfi ayattn with low in i t i a l an^tlar moMntaa,

gantration of fragatBia *Lth high imgular aoaantR, la aaeribad to atrong

oouloobio intaraotion betman tha fragmnta for noa-iiaaur aoiaaloa oonfifu-

ration* Burafow, >>sa axpaota a atrong oorrrNation batwaan fragatnt

mj soda of charge split aad fragment deformation* Invavtle'atioR on

aotwnta of ohorga coopleiaentary fragnants la therefore ueeiUl to study

tha effaot of eoulombio torq.ua vfcioh in turn dependa on the charga spl i t and

deformation of individual fragments, on the fragment angular noointua*

In thia w'rk aagular momenta of fragments oorreaponding to He

and Pdf whioh are chars*-ocapliaentary have been deduced from tha radio-

chemically determined independent isooerio yield ratios of these fiaaion
252preduot iaouers in the spontaneous fiaaion of Cf.

Sable t Xaooerio. yield ratio and angular momenta

Hsaion product Yield Ratio

0.601 + 0.018

0*505 + 0*026

O.544 + 0.062

BUS Angular VoaantoB
\aJ

8*5 + O.15

5.8+1

6 . 1 + 1



A SIMPLE MODEL TO CALCULATE FAST FIS5S0H CROSS SECTIONS
INCLUDING THE EFFECT OF PRK-EUUILIBRIJM

R.F. Anand, H.L. Jhingan* and M.K. Mehta

Nuclear Physics Division, B.A.R.C., Bombay 40008$

Fission cross sections for fcst neutrons pla« an im-
portant role in the design of fast reactors. Although the
neasurements of fast fission cross sections hare been
carried out extensively for the important fissile nuclei
but these cross sections for the less stable nuclei, which
are produced in the core of the reactors, can not be mea-
sured very easily. 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 a*
imputs. The basic assumption employed here is that,
the ratio of neutron width to the fission width is consi-
dered to be independent of excitation energy (at least upto
25 MeV) for the decay of the nucleus through the statistical
process. The effect of pre-equilibrium emission of first
neutron is considered alongwith its equilibrium emission.
The subsequent neutron 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 third-
Chance fission probabilities are not effected. Near the
fission-barrier. The barrier penetration factor as given
by Hill and Wheeler vas used. The gamma emission is negle-
cted as it is very small in comparison to neutron emission.
The reaction cross sections required are taken from the
Hilmore and Hodgsonjs optical cross-sections.

The first-ch&nce fission cross-sections were taken
from the experimentally measured data wherever available,
otherwise they were taken from the systematic* of Behrens
and Howerton (1978).

Based on this prescription a computer code was develo-
ped and-fission.cross.sections were calculated for the
nuclei Z3ZTh, Z35U, Z38U, Z37Np and " 9Pu in the energy
range 1-18 MeV and these calculated cross sections were
found to agree within 10% with the recently measured fissi-
on cross sections for these nuclei. Thus after establish-
ing this prescription it was used to predict the,.fission
ceoss sections for the less stable nuclei like Th and
« ?F» where measurements are not available.

Behrens, J.W. and Howerton, R.J. (1978);Nuel.Sci.Engg.65,
464.

•Member of T.I.F.R.
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THE RADIATIVE NEUTRON CAPTURE CROSS-SECTIONS FOR 51V IN
REV ENERGY REGION

M. Afzal Anasri, R.K. Yaiakul Singh and II.L. Sehgal
Dapartmart of Physics,

Aligarh fluslim University, Aligarh, India

and

U.K. Mlttal, O.K. Avasthi and J.fl. Govil
Dspsrtmsnt of Phyaica

Panjab Uniwaraity, Chandigarh, India.

INTRODUCTIONt Vanadium haa baan considered aa ana of tha impor-
tant elements for tha future feat reactor designing, aa its alloya
ara baing uaad as ons of tha fusl-cladding material /I/. Tha
anergy rang* of 10 KaV to 3 PIsV ia of principal lntarest to such
a rsactora. Besides, msasursmsnts of faat nautron capturs cross*
sections furnish valuabla informatione about nuclear atructura.
Hanca tha precise knowledge of tha reaction crosa-aectlon ia
essential in thia energy region. In tha present-work, radiative
nautron capture crosa-ssction for ths reaction V(n, V ) 52y
has osen measured at three neutron energies* i.e. 1.07_+0.20lteW,
1.89+0.17 Mev and 2.85+0.15 MeV, ueing activation technique.
Ths experimental raeulte have been compered with the statistical
theory celculstions by Holmes st al /2/, to sss whather ststisti-
cal theory is good snough to predict ths rsdiativs nsutron csp->
turs cross-section up to 3 MeV energy.

Expsrlwantsl Ostailst In tha present meeauraments« activation
technique has been appliod. Donoenergetic neutrons of ths de-
sired energies wsrs produced by means of ths T(p,n) 3Hs rssctlon
using the Variable Energy Cyclotron at Chandigarh. Neutron ensr-
giee were calculated from reaction kinematics. The spread in the
neutron energy wae estimated from tha known target thicknaes end
the geometry involved. The trisium target wss cooled by lateral
heat conduction proceee.

Spectrographically pure (99.99%) vanadium oxide was used »B
sample* The targat sample waa made by uniformally spreading the
powder within the perepex ring of epecified radius, which wee
sandwiched between two thin cellulose tapes. Thie eampls waa then
placed between two stenderd samples of potassium iodide of similar
slzs to get ths average neutron flux passing through the sample
under investigetion. The terget sample was irradiated in the
zero degree forwerd direction with rrepect to the proton beem.

A high resolution SO c.c. Ce(Li) detector (FUHM of 2K«V st
1.33 MsV) wss used to detect the charactsriatic gamma lines. Ths
photopssk datsction sfficiency of ths Gs(Ll) detector fop gsmme
ray at various snsrglss were determined experimentally by using
standard gamma rsy sourcss. Ths gamma rays spectre in tha decay
of semples wers rscorded with s prs-calibratsd 4096 chsnnsl N0-100
analyser. Ths half life wss aleo followed upto ssvsrsl hslflivstt
to be sure about the formation of S2V with Ty/2 m 3.76 min.
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The formula used for computing tht crose-eectlon in the pre-
aant work is,

( At2)

. »*P( - A t,)J ft - ixp ( - A t3)_7
where A it the total count* under tha photopaak of tha charscteris-
tic gamma ray, A *• the decay conetant of tha product nucleus, N
ia tha numbar of nuclei of tha iaotopa undar inwjatigatlon, & ia
tha effective photopaak dataction efficiency, 0 ia tha avaraga neu-
tron riux, B ia tha absolute intanaity for charaetariatic gamma
ray, K ia tha aelf abaorption corraction factor for tha gamma ray
in tha aampla, t1 ia tha irradiation timu, t2 ia tha alapaad time
batwaan atopping of irradiation and starting of counting and t3 ia
tha counting tima. Tor batter accuracy of tha raaulta tha meeeure-
mantr uara dona for tuo or mora irradiationa at aach incidant neu-
tron energy* Tha arrora and uncertainties aaaociatad with the re-
ported raiulta comprieas of various factors /3/, whose corrections
haa,been taken into account in tha maeeured values.

Raaulta and Piacuaaiont Tha maaaurad radiative neutron capture
croaa-aection for sly at three nautron anergiee are given in
table I. A comparison of our meeeurad croaa-aectione with tha
etatlatical thaory calculationa of Hoimaa at al /2/ haa alao
baan gii/an in tha sasja tsbla. Since tha atatlatical theory cal-
culations are parameter dependent, /2,4/ the exact agreement bet-
ween experiment end theory is hardly poaeible. However, the
agreement between our experimental reault and theoretical predic-
tions, is within a factor of two.

Table I

Tha (n, y ) cross-section for the reaction 51V(n, V )S2V

1 .
2 .
3.

1
1
2

.07+0

.89^0

.85^0

.20

.17

.15

2
1
0

.B4J4.35

.7B+0.20

.92+0.13

1
1
1

.9

.15

.06

1
1
0

.495+0.
.548+0.
.866JD.

185
174
126

/1/ N.O. Oudey, R.R. Heinrich and A.A. Madaon, 3. Nucl. Energy
23 (1969) 443

/2/ J.A. Holmea et al., At.Oata and Nucl. Data Tables/18 (1976) 305
/3/ n. Afzal Anssri, Ph.D. Thesis (to ba submitted) A.A.C. Aligarh

(1902)
/*/ fl.R. Roy end B.P. Nigem, Nuclear Phyaica, 3ohn Wiley and Sona

Inc. New York (1967) 200.



THERMAL CBCSS-SECTJOJB OF Z523h and

P. MohanakrlBhnan

Theoretical Beactor Phyoiea Saction

Bbabha Atomic Beaeareh Centre

Mature of tha Study

Ihe raeaat finding of H.C.Iittle e t . a l ' 1 ' that the 0*0253 aT eaptura
eroaa-aactlbn of 2*2Oi to ba 4.45 baroa aa agalnat tha BHDF/B-T normalisation
of 7*40 barna aroueea a l e t of interest . Theae a n "the f iret aver direct me-
aauraMDta of ' O» eaptura eroaa -atction below 0.0346 af. To aea wheiner
Integral measurements warrant tha UM of reduced eaptura eroaa-aeetlon of

' To below 0.0J eV, we have analysed toe Brook-haven national Laboratos;
(BHL) exponential latt icea' ' uaing SKDP/B-V croaa-teotiona, »M wall aa ibe
reduced thermal croaa-aaetiona normaliaed to 6.45 barm at 0.0253 eT.

Ihe following nlcroeoopie paint eroaa-aeetiona were obtained on caqaeat
fron IAEA, Vienna^*).
( i ) neutron capture croaa-aeetiona of Hi from ENDF/B-T in the range

0 to 4*0 eV.
(11) total crose-eectiona of 3b from EKDF/B-IT in the energy range

0 to 4*0 aT.
( i l l ) total , eaptore and fiaalon creea-eectlone and "V raluea of 2"v

from EHDT/B-IT In Ma» energy range 0 to O.<25 aT.

The above nentloMd point croaa-aactiona were converted to aultigroup

eroaa-aeetiona wiih the energy l la i ta aatohlng with thoae of '1MB ( a group

library iving a hardened Maxwellian ahape in neutron energy ( l ) in the range

0.0 to 0.14 eT and 1/E ahape in the rang* 0.14 to 4.0 eT M the weighting

apeetra. far uaing l i t t l e»e reaulta^ we prepared another aet of croaa-aectione

by reduoing tha eapturt eroae-eeetion of "Tib belaw 0.03 aT trom HDH'/B-T

ralaea by a factor 7.4/6.45*

The BWL lattioea eboaen for analyaii ware aeven HgO aodarated a ingle

fuel red lat t ices (awdarator to fuel roluw rat io - 0.997 *• 9.2747) and

four S20 aodrrated a ingle foal rod latt icea (aodwattr to fuel TO1UB» r a t i o -

11.715J to 37.8276). D M f w l eonalatad of 3* •nriohaa 853DOg 1» * » V

Multlgroup Integral tranaport ttwory waa uaad for speetrua) ealculationa

lnalde tte unit c e l l of the la t t ice followed by Dultigrcup diffuaion theory

calculations wing the aetiaurad buckling* to get Ihe multiplication factora

22
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and alto the leakage corrected spectra for finding the reaction rates.
2. Conelu>lone

With IlW/B-T eross-seetiens for 252Th, good predictions in the
oritioallty of Hg0 Moderated lattioei are obtained. Ionerer, there la
an under prediction of Multiplication faetori by 1.90 its XfeO Bod«rattd
lattioee. mother pavaawter which shows delation between calculated
and measured valuee U tht ratio of epltheraal to theraal oapturee la
232Th( Jfc ) whioh it underpredioted in bottt HgO and BgO aode-
rated lattioei by about 11f(.

With the uae of "little et.al" oroaa-eeetlona below 0.03 • • for
tht •ultlplleatlon faster prediotioo of X ô sbdtratte lattioee

to 0.999 + 0.009. i t the aan tiae, •ultiplieation faotora pre-
dlotion of E.0 aoderattd lattices renaln good at 1.006 + 0.001* Ohere

0 '3is an iBprorenent in J c prediotions in toth B-0 and D-0 moderated
lattioes - deriatione reducing to 8jt.

It is concluded fron cur analysis that It is preferable to use a
Tftlue of around 6.45 barne for * fh capture cross-section at 0.0253 *•
(found in B.C.Little et.al't neaBureBenta) instead of KHM/B-T noraali-
satlon of 7*40 barns.

Heferances
1. Ut t le . B.C. et .al , Hucl. Sei. and Engg. 22* 175 (1961)
2. Windsor B.H. et .al , Huol. Sei. and Bngg. i2t 150 (1970)
3. Letter of Hay Bay If., luelaar Data Section, IiBi, Tleima to Mohana-

kriehnm P., BAK, htmtoj, July (1960).



EML0ATICN OF THE 232Th NEUTRON CtfTUHE AND FIri3KN

AHOU 50 keY

HJt. Jain* and M.K. Hehta**

As a part of the IAEA-NDS aponaored Coordinated Research Progranne

on the Intereomparlson of Evaluation of Actinide Nautron Nuclear, the

evaluatlona of the meaaured differential data for 232Th (n , 1 ) and (n , f )

creau-section above 50 keV were completed, A paper ( B - n ) was presented

at International Conference on Nuclear Data for Science and Technology,

Antwerp, Belgium (Sept.1932).

Host pf the existing differential measurements were reviewed and

scrutinised for re l iab i l i ty . Selected data sets were renormalised to

ENDF/B-7 values of the standard crosa-sectiona and f i t ted with computer

program SPLINE. The end results of both these evaluations sre sets of

"recommended" values at energy intervals close enough to enable l inear

interpolation (Ref JflJE (uARC>-9 and 10) . The present evaluations are

compared with some recent ones. Regions of larger uncertainties are

pointed out where new measurements would be of value.

• ESPS

a* NPO
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EVALUATION OF NEUTiiGN CrtCC3-SECTiajJ POtl Th*

S.B. Garg, Amar Sinha and V.K. Shukla
Experimental tteactor Physics Section

Bhabha Atomic Research Centre
Trombay, Bombay - 400 065

Thortum-232 I s a fer t i l e el men t which leads to the production of
f i s s i l e Uraniumi.233 when irradiated with neutrons in nuclear reactors.
In order to assess i t s physics potential neutron induced reaction
cross-sections are needed in the energy range extending upto 20MeV. To
meet this end evaluations of total , e las t i c , ine last ic , l eve l excita-
t ion, capture, f iss ion, (n, 2n) and (n, 3n) cross-sections have been
carried out under a project of Xntercomparison of Evaluation of Acti-
nide Neutron Nuclear Data sponsored by Nuclear Data Section of Inter-
national Atonic Energy Agency.

The measured total and elastic scattering cross-sections have been
evaluated /l/, /2/. Deformed optical model with adiabatic approximation
has been used with the parameters of Guenther e t al / 3 / to generate neu-
tron total and e last ic cross-sections upto 20MeV. The spherical optical
model parameters of Sinha and Garg / 4 / have yielded the compound nuclear
contributions and the level excitation cross-sections, {a, 2a) and
(n, 3n) cross-sections have been derived using preequilibrium-statistical
model / 5 / . Upto IB Me'/ of neutron energy an evaluation of measured (n,2n)
cross.sections carried out by Aiarujet al / 6 / has been accounted.

For fission and capture cross-sections, evaluations of Jain andHshta
/7 /» /6/ have been taken into account in order to obtain the total in-
e last ic cro 33- sections.

g : E
Cross-Sections of 2 3 2 ^ KOB (BARC) - 4 .

/ 2 / Anar Sinha and S.B. Garg ; Evaluation of Measured Neutron Elas-
t i c Scattering Cross-Sections of Thorium, NDE (BASC) . 1.

/ 3 / P.T. (Suenther e t . al | Nucl. Sci . Stag. 65, 174 (1978).

Aaar oinha and S.B. Garg ; Optical Model Potential for
for Neutron Interaction, Nuel. Phys. t Soliii St.'Phya. Sjmp.,
IIT, Delhi (I960).

/ 5 / «ta«T Sinha and S.B. Garg { A Statistical-Preecjiilibrium Model
Based Ai*Ly»is of (n,2n) and (n,3n>eroB»iSecaoo» of Ih-232
and U-238 j Atomkemwersio-KomtechWlk, 38, 362 ( l 9 8 l ) .
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/ 6 / R.P. Mand et al \ Eraluation of (n, 2n) and (n, 3a)
CroBO-Sectio*i« for Thoriua Isotopes ; Workihop on Nuclaar
Data Evaluation, Processing and Testing j K.R.C.̂ Kalpakkaa
(19S1).

/ 7 / HJC. Jain and X.K. Mahta % Evaluation of 23&Th Neutron
Flaaion Cro at-SecUona Above 50 keV > NOB (BARC) . U .

/ 8 / HJ5. Jain and M.K.Hehta > Evaluation of 232Th Neutron
Capture Croao-Sectiona Above 50 keV j NOB (BASC) - 2 0 .

» Isaued as Report No. NOB (BARC) - 1^ (1982).



MULTiPA.'.r:n;i£

a.B. Garg, V.K. Shukla aid Avar Slnha
Experimental Reactor Physic* Section

Bhabha Atomic Research Caitre
Trombay, Bombay - 400 035

Neutron Induced multiparticle reaction cross-sections are needed for nuclear
safety and radiation damage studies in reactor systems. V, Cr, Mn# Fe and Ni
are the structural elements and their charged particle emission cross-sections
hdve not been measured in the energy range extending upto 2OMeV. To f i l l this
gap (n,2n), (n ,p) , (n,oL), (n,np), (n,pn) and (n,r.oO reaction cross-sections
have been evaluated by making use of Hauser-Feshbach multistep s tat i s t ica l theory
/ V end the preequilibrium exciton model / £ / .

Optical model parameters for neutron and proton particle emission are those
of Becchetti and Greenleea / 3 / and for alpha particle emission are those of
McFadden and 3 itchier (kf. Neutron total cross-sections calculated vith these
peraneters agreed within 6£ with those given In BJDF/B-IV cross-section library
in die a ting their adequacy, Transmission coefficients end branching ratios for
various reactions have been obtained try considering the energy leve l structure of
target end residual nuclides, their continuun being represented by back shifted
Fermi gas model. Pairing energy corrections aid leve l width fluctuations have
also been accounted for.

Precompound emission of particles has been taken at & MeV or above of neutron
incident energies aid the evaluations have been made by making use of the exciton
model with the reaction matrix constant given by Kalbsch / 5 / . I t has been noted
that (n,2n), (n',p) • (n,np) • (n,pn) - ( n,xp) and (n,a£) reaction cross-sec-
tions are calculated within 20> of the corresponding measured ent i t ies in the magic
nuclidea 5ly and 5% i # ^ t j , e c a 3 e o f others the deviations are more. I t may be
stressed that the measured infoonation on the reactions mentioned in this paper i s
rather scanty aid hence a systematic study of these model based reactions can yield
reasonable estimates of charged particle emission cross-sections for direct appli-
cation in radiation danege calculations.

A few reaction cross-sections are l i s t ed in the following Table at 15 MeV to
indicate agreements between the calculated end the measured valuess

Table
Element
Cr-52
V-51
Ni-58

(mb) Measured

VD)

360.5
69.1

1042.3
77.6

478
309.5
364.3

412
91

1000
98
39

290
260

•

J70
±

29
tt

120
6
4

22
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Spectra of emitted particles, e last ic , inelastic and level excitation cross-
sections have alao been evaluated in the energy trance lMeT to 20MeY.

/ ] / W. Haueer and H. Feahbaeh » Phys. fiev.87, 366 (1952).
/ 2 / J«J. Griffin | Phye. Rev. U U . 1 7 , 47B (1966).
/ 3 / F.P. Becehetti Jr. 4 O.W. Greenleea j Phjre. Rev.ld2, 1190 (1969).
/ V L. HeFaddA and Q .ft. Satchler i Nucl. Phjra. 6k, 177 (1966).
/ 5 / C. Kalbachi PHECO-B, Progrn tor Calculating Preequilibrlun ParUole

Energy Spectra, informal report iaaued by Triangle Univereitiee
Nuclear Laboratory and North Carolina State thiveraity Cheniatry
Oepartmmtf Durham, NC, 1977.

» Paper preaented at Nuclear Phyaies and Solid State Phyeica Syiqpoalui,
Banaraa Hindu Univeraitgr, Varanaai (1982).



ANALYSIS OP THERMAL HEACTOfi BENCHMARKS

H.C. Burl*

Theoret ical Beactor Physics Sect ion

Ebabha Atonic Research Centre

Thermal reac tor benchmarks recommended by the Cross-sect ions Evaluation
forking Group o f Rational Nuclear Data Centre of BNl^1) were analysed using
«"» multigroup c r o s s - s e c t i o n s derived from OKNDL. The benchmarks Included
( i ) unreflected cri t ical spheres of uranyl nitrate solution in BgO, ( i i )
homogeneous 239pu crit ical bare spheres, ( i i i ) TRX-1 and 2 la t t i c s i , ( iv)
BAPL - 1,2,? latt ices and (v) MIT - 4 t5,6 la t t ices . The f irs t two sets of
benchmarks are useful for (a) testing HgO fast scattering data, (b) thermal
absorption of hydrogen, (e) 2'5U thermal data, (d) 25*Pu thermal data. The
remaining sets of experiments were analysed with the object of validating our
calculational procedures vis a vis more sophisticated ones.

The calculated eigenvalues far the "̂ U spheres were found to be consistently
lower than the measured ones with naxjjnum deviation being around 1.5jt. The
cross-sections for BJO were in agreement with -those recommended in ERDP/B-IT.
Use of the ENDF/B-V suggested flBsion spectrum (with E • 2.03 MeT) and an in-
crease of O.74JS in the thermal 1) of " u brings the calculated eigenvalues
very close to the measured values. The effect of these codifications on ttie
calculated parameters far latt ice benchmarks Is being investigated.

*ith regard to the examination of 2 " p u c r i t i ea l s , the computed eigenvalues
were overestimated with a large scatter ( £f 2 . 5 $ with average calculated
L « - 1.0134» These results are in good agreement with the observations
nade by other evaluators of the sane benchmarks. I t has been found that
these benchmarks have poor consistency and there exists the need for some
well determined experiments for evaluating data for plutonium Isotopes.

Analysis of latt ice benchmarks brought out very clearly ratter poor
consistency of D.O moderated exponential experiments. The cross-sections
used by us which are based, on VD£ library (derived from TJKNDL) are in
general adequate in predicting the physics characteristic* of thermal reactors.

The results are discussed in detail in Reference 2 .
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1. Crofla-Metloai Evaluation Working Groups Btachaark Specification*
ML - 1930S (lHDF-202)

2 . B.C.Huria, F.Mohanakrlahnan n d B.P.B«atofll inalyaia of Vwraal
Btaotor Banotanaxlai, Paper lubBlttad to St«in«r/%erhihop mtl t lcd
'VtatrMl Btwtor Btnchmark C»leulatlot», l»ehaiq«««» Bctittlts and
i p p l i e a t i o W , Wl , VSl, itay 17-16, 19B2.



NEUTRON ANGULAR DISTRIBUTIONS IN REACTIONS
INOUCtD BY 14 WeU NCUTRONS

A. Chatterjee ami S.K. Gupta
Nuclear Physica Qiviaion

Bhabha Atomic Research Centra
Trombey, Bombay 400 0B5.

In the faet particle nodal /I/ preequilibriun angular diatri-
butiona daacribed in tarma of a generalized master aquation, a
crucial assumption is that at aach staga thara ia an identifiable
leading particla. Tha predictions of this modal generally under-
eatimate the emiasion at backward angles /2/. In the preaant
work the axciton at«tea are further clasairied /3/ •• multistep
compound (NSC) - including only bound excited states and multi-
atep direct (MSD) - with at laaet one unbound particle. Tha
angle dependent emission is assumed to arise only from the USD
states. The branching ia assumed to occur at the firat atep with
the unbound branch probabilityf

(

where Pt and Pn are the probabilitiea of tha initial Interaction
with a target proton or target neutron and rp and rn are the
ratio of the unbound to the total etate densities /4/ for tha
two resulting configurations taking account of neutron-proton
distinction. Assuming Identical transition ratea for the two
chaina of states,

where *^0v) ere the Legendra coefficients of axciton state
lifetimes ae in the usual fast particle model.

The results using the present model are shown in Figs 1
and 2 for S(n,n') ana C«(n,n') for E n ^ 14 fleV. The dashed
curve ia the prediction of the usual feat particle model. The
present model results in an improved agreement with the data.

/1/ G. nantzourania et al, Phya.Lett.57B, 220 (1975).
/2/ 3.M. Akkermane et al, Phys.Rev.C22, 73 (1980).
/3/ H. Feahbach et al, Ann.Phya.J.25, 429 (197S).
/'V C. Kelbach, Phye.Rev.C^, B19 (1981).
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A STUDY OF PRE-EQUILIBRIUM EMISSION IN ( n , p )
REACTIONS BETWEEN 10-20 MeU

3,P. Gupta and R. Prasad
Physics Department

Aligarh Muslim University, Aligarh 202 001.

A computer coda ACT has bean uaad to celculete tha aicitation
functions for *8t«9,50Ti, 51«,52Cr, 65 C U ( and 64,662n(nfp« reiC.
tions in the ansrgy ranga 10 to 20 MaV/1/. Hybrid model /2/ frame
work has baan ussd for treating the pre-aquilibrium emission. Pra-
squilibrium emiaaion is considered only in tha first step of de-
excitation where the excitation energy ia sufficiently large. In
these calculations conservation of the parity and angular momentum
have been taken into account at each atep of de-excitation. Back-
ahifted Fermi level density parameters have bean used, Pauli ex-
clusion principle end width fluctuation correction can alao be in-
corporated optionally. For all calculations level density para-
meter, tha effective moment of inertia and fictive ground ststa
position have been taken from ref«/3/« The following values for
tha other parameters hava been ussd in these calculations > p»2,
h»1 and Ffl-430, whsre p and h stands respectively for the parti-
cles number end the hole degrees of freedom of the initial state.

TV\ is the constant (MeV3)
which defines /4/ tha mat-
rix element for internal
trensitiona competing
with pre-equilibrium decay.
As can be seen from Fig.1
the function of the pre-r* / s/' 'V"" equilibrium emisaion in-

/ y^ s' craaa9s for each cass
x ^ ' with increasing excita-

tion energy /1/. At 15.0
net/ excitation energy tha
pre-eguilibrium fraction
for 48,49,S6Uf 51 U p52 C r,
65Cu and 6"»66Zn target
nuclei hava bean plotted
in Fig.2 as a function Of
atomic mass number A, pro-
ton number Z, neutron num-
ber N and aaymmetry para-
meter (N-Z)/A. It can ba
saan from Fig.2 that the
pre-aquilibrium fraction

.if. . w'tttKW f"E«O« I" ""
•IT-IT -ts-rr-

Fiq. 1
at thia energy variea linearly with mass number, proton number
and nautron number in general, except for 9Ti, £5cu end °4Zn
target nuclei. Howaver, no regular variation of tha prs-squlli-
brium fraction has been observed as a function of asymmetry para-
meter (N-Z)/A. Further investiyetiona are in progras* to aaa
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this trand In othtr nuclei also*
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/1/ 3.P. Gupta and R. Praaad( Procaaf'lng of 7th confaranca on
tha application of accalaretor in raanarch and induatryt
North Taxas atata unlvaraity, Taxaat USA (1982) To ba
publiahad)

/2/ n. Blann and A.fllgnery, Nucl.Phya.A186, 245 (1972).
/3/ W.Oilg, U.Schantl, H.Vonaoh and fl.Uhl, Nuel.Phya.217A,

269 (1973).
/4/ C.K. Clim, Nucl.Phys.A210, S90 (1973);



EVALUATION OF THRESHOLD REACTION INTERFERENCES IN
REACTOR. NEUTRON ACTIVATION ANALYSIS USING <l»,Y > REACTIONS.

S. Yegnasubramanlan and S. Gangadharan

Analyt ical Chemistry DlvisIan
Bhabha Atomic Rasaarch Cahtra

Trombay, Bombay 400 085.

Tha estimation of Impurltlas by (n.t) reactions In raactor naotron

activation analysis can suffar from 1tia prasanca of tha high anargy

component In tha raactor neutron spectrum, which can produce tha sama

protfvet ntKllde through (threshold) nuclear reactions with the other

elements constituting the matrix. Theoretical evaluation of such Inter-

ferences raqulres knowledge of the excitation functions and the neutron

spectrum In such details that I t s t i l l remains not "quantitative"

for analytical applications. The ultimate Interest In analytical esti-

mations Is the "yield" which Is a convoluted product of °~<E) and $(E>,

Integrated over the entire neutron energy spectrum at -Hie Irradiation

position. Characterising the Irradiation positions of the reactor enables

the activation analyst to have an awareness of the extent of hard compo-

nent present and the experimental measurement of the fast neutron reac-

tion yield Improves the accuracy In the analytical determination by the

<n,y ) reaction. However, this fast neutron component Itself can be wed

with great adventage In analytical applications, as In the case of

titanium through scandium by the (n,p) reaction" and Its application

to the estimation of titanium In steels2>.

Measurements of the thermal flux were made with high pwrtty foils

of Co/AI alloy containing O.IJt and \$ Cobalt. Irradiations were done et

two In-core and three out-of-core positions of the APSARA reactor »*A

the Induced *°Cb activity was measured using calibrated t- spectrometers.

Preliminary Investigations regarding the hard components of the

neutron spectrum were provided by the cadmium ratios, defined as
Cd ratio * Bare foil activity at zero-11 ma

Cd covered foil activity at zero-time
All cadmium ratios were calculated using tmm thick Interlocking Cd
covers. .

Five different nuclear reactions were used to determine the Integ-
rated fast flux . The threshold monitors were high purity foi l * Irradiated
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simultaneously at the flva positions (as In tit* therm! flex

maiits) for 24 hours. Tabta I summarises Dw okaarvatloaa far aM 1»»

flux measurements and tt i* cadmium ratios.

Tha threshold raaetlon Intarfaranoas have bee* evaluate* for six

niielaar reaction* and are expressed as tha quantity, In aa, •# Kw

element, which through tHo f a i t nautron raactlon 'would' produce ti»a

activity of tha product nucllde equivalent to that from I ug of the

Impurity element »y <n,*» reaction. Tha observations ara smmertsed

in Tab la 2 for two positions A7 and C9. AH waassrawswts wara dona ay

0aM*a spactroMtry axeapt for * P f»r which a ehamleal separation

procadvra (phosphorous practpItatad as amofitun phospho mofyadats)

fol lowed by bata counting nsl ng a 9M counter was adopted. AlI the

Irradiations were for a duration of 24 hours except Iron,used to

evaluate the MFe(n,p>wMn reaction, fn which case I t wes for I hour.

The observations are \n accordance with the exeectettefia that the

In-core posltlon(A7> with a higher fast component requires emch less

amount of the Interfering element compared to C« to yield the samo

activity cs would be produced by I «g of the <n,<> element, except In

case of 63&w(n/e>*°Co reaction which has e hi eh positive Hf' velue.

This type of characterisation has proved to be much useful In our

routine analysis of varieties of samples* This exercise of characteri-

sation has to be revised to ref lect significant cere (fuel) changes.

TABLE I

Flux Maesurawants made at Apsara

Raactlon th?. • J p W . M > Flux (n.em-2.s;»)
S ^ t h . (In units of 1010>

Al A7 CS E0 09

. thermal 37500 260 270 210 ISO 20

W C o ( h , Y ) W C b Cadmium r a t i o 17 NO ND 18 S>

4>TI (n ,p> 4 B Sc 7 . 2 90 0.074 0.084 0.071 0.046 0.014

^ ^ 5.5 2» 0.480 0.417 0.363 0.230 0.056

^ 4.2 610 1.96 1.95 1.22 | . |» 0.130
SNl(n,p>stCo 2.9 420 3.05 2.83 2.45 1.57 0.357

NO i Not Oatermlned
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TABLE 2

Evaluated ThrMhoid Raactlon Intarfaranoas

(n,y) aqvlvalMta), ng
Raactlon

A7 C»

0.06 0.13

99 212

6.5 NO
120 180

500 450

26 97

REFERENCES

1. Sankar Das, M., Ph.D ThatIs, UnI varsity of Bombay, 1964.

2. Athavai*, V.T., Dasal, H.B., Gangadharan, S., Pandharkar, V.S-,
and Sankar Oas, M., Analyst, 9T (1966) 638.

3. "Handbook on Nuclaar Activation Cross Sactlons", Tachnlcai
Raports sarlcs No. 156, IAEA, 1974.

4. ZIJp, W.L., "Ravlaws of Activation Mathods for tlia OatarKlnation
of Fast Navtron Spactra", RCN-37, 1965.



AW) TBSCTC OF MBLCTOaonP CR033 SgQTip* 3W WR EAST

S.Qanaaan, T. Copal akriahnan and V.MiRa«ana4han
last Bcaotor Qroup, HMotor Rar-aroh Cantea

KalpaMca* 603 102, Hurfl ira«u

Using S w w ^ I ? , ih# gvnvr ation of «ultl0roup crow asotioa a»

but b«en op«plet»rt with tb» prtstnt v*r«lon of RAMBBA codt ayst ta^' for

239Pu, 240Pu, 241Pa, 2 4 2Jn, 2 3 5 H 238V. Mo, Ha, 0, C, Si, I*, Or, Hi art

Ma in Oadaraeh* 25 group •!)»£? atruotur*. A pro«Taa COMP' ' baa baan

ir i t tan to ooapara groupwia* and ratotionwia* partial, total raaotion

oroaa aeotiona^inalaatie and tlaatio aoattarinc •atriote of tba praant

a»t with tba avnllabla ftaneh a*t for *aoh iaotopa. flat ooaparlaoaa

oltarly allow that «a ooapartd to 1969 «4juatM ftanoh s«t th» prtgtnt

«ronp oonatanta wldoly diffar by w i than 50* for ateuotural •l«a*nta and

by 10-15Jt tot htaty «iaaaata in aon* anargy ragiona for both partial and

total raaotion eroa» aaotiona*

Sanaittrity etuM»e and validation of tha n«w oroaa awtton a«t by

awlyaia of aalaetad faat oritioal aaaanbllaa ara ntaring oo«pl«tion. Tha

raanlta obtained tbo» far ara *noouragln;.

Rafaranoaa I

1. 3. Oanaaan at a l . , in Broovadinca of tba Workshop on Hoelaar Data

Iralnation, Broo«aalng «nd Tsatlnr, Auguat 4,5 1981, TAB* (THft)-30

(1981), XAlfc Yi«nna.

2. M.M.aa«antdhan/COMP - A pro«ra« for oompariaon of BAMESA*a output with

Jfcanoh Sat groupwia* and raaotionwia*' ttopubliahad (1962).
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3Hf3lTTYITr MBTHOPLOQT A1TO APPLTCATICW JROCRAM ATBRg PCS FA3TRgHCTQB

Analysis

P.T.Erishnakumar, S.Canesan and R.Shankar Singh

l a s t Reactor Group, Saaotor Research Cantra
Kalpafclea* - 603 102, Tamil ITadu

The waeuremsnt, evaluation and processing of radiat ion interaotlon

data together with experimental and analyt ic data tes t ing e f for ts have been

the major a c t i v i t i e s of Reactor Physics Community for several decades.

Implicit i n such a data acquis i t ion i s the goal of generating good qual i ty

data to a s se s s the reactor design parameter uncertainties a r i s i n g from nuclear

data re la ted uncertaint ies . Developments in the f i e l d of s e n s i t i v i t y analys i s

and i n particular to those related to generalised perturbation theory have

been central to the successful def in i t ion of such procedures.

"Hie fol lowing program of s e n s i t i v i t y s tudies a t HftC havabeen taken

upi

1. To determine nuclear data related and m»thod, uncertaint ies for speci f ied

performance parameters in radiat ion shielding and reactor design problems

of Prototype Fast Breeder Reactor from basis cross sect ion data.

2. To provide quantitative guidance to the oross sect ion data measurement,

evaluation and processing code development programs a t RRC in the form of

estimated aocuracy requirements tor basic nuclear data to meet design

constraints and error margins.

3 . To provide qual i ta t ive ami quantitative understanding of the r e l a t i v e

importance of baslo physical data and interaction process Involved i n

analysing any design or experimental problem so that conclusion drawn

from one sttrty can be extrapolated t o another e spec ia l l y l a the shie ld ing

exparimintal analyses to commercial reactor shield design*
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COMPARtSOirS OF CALCIEATBF 3ttF 3HIBKDIWQ »ACT0R3 WTq HBA3IR1D TALCT3

. 2 3 5 P . 1» and lh

S.0aB*aan, KtlUiMMmdbaa and Y.OopaOatoiahnaa

Vast laaotor Qroup, 8Motor l taaareh Contra

Kalp*ka» 605 102, HwLl Jfadu

AMI e tntra l quastlon about th* data rajrasantatlons and tbalr

prootsslnf In to t r«aona«o« r tg lon i s wtattnar or not th« praatnt «pfro««b

land* to a oorraot oatiamt* o f raaonaaoa aalf-ahloWlnf1"*. OnrlotBlr. •

dlraot Qoaytrlaoa of oaloulntod s « i f ahioldln* faotors (83ft ) with a»wwad

raluaa • « • funotioo of t t ^ a r a t v r a , «B«rgy and taekyroaad d i l a t i o n m i l «naa«r

t h i s qu»ation. Th» jrteant work ooacwros t i » 9371a oaleulatod by J* aattaod o f

Branch with thoM oalouutod br Oullan'a oodaa6"9 for 2 3 5 U and 2 " l u ualnc

•NDr/B-XT data* Th« roportcd oxpoilaantal T»1U»» 1 1 o f SSlta baT* boon uaod
23for ooaparlaon wltb oaleulatvd ralu*». Ihr Ma. and fe, th« •zpariaaDtal ^

in 6*9
of 33ft «r# eoapartd wltb raluos oalculatad wine Oidlon** eodos .

faotora 1» wall doeuawntod i n tho litaraturo1 0"1 2 . Itar J» a»tbod

Th* prlnoipl* bobind th« aoad-«apirloal dotoralnatlon of «»lf

factor* 1» wall d

th» oodo HAMBHA13 waa uaad.

n » raralta abow that at lowar badegroond dllutiona tbara la a

wit* dlaptralon aaonff tba raluoa of a»lf abloldlne faotora oaloulatod by two

diffarant aathoda and thoaa obtainod •xporlaantallT* At hl«h«r rfllotiona tita

•aluaa of aalf ahltl<iin« factora oaleulntad by both tba awtboda oanmrf*

towards axpari«ant»l valvaa aatlafaotorlly. 1t» roanlta war* iraaantad i s

Baf.14.
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KalpaJckaa 60? 102, W l Wadu

It tea baan found desirable to uaa tba preprocessing codes •

LI»K«-«K»rr-arCMA1-OiOOPW for ganaration of aalf shielding faotora in

resolved resonance region ao that tba self shielded croaa aaetiona accura-

tely rapraaent the evaluated data. These oodas have baen conrtlaaioned,

taatad and •xtanaively used for generation of accurate group oonatanta in

the rasolTad resonance region*5' for mny nuelidea at BRC. The funotiona

are explained briefly.

1* Tba code IIHEAR converts evaluated croaa Motion* in the END1/I

forwat* ' into a tabular fora that it eubjeot to line/v-linaar inter-

polation in energr and cross section, and raao'dng points that are not

needed for linear lnterpolabili tr. A aajor advantage of this code i s that

i t allows subsequent codes to oonslder only linear-linear data.

2* The ooda RBCDfT reconatruota the raaonanoe contribution to the cross

section in linearly Interpolabla form, adds in any linearly inter-

polablo background cross seotion and outputs the result In BID7/B fortat.

TI& output includes the original reaomnoe paraastars in a fora that oan

be used in Ooppler broadening and self-shielding caloulatione Sinoe the

ooda RBSEKT requires the background eross aeotiona to be linearly inter-

po la te , i t i s naoassary to prooasa the 1H0F/B f i l e by toe code LINI&K

before EB3EHT i s used. On tba IBM 770/155 the prograarequires 7.5 adns

to reconstruet U cross aeotion» to 29( aocuraoy and on Honaysvll X>t3 8 /

46 i t i s 5.6 alas* The prograa requires 42 K words of oore storage.
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In tha rewolvfcfl ragion tha BTOl/B foramt allowa paraaatara teom

four raaonanoa forai l iaar ' a. Brait-Wigntr aingla-laval paraMtara,

b) Bralt-fignar nulti loyal paraMtara, o) aaloh-Moora paraattara an) d) i l l ar -

Adlar paranatara. Tha profraa raads paraMtara in any of thaaa fariata aed

ooaputas tba raaonano* contribution for a l l axotpt Saioh-Moora paraMtara,

which ara ignorad.

% Tha ooda SIOM41 Dopplar Mroadana araloatad «oaa aMtlona In tha WIDW/M

foraat. Tba ooda raqnlraa data aa linaarlr lntarpolabla funotiona of «nargjr

and oufputa broadansd eroaa aaetlona In tba DfOF/B foraat.

Tha SIOKA1 Mtiiod oan b* aaaii to Dopplar broadan oroaa aaotlona for

any partiola via. nautron, proton ate. lnoltfant at noo-ralatlriatie aoarciM

on a targat in whioh tha flraa ataa approziaation la valid.

4* <rha aoda (EOQPIX raada araluata^ data in tba SOr/B formt and oaloulataa

any combination of tha following quantitiaa a. onahialdod croup avarac*d

eroaa aaotiona, b. Bandar anko aalf-ahialdad #roup araragad oroaa

aaatioaa, o. Multiband paraaatara>

Tba ooda allowa for apaoifying arbitrary anargy crovo* and an

arbitrary anargy dapaniant nautron apaotrua. All lnta«rala ara parforwd

analytically to tha raqntraA aoouraoy*

Tba ooda ayatta baa bean utiliaad to fanarata aalf ahtaUlar faotora

for mttr olaaanta of intaraati It , *«, Fa iaotopaa, IT laotopaa lta» Mo ato. la

raaolvad raaonanoa raglon.

Raftranaaa

1. 9.1. Onllan, ••rograa tlir««» tOtIr-50400, Jdt.il, fturt A, Saaranoa livaratr*

Laboratory (1979).



45

2. D.B.CulHn, 'Bro^aaKVMT' 0OIL-50400, Vol. 17, laro 0, Lawranc*

Lirtrsxr* Laboratory (f979).

3 . 9.^C«ai«n, •*©»•• • SIOW* TOL-5O4OO, Tol.17, Bfft * Unr«M«

U W M C I Laboratory (1979)*

4* D.&CuU«n, • Brogram QRODPIP OTEL-5O4OO, Tol.17* A r t s , Law«ne«

Litvraor* Laboratory (1970).

5. S. <3«ne»an e t a l . , 'DaTtlopwat of a mv fast rvaetor jrocaaainc ood«

SAMBBA at BRQ* in fcoctedinga of th« warkshop on «nl«ar teta ftralua-

tion, lroo*8sli« an* Hasting, IHBC (HR>)>30 (1981) 1Y5/U Ti«ona.

6. !). Garber, C. ^unfori! awf 3. I*arlat»m, Data format and Rroesdurea

for the Evaluate* Vuclear Bata Hie , BOP, £rooicha*en National

Laboratory, (1975).



PIT THE NEED ?CR CHAWQTWQ THK BHDf/B CCTfVlirTIOW KB TfllRmggBfTATIOIF OF

CK0S3-SECTKW3 IW THE OIRKOLYB) RE3CWA1TCB HBSIOlf Of MBTILB A1IP FI33IL1

HIJCLKI

3. Sanesan

l a s t Beaotor Qroup, Beaotor Bes*aroh Centre
Kalpaticaa £0? 102, W l lhdu

A Mr* fundamental s c i e n t i f i c basis for tht prediction of th*

Doppiar a f fae t in faat raaoter sratewj dratnds that tbt uaual HfOV/1 and

ESDAK oaaTCntlona for tht rapr*a«ntation of oroaa-atotiooa i n th* unr*aol>

Ttfl r*aonano* r*»ion shotdd b* ohanf*rt. Thia oonolualon^ la baa*d upon

th* •xp*ri*no* aoquircd in *Taluationa of a t a t l a t i o a l Man raaonano* para-

iMtar a*ta aad* at BBC fMpakkam, for ua* in ntutronlo ealonlatlona of faat

raaotora i n th* r*o*nt paat for 2 3 \ 239ftr» 2 3 2Th, 2 3 3 Uan4 2 3 8 D . A bri*f

aooount of aeteral aenait iTlt f atudlaa ana nautronio ealotilattona iuri* with

th*a* Man raaonano* data aata waa pressnt*^^1 . Th* *xiat*no* of non- uni-

quan*a* of Man raaonano* data s*ta h«a b**n olaarljr *atabliah*d and an

uncertainly du* to the choice of th* man resonance data set i s fowd to b*

associated Kith the the cr i t ica l calculations of nautronie parameters of

reactor aratsmo. Thia uncertainty, identified at lalpaldca*, has not received

attention In th* paat ani ia found to be significant in the case of the

calculation of the floppier coefficient in fast reactora. I t should hare been

taken into aooount in th* interpretation of th* Soppier e f fec t ezperlMnta

p*rfcrMd in f*st cr i t i ca l f a o i l i t l e a for bo th f iaa i l * and f e r t i l e aaaplea.

The present Mthod of atatiatioal representation of crosa-aeotions

l*ads to * hl(h*r atat iat ieal uneertaintT in th* prediction of tt* Doppiar

r*aotiTitr effeot under coolant voided coniitiona i n fast power reactors than

in the nor sal oae*. Also th* effect of inclusion of intermediate struoture
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239in ths fission cross Motion for Ptt on tbs teaparatur* derivative of

••If shielding factors i s significant and oannot b» modelled satisfactorily

at {resent.

If the ht«rh resolution cross-Motion •Msurvxants, as sugr«st«ii

br de Saussors and Psret, are nade availabl* for the main fissile anfl fw-

ti ls isotopso, thinning and dir»ct Dopplw broadening of tb» oroaa-Mction

data by th« jrejproeosslne astbods dovaloped by Cull«n and his eoworkars

appear to b« a pronisiag approach. Until such time th« svaluated nuo lear

data fi les should atteapt to contain s«lf-sni«ldlng factors diree'ly eyaiua-

ted with the support of Ml f- indication and transits at on aeasurciaenta inat«ad

of the present convention of having man resonance data sets in the unreool-

red region.
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Th« halfrl i f t of ^ O a has b*aa ditindrnd fegr two ind«5«nd«irt atthods

( i ) by d i n o t d«o«gr lacK- proportional oount«r and ( i i ) by pxttpaxAag ajwUw-

t io Btxtuna of ^C« and ^*Ca and atudylag parlodioallgr th« daonaaa i n

^ O a / ^ C n alpha aotivity ratio by o<- apaotroaitxy. Sbt hal f - l i f t valius

obtalmd a n 165.17 +0.06 day and 162.62 +0.21 day xvaptetlrtly. Avarafa

of fhaaa two iad«pand«nt valuta givia a hal f - l i f t wlut of 16J.00 +t).11 daya.

3!b« nao«rtalnty apaoiilad on tha valua* I s ont atandaid daviation obtainad i n

tht pnaant woric Is aigaiftoantly d i f f tnat £roa tha valus 161.55 * 0*30 d

xaportad froa JAGBI i n 1961 and oonparta nail with tha valuta nporttd In

1975 «ad 1979.




