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PREFACE

The present progress report on Nuclear Data
Activities in India is the £ifth in the current
new series of progress reports, the first of which
was brought out in the year 1981, This report
covers the period from January, 86 to June, 87. It
contains information about measurements, evaluations,
compilations and procassing of nuclear data and other
related works being carried out mainly at B.A.R.C.,;
Bombay and I.G.CsA.R., Kalpakkam, the two nuclear
and reactor research centres in this country.

It may be worth mentioning here that an IAEA
interregional training course on "Processing of Nuclear
Data for Use in Reactor Applications® was held at
Bhabha Atomic Research Centre, Bombay during 31 March -
25 April, 1986. This course was designed to provide
participants with a working knowledge of the methods
currently used to process nuclear data for use in
reactor applications, It comprised of lectures as well
as computer exercises. The scope of the course included
an introduction to currently available nuclear data
libraries and their applications in specific reactor
applications, processing of resonance parameters,
Doppler broadening, the multigroup method and self-
shielding, It also included the lectures on the
accuracy of the results obtained and on the sensitivity
analysis, which can be used to determine the sensitivity
of the integral reactor parameters to nuclear data

uncertainties.

Most of the write-ups in this report describe
work in progress and these are not to be regarded as

publications or quoted without permission from the

authors.

{(s.S. Kapoor)
Member, International Nuclear Data Commi ttee,
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F;?gIUN PRAGMEND MAsSS ENERGY AND ANGLE MEASUREMEN[S IN
Shs (nth,f) USING BACK~I0O-BACK GRIDDED IONISATION CHAMBER

M, N, Rao+, Aruna Nijasure and R.K. Choudhury
Nuclear Fhysics vivision, BARC, Bombay 400 085, India,

Detailed measurements on the correlations between
mass and energies of fission fragments have yielded
significant information on the mechanism of the fission
process. In many studies one also requires a knowledge of
fission fragment angle with respect to a given direction,
It has been reported in the pastl) that by using a para-
llel plate back-to-back gridded ionisation chamber, one
can simultaneously measure mass, energy of the fragments
and also the angle of emission of fragments with respect
to the electric field direction., It has been shown that
from a simultaneous measurement of the grid and collector
pulse heights,it is possible to measure angles with a
resolution of 69 to 100, The information on the fission
fragment angle can also be obtained from the time differ-
ence between the grid and cellector pulses and this method
has not been explored in the past, The aim of the present
investigations is two-fold: i) to explore the possibility
of improving the angular resclution by simultaneous regord-
ing of pulse heights as well as the timing signals of the
grids and collectors in a back-to-back gridded ionisation
chamber, and ii) to study properties of cold fission
fragments,

The set up consists of a parallel plate ionisation
chamber as described in ref,l., The grid-cathode and grid-
Sg%lector distances are 2.1 and 0.7 cm respectively. A

U source (20 lg/cm?) prepared on thin VYNS backing is
mounted in th2 cathode plane and the chamber 1s filled
with a Ar(90%)+CHy4(10%) mixture at & pressure of 1.5 atm.
Voltages on the cathode and grids were optimised to give
maximum peak to valley ratioc in the collector pulse
height spectra on both the sides. The pulse heights of
grids, collectors and signals corresponding to the time
difference between the grid and collector pulses were
recorded for off line analysis.

The collector pulse heights were calibrated assuming
the energies of heavy and ljight fragment peaks to be 70.5
and 101.5 meVv respectively2 . The fragment masses were
obtained by mass momentum conservation relations., The
distributions in grid pulse height and the time difference
between the grid and collector pulses corresponding to a
given fragment energy bin are shown in fig.l. ®he analysis
for obtaining the angle from these distributions is still
in progress. In the following we present certain resulcs
on the mass-energy correlations with the aim of under-
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standing the behaviour of large kinetic ene-
rgy events. Fig.2 shows the variation of

My and O My with the total fragment kinetic
energy. It is seen that for very large tot-
al kinetic energies, the average heavy
fragment mass approaches 132 amu. This res-
ults has been seen in some earlier studies
and attributed to the doubly closed shell
configuration of the heavy fragment at this
mass number, The width in the mass distri-
bution decreases continuously with ingreas-
ing total energy. In fig.3, the mass dis-
tributions of the light f£ragments are shown
for very large single fragment kinetic ene-
rgy windows. By selecting large kinetic
energy of one of the fragments, one is
preferentially studying events where the
fragments are comparatively cold,

structures due to odd-even Z effects are preaent.
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results will be further examined after electronically
cc.limating the events to forward angles and there by

improving the resolution of the data,
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COMPUTEL NEUIRON CROS3~-SECTIONS AT 14 MeV FOR SOME TRACE
ELEMENTDS

R.5, Khanchi, Dyal Singh College, Karnal (Haryana) and
R.X. Mohindra, Physics Department, Kurukshetra University,
Kurukshetra 132119, raryana.

Abstract: Cross—sigtlong of twelve mporgant t ce—eéi
mgnts Lqu, 2834 i, V Cr,

°Y3 38sr and 1271 have been computed for reactions llke
(n,p); (n,n'); (n,<): (n,r'p); (n,2n); (n,n*C J); (n,Ln'),
(n, o<p): (n,2¢ ) (n,pn') , (n,pel ) and (n,2p) at 14

MeV, using a diffused edge optical model potential. The
computed cross-sections are guite suiltable for calculating
induced activities of the above trace-elements for 14 MeV
Neutron Activation Analyis. Level densities used for these
computations are those of Lang & Le-Couteur. The agreement
between computed and experimental values 1s reasonable in
general with few large deviations. Out of the large number
of cross-sections computed here, only a few are amenable to
experimental measurements and therefore therefore these
theoretical estimates can be quite useful in many nuclear
design applications.

CALCULATIONS AND RE3ULT3: The detailed outlines and vari-
ous theoretical formulae used have been described earlier
by Wwadhwa and Mohindra (1), for both primary and secondary
reactions. The compound nucleus model using the optical
potential parameters given by Mani et al (2) for proton andi
neutron penetrabilities, has been used. The inverse reaction
cross-sections for alpha particles have been taken from the
tabulations of Huizenga and Igo (3). The level density
formula of Lang and Le-Couteur as discussed (1) has been
used in the present computations. The secondary reaction
cross-sections formulae based on the evaporation theory
have been reported earlier (1). The gamma ray emission has
been ignored in computations. The computed cross sections
will be oompared with the available experimental cross-
sections, The agreement between available experimental and
our computed cross-sectlons 1s reasonable in general, but
in some reacticns, the deviatlions seem to be large. This
brings us to an important concl usion that the present
theory for primary and secondary cross-sections needs great
refinments to predict all primary and secondary cross-
sections with reasonable accuracy (4,5). TIhis theory fails




even. to predict all primary cross-sections listed herewitly
to a fair degree of accuracy. The calculated cross-~sections
can be profitably used for evaluating induced activities
and radiation doses to man via these trace-isotopes. Rece-
ntly it has been reported by Khancht and Mohindra (4) that
the estimates of induced activities of /°Ge* from '5As
{n,p)73Ge* reaction at.,l4.0 MeV can be used for the trace
elemental analysis of As in samples of hair, nail and
liver, Khanchi et al (5) recently reported such investi-
gations in detail for nine medium mass trace elements,
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USEOF LUCLEAR CODELS TN THLE COMPUTATION OF NEUTRON INDUCLD REACTION CROSS-
SECTIONS OF STRUCTURAL ELEMENTS

S.B. Garg
Heutron rhysics Division
Bhabha Atomic Research Centre
Trombay, Bombay 400 085

International Atomic Energy Agency has sponsored a co-ordinated Research
Programme on 'Methods For The Calculation Of Fast Neutron Nuclear Data For
Structural Materials'. The objective of this programme is to assess the
reliability of calculaticnal models and recommend them for the computation of
neutron induced reaction cross-sections for scructural materials which find a
frequent usage in fission and fusion reactors.

Uder this project spherical optical model, multistep Hauser~Feshbach
statistical theory,precompourkl exciton model of Kalbach, BrinkAxel model of
radiative capture, Distorted Wave Born Approximation based direct reaction
model, geometry deperdent hybrid model in combination with Weisskopf's
evaporation model and the unified exciton model of pre-equilibrium decay have
been utilized to investigate the following binary ard tertiary reaction
cross-sections of re-56 and Wb-93 in the energy range 1 to 26 MeV.

(i) total, reaction, elastic, inelastic and level excitation cross-sections.

(ii)y (n,p), (n,pn), (n,np), (n,« ), (N,n=X), (n, &), (n,2n) and (n,3n)
cross-sections,

(iii) energy spectra and double differential reaction crosssections of the
emitted neutron, proton and alpha particles and

(iv) total neutron, hydrogen, helium and gammaray production crosssections.

some of the results have been reported /1/ at the First CRP Meeting held
at Bologna, Italy during October 1986. Crosssections for Cr-52 and Ni-53 are
being investigated in order to bring out the relative merits and limitations
of the above mentioned nuclear models as calculational tools.

leference
1. 5.3. Garg and R.P. &nand, '"Neutron Induced Reaction Crosssections of Feb56

in the inergy Qange 1 to 20 #eV'", Paper presented at the First CRP leeting
neld at Bologna, Italy (1936},
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MULTIGROUP CROSS~SECTIONS OF Pa-231, Pa-233 AND U-233

S.B. Garg
Neutron Physics Division
Bhabha Atomic Kesearch Centre
Trombay, bBombay 400 035

35 group cross-sections with P, -anisotropic scattering matrices navc
been generated for Pa-231, Pa-233 and U-233 which belong to the catesory ol
thorium fuel cycle elements. Pa231 is the naturally occurring isotopically
pure fissionable material and is also present in larze quantities in tie
spent fuels of reactors operated on the Th-U233 cycle. In order to study thc
criticality aspects of this element from the safety point of view 35 group
cross-sections for this actinide have been derived by combining the BARC
evaluated data /1/ in the energy range 1 to 20 MeV with the Pa-233 data ol
JENDL-2 file below 1 teV.

Basic cross-section data for Pa-233 and U-233 have been taken from
JENDL-2 file as the data for these elements listed in ENDF/B-IV library are
rather old and especially for U-233 the data are not well represented in the

resonance energy range.

eferences

1. Amar Sinha, V.K. Shukla and S.B. Garg, '"Evaluation of Neutron
Cross-Sections for Pa-231 and Pa-233", Report No. NDE (BARC)-7 (1981)

EVALUATION OF SELF SHIELDED GROUP CROSS-SECTIONS Al CO.PUTATION OF DOPPLER
COEFFICIENT IN £AMINI REACTOR

5.B. Garg
Neutron Physics Division
Bhabha Atomic Research Centre
Trombay, Bombay 400 035

KAMINI is a 30 KW BeO reflected and water moderated neutron source
reactor fuelled with U-233~Al alloy and is currently being built at Indira
Gandhii Centre for Atomic Research, Kalpakkam. Doppler coefficiert of
reactivity is one of the vital safety coefficients and in order to estiiate
it, self-shielded 35 group cross-sections of all the core and reflector
elements were determined as a function of temperature and composition usin:
the BARC-35 group cross-section library /1/ aidd the SPHINX code /2/.

i Utilizing the self-shielded group cross-sections neutron multiplication
factors were estimated at temperatures of interest arx! the Doppler cocfficient
of reactivity was determined and fourx! to be sliphtly positive.

References

1. S.B. Garg and A. Sinha, '"BARC-35, A 35-Croup Cross-section Library :iith %3
-Anisotropic Scattering Matrices and Self-Shielding IFactors', BARC-1222(1934)
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INVESTIGATION OF THE LARGE DISCREPANCY IN CAPTURE CROSS SECTION
IN 10 TO 25 EV ENERGY RANGE FOR TH-232

S. Ganesan, V. Gopalakrishnan and M.M. Ramanadhan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

It was pointed out (Ganesan, 1986) that the large
discrepancy for the capture cross section in 10 eV - 25 eV energy
range for Th-232 needs further investigations. We give below
recent results giving a comparison of available values of
infinite dilution cross sections:

ENDL-84: flat weighted (Howerton, 1986) : 1.32 barns
IGCAR Kalpakkam; flat weighted : 1.32 barns
IGCAR Kalpakkam; E weighted : 1.735 barns
JENDL-2: IGCAR Kalpakkam; E weighted : 0.654 barns
ENDL-78: E weighted (Paviotti and Chalhoub, 1983)

3.25 barns

EMDF/B-IV: (Paviotti and Chalhoub, 1983) E weighted
: 0.852 barrns

The E weighted wvalue is higher than flat weighted value
because the group boundaries 10 eV - 21.5 eV covers the lower
portion of 21.78 eV resonance. The cross section on the lower
side of the peak increases with energy; hence E weighting which
gives increased weights to higher values of cross sections in the

group gives a higher value of the group <cross section. This
example also illustrates that in the calculation of weighting
function can further unfavourably propagate the basic

discrepancies present as a function of energy in cross sections.

It thus appears that ENDL-84 and ENDIL-78 have too high
capture «cross sections for Th-232 in 10 eV to 21.5 eV energv
region,

References

Ganesan S, (1987)  "ileutron Interaction Cross Sections for Th-232
and U-233: Present Status and Future Requirements", Review paper
presented at sixth Naticonal Symposium on Radiation Physics held at
Kalpakkam during March 3-6, 1986,

Howerton R.J. (1986) Private Communication.
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Seventeen Nuclides C(Cross Sections from ENDF/B-IV and ENDL-78",
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EXPLRIENCES IN THE THEORETICAL PREDICTIONS OF NEUTRON
CAPTURE CROSS SECTIONS FOR TH-232 USING ABAREX CODE
IN 400 KEV TO 2 MEV ENERGY REGION
*
S. Ganesan, S. Subbarathnam, M.M. Ramanadhan and
V. Gopalakrishnan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research Centre,
Kalpakkam - 603 102,

* Department of Physics, J. Mohammed College, Trichy, Tamil Nadu.

The optical-statistical model program ABAREX of late Prof.
Peter Moldaeur has been successfully commissioned at IGCAR,
Kalpakkam and several test runs were performed. The sample case
for the calculation of neutron capture cross sections for (U-238
given by (Moldaeur, 1983) was successfully reproduced by us.

For Th-232, a spherical optical potential with a derivative
Woods—-Saxon form factor and Thomas spin-orbit term (in the
conventional notation) is followed. The optical parameters used
for the present run for Yh-232 are:

v = 46.4 - 0.3 E MeV; W = 5.8 + 0.4 E MeV

r = rg = 1,26 fm; a = 0.63 fm; a' = 0.52 fm;
V = 6,2 MeV; (ro) = 1.12 fm; a = 0.47 fm

Bc A0 A0

where E represents the laboratory energy of the neutrons in MeV.

We specified 27 levels, the enerqgy of the last level being
at 1182.5 keV. A continuum level density starting at the highest
discrete level and derived from a Fermi gas temperature of 0.385
MeV, a shift of -0.25 MeV and a spin cut off of 5.93. The
energies, spins and parities of the 27 discrete levels are taken
from (Sheldon, 1986) The neutron binding energy for the compound
nucleus Th-233 is specified to be 4.7864 MeV.

In our calculations, we found, as expected that the effect
of WFCF on <calculated capture cross sections decreases with

increase in the incident neutron energy. Around 20 keV ignoring
the WFCF increases calculated ca, uJre cross setion by 30% and at
200 kevV by less than 2%. The a ray strength function

was varied from 0.0015 to 0.002 and it was found in the present
calculations that the value of 0.002 gives a good visual fit in

400 keV to 2 MeV energy region. For energies less than 200 keV
a lower wvalue of 0.0015 was found to be preferable for a good
visual fit. The calculated capture cross sectiaons at energies

0.4 to 2 Mev for Th-232 corresponding to one set of parameters
input to ABAREX code are shown in Fig.l.

REFERENCES
Moldaeur P.A. Report No. ANL-83-4, p.125-132 (1983),

Sheldon E. et al., (1986) J. Phys. G.12, 237-255,
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CROSS SCCTION MEASUREMENT WITH JET :RECOIL TRANSPORT

A.Chakraborti,D.P.Choudhurv, S.Gangadharan,J.Arunachalam, R.M.lyer
Chemical Group, B.A.R.C.

(1) .2t up at

The helium jet recoil transport system
VECC, Calcutta has been used to measure production cross section

for some short lived nuclides.

Compared to the standard foil activation technique,
t-g additional information, the transport erficiency and the
range of the recoil, are required for compsuting cross-sections
using the gas jet technigue. The transport efficiency for a
short-lived product is taken to be equal to that of the longer-
lived isotope or isomer of the same element for which the transport
efficiency can be measured with a catcher foil; thus for example the

transport efficiency for 612n and 6DZn is taken as the same as that

for 6ZZn and 63Zn. The recoil ranges have been determined experi-
mentally using the approach outlined in the literature; the

recoil range of the short-lived product is taken to be equ. al to

that of its longer lived isomer/isotope. Table . gives production
cross-section measurement data for 6DCm, 61Zn, 159mHo (8.3 sec.). Ffor
the measurement of the shott-lived nuclides (t, &5 min.), activities
were counted on-line using a 10% HPGe detectorzin close geometry with
respect to the collection spot fend of the glass thimble) in the
detection chamber. In the case of the 8.3 sec. 159mHo activity,

the activities were collected for 15 secs. allowed to cool for

15 secs. and were then counted for 3 secs. This cycle was repeated
(with a gap of 4-5 min.between each cycle) many times for enough
statistics. The cross-section value for the relatively longer lived 60Cu,
was measured by foil activation as well and is given for zamkmpari
comparison. The agreement in the values through the two approaches

is quite satisfactory, thus validating the methodology of the

gas jet system for ihe measurement of  cross-section. The cross-

6UZ 61

sectiocn data for n, /n and 15%m

Ho are indicative of the poten tial
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is approach, which also enables the determination of isomer

ratios, over activation with pneumatic transport (rabbit) technique

which

(1)

is widely used:

ability to measure (cross-section) even when the target

is highly radioactive, as the recoils are separated from
the target and then transported to a low background area.

- provides an ideally thin and point source of low
activity, thus minimising errors from extended sources,
self absorption and counting losses.

- cyclic "activation-measurement"” is possible which can
improve the counting statistics subject of course to the
constancy of experimental condition, in particular the beam
current.

- Selective transport is possible through the choice of
transport parameters.

The major limitations of the gas jet rtechnique are

- measurements at too low a bombarding energy are not possible
due to the low recoil energy; however, in foil activation,
the problem is one of 'recoil loss' at high bombarding energy.

- knowledge / measurement of transport efficiency and recoil

range and the errors ags% arisin:; herefrom,

HELIUM JET RECOIL TRNSPORT SET UP  FOR CHEMISTRY AND
NUCLEAR APPLICATIONS AT VECC

A.Chakrabarti, D.P.Chawdhury, S.Gangadharan,J.Arunachalam
and R.M.Iyer

Submitted for pubjication
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Production cross section measurements

Target £ Prodpct Recoil GJRT Foil
o nuclide range g Acté;gtlon
(FMev) (t%) (um} (mb) (mb)
Copper 36 60CU 0.53+0.02 300+15 286115
(23.4 min.)
25 60CU : 0.33+0.02 79:2 6212
25 6DZn 0.32:0.02 1542 -
(144 sec)
25 6120 0.32:0.02 78+12 -
(86 sec)
Terbium 41 159mHo 0.07:0.006 4715 -

(8.3 sers)
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STACKED FOIL ACTIVATION YIELD FOR APPLICATION IN WEAR ANALYSIS
USING THIN LAYER ACTIVATION

D.P.Chowdhary, S.Gangadharan

Standard foil activation measurements have been carried
out with Fe, Ni, the principal compo nents of alloys of materials
used in the-system investigated(1). 2.5 Ve thick foils of Ni
and 0.16 A thick Fe depo sitedon 25.4 e thick Al backings
have been used as targets with aluminium foils serving as
spacer cuin energy degrader. Irradiations were carried out with
40 Me V alpha and standard high resalu’.tion gamma ray spectro-
metric techniques have been used for gram quantitating the
nuclides. Figures summarise the yield data for two nuclides

with '“convenient" halflives,

(1) STUDY OF WEAR BETWEEN PISTON RING AND CYLINDER HOUSING OF AN
INTERNAL COMBUSTION ENGINE BY THIN LAYER ACTIVATION TECHNIQUE.

D.P.Chowdhury, Jayanta Chaudhuri, V.S.Raju, Alok Chakraborti,
B.B.Bhattacharjee and 5. Gangacharan

submitted Ffor publicatiaon.
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MEASUREMENT AND ANALYSIS OF Ta{ ol ,4n)Re REACTION

M. Ismail, Varlable Energy Cyclotron Centre, 1/AF Bidhan
Nagar, Calcutta 700 064,

Alpha induced reaction on 18l-Ta (oC,4n) 181~Re
was investigated from threshold to 60-~MeV using stacked
foil technigue., The excitation function was compared with
calculetions considering eguilibrium as well as pre-equi-
brium reaction according to hybrid model of Blann using
Code Overlaid Alice, The agreement between theory and

experiment 1s good.

The scacked of commercially supplied foiled were
irradiated in especially constructed chambers. The beam
spots on the targets was limited to Smm by using 10cm
long collimator in front of targets stacks of about 20
foils with thickness ¢ 25 were exposed to the external
KL-beam from VECC. The be on target was kept between
0.5 to 1 vA., In front of each stack a 75 thick Al foil
was placéﬁ additionally for flux monitoring,.

The nuclear data necessary for the evaluation of the
cross~sections for 18l-Re are as follows:
Half-1life: 19.97 hours; Ey :361+366 KeV; I_:12.3, 57.0%
2-value:-31.75 MeV, The Y -ray spectra emifted by the
activated foils were measured with Ge(Li)-detector.

SXPERIMZINIAL RESULTS: Expt. and Theo. Cross-Section are

presented in fig.l., The agreement is good, Experimental
Cross-Section for 181-TPa (of,4n) 18l1-Re Reactiont

s s - — . T s T i S — (. N Y Y T T A S 4P T T o P Y e > I o " —— T —— T A Y e ey

E (MeV) Cross-3ection{mb)
57.5~55,2 325.2
55,2-52,8 426.3
52.8-50.3 598.4
50.3-47.7 815.1
47.7-45,1 988.6
45,1-42.4 940.6
42.4-39.4 745.6
39.4-36,4 387.5

36,4-33,2 87.9
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PROTON INDUFED FISSION OF 2359y AT EXTREME SUBa

JARRIER ENERGIES

N,M,Ajitanand, K.N.Iyengar, D,M,Nadkarni, R,P,Anand,

A.K.Mohanty
Nuclear Physics Division, BARC, Trombay, Bombay 400 054,

Recently we have reportedzq aSuremﬁggs of the proton induced
fission cross-section of “““U and U at extreme subebarrier
encrgies /1/. The observed excitation function showed a pro-
nounced shelf-like structure below 4 MeV for both targets,
Fission in this region could either be that of the c ompound
nucleus formed after projectile capture or of certain low
lying target states following coulomb excitation, The former
process involves penetrability of the coulomb barier while
the latter of the fission barrier, To experimentally
distinguish between these possibilites we have carried out
new measurements of the fission cross~section_ for P 4 32T}
and £4+2*5y and repeated measurements for p + *°° at
projectile energies bwlow 4 MeV using the method described in

reference /1/,

The measured fission cross-sections are shown in the figures
together with results at higher energies reported by other
groups /2-5/. The abrupt change in the slope of_the fission
excitation function below 4 MeV observed for p+22°U is not
seen in the case of P+***Th, In&+2* U below 4 MeV,
measured values are many orders of magnitude larger than the
reaction cross-section estimated by optical model calculations

(Shown as continuous lines),

From barrier penetrability condsrations, the compound nucleus
formation cross-section for&L+3*5U is expected to be several
orders of magnitude smaller than forP+“’Uat 3.5 MeV projectile
energy (Epr), The measured fission cross-sections, however,

are q:ite comparable in magnitude, It appears unlikely therefore
that the observed fission cross-section forF+3“U balow 4 MeV 1is
due to compnund nucleus formation,

For Epr below 4 MeV, coulomb excitation of low lying levels

in the target has cross-sections of the order of milliberns,.

The ratio of the calculated cross-section for coulomb excitation

of a 100 KeV state in 23 by protons to that by alpha particles

at Epr=3,5 MeV' is comparable to the ratio of the corresponding
measured fission cross-sections, However, the penetrability

of the fission barricr for the coulomb excited states is negligible
unless the potential energy surface has a shallaw pocket at

high deformatiens, In such a siftuation fis:ion from these

st2tes would be greatly enhanced by coupling to statrs in
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Such a feature ispredicted by the calculations
The observed shelf-like structure

ion of p + 235 U could therefore

be attributed to the broad shape of the coulomb excitation
function for the relevant low lying target states, For Th23T
the ecalculations of reference /6/ do nat indiczte any pot-

ential pocket at high deform=tions. This is consistent

wita the absence of a shelf structure in the measured p +23TTh

fiscion data,

tis pocket.
for high 2 nuclides /6/.
in the fission corgs-sect

REFERENECES

1) K.N.lyengar et. al., NP Symp. 28B (1985) 352, N,N,Ajitanand

et, al. (sub-itted to PRL)
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STATUS ui aClTIVIIISs UNUERWAY ON BVALUKRTIONS OF THORIUM
NUCLEAR DATA

H.i1. Jain, Experimental Reactor Physics Division, Bhabha
Atanic Research Centre, Bombkay 400 085, India,

As a part of auclear data evaluation for 232Th-— 233U

fuel cycle, following work was carried out,

(a) Recently reported neutron radiative capture cross
section of Th-232 measurements in the energy range 0.1 to
1,2 MeV are compared with the calculations based on the
statistical model Hauser-Feshback theory using the spheri-
cal optical model transmission coefficients and simple
Fermi gas level density formula, The calculations are in
good agreement with the recent experimental data, reproduc-
ing both the absolute magnitude and the shape exhibited by
the excitation functiou, The results of this comparative
study can be used for improving the evaluation of the
neutron radiative capture cross section of Th-232,

This wark was published as a BARC-1353 and IND(IND)-038/L
report (1987), Ref.l.

{b) rhe evaluation of the energy dependent experimental
data for the average number of prompt neutrons,'ﬁ} , for
the neutron induced fission of Th-232 in the energy range
from 1-20 MeV is nearing completion. The evaluation_takes
into account not only the actual numerical data on Y (Ep)
but also of certain physical concepts based on the ener
balance in nuclear fisslon. The energy dependence of Yp
is represented by two spline fitted curves because of the
anomalous behaviour near threshold and multiple chance
fission which introuuces a non-linear dependence on E_.
Data are renormalisaed wherever necessary to the lates
recommended value of (3.757) for VY, spontaneous fission
of Cf~252, The present evaluation is compared with the
existing ones. Recommended values of V,(Ep) are given
over thie energy range 1-20 MeV,

This work was done with M,K, Mehta,

1. H{d.M., Jain, S. Kailas, "Neutron Radiative Caputre
Cross~3ection of 232-Th in the energy range 0.1 to
1.2 Mev",
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NUCLE AR DATA ACTIVITIES OF NUCLEAR CHEMISTRY SECTION

RADI OCHEMISTRY DIVISION, BARC
Trombay, Bombay 400085

Nuclear data activities of Nucleasr Chemistry Section have been
carried out under the following categoriess

1. Nuclear Fission Studiss

a) Charge Distribution
b) Mass Distribution
¢} Angular Momentum

2, Nuclear Spectroscopy

Gamma=-ray Abundance Mpasurements

3. Theoretical
1) Nuclear Fission Studises

a) The cherge distribution studies in SF as well as neutron and
helium ion induced figsion of actinides heve bsen carried out to errive
at the width of the distribution, most probable charge and mass by
determining fractional independsnt yielde end fractional cumulative
yields of different fission products and sre presented in Tables 4
te § , The alpha induced fission data is given in Table §,

b) The mass yield data in 28,5 MeV o =induced fission of 2324,

has besn reported in Table ={g .

¢} The angular momentum studies have besn carried out to arrive at
the scigsion configuration end to sese the effect of nuclear structurs,
odd-sven effect, presence of deformed shell on fragment angule momenta
of the fission fragments in low energy fission by determining the
isomer cross-section ratios for fission products, The data are i
presented in Tables Y todv7y,

The data on angular momentum studies in alpha induced fission

at various energies of 238U and 232Th are presented in Table-~\¥ ¢to

2) Nuclear Spectroscopy

The measursment of gamma=Tay abundance is presented in Table -18.

3) JTheorsetical

The data on the correlation between fractional independaent yields
and neutron to proton ratio of the fisslon products in low energy
fission have been presented in Tables {9 and 0.
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Table—i Cumulative yields of short=lived Ruthenium isctopes

in 241Pu(n11)

A Cumulative yield Chatn ;1eld Chain yield (Rider)
(%) (% (%

107 4.88 + 0.04 4.935 4.86 + 0,410

108 3.89 + 0.31 4,078 3.896 + 0,310

109 2.73 + 0.01 3.142 2,922 + 04130

*
NEDU=-12154=3(C) (1981)
A.G.C. Nair, A, Goswami, S.K, Das, B.,S. Tomar, B.K. Srivastava,

Satya Prakash eand M.V, Ramaniah,
Radiochgmistry and Radiation Chem. Symposium, Tirupati, 1986.

Table -9 Independent yields of lodine with relevant nuclear

data in 245Cm
S.No. Nuclide Independent yield
1 13 0.040 * 0.012
A
2 132, -
132, 3 0,056 + 0.011%
3. 133; 0.235 + 0.020
4, 134 0.218 + 0.026°%
*
5. 135, 1

@Total yield of both the isomers.

*
Standard value

A.V.R. Reddy, S.M, Osshmukh, P.P. Burte, 5.8. Manohar,
Satya Prakash and M,V, Remanish,
Radiochemistry and Radiation Chem. Sympesium, Tirupsti, 1986.
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Table -3 Cumulstive yields of Tsllurium isotopes in
245
Cm

Nuclide Cumulative yield

131Te 0.418 + 0.12

132,44 0.731 + 0,11

13376 0.684 + 0.20

13446 0.693 + 0,20

A.V.R. Reddy, S.M. Deshmukh, P.P. Burte, S.8. Manohar,
Satys Prakash snd M.V. Ramaniah,

Radiochemistry and Radiation Chemistry Symposium,
Tirupati, 1986.

Table - 4 Systemstics of isotopic yleld distribution of lodine in
different fissioning systems

Fissioning Width of the Most probable mass Elemental
gy stem distribution yield
*
233U(nth,f) 1.20 + 0.12 134,60 10.56
*
235u(nth,1’) 1.21 + 0,10 135,90 15.34
»
2399u(nth,f) 1.27 + 0,05 { 135,20 16 .63
2“1pu(nth,f) 1,40 + 0.10 135 .65 12.65
241Am(nY »F) 1.39 + 0,10 134.15 7,50
245cm(nth,f) 1.50 + 0,20 134,57 11.90
25206 (5r) 1.61 + 0.16 135 .75 8.4

"Nucl. Phys. A 177, 337 (1971)
A.V.R. Reddy, S.M. Deshmukh, P.P. Burte, 5.B. Manohar, Satya Prakash

and M.V, Ramaniah,
Radiochemistry and Redi stion Chem., Symposium, Tirupati, 1986.
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Table - & Most probable charge Zp for the fission products

in the of =particls (30 Me) {nduced fiesion of 2°°Th

Nuclide Z Zp Z-p Determined FCY
135, 53 53.18 -0.18 0.766 + 0.2
138 54 54.30 ~0.30 0.813 + 0.03
140

Ba 56 55.06 +0.94 0.991 + 0.004

A. Ramaswemi, B.K, Srivastave, S.M. Sahakundu, S.B. Manchar,
Satya Prakash and M,V. Ramaniah,

J. of Radioanal, and Nucl. Chem, Articles, Vod. 102, No. 2 (1986),
499=-506,

Table -€ Isotopic yield distribution of Technetium isotopes
in _the thermal neutron induced fiassion of 2""1Pu

Fissioning system Yz (%)
#*
235U(nth,f’) 0.092 + 0.024
28%50(n, . F) 7.62 + 0,29
th -
25204 (sr) 16.90 + 2.09"

*
Phys. Reve C. 33, 969 (1986).

B.,, Srivastava, A, Goswami, A-G.C. Nair, B.S. Tomar, S.Ke Das,
S.B. Manohar, Satya Prakash and M,V. Ramanish,
Nucl., Phys, Symp., Waltsir, 1586.
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91 92

Table - 7 Fractional cumulative yiselds af ~ Sr, ~“Sr in
dif ferent fissioning systems
4
Fissioning Z_ /A FoCo Ye
systems F F 91 92
Y Sr St
235 35.864 - 0.9987 + 0.0002
233
u 364171 0.981 + 0.018 0.973 + 0.013
241
Pu 36.512 0.965 + 0,032 0.929 + 0.036

H. Naik, S.P., Dange, T. Dstta, Satya Prakash
Radiochimica Acta 40, 175 (1986).

and M.V, Ramaniah,

Table - § fFracti onal independent yield of Tc isotopes in the

thermal neutron induced fission

of 239pu

Mass FIY Y YI(A,Z)

Raf .

101 0.0023 + 0.0015 5.95 % 0.08 0.014 +

102 - - 0.050 +

103 C.0346 + 0.015 6,95 + 0,14 0,241 +

i+

104  0.090 + 0.014 5.96 + 0.12 0.536
0.077 + 0.012 -
105 0,195 + 0,045 5,57 + 0.11 1.086 #

0.009% This work
0.025 Interpolated
0.097 This work
0.083 This work

*

0.251 This work

»

J. Inorg. Nucl. Chem, 43, 877 (1981)

A. Srivastava, A, Goswami, B.K. Srivastava, A.G.C. Nair, S.B. Manoghar,

Satya Prakash and M.V. Ramaniah,
Phys. Rev. C 33, No. 3, 969 (1986).
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Table -9 fFractional cumulative yield In neutron

indyoced fission of 23?&9

Nuclide Zp FCY
13479 52129 00589 i 0.026
135y 52,73 0.916 + 0.14
135)(9 53m96 00885 : Oa084

A. Ramaswami, 5.5. Rattan, N. Chakravarti, R.J. Singh,
S.B. Manohar and Satya Prakash,
Radiochimica Acta (In press)
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27
Fiseion yisld data in 28,5 MeV Helium
ion induced fission of 494Th

Sr.No. Fission Chain yield Sr.No. Fission Chain yield
Product % product %
1. 87r 2.01 + 0.15 13, "5¢q 1.40 + 0.13
2. 88kr 2.7 * 0.19 14, s 1.95 + 0.12
3. Ngr 4.29 + 0.29 15. 18 3.07 + 0.44
4. 925, 3.98 + 0.39 6. 1Y 4427 * 0413
5. 3y 3.94 + 0.16 17, P, 5.50 # 0.22
6. M 4.47 + 0.18 8. 139 5.28 + 0.68
7. o 5.04 + 0.15 19. 139 5.51 + 0.29
8. gy 3.17 + 0.20 20, 3% 5.11 * 0.02
5.  Pry 2.47 + 0,05 21, 140y 5.10 + 0.16
10, Mag 2.25 + 0425 22 "Mea 4.81 + 0.10
11, Mg 1,36 + 0.09 23, 9%, 2.57 + 0.13
12, 13 1.55 + 0,19 26, 'S¢ 2.77 + 0.24

Re Guin, S.M, Sahakundu, 5.8, Manohar, Satya Prekash and M,V. Ramanlash,
Radiochimica Acta, 1986. (In press).
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Table —ﬂ Compari son of angular momanﬁa aof fragments

134
corresgponding to 1 in various fissioning

nucl ides

Fissioning FCY of 1347e Yo/ {(Ym + Yg) Angular Neutron
Nuclids 134; " Mome ntum Number
B( k) (Ne)
234
u 0.669 + 0,020 0.429 + 0.028 8.1 + 0.6 60
236 0.886 + 0.010  0.412 + 0.046 7.8 + 0.9 62
240
PU D.664 + 0.020 0.394 + 0.047 7.5 + D.8 64
242p,, 0.655 * 0.016  0.362 + 0.032 7.0 + 0.5 66

S.”, Dangs, H. Naik, T. Datta, A.V.R. Reddy, Satya Prakesh and
M.V. Ramanlah,
Radiochimica Acta 39, 127 (1986)

Table ~i2 Fragme nt anqular momentum in 252Cf(SF)

Fission Product Independent Isomer AMS Angular

yield ratio mome ntum

B (%)

g™ 0.586 + 0.070 8.8 + 1.5
131 g™ 0.503 + 0.060 5.6 + 1.0
1337508 0.546 + 0.071 6.1 + 141
134 1mg 0.549 + 0.066 11.5 + 1.1
138 M9 0.582 + 0.068 9.8 + 1.2

T. Datta, S.P. Dange, S.K. Das, Satya Prakash and M.V. Ramaniah,
Z physik A Atomic Nuclei 324, 81 (1986).
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Table -13 Fragment angular mgmenta in thermal neutron

induced fission of

241pu

Fission Indepesndent Isomer ReM.5: Angular
Product yield ratiao momentum

8 (H)
13 1gMs9 + 0,054 5.80 + 1.10
132;m0 + 0.024 8485 + 0.65
13314m09 + 0,075 5.95 + 1.20
134;m,9 + 0,032 7.01 + 0,50

S.P. Oanye, H. Neik, T, Datta, Satya Prakash and M.V.Ramaniah,
J. Radioanal. Nucl. Chem. Lettsrs (In press)

Table .jq. Dsts on Isomer yield ratios and anguler

moms nta
Fissioring Excitation Initial Isomeric vyisld Fragment
system anergy {17 ratio 3
(Mev) 1) k)
241
Pu(n,f) 6.2 4=5 0.53 + 0.08 8.1 + 1.2
238 .
U{w,f) 23.7 9.5 0.76 + 0.08 13.3 + 1.3

A. Goswami, S.K. Das, B.S5, Tomar, B.K. Srivastava, T. Datts,
Satya Prakash and M.Y. Ramaniah,

Z. physik A Atomic Nuclis

(In press)
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Table -{§ Indepondent isomeric yield ratios and
fragments' rms anguler momenta
. *
Target £y Fission Zp Precursor Yield JRMS('H)
product . FCY Ratio(F)
232, s0.0 (R 52,02 0.23  0.506 + 0,061 5.9 # 1.0
133
e 52,75 0.04 0.632 + 0.070 7.9 + 1.2
238, 4g.0 1317 51.96 0.26  0.730 + 0.061 7.2 + 0.6
13374 52.70 0.05  0.634 + D.081 8,0 + 0.8

T. Datta, S.P. Dange, Satya Prakash and M.V. Ramani ah,
2. Physik A Atomic Nuclei {communicated)

Table-16 Compar ison of anqular momentum of fission fragment

corresponding to ”zlj{n various fissioning nuclei
Fissioning C.Y., of Yo/ (Y + Yg) Angular Neutron
Nuclei 132Ta of 1321 Momentum Number
8 (h) Nc
240p,, 0.052" 0.403 + 0.037 7.8 + 0.6 66
2925, 0,697 + 0.013  0.450 + 0.026 8485 + 0.65 68
2960n  0.716 + 0.019  0.482 + 0,038 9.7 + 1.0 70

*
He Ihara

He, Naik, 5

et al

.. Dange,

UNDC FP Decay and

Te Datta,

Yield Data JAERI-M-9715 (1981)

Satya Prakash and M.VY. Ramaniah,
Radiochemigtry and Radi ation Chem, Symposium, Tirupati, 1966.
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197
Tabls -177 Isomer ratios m/q for the residuss Hg

4 .
and 1%Au at 44 and 49 Me¥ Hg ion bombarding
ensrgy

Residual Spin E jactile m/g at Energies MsV (Lab)
Nucl ids Parity Nucleon
Number 44 49
197 +
g 13/2° )
197 ) 4 0.02 0.12
®Hg 1727 )
196m,, 127 3 .
S 0.01 0.0
196 -
° gAu 2 )

N. Chakravarti, R.J. Singh, S.S5. Rattan, A. Remaswami, S5.M. Sahakundu,
Satya Prakash ad M.V, Ramaniah,
Radiochemigtry and Radiation Chem. Symposium, Tirupati, 1986.

Table -{§ Absolute abundance of 434 KeV gamma lins of
108 108R

Rh and its branching fraction from u

Abundance of the 434 KeV lins is 31.5 + 1.0%.

The decay of 'CPRy to '9%™Rh ig negligible.

S.K. Das, A.G.C. Nair, B.K. Srivastava, Satya Prakash
and M,V, Ramaniah,

Radiochemistry and Radiation Chem. Symposium, Tirupati,
1966.
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Table -{Q (N/Z)p and 9 N/Z for verious
Pigsioning nuclel

~ission (N/2)p &n/z (N/2)F AN/Z

Products

235, - . 1.538

Light 1.487 0.040 -D0.051
Heavy 1.560 0.025 +D.D22
233, 1.516

Heavy 1.540 0.020 +0.024
23%p, 1.523

Light 1.475 0.042 -0.048
Heavy 1.542 0.020 +0.019
247, 1.543

Light 1.495 0.040 -0.048
He avy 1.560 D.025 +0.017
2520 1.533

Light 1,480 0.040 -0,.052
Heavy 1.550 0.025 +0.D1B

Table ~9.0 Most probable and average values of K/Z_f‘or light and
heavy fission products in different fissioning systems

Nuclei A 'z'H 'AL/TH (3/2), TH 7, (3/D),, (7/2),
233, 99,30  37.71 2.474 2.465 138,20 56.29 2.540 24540
235 94,90 37.3%5 2,500 2.487  138.60 54.05 2.564 2.560
2390, 98490 39.50 2.478 2.475  138.10 54.10 2552 2,542
25206 106.10 42,26 2.510 2.480 142,10 S5.74 2.549 2,550

A, Goswami, B.K. Srivastava, A, Srivastava, 5.B. Manohar, Satya Prakash

and M.V. Ramaniah,
Premana 26, 179 (1986).
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ANALYSIS OF U-233 IRRADIATION EXPERIMENT IN RAPSODIE
EXPERIMENTAL FAST REACTOR

S. Ganesan, V. Gopalakrishnan and M.M. Ramanadhan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

This report summarises results of additional calculations
performed since our earlier report (Gopalakrishnan and Ganesan,
1986) for analysis of U-233 irradiation experiment conducted 1in
RAPSODIE reactor (Cricchio et al., 1983). 1In Table 1, we present
the fission and capture cross sections calculated using the four
different multigroup sets and also the data of (Meadows, 1983)
for fission cross section. The KEDAK file based calculated value
was taken from reference (Cricchio et al., 1983) and reproduced
in Table 1 by us. It is interesting to see that the "C/E" for
fission 1is close to unity in the case of French set and 0.93 and
0.95 respectively for ENDL-84 and JENDL-2 based multigroup sets.
The recent (Meadows, 1983) fission cross sections also give an
effective fission cross section as seen from table 1 coinciding
with that of ENDL-84. However, in the analysis of JEZEBEL-23
assembly the K-eff was (Ganesan et al., 1987) over-predicted by
3.76% by the French set and under-predicted by 3.2% by ENDF/B-IV
based set. The reason was traced (Ganesan et al., 1987) to be
mainly due to lower values in ENDF/B~IV and higher values in the
most important groups in the French set for fission cross
sections. It 1s 1interesting that the calculated values
presented in Table 1 for effective one~group fission <cross
section in the TACO experiment for ENDL-84 and JENDL-~2 based sets
are in between those of the French set and the ENDF/B-IV based
set. Thus, there is relative consistency in the "C/E® value of
effective one-group fission cross sections of the French ®TACO"
experiment presented in Table 1 and of K-eff of JEZEBEL-23
assembly. It 1is 1interesting to note that the experimental
value of fission cross section in Table 1 has an error of + 6%.
Thus a "C/E" of 0.95 is well within this error of 6%, thus making
the analysis less effective. Unfortunately, therefore, this
integral validation study cannot strictly claim to lead to any
definite recommendation on U0~233 fission or capture Cross
sections.

If one were to take the mean experimental value of fission
cross sections for comparison with calculated values, then from
the discussions presented here, we may be inclined to suggest
that probably due to poor characterisation of neutron spectra the
cxiculated one group cross sections may have a systematic error
of about ~4 to -5%. If this conclusion were to be accepted the
effective one group values in Table 1 for fission should all be
increased by about 4 to 5%. This suggestion may be further
examined, 1if the current program of experiments underway in a
group as mentioned by (Demeester et al., 1986) in the recent 1985
Santa Fe conference throws light on this aspect further. The
experiments proposed by (Demeester et al., 1986) are expected to
avoid the weaknesses of the “TACO" experiment by characterising



a3

the neutron spectrum accurately at the irradiation position.
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TABLE 1

COMPARISON OF INTEGRAL CROSS SECTICNS (IN BARNS) FOR U-233 1IN
RAPSODIE REACTOR

e o e e e et vt i, P i e e g . i B T S S o i e . A o T i it e . . o ot A Nl T S R St W S S " S O . = .

FISSION CAPTURE
Experimental values (E) **
(RAPSODIE) 2.31 + 6% 0.155+ 0.2%
Calculated values (C)
KEDAK (Cricchio et al.,1983) 2.12 0.155
C/E 0.92 1.0
CADARACHE IGCAR 2.28 0.182
C/E 0.99 1.17
ENDF/B-IV (Cricchio et al, 1983) 2.11 0.156
C/E 0.91 1.01
ENDL-84 IGCAR 2.185 0.164
C/E 0.95 1.06
JENDL-2 IGCAR 2,141 0.165
C/E 0.93 1.065
MEADOWS IGCAR 2.196 0 e—e—-
C/E . 0.9  ——e——
**: The standard deviations for the experimental values were

calculated (Cricchio et al., 1983) either from duplicate or
triplicate capsule results,
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INTERCOMPARISON OF BASIC DATA FILES FOR U-233 IN MULTIGROUP FPORM

M.M. Ramanadhan, S. Ganesan and V. Gopalakrishnan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

The following three basic data files obtained from IAEA
Nuclear Data Section (DayDay, 1984; Cullen and McLaughlin, 1985;
Lemmel, 1987) represent the latest versions of the respective
originating laboratories.

1.ENDL-84 (1984) basic evaluated data library (Howerton,
1984) of Lawrance Livermore Laboratory, {LLL), U.S.A.

2. ENDF/B-1IV (1974} American basic evaluated data file
{(Garber et al., 1975) released by Brookhaven National Laboratory,
U.S.A. (BNL)

3. The second version of the Japanese Evaluated Nuclear
Data Library JENDL-2 (Asano et al., 1982; Kikuchi, 1984)

The pre-processing of these libraries were carried out at
IGCAR to generate the temperature dependent point ¢ross sections
at variuos temperatures using the recent version of pre-
processing and processing codes.

All the three basic data files JENDL-2, ENDF/B-IV and ENDL-
84 were accurately processed and multigrouped. The experience for
the pre-processing of JENDL-2 is shown in the flowchart given in
Pig. 1.

Complete sets of intercomparison tables for <6 > , {6, ,
Loy + <657 ,KV6y7 , <6in7 and self-shielding factors are
available (Ganesan, 1987) with the authors. The French set
(Barre, 1969) which is already available in multigroup form at
IGCAR has also been included in the intercomparison study.
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No.3690/R3/RB) Release Date: August, 1987.
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JENDL~2 LINEAR 0.1% ERROR
5> TIME TAKEN:0.2517 HOURS
U-233 TOTAL NUMBER OF INPUT POINTS:3285
TOTAL NUMBER OF OUTPUT POINTS:4899
¥

RECENT 0.5%
TOTAL NUMBER OF OUTPUT POINTS:19,231
TIME TAKEN:0.079 HOURS

¥

ROUN SIGMAL AT 300K
ERROR CKITERION 0.0%; OUTPUT POINTS :21,595
COMPUTER TIME FOR SIGMAl1:0.2206 HOURS

RUON SIGMAl AT 900K
ERROR CRITERION 0,1%; OUTPUT POINTS :14,856 B
COMPUTER TIME FOR SIGMAl: 0,2747 HOURS

RUN SIGMAl AT 1500K
ERROR CRITERION 0.1%; OUTPUT POINTS :13,530 [
COMPUTER TIME FOR .SIGMAl: (.3108 HOURS

RUON SIGMAl AT 2100K
ERROR CRITERION 0.0%; OUTPUT POINTS :15, 570 (¥
COMPUTER TIME FOR SIGMAl: 0.3308 HOURS

EXPECTED COMBINED ERROR IN PRE-PROCESSING
0.52%: LINEAR 0.1%, RECENT (0.5%) SIGMAL(0.0 or 0.1%)

Fig. 1 Pre-processing experience for U-233 of JENDL-2 at
Kalpakkam with Honeywell Bull Computer at Kalpakkam.
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PROCESSING OF U-238 DATA FROM ENDF/B-IV WITH STRINGENT RESONANCE
RECONSTRUCTION TOLERANCES

S. Ganesan, V. Gopalakrishnan and M.M. Ramanadhan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102,
Tamil Nadu.

Results of calculations in the IAEA Code Verification
Project performed at Kalpakkam demonstrated (Gane§gn et al.,
1986, 1987) that a relative error of 20% in sz, ' the
Doppler <change in self-shielded capture cross sections can arise
in the resolved resonance region from interpolation error of 1%
in pre-processing. With the improvements carried out at IAEA by
cullen, 1n his pre-processing code systems as discussed 1in a
recent paper (Ganesan et al., 1987) the relative werror in

62 + <can be kept to a value below 2% by limiting the net
interpolation error to 0.5% in the current version of these
codes. This will help to limit error in calculation of Doppler
reactivity coefficient arising from interpolation error in pre-
processing to below 2% (Ganesan et al., 1987).

The U-23f data was therefore re-pre-processed and the
Kalpakkam multi roup set updated. The current state of art 1in
pre-processing «+ith 1986 wversion of pre-processing codes 1is
illustrated in Fig. 1 for data of U-238 retrieved from ENDF/B-IV.

References

Ganesan S., Gopalakrishnan V., Ramanadhan M. M, and D.E. Cullen
(1986b) Radiation Effects 96/1-4, 235

Ganesan S., Gopalakrishnan V., Ramanadhan M. M. and D.E. Cullen
(1987) "Verification of the Accuracy of Doppler Broadened, Self-
shielded Multigroup <Cross Sections for Fast Power Reactors
Applications", prepared for favour of publication in Annals of
Nuclear Energy.



31

ENDF/B-IV START FROM 0.1% RECENT OUTPUT FOR U-238
OBTAINED FROM TIAEA.
TOTAL NUMBER OF POINTS 302,941

RUN LINEAR WITH 0.5% ERROR CRITERION
RESULT : THINNED
OUTPUT : 1,66,356 POINTS

! FIXUP ]

!

¥

RUN SIGMALl AT 300K
ERROR CRITERION 0.0%; OUTPUT POINTS :95874
COMPUTER TIME FOR SIGMAl: 4.2 HOURS

|

B RUN SIGMAl AT 600K
N——— ERROR CRITERION 0.0%; OUTPUT POINTS :83,019
COMPUTER TIME FOR SIGMAl: 2.01 HOURS

RUN SIGMAl AT 900K

pb————————3 ERROR CRITERION 0.0%; OUTPUT POINTS :75,371
COMPUTER TIME FOR SIGMAl: 2.27 HOURS

RUN SIGMAl AT 1200K
ERROR CRITERION 0.0%; OUTPUT POINTS :70,083
COMPUTER TIME FOR SIGMAl: 2.41 HOURS

RUN SIGMAl AT 1500K
ERROR CRITERION 0.0%; ODUTPUT POINTS :65,959
COMPUTER TIME FOR SIGMAl: 2.46 BOURS

RUN SIGMAl AT 2100K
ERROR CRITERION 0.,0%; OUTPUL POINTS :59,786
COMPUTER TIME FOR SIGMAl: 2.56 HOURS

L.

EXPECTED COMBINED ERROR IN PRE-PROCESSING

0.5%: RECENT (0.1%) LINEAR (0.5%) SIGMAl(0.0%)

Fig. 1 PROCESSING OF U-238 DATA FROM ENDF/B-IV WITH STRINGENT
RESONANCE RECONSTRUCTION TOLERANCES USING LATEST VERSION
OF PROCESSING CODES AT KALPAKKAM USING HONEYWELL BULL

COMPUTER
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NUCLEAR DATA REQUIREMENTS FOR THE DEVELOPMENT OF ACCELERATOR
BREEDER

S. Ganesan,
Nuclear Data Section,
Indira Gandhi Centre for Atomic Resegrch,
Kalpakkam 603 102,
Tamil Nadu.

Following abstract is taken from Ref.l.

Considerable interest has recently been exhibited 1in the
concept of wusing a 1-1.5 Gev proton beam for economically

producing the fissile material. A practical realisation of the
concept of accelerator breeding depends both on the evolution of
a satisfactory accelerator and considerable engineering
development. The nuclear data reguirements for the design and

operation of the accelerator breeder cover neutron energies upto
1.5 GeV for the blanket. The need for extending the energy range
much beyond 20 MeV for the existing neutron-nuclear data bases

such as ENDF/B wused for fission reactor applications is
recognized. The data requirements and status that are discussed
are: the total number of neutrons emitted in the proton 1nduced

spallation process, neutron production cross sections by {(n, xn)
reactions, uncertainties in the spectra of neutrons emitted both
in the cascade steps and in the evaporation steps, nuclear data
requirements for calculations of heat deneration in the
spallation target, hydrogen and helium production cross sections
in the structural materials comprising the blanket, production
cross sections for spallation nuclides, data requirements for
prediction of kinetic energies of spallation nuclei for
assessment of radiation damage in the blanket. The <conclusions
are as follows, The existing data in the literature shows a
spread of a factor of two for the neutron yield which directly
affects the economics. The cross sections for production of
spallation nuclides generally appear to be known with a factor of
two uncertainty. The helium preduction cross sections are
uncertain by a factor of two or more. Several examples of data
uncertainties are given highlighting that for all neutron
interaction cross sections the nuclear data 1is very sparse beyond
15 MeV for both natural uranium and thorium targets.

Reference

1. S. Ganesan, Paper accepted for presentation in the Seminar on
Physics and Technology of Particle Accelerators and their
Applications, Variable Energy Cyclotron Centre, Calcutta,
India during Jan.2%9 - Feb.3, 1987.
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MEW COMPARISONS OF INFINITE DILUTION CROSS SECTIONS, SELF SHIELDED
CROSS SECTIONS AND THEIR DOPPLER CHANGES FOR TH-232 CALCULATED
USING JENDL~2 AND ENDY,/B-V (REVISION 2) FILES

S. Ganesan, M.M. Ramanadhan and V. Gopalakrishnan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

The resonance parameters in various data files for Th-232 do
not agree with each other. The differences 1in resonance
characteristics in two evaluated neutron cross section data files
reflect as differences in infinite dilution cross sections and
the associated self-shielding effects. The data in the two
evaluated bpasic data files may be considered to represent mean
values of two populations ( or samples ) of the ensemble. If the
group <constants of two data files for a given temperature and
background dilution agree with each other, that is, there is no
discrepancy, it does not necessarily mean that there is no error
in the data. A systematic error may still exist and the
effective group constants of two data files may differ from the
true values. A comparison is nevertheless certainly helpful to
identify possible problem areas in the resonance region.

In order to make sure that processing of basic data files do
not introduce additional errors of significant amount only the
processing codes that passed (Ganesan et al., 1987) the first,
second and third rounds of the IAEA nuclear data processing code
verification project (Cullen, 1985; Ganesan et al., 1986b; 1987)
were used as shown in Fig.l.

Complete details of the comparison results are presented in
(Ganesan, 1987).
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ENDF/B-V : LINEAR 0.1% ERROR; TIME TAKEN:0.0217 HOURS
TOTAL NUMBERlOF POINTS:1996

RECENT 0.5%; TOTAL NUMBER OF POINTS:2,51,399
TIME TAKEN:3.19 HOURS

LINEAR 0.5%; TOTAL NUMBER OF POINTS:1,12,767
TIME TAKEN:0.407 HOURS

RUN SIGMAl AT 300K; ERROR CRITERION 0.0%;
OUTPUT POINTS :86,924; COMPUTER TIME FOR SIGMAl:2.49 HOURS
v
RUN SIGMAL AT 2100K; ERROR CRITERION (0.0%; OUTPUT POINTS :52,543
COMPUTER TIME FOR SIGMAl: 2.16 HOURS

EXPECTED COMBINED ERROR IN PRE~PROCESSING
0.73%:LINEAR 0.1%, RECENT (0.5%) LINEAR (0.5%) SIGMA1(0.0%)

JENDL-2 : LINEAR 0.1% ERROR; TIME TAKEN:0.017 HOURS
TOTAL NUMBER OF POINTS:3031

RECENT 0.5%; TOTAL NUMBER OF POINTS:1,89,249
TIME TAKEN:1.8 HOURS

RUN SIGMAl AT 300K; ERROR CRITERION 0.0%;
OUTPUT POINTS :90,105; COMPUTER TIME FOR SIGMAl:3.98HOURS

RUN SIGMA1l AT 900K; ERROR CRITERION 0.0%; OUTPUT POINTS :72,769
COMPUTER TIME FOR SIGMAl: 2.29 HOURS

RUN SIGMAl AT 2100K; ERROR CRITERION 0.0%; OUTPUT POINTS :57,869
COMPUTER TIME FOR SIGMAl: 2.67 HOURS

EXPECTED COMBINED ERROR IN PRE-PROCESSING
0.52%: LINEAR 0.1%, RECENT (0.5%) SIGMA1(0.0%)

OUTPUT OF REXZ2-86

SELF-SHIELDED CROSS SECTIONS AT THE GIVEN TEMPERATURE
¥

PROGRAM COMREX2-87

l

COMPARISON TABLES OF SELF-SHIELDED CROSS SECTIONS AND THEIR
DOPPLER CHANGES FOR ALL DILUTION CROSS SECTIONS NOTE: REX3-86 IS
USED IN PLACE OF REX2-86 FOR PROCESSING UNRESOLVED RESONANCE

REGION

FIG. 1 CALCULATIONAL FLOWCHART DEVELOPED AT, IGCAR, KALAPKKAM FOR
OBTAINING COMPARISON TABLES OF SELF-SHIELDED CROSS SECTIONS AND
THEIR DOPPLER THANGES FOR ALL DILUTION CROSS SECTIONS
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DEVELOPMENT AND ADAPTATION OF COMPUTER CODES RELATED TO

M.M.

EVALUATION AND PROCESSING OF NUCLEAR DATA

Ramanadhan, V. Gopalakrishnan and S. Ganesan
Nuclear Data Section,

Indira Gandhi Centre for Atomic Research,

Kalpakkam 603 102, Tamil Nadu.

The details of the work done in the field of development and

adaptation

of computer codes related to nuclear data research at

Kalpakkam are given telow:

1. LINEAR-86:

2. RECENT-86:

3. SIGMALl-86:

4. FIXUpr-86:

unt

UNRESR:

6. MODER:

7. NJOYMAIN:

8. COMREX2:

9. RESENDD:

10, ENDFINFO:

This code replaces the 1985 version of LINEAR. The
code 1is in Fortran-77H and 1is compatible with
ENDF/B-TV, V, VI formats.

This code replaces the 1985 version, and, <an
handle the energy dependant scattering radius for
the processing; 1t has compatibility with Fortran-
77H version.

This code is an improved Fortran-77H version.

This code which was obtained from IAEA replaces the
earlier versions

This 1is a part of NJOY system and it deals with
generation of self-shielded cross sections in the
unresolved resonance randge. This module has been
successfully adapted.

This 1is a part of NJOY system and helps the
conversion of ENDF/B formatted mode to NJOY
blocked binary mode.

This 1is the main part of the NJOY system of
modules. It consists of a set of utilities each
performing a well-defined processing task. The IBM
version of this code has been successfully adapated
to our in-house computer.

This 1s an indigenously developed code for
comparison of self-shielding factors and Doppler
changes for any material and for any reaction.

This Japanese code adapted to our inhouse computer
reconstructs resonance parameter data into
pointwise cross sections, Doppler broadens and also
handles Reich-Moore parameters and enerqgy dependent
scattering radius.

This will output a table of the MAT number,



11.

12.

13.

14.

15,

TRUNK :

COPYENDF:

ABAREX:

COMPDEN:

SPECTER:

symbol, number o©of energy regions, limits of
resonance region, etc., of all the materials
present in a neutron data library in the ENDF/B

format.

This program outputs the data of an ENDF/B
material within a specified energy region cutting
off the remaining. The output follows ENDF/B
conventions and c¢an be processed by the pre-
processing codes. This 1is useful to study the
contribution of any particular energy region and
has been developed for some specific research
studies in data processing.

This utility program can copy from a nuclear data
library in ENDF/B format, data of any selected
material(s) or any section(s).

This code adapted to our inhouse computer 1is a
FORTRAN-77 version. The code was designed
mainly for analysis and calculations of the elastic
(including compound and shape-elastic parts) and
inelastic (with excitation of separate levels)
reaction Cross sections and their angular
distributions, as well as total, capture and
fission «cross sections in the energy region where
it 1is possible to use the statistical model
approach and where the charge-exchange reactions do
not contribute substantially. The code includes an
optical model subroutine for calculations of total,
shape-elastic Cross sections and neutron
transmission co-efficients. Reference: P.A.
Moldauer, ©Nuclear Theory for Applications, held at
Trieste, 17 January - 10 February, 1978, IAEA~SMR-
43, p.165 (1980), IAEA, Vienna.

This indigenously developed <code is useful for
comparison of displacement damage cross
sections as obtained from two different processing
codes SPECTER and RECOIL.

This code was obtained from Dr. L.R. Greenwood of
Argonne National Labeoratory, U.S.A. This code
facilitates damage <calculation for any specified
neutron radiation. The SPECTER code relies on
master libraries of displacement cross sections
recoil distributions and other nuclear data.
SPECTER itself 1is relatively short program,
however, the library files are rather extensive.

Six different pre-processing codes were
received from Dr. L.R. Greenwood of Argonne
National Laboratory for the SPECTER code. All
these programs have been successfully commissioned.
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SYSTEM CRITICALITY CONSIDERATIONS FOR U-233 METAL ASSEMBLY
USING NEUTRON CROSS SECTION DATA FROM FOUR DIFFERENT SOURCES

S. Ganesan, V. Gopalakrishnan and M.M. Ramanadhan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

The critical assembly JEZEBEL-23 as a bare sphere of U(98.13
at/w% U-233) metal, 1is especially suited (BNL, 1983) for testing
U~233 cross sections in the fission source energy range.

The reactor region <c¢ross sections were prepared using

SFFCROSS code (Damiens and Ravier, 1967) and the one dimensional
transport calculations were performed using DTF-IV code {(Lathrop,
1965).The results are presented in Table 1.

Yery interestingly both the recent files ENDL-84 and JENDL-2
iipraries predict K-eff within 1%. It is interesting to note that

the French set (1969) over-predicts K-eff by 3.76% whereas
ENDF/B-1IV based multigroup set under-predicts K-eff by as much as
3.2%. Thus a spread of nearly 6.94% exists in the ~calculated

values of K-eff obtained from these two older files.

In the present analysis of JEZEBEL-23 critical assembly the
musSt important groups contributing to <capture and fission
reaction rates are in 500 keV - 3 MeV enercy region. From all
the results of intercomparison (Ganesan, 1987) we conclude that
the higher calculated value of K-eff obtained by the use of the
French set is mainly explained by the fact that the French set

has higher <Y oy 2 values. The lower value of K-eff
calculated by ENDF/B-IV is explained to be mainly due to the
lower value of <x’6}> in ENDF/B-1V.

Complete details of this study have been documented 1in
reference (Ganesan, 1987).
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TABLE 1

5YSTEM CRITICALITY CONSIDERATIONS FOR U-233 METAL ASSEMBLY USING
NEUTRON CROSS SECTION DATA FROM FOUR DIFFERENT SOURCES

“lzasured Eigen Value : 1.000 + 0.001 (BNL, 1983)
Case File Used For Minor kK~eff, Calculated
For U-233 Isotopes
U-234, U-235
and U-238
1 French (1969) FRENCH 1.0376
2 French (1969) ENDF/B-1IV 1.0374
3 ENDF/B-1IV ENDF/B-1IV 0.9682
4 ENDL~84 ENDF/B-1V 1.0072
5 JENDL -2 ENDF/B-1IV 1.0008

BASIC EVALUATED DATA FILE
e.g. ENDF/B-IV

or
ENDL-84
or
JENDL-2
v
LINEAR : LINEARIZE ENDF/B
{
RECENT : RECONSTRUCT RESONANCE CROSS SECTIONS
STGMAl at 300 K : DOPPLER BROADENING
REX1, REX2, REX3 : MULTIGROUPING; SELF-SHIELDING
l FACTORS
LCAT FORMAT CONVERSION
v INPUT
MULTIGROUP SET FAST
¢ REACTOR
EFFCROSS € COMPOSITION
MﬁfTURE CROSS SECTIONS
DTF-IV TRANSPORT CALCULATIONS ONE DIMENSIONAL
i SPHERICAL MODEL

RESULT: Neutronic Parameters
of fast reactor

CODE SYSTEM AND CALCULATIONAL FLOW CHART FOR NEUTRONIC
STUDIES CALCULATIONS OF A FAST REACTOR SYSTEM AT IGCAR,
KALPAKKAM, STARTING FROM BASIC EVALUATED DATA FILE, AS
DEVELOPED AT IGCAR, KALPAKKAM.

o
)
b



415

2M'S PARTICIPATION IN THE IAEA NUCLEAR DATA PROCESSING
ICATION PROJECT: DOPPLER BROADENING AND SELF-SHIELDING
VERIFICATION PROBLEM

S. Ganesan, VY. Gopalakrishnan and M.M. Ramanadhan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

For tne second and third rounds of the IAEA cross section
vrocessing code verification project investigating the effects of
self shielding and Doppler broadening 1t was decided to use
“ne HNEACRP U-238 problem, All participants are asked to wuse
ENIIDF/B-IV U-238 evaluation averaged over the energy range
2.0347 ©o 3.3546 keV with flat (constant in energy) spectrum and
Sondarenko self shielding model. Results should be reported to
the IAER for 300 and 2100 K, for dilutions ( ) of 0, 1, 10,
i0, 10 and 10 Dbarns as well as the infinitely dilute <cross
section at each temperature; for example results, see {(Ganesan
et al., 1987). In addition to these results participants should
state the intended accuracy of these results, e.g. state
uncertainties introduced due to cross section from processing.
By wusing this simple test problem where all participants start
from the same evaluated data and no transport calculation 1is
required, all differences 1n the results <c¢an be directly
atrributed to the effect of cross section processing.

o

Yz1n recults of our paticipation

DLiring  our participation in the project the codes that passed
{Ganeczarn and Ramanadhan, 1984) the first round were used.

Tree 1nitial results of Doppler broadening and self shielding
~alculations nhad inconsistencies and led to the discovery of
crrors  in  the original SIGMAl method of Doppler broadening.
snalysis of the errors found and improvements made by Cullen 1in
Vienna 1in the SIGMAl method are presented in (Ganesan et al.,
.987). Improved results are presented in order to demonstrate
“hat the new SIGMAl method can produce results within required
sCccuraciles. Improved codes and procedures show lesser
sensi1tivity  of calculated self shielded cross sections and theilr
Doppler  changes to tolerance parameters used in pre-processing.
“n.s fact was again verified by running the improved code
LINEAR/RECENT/GROUPIE or REX2 in Vienna and Kalpakkam and
Jomparing the results. Discrepancies could be attributed to the
~ay 1n  which (i) the energy grid was chosen, (ii) additional
tso1nts  were introduced in the grid and, (i1i) the data thinned
subsequently, i.e. the process of generating the Doppler
vroadened cross sections by SIGMAl code. The other possible
causes are the SLBW representation leading to negative elastic
and total cross sections, i1nadequacy of decimal places in the
reconstructed grid and single precision treatment.

One cf the important results presented in this study is that
the original SIGMALl method of numerically Doppler broadening as
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proposed by Cullen and Weisbin in 1976 has now been demonstrated
to be inaccurate and not capable of producing results to within
required accuracies. Fortunately, due to this study the SIGMAl
thod has been significantly improved and the new SIGMAL is now
pable of producing results to within required accuracies.
though this study presents results based upon using only one
de system it is important to realize that since the original
G4 method is presently used in many cross section processing
8] vystems the results of this study indicate that unless these
her «code systems are updated to include the new SIGMAl method
~ne results produced by these <code systems <cculd be very
naccurate.

[ et

importance for correlated uncertainties

Anotner noteworthy result is the demonstration of the
tmportance for correlated uncertainties.

Our results demonstrated that the actual uncertainty
roduced due to Cross section processing is consistently at
st an order of majiitude less than the error predicted
233uming  that the uncertainties in the cross sections at the two
eratures are uncorrelated: i.e. we can see that the
rtainties are strongly correlated.

Gu:delines for tolerances input to pre-processing codes:

The results of our participation in the project led t> the
ga:deline that where temperature dependent changes in the self
snielded cross section are important the target accuracy of a
maximum of 2% uncertainty in the Doppler change in the self-
shielded «cross section due to Ccross section processing can be
achieved Dby using the recommendations to limit the uncertainty
due to linearising and Doppler broadening to 0.1% and
reconstruction to 0.5%.

REFERENCES
Cullen D.E. (1985) INDC(NDS)-170 IAEA, Vienna.
Cullen D.E. and Weisbin C.R. (1976) Nucl. Sci. Eng., 60, 199.

Ganesan S. and Ramanadhan M.M. (1984) pp.52-53 to June 1984,
Compiled by R.P. Anand, Report BARC-12365.

Ganesan S., Gopalakrishnan V., Ramanadhan M. M. and D.E. Cullen
{1987) paper prepared for favour of publication in Annals of
wiclear Energy.
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PROCESSING NEUTRCN CRCSS SECTION DATA FOR 91-PA-231

V. Gopalakrishnan, M.M. Ramanadhan and S. Ganesan,
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102,
Tamil Nadu.

The 1isotope 91-Pa-231 plays an important role in nuclear
fuel cycles using thorium. Its formation in thorium fuel leads
to one of the routes for production of 92-U-232 1isotope. The
prediction of the amount of 92-U-232 isotope is important as it
leads to hard gamma ray emitters. The calculation of fuel acti-
vity in thorium systems and prediction of 92-0-232 content in
irradiated thorium require nuclear data of 91-Pa-231, particular-
ly the neutron capture cross sections. The criticality of
systems made of this isctope i5 alsce of i crium cycle

i cst in thor
studies and hence there 1is a need fo generating complete
multigroup data.

On a request from Dr. M, Srinivasan, Head, Neutron Physics
Division of Bhabha Atomic Research Centre (BARC) (Srinivasan,
1987), for processed neutron cross section data for 91—Pa—231, a
survey was made on the available data and evaluated nuclear data
files wherein data for this actinide is available.

The following data are available in literature:

EVALUATOR REFERENCE DATE ENERGY REGION
1. GARG INDC(SEC)-61 1977 100 keV to 20 MeV
2. Jary CEA-N-2084 1979 Maxwell
3. Vasiliu et al, INDC(RUM)-11 1979 0.0 ev to 19 MeV
4. Abagyan et al. ¥YK-1(40) 39 1981 Maxwell
5. F.M. Mann ENDF/B-V(Actinides) -5
IAEA-NDS-13,Rev.5 1985 10 eV to 20 MeV

distributed by
H. D. Lemmel,
May, 1986.

The last one, namely the ENDF/B-V (Actinides)} data library
was chosen for the present purpose. This file gives for %1-Pa-
231 (MAT number 8131), the neutron cross section . data in the
following way:

-5
a. 10 ev to 14.3 eV Resolved Resonance Parameters
with floor corrections in the
form of tabulated Cross
sections.
L. 14.3 eV to 1 keV Unresolved Average Resonance

Parameters with floor correc-
tions.
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c. 1 keV to 20 MeV Tabulated cross sections vs
enerqgy.

Processing Steps:

The codes LINEAR, RECENT and REX-1 were used to pre-process
and multigroup the data for this isotope. The LINEAR code was
run with 0.1 % tolerance for converting all interpoltion schemes
to linear-linear and the option to keep all evaluated data points
was given. Processing by LINEAR is a pre-requisite for the code
RECENT, which would abort if non-linear-linar {(cross section vs
energy) table is found. However, for this isotope (MAT number
8121), it was apparent after running LINEAR that the original
tabulations themselves followed only linear-linear interpolation
between tabulated energy points. '

The output of the LINEAR code containing the resonance
parameter data as they were in the evaluated data was processed
by RECENT which reconstructs the resolved and unresolved resonan-
ce parameters into point data amenable to linear-linear interpo-

lation. This code generated 1534 energy points in the resonance
region. The data generated by RECENT was multigrouped using
REX-1. The French 25 energy group structure which is employed

in our neutronic calculations was used.

The complete multigroup data for 91-pa-231 is given in the
form of tables in our internal report (Gopalakrishnan, Ramanadhan
and Ganesan, 1987).

References:

Gopalakrishnan V. Ramanadhan M. M. and Ganesan 8S. (1987),
Unpuclished internal note No., NDS-01, April 1987,

Srinivasan M. (1987), Private Communication to S. Ganesan, March,
1987. .
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UNDERSTANDING THE EFFECT OF POORLY CHARACTERISED NEUTRON SPECTRUM
ON STUDIES OF INTEGRAL VALIDATION OF CROSS SECTIONS

S. Ganesan and V. Gopalakrishnan,
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102,
Tamil Nadu.

The use of poorly characterised neutron spectrum at the
irradiation position in the apparently simple and straight
forward calculation of one-group spectrum averaged cross sections
affects the interpretation of "C/E™ wvalues for one group
effective cross sections in a very complicated way. It is very
instructive to observe both from academic and practical angles
some 1interesting features based on a simplified sensitivity
methodology as follows in order to understand the influence of
the presence of a systematic error in spectrum characterisation.

In the usual notation the spectrum averaged fission cross
section is given by

2N3:| <O‘§>% <¢>ca
_ .

:!, - [N
23=l<¢>ﬁ

—

A change in & denoted by a&ac can be written in the
linear approximation as

N — N -
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Note that 56//b<¢>3 is 4+ ve for groups for which the fission

cross section (6;>% exceeds the one~group spectrum averaged
Cross section 6} . It 1s ~ve for energy groups for
which <0}>% is less than 6} .

Por the flux spectrum shown of TACO experiment (Cricchio et
al.,) the relative flux in each of the groups in energy region
0.748 xevV - 15.00 keV, 1is within 1.3%. It is easy to show based

= - £ 3
cto o] 3 systematic

on the above <considerations that a factor of 2
underprediction for very small fluxes ({1l%) in the lower energy
region 0.748 keV-15.00 keV gives rise together a cumulative

effect leading to an underprediction of oy by 5%! Remember:
Larger errors in measurement of small relative fluxes are not
uncommon. A combination of systematic errors such as a +20%

error for fluxes in groups 1 to 6 and -60% error for fluxes in
groups 7 to 18 will also give rise to about the same -5% error in



o . A systematic error of around -6% in <9;” g for the
most important groups g=3 to 8 again leads to about -5% error in
5, , as expected even when there is no error in <<¢>g. Thus
no unique inference 1is possible regarding errors 1in <cross
sections or fluxes from "C/E" values when the error in fluxes are
just not known. Further the ‘'E' value has a large error of + 6%
in this particular TACO experiment and all the calculated values
of 0 for fission in principle were (Ganesan, 1987) within the
band of + 6%. Thus, in summary, the interpretations of an
integral experiment such as TACO experiment where the error in
"E" 1is large for E+ and error in *"C* cannot be inferred
because of unspecified systematic errors in <®>g 1is not
obviously expected to lead to any unambiguous validation of cross
sections for U-233.

Full details of the discussions are given 1in (Ganesan,
1987).

References

Cricchio A. et al., The TACO experiment for the Determination of
Integral Neutron Cross Sections in a Fast Reactor, Nuclear Data
for Science and Technology, D. Reidel Publishing Company (1983),
page 175.

Ganesan S. (1987) "Neutron Cross Sections for U-233: (a)
Processing and Intercomparison of JENDL-2, ENDF/B-IV and ENDL-84
Basic Evaluated Data Files (b) Integral Validation Study in the
Fission Source Energy Range by Analyses of U-233 Spherical
JEZEBEL Assembly (c) The Analyses of U-233 Irradiation Experiment
in RAPSODIE Experimental Fast Reactor®, Report for submittal to
International Atomic Energy Agency Co-ordinated Research
Programme on Validation and Benchmark Testing of Actinide Nuclear
Data (Research Contract No.3690/R3/RB) Release Date: August,
1987.
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NUMERICAL INVESTIGATION TO EXAMINE THE VALIDITY OF BONDARENKO
DEFINITION OF SELF~SHIELDED CROSS SECTIONS

V. Gopalakrishnan and S. Ganesan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

The neutron spectrum in energy is significantly influenced
by the presence of resonances in cross sections of any material
of interest and of the surrounding materials in a mixture in a
reactor assembly -- the influence usually known as “the self-
shielding"”. In the well known Bondarenko method of obtaining
spectrum weighted group average neutron cross sections 1in the
resonance region, the cross sections of the surrounding materials
are represented by a parameter called the background or the
dilution cross section taken to be couastant in energy, whereas in
reality it is energy dependant. The "self-shielding factor™ of a
material k 1in energy group g for the dilution 6 1is given in
conventional notation:

j‘a 5,(5);0:)0!5/-( seeode
K &Y (E) + Yo 5 (8) +%0
< 6;,3,&> 3
o 7 A
Sy, q,6>%) _j J (E)S(EME/ L HESPL:

ks

The present day target {Rowlands, 1981) of less than 1%
accuracy (1% for U-2z38 capture and 0.5% for Pu-239 fission for
instance) in self-shielding factors has motivated us to see the
deviaton in f due to assumption of energy independence of Sy .
Hence we did calculations for the 2ZPR-6-7 critical assembly and
found 1large deviations with respect to the target accuracy
recommended. This fact is demonstrated by results presented in

Table 1 and Table 2.

Full details of this work and the results obtained were
presented in the 6th Natioral Symposium on Radiation Physics held
in Kalpakkam in March, 1986.

Reference:

1. Rowlands J.L., (198l1) 1in Proceedings of the Conference on
Uranium and Plutonium Resonance Parmeters. INDC(NDS)~-129/GJ,
Cullen D.E. (Editor) p.ll, International Atomic Energy Agency,
Vienna. .
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Table 1

Comparison of Self Shielding Factors obtained Using Energy
Independent and Energy Dependent Dilution. Reaction : Capture

Material : U-238 (Concentration in ZPR-6-7 = (0.00578
atoms/barn-cm)

Group Group limits Unshield Effect- SSF using Fe
—————————————— ed cross ive ——— e -
upper lowver section dilution exist~- present Fp

(barns) (barns) ing method
method
(Fe) {Fp)

16 3.36KevV 2.04KeV 1,365 170.0 0.801 0.833 0.962

17 2.04ReV 1.24KevV 1.762 51.1 0.519 0.542 0.958

18 1.24KeV 750eV 2.715 49.5 0.416 0.441 0.943

19 750 ev 455ev 3.541 49.0 0.322 0.358 0.899

20 455 ev 276eV 3.538 64.4 0.326 0.368 0.886

21 276 ev 10lev 14.56 53.84 0.111 0.118 0.941

22 101 ev 22.6eV 31.33 57.88 0.0682 0.071 0.961

23 22.6ev 3.06ev 132.5 63.84 0.0528 0.057 0.926

Table 2

Comparison of Self Shielding Pactors obtained Using Energy
Independent and Energy Devendent Dilution. Reaction : Pission

Material : Pu-239 (Concentration in ZPR-6-7 = 0.000887
atoms/barn-cm)

Group Group limits Unshield Effect- SSP using Fe
—————————————— ed cross ive - - -
upper lower section dilution exist- present Fp

{barns) {(barns) ing method
method
(Fe) (Fp)

21 276 ev 101 ev 18.54 403,27 0.711 0.804 0.786

22 101 ev 22.6 ev 41.86 392.61 0.592 0.909 0.651

23 22.6ev 3.06 ev 80.92 398.55 0.486 0.823 0.591

24 3.06ev 0.414ev 23,65 403.29 0.864 0.838 1.03

e e — e e — . ——————— —— i — — ——— —— T — T — —— " — o — —————— ] " — k. . e ot s S o = Pt o o e
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Generation of Group Constants for Th-232
in JIMS Tnergy Group Structure

V.Gopalakrishnan+, M.M.Ramanathant Kamala Balakrishnan®*
and S,Ganes gt

TMuclear Data Section,Reactor Physics Division, Indra
Gandhi Centre for Atomic Research

*

Reactor Engineering Division, Bahabha Atomic Research

Centre

The WIMS cross-secction library which is available
in Reactor Engineering Division of BARC and which was
obtained from the NEA, does not contain resonance tabu-~
lations for Th-232, Since these tabulations are absc-
lutely es~sential for reactor work, we have started a
collaborative effort betwcen RED, BARC and the Nuclear
Data Section, IGCAR to generate these cross-~sections
indigenously, Ffor this purpose, we are using the most
recent available basic evaluated cross-section da‘a files
and ihe processing code system developed by NDS, IGCAR,

Thorium crnss-sections have been taken from JENDL-2
and also from ENDF/B-V. Preporcessed Doppler broadened
point cross-~sections for all types of neutron induced
reactions .re obtained from these, The sequence of
calculations followed has been described in another paper,

So far we have generated WIMS 69 group cross-sections
for Th-232 for two temperatures, viz., T = 0°K and 300°K.
Two sets were generated, one from ENDF/B-V and the other
from JENDL-2, Since the reasonnance tabulations are not
yet complete, it has not been possible to validate the
set against measuvred reactor physics pirameters, However,
in fiqure~1 we present the ratio of the E.NDF/B-V gene-
rated cross-~sections and the J/IMScross-gsections tao the
JENDL-Z2 set, This gives an idea of the need for improved
cross-sections, Je have restricted ourselves to just aone
crnns—section,cra.
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CREATION AND AVAILABILITY OF KALPAKKAM MULTIGROUP
CROSS SECTION SET

S. Ganes.n, V. Gopalakrishnan and M.M. Ramanadhan
Nuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102, Tamil Nadu.

The IGC nuclear data processing code system consisting of
pre-processing codes LINEAR, RECENT, SIGMAl and processing codes
REX1-86, REX2~-86 and REX3-86 is compatible with the
internationally accepted format of the ENDF/B file and generates
multigroup cross sections for use in fast reactor calculations.

Using our pre-processing and processing ccdes a 25 energy
multigroup cross-section set has been created in the Nuclear
Data Section for use in fast reactor calculations by processing
the available basic evaluated neutron cross section data files in
ENDP/B format. This multigroup cross section set is a ‘'non-
adjusted’ set, the term 'non-adjusted' implying that the set has
not been modified by incorporation of information obtained from
integral reactor experiments. Our studies indicate (Refer Report
:IGCAR-77 for details) that the non—-adjusted IGCAR multigroup
cross-section set predicts neutronic parameters of «critical
assemblies simulating 500 MWe fast reactors, as accurately as
non-adjusted multigroup cross-section sets of other laboratories.

The above mentioned 25 group IGCAR multigroup cross section
set for fissile, fertile and structural isotopes/elements based
on various libraries as mentioned in Table 1 has been created and
tested by analysis of selected fast <critical assemblies as
described in various notes/reports and publications released from
this Section. This task took 10 years since research and
development 1in processing codes and extensive intercomparison
studies were involved with the use of a non-dedicated computer

system.

TABLE 1

LIST OF ISOTOPES/ELEMENTS FOR WHICH DATA IS AVAILABLE 1IN
KALPAKKAM MULTIGROUP SET (STATUS AS ON 1 AUGUST 1987).

e o s o — — ——————— ————  — ———————— T —— " — s . T — T — D

1. 0-235 ENDF/B-1IV 2 U-~-238 ENDF/B-1IV
3. PU-239 ENDF/B-1IV 4 PU-240 ENDF/B-IV
5. PU-241 ENDF/B-1IV 6. PU-242 ENDF/B-IV
7. NI* ENDF/B-1IV 8. CR* ENDF/B-1IV
9. FE* ENDF/B~1IV 10. NA* ENDF/B-1IV
11. AL* ENDF/B-1IV 12. SI* ENDF/B-1IV
13. MN* ENDF/B-IV 14. MO* ENDF/B-1V
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TABLE 1 (CONTINUED)

LIST OF ISOTOPES/ELEMENTS FOR WHICH DATA IS AVAILABLE IN
KALPAKKAM MULTIGROUP SET (STATUS AS ON 1 AUGUST 1987).

BASIC FILE USED

BASIC FILE USED NO MATERIAL

15. c* ENDF/B-IV l6. N-14 ENDF/B-1IV

17. o* ENDF/B-IV 18. TH-232 ENDF/B-1IV

19. B-10 ENDF/B-IV 20. B-NAT ENDF/B-1IV

21, BE ENDF/B-1IV 22. U-233 ENDF/B-IV

23. g-234 ENDF/B-IV 24. TH-232 JENDL~2

25. U-233 JENDL-2 26. TH-232 ENDF/B-V.2

27. GA-HAT ENDL- 78 28. U-236 ENDF/B-1IV

29. U-237% ENDP/B-V ACTINIDE 30. 0-239$ ENDL~78

31. NP-237$% ENDF/B-1IV 32. NP-238$% ENDF/B-V ACTINIDE
33. NP-239$% JENDL-1 34. PO-238% ENDF/B-IV

35. PUO-243% ENDF/B-V ACTINIDE 36. AM-241$ ENDF/B-1V

37. AM-242M$ ENDF/B-V ACTINIDE 38, AM-242$ ENDF/B-1IV

39. AM-243% . ENDP/B~IV 40, CM-242$ ENDF/B-V ACTINIDE
41, CM-243$5 ENDF/B-IV 42, CHM-2443 ENDF/B-IV

43. ZR ENDF/B-1IV 44, PA-231 ENDF/B-V ACTINIDE
45, THE-231% ENDL-84V 46, TH-232 ENDF/V.2

47. THE-232 ENDL-84V 48. 0-233 ENDL-84V

49, 0-2345 ENDL-84V 50. 0-235% ENDL-84V

51. 0-236% ENDL-84V 52. 0-237% ENDL-84V

53. U-238% ENDL~84V 54. 0-239¢ ENDL-84V

55. 0-240$% ENDL-84V 56, NP-237$% ENDL-84V

57. PU-238% ENDL-84V 58. PU-239% ENDL-84V

59. PU-240% ENDL-84V 60. PU-241$ ENDL-84V

61. PU-242% ENDL-84V 62. PU-243% ENDL-84V

- ———————— " o ———— o —— > ——— ] —— ——— — — — — " ——— s 2y it S T T o it e i S e s i T . e

* INCLUDES PART II FINE GROUP ELASTIC SCATTERING DATA

$ INFINITE DILUTION CROSS SECTICN DATA ONLY
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COPUTER STORAGE AND ADAPTATION OF MULTIGROUP CROSS-SECTIONS

S.B. Garg
Neutron Physics Division
Bhabha Atomic Research Centre
Trombay, Bombay 400 085

heutron multigroup cross-sections are the basic inputs to carry out the
neutronics and safety studies of nuclear reactors. In order to stwdy the
criticality configurations of minor amd major actinides from the
considerations of nuclear safety and safeguards, 35 group cross-sections with
Py -anisotropic scattering matrices have been generated for several major and
minor actinides using their basic cross-section data from ENDF/B-IV /1/, ENDL
/2] and JE:DL~2 /3] tiles.

Tne generated 35 group crosssections and B, -anisotropic scattering
matrices have been converted to DTF-IV /4/ format and stored in computer
files for Pa-231, Pa-233, U-233, Np-237, Am-241 and Cm-244 actinides.
Criticality data for some of these elements have been obtained /5/ using
these cross—sections.

Leterences

1. D. Garter, C. Dunford and S. Pearlstein, '"Data Formats And Procedures For
The Evaluated Muclear Data File, EXNDF", BNL-NCS-50496 {ENDF-102), (1975)

2. &.J. Howerton, "The LLL Evaluated Nuclear Datz Library (ENDL)", JCRL-5400
Vol.15, Rev.1 (1982)

3. V.G. Pronyaev, "JENDL-2 (Rev.l), Japanese Evaluated Nuclear Data Library
Jersion 2, Rev.1", 1AFANDS~18 (1984)

4. K.D. Lathrop, "DTF-IV A Fortran-IV Program For Solving the ltultigroup
Transport Equation With Anisotropic Scattering', LA-3373 (1965)

5. {. Subba rao, S.BE. Garg, G!'V! Acharya and M. Srinivasan, "Remarks On
Criticality Data of iliror And Major Actinides", Communicated to International
Seminar On Criticality Safety to be held in Japan (1987)



Us oF ACTIVITIES UNDER IAEA'S CO-ORDINATED RESEARCH
RAMME  ON VALIDATION AND BENCHMARK TESTING OF ACTINIDES
NCULEAR DATA

S. Canesan, V. Gopalakrishnan and M.M. Ramanadhan
NMuclear Data Section,
Indira Gandhi Centre for Atomic Research,
Yalpakkam 603 102, Tamil Nadu.

15 work was carried out at IGCAR, KXalpakkam within the
of International Atomic Energy Agency Co-ordinated Research
bt n Yal:dation and Benchmark Testing of Actinide Nuclear
PCH CONTRACT HNO. 36S0/R3/RB)
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£ (Yeadows, 1982) fission cross section upto 20 MeV

2. The In,2n) cross sections were accepted as in JENDL-2 file.

srder to have a complete file 1n ENDF/B format these
data recommended by us were put in ENDF/B format by
th JENDL~2 File.

The ertensive  comparisons of  infinite dilution Cross
oot suns and self-shielding factors calculated by processing
vocent  dira files  have been completed and results have been
Ioramented.,

Aralyoes Hf JEZEBEL-23 an U-232 metal assembly has also been

yriieted

Theorerical calculations o©of nreutron 1interaction Cross
voctions for Th-232 and U-233 have been in progress. The optical
*ati1stical code ABAREX has been successfully commissioned and
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ens:zivity calculations are being performed.

n

Further updating of the above mentioned Indian £files is
cexpected to be made as and when decisions are made.

Preszently £for the analyses of capture reaction rate in Th-
2%2 :n CFRMF assembly which has a flux spectrum covering 0.1 xeV
ro 1 Y&V region, the flux specira given 1n BNL specification has
ceern follvwed The following data files have been identified for
LNTEercomparison:

I, ZUDF/3-7 received from BNL  and processed in 1986, The task
0f nrocessing this file has been completed.

2. JENDL-2 f:i1ie.The task of processing this £f.le has been
completed.

3. INDIR £1le.

Further «critilcal evaluation and compilation of benchmarks
for agata test:rc purposes for Th-232 and U-233 and exXamination of
differential cross sectionsg are being continued.

Baseld on =zZeverazl considerations it has t .n tentatively
dec.ded to take for the Indian file the inelastic cross sections
for discrete levels and the:r angular distributions as provided
py Sheldon's theoretical evaluations and uce the file for some
:ntegral testsz. A firm conclusion can be arrived at thereafter.
Tne tecnnical work of coding this data in EWNDF/B format 1s 1in
DILGIESS Thi.z task includecs some consistensy checks as well.
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PREDICTION OF MASSES OF ATOMIC NUCLE!L IN THE INFINITE
NUCLEAR MATTER MODEL

L. Satpathy
Institute of Physics, Bhubaneswar-751005, India.
and
R.C. Nayuk
Khallikote College, Physics Department,
Behrampur-760001 (Ganjam), India.

Ine masses of 3481 nuclei in the range 18 £ A ‘d 267 have been predicted
wrough o new mass formula developed over the last several years. This mass
ceoneny-body theoretic foundaticn.  Sometimes back, we had obta‘ned” a mass
redition for nucles starting with the Hugenholtz-Van-Hove [HVH] theosrem in the
meny-body theor,,  11s success was demonstrated in predicting masses of exotic
reatron el nucler for from otability.  Although its success is very impressive it
G ail hGhe wein 3glizfaciory extrapolation property when used as ¢ recurrence
reintian, Recently one of us proposed a model called infinite nuclear matter [INM]
miodel” winch extends this mass relotion into a mass formula with reliable predictive

uer,

The INA madet recognises that the nuclei in general possesses two categories
of properties namely e universal and the individuaglistic. In this model, the ground-
“tate energy of an alomic nucleus with asymmetry parameter [3 is considered equi-
vafent (o the energy of a perfect sphere made up of infinite nuclear matter of
the same m;mum»zryﬂ plus the residual energy Y called the local energy. V] repre-
sents the energy due to shell, deformation and diffuseness etc and thus individualistic
i nature.  Using this picture and the generalized 1IVH  theorem the previously
propused mees relalior s derived inoa trensparent way in which "} drops away
g veey nolturagl manner. A recurrenee relation for 1’1 (s derived which has excellent
extrapulation property.  Tius property of P in conjugation with the universal
property of the N\ sphere defines the mass formula. Thus in this model there
are two kinds of parameterst  Global and local. The five global parameters are
determmned once for all by fitting the masses of all nuclei (756) in the recent Audi
and Wapsirag mass table with error bar less than 30 keV. The local parameters
are delermned for 25 regions defined by A = 8 or 10 . The total number of
parameters including the five globel ones 15 238, The root mean square deviation
for the calculated mass from the experiment is 397 keV for 1572 nuclel used in
thee {east square [it. The details of the mass lable confaining predictions for 3481
nuclel will appear clsewhere”.

Az a measure of the success of this mass formula we present in Table 1
a comparision of our prediclions on Na solopes with those of the recent predictions
il Kelsorn group’ ana of Janecke group”.  As is well known the prediction of the
rrrases of Na isatope pose a serious challenge to mast of the mass formulae. However
ttocan be seen from Table 1, that our prediction agree quite well with the experiment.



Table 1 : Comparision of mass excess in MeV Error given in parenthesis
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Isotopes Expt. Present work Comay Kelson Janecke
& Zidon and Masson
Na?8 ~1.14 (0.14) ~0.91 (0.54) ~1.05 (0.42) -0.87
né? 2.65 (0.15) 2.95 (0.28) 2.26 (0.64) 2.12
Na3? 8.21(0.25) 7.6(0.22) 8.81(0.80) 8.36
Na®! 11.83(0.58) 10.93(0.22) 13.58(1.07) 12.74
Na®? 16.55(0.74) 18.58(0.26) 22.42(1.2) 21.37
Na33 21.47(1.14) 21.87(0.32) 28.62(1.41) 27.69
Na®? 26.65(3.57) 25.99(0.51) 37.24(1.55) 36.48
Na?? 29.28(0.73)

!. L. Satpathy and R. Nayak, Phys. Rev. Lett.51, 1243 (1983)

2. L. Satpathy , J. Phys.G; Nucl. Phys. (in press)

3. L. Satpathy and R. Nayak, Submitted to Atomic Data and Nuclear Data Table

(1986-87) Mass prediction project)

4. E. Camay, I. Kelson and Zidan, private circulation by P.E. Haustein, Brookhaven

National Laboratory. The 1986-87 Mass prediction project.

S P.J. Masson and J. Janecke, private circulation by P.E. Haustein, Brookhaven

National Laboratory, 1986-87 Mass prediction project.
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89y+n RESUHANCES : PARITY DEPENDEMCT OF LEVEL DENSITY

H.M. Agrawa1+, Department of Physics, G.B. Pant University
of Ag. & Technology, Pantnagar-263145, India,

Measurement of the neutron total cross sections of
nuclei provide useful information about the resonance
parameters and average nuclear properties such as level
density, strength functég etc., High resolution neutron
total cross section of Y has been measured from about
10 to 750 kev using the pulsed neutron time of f£light
spectroscopy at ORELA with a neutron burst width of 5 ns
and a nominal resolution of 0,025 ns/m at the highest
energy. The choice of 89Y for these measurements was made
to test the parity dependence of level density and the
presence of intermediate structure, Preliminary results
with the emphasis on IS have been presented in APS meet-
ing/1/. The present paper deals with the level density.

An R-matrix MULTI code/2/ was used to f£it the shape
of the measured cross section and thenprec1se values of
the resonance parameters (E, 9l .3 ) have been
determined., Fig.l shows a typical sample of theoretical
fits to the experimental data.

The slopes of straight 1ines_drawn through the plots
of the cumulaElve num?er of J™ =0 and 1~ s- wave reso-
nances; 1¥ . p-wave resonances Vs, neutron
energy ylelded average level spacing {D>(L=0=(4.6 +0.3)
kev and {D)({l=}(1.34 + o 15) kev upto 600 kev, Thus the
experimental value of D (3.43 + 0,6), From the
level density formula w c% predicts adJ dependence (for
either parity) of the form (27 + 1) exp- (J+%) /2(7 -
one would obtain a value of D /D, = 2.06 (for o =3.,8).
This value is much smaller th3n %ha experimental value of
3.43, indicating of a parity dependence of the level
density of 8%y at high excitation following our recent
concluglon /3/ of parity dependence of the level densiti-
es of 23cr and °°Cr at high excitation, In past, for many
nuclei the assumption ¢f parity independence of level
density was found to be in Jeopardy (e.g. reference 6,
18-23 of our paper /3/). Soloview et.al./4/ calculations
do indicate that the ratio of the number of positive
parity states to the number of negative parity states is
not one at the neutron B.E. for many nuclei.
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NUCLEAR LEVEL DENSITY PARAMETER OF HIGH
SPIN NULLEI

M,Hkajasekaran, T.R.,Rajasekaran, N.,Arunachalam and
V.Devanathan

Department of Nuclear Physics, University of Madras,
Guindy Campus, Madras 600 025,

In the prasent work, the effect of spin on nuclear level
density parameter/1/ has been investigated, The shell corre-
ction 3s a function of angular momentum is calculated >y ext-
ending the thermodynamical method of V,5.,Ramamurthy et al,,

/2/ to rotating nuclei., Here we use the single particle levels
corresponding to the rotating nuclei (Cranked Oscillator Level
/3/) in the statistical formalism,

In this formalism, the angular momentum is directly obta-
ined from thz sum of the single particle angular momentum with
corresponding occcupation probabilities which are now different,
since the degeneracy with resprct to the projection quantum
number . is removed.

The single particle level density parameter & (M,T) as a
function of spin and temperature is given b

Y
2
aM,T) = §*(M,T) /4e*(M,T)-----(1)
where S is the*Fntropy and E 1is the excitation energy.,
E (M7T)—‘— E(M>T)—Eo - - = - - -'(2)
where E(M,T) and E_ are the total energy and t-e ground state

onergy of the nucl@us respectively,
The shall correction is calculated for a particular defor-
mation, as a function of spin using the relation.

st= £a(E M £ AEshell) - - - - = - (3

where A Eshall is the shell correction,

Fig.1. shows the single particle level density pafggeter as
a function of spin and temperature for the nuclei Dy . At
low temperatures, the effect of rotation in the single particle
level density parameter is very much pronounced and the shell

structure is predominant.

Fig.2. depicts the shell correction as a function of
spin, which show fluctuations giving rise to minima for
large angular momentum states, The minima may have some
connection with the back-bending found in the nucleus at
large angalar momentum
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RADIOACTIVE DECAY OF NB-91M

v.Lakshinarayana, S.Venkatarathnam, B.V.Thirumala Rao and
X.L.Narasimham, Laboratories of Nuclear Research, Andhra
University, Waltair and S.N.Chintalapudi, Variable Energy

Cyclotron Centre, Calcutta.

The latest information on the decay of NB-91m as fur-
nished in Nuclear Data Sheets indicates that the experi-
mental value of the total conversion coefficient of the
104,5 kev (1/2t-9/27) transition to be approximately 50 in
violent disagrement with the valuedof 171.1 expected for an
M4 transition. From the systematics of low energy states
o0f odd-mass nuclei in this region, the spin assignments
apgpsar to be in order. Therefore, in the present work, the
K-conversion coefficient of this transition is accurately
measured for the first time.

EAPERIMONTAL: The reaction Y-89 (alpha,2n) NB-91m, at the
alpha beam energy 20 MeV, was used to produce the 62-day
isomer at the V,E.C. Centre, Calcutta. Two targets of
natural Y303 (made by suspension in liquid paraffin and
pentrlﬁuging to stick ento a 3mg/cm“aluminised mylar foil),
each of thickness 1Omg/cm2, were used in the experimental
runs, [he half-life of NB-91m being 62 days, the spectra
~ere recorded using a 15% Ge(Li) (FdHM 2.1 keV at 1332kev),
10.; and 30 HpPGe detectors (FWHM 165 eV -:at 5.9keV) and
analysed (using the Canberra 80 and 88 analyser systems) to
identify the gamma rays belonging to NB-91m as well as
other activities produced (Y-90m and NB-92m) based on their
respective half-lives,

The decay scheme based on the identified X-ray and
gamma ray transitions is shown in Figure. The relative
intensities of the K X~-rays, 104.5 keV and 1204,7 keV
gamma rays were determined from the lPGe spectra, The
K X-ray peak in this case, however, includes contributions
from the N8 and the ZR K X-rays arising respectively from
internal conversion and electron capture. The relative
intensities of the ZR and NB K X-rays were determined from
the spectra recorded with the Si(Li) detector and this was
used to estimate the NB fraction from the composite K X-ray
line recorded with the HPGe detector.

RESULTS A4ND UISCUSSION: The relative intensities of the
extracted K X-ray and the 104.,5 keV transition were
employed to determine the K conversion coefficients of the
104,5 keV transition. an average of six experimental runs
vielded a vealue of oLy to be 114,5 (42) which is in dis-
agreement with the earlier experimental values. The pre-
sent value agrees gquite well with that expected for a

pure M4 transition (Hager and Seltzer3: 117.1 and
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25se1? et al : 118.2). From the present values of oy
(104.5) and the relative intensities and the previous
~onversion data, the isomeric and electron capture decay
sractions are extracted to be 97.6% and 2.4% respectively.
~ssuming that all electron capture leads to the formation
5 the 1204.7 keV state, the ratio of the 104.5 kev

gamna ray intensity to the total intensity of electron
capture is optained as 0,244 (6). On the-other hand, the
same retio, deduced from the ZR and NB K X-ray relative
intensities, yielded a value of 0.1l11 (3). This discre-

nt
cancy may eitner be a result of an unpusually large L
capture or a possible ground state feeding of electron
caprure,

The gamma ray transition probability of the 104.5 keV
yamma rav is determined from the present K g value and
relative intensities together with the earlier K/LM data.
This shows an enhancement by a factor of about 2 over the
Weisskopf estimate indicating a nearly pu:.e single parti-
cle excitation, consistent with the trends observed in
this region of nuclei.

1. P.Luksch, Nuclear Data Sheets 31 (1980) 181,
2. J. Ovida and P.Axel, Phys.Rev., 82 (1951) 332A
3. R.S.Hager and £.C. 3cltzer, Huclear Data Sheets

A4 (1963) 1
4. P. Rosel et al, atomic and Nuclear Data TIables 21
(1978) 931l.
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STUDY OF Jr-192 DECAY
D. Mehta, Surinder Singh, M.L. Garg, NirmalSingh,

Cheema and P,N, Trehan

Department of Physics Panjab University, Chandigarh 160014,

India.

The low lying levels of pt-192 and O0s-192 populated

in the

and EC decay of Ir-192 have been studied.,

The

relative gamma-ray intensities of 28 gamma-rays have been
precisely measured using a well calibrated 64.1 c.c. HPFGe

detector (FdiMi=1,7kev at 1.332 Mewv).

The present gamma-ray

intensities are in general agreement with the previous
reported values (1), However, the present intensity values

for weak cross-over gamm2 transitions at 624-,

784-,

and

92l-kev are found to be considerably lower than the earl-
ier measurements (1), Thls difference may be attributed to
large necessary summing corrections for these gamma-rays.,
It may be mentioned that intensity of 1201-kev gamma ray

is found to e a2lmost zero,

after applying summing corrections.,
Table 1: Relative intensities of gamma-rays in Ir-192

within the experimental errors

decay

Energy Present £id et al Energy Present Eid ecal

(kewv) (1) (kev) (1)
110.0(0g) 0,016(1) 0.011(4) 489,0(0s) 0,547(5) 0.49(5)
136.3(Pt) 0,307(10; 0.209(8) SBB8.6(Pt) 5.56(5) 5.47(9}
201.3{0s) C.578{10; G.62(2) 5%3.4(Pt) 0.052{(2) 0.0U43(7)
205,8(0s) 4.22(3) 3.93(7) 604.4(Pt) 10.,10(9) 10.35(18;
283,2(0g)  0,321(%) C.317(9) 612.4(Pt) 6.,61(E) 6.77(12)
206,0(Pt) 34,94(18) 34.81(66) 62i.,9(Ft) 0.030(2) 0.037(2)
308.,5(Pt) 35.81(20) 36.34(73) 703,.,6(0s) 0,0069(5) 0,006(2;
316.5(Pt) 100.0(%) 100 78432(Pt) 0,031(2) 0.02312)
328.9(0s) 0,019(2) 0,023(1) 885,5(pPt) 0,360(3) 0.366(c)
374.5(0s) 0.889(7) D.87(2) 904,5(0s8) 0,0044(5)0,0034110)
416.,4(Pt) 0,.,834(8) 0.,77(2) 920.8(Pt) 0.0027(7)0,0095(%2)
420.6(0s) 0,092(3) 0,078(4) 1061.5(Pt)0.067(2) 0.063(7)
468,1(Pt) 58,01(41) 58.24(97) 1090,3(Pt)0,.0012(2)0.0016B'5;
484,6{0s) 3,92(3) 3.62{(7) 1200.7(Pt)0.0002(3)0,002: 1}

Gamma-gammna directional correlation
in Pt~-192Z and 4
05192 using a 96 c.c. HPGe-90 c,c, HFGe
(energy resolution 1,7 kev at 1.332 Mev;

been done

for 9 cascades

measurements have
cascades in
detector set-up
time resclutiocn

«~ 7ns for Co-60 ganma cascade). The directicnal cnrrelal-
ion coefficlents from the present work have been further
used to deduce the mixing ratios for 201-,

transitions in 08-192 and 296-,
sitions in Pt-192 by the method described by Krane and

308-,

416-,

283-,

4B5.-}ev

60d-kev treorn-



Steffen(2).
0s-132 and 316-,

6¢

The 206- and 48%-kev gamma transitions in

468-~,

£89- and 61l2-kev gamma transitions

in Pt-192 were assumed to be pure E2 on the basis of ICC
measurements (3) .

Pable 2, Directicnal correlation measurements results
Cascade Spin Correlation coefficient Mixing ratio
(+) A22 Ad4 (o)
Pt-192
296-~---316 220 -.172+.004  ,339+.005 -
589----296 422 -.UN57.016 -.025%.006 6(296)=7.110.3
296
308<-x-316 3(22)0 .016%.004 -.022+.006
612----308 320 -.105¢.024 -.053%¥.035 ©5(308)=6.9+0.5
309----296 322 -.011+.006 -.025+.008
296
589--%-316 4(22)0 -.020+.031 =-.068+.045
468~="=-316 420 .106+.003 -.001+.005
468
4165232316 4(42)0 -.222#.041  .112+ 070 $(416)=2.941.0
604-=-=316 320 -.536+.004 =-,014+.005 §(604)=-1.2+0.1
0s=-192
283----206 220 .234+.102  .$64+.150 8(283)=-2.311'3
485----206 320 -,318+.006 -.075+.009 $(485)=-6.5+0.4
489----201 320 -,377%.057 .032%¥.076 8(201)=-4.11;-2}
.3

\ o+
The spin value of Zz

assigned to 1201 kev level by

£id et al (1) has been ruled cut and a 4% spin to this level
is reaffirmed on the basis of (i) absence of 1201-kev gamma
transition to ground state (4t--0%) (ii) 416-4£8316 kev
directional+corrflation results, which give imaginary wvalues
of § for 27(4¥2%)0* spin sequence.

Referenceg:

1., E, Eid and W.M. Stewart, 2P 320 (1983) 495,

2. K.5. Krane and R.M,., Steffen, Phys.Rev. C2 (1970) 724,

3. V.S. Shirley and J.M. Dairiki, Nuclear Data Sheets,
vVol.40, No.4, (1983} 454,
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DECAY OF 3S ISOMER OF 160H0

. Bhowmik}, A. Chakraborty?, S.K. Saha>, S.K. Basu®,

.

5, Sethi?

1. TIPR, 2, Chemistry Division, BARC 3. Radiochemistry
Division, BARC 4. VECC, BARC 5. SINP.

l. Introduction. lgﬁveral low lying isomeric states are
kKnown to exist in - Ho below 500 KeV. However, except
for the 5 hr. isomeric state, the assignments and decay
schemes for the rest are uncertain (1,2). The present
work is aimed at establishing the lowlying iscomeric

stateg in 16040,
160

2. Experimental. Ho was produced by (o ,3n) reaction
on Tb (imil). Four different energies : E_ =29,35,41 &

45 MeV were used in order to study the excitaticn funct-
ion. For the study of short-lived isomers the recoil
produé& ware transported te a distance of about 35 ft,
uging Gas Jet Recoll Transport technique, The activities
were collected on thin Al foils and were counted insitu
using a 30% HpCe &nd a LEPS detector. The data were re-
corded in the SMS mode on & Canberra series-88 MCA. 1In
& single cycle of data acguisition the target was bomb-
arded for 4 secs and after a cooling time of 1 sec,
elght 2K spectra =zach of 2 secs dwell time were recorded
in the singles mode, The same cycle is repeated several
times for adequate statistics, For longer lived lscmers
the accivities were collected for about & hr. and the
decay was then followed,

3. Resilts and discussions : Flg.l shows the decay
curves for Y -rays belonging to the 3 secs 160i0 isomer.
Besides, the 51,107 and 118 KeV ¥y -rays the KeXray of Ho
was also found to decay with a 3 sec, component confirm-
ing the 2 assignment. The isotoplic assignment has been
done on the basls of | -ray excitation function data,
Based on observed VY -ray energles, intensities and dedu-
ced multipolarities & decay scheme for the 3 sec, isomer
is proposed (£ig.l). This scheme %g in conformity with
the low lylng level structure of ®Ho and other neligh-
bouring odd-odd Ho lsotopes, as observed in recent in
beam Y-ray mecasurements, The 11 XeV transition placed
botween 118,4 KeV and 107.3 KeV gtates could not be
observed in our case &5 expected from lnternal convers-
ion considerations. wWe did not also cbserve any dilrect
trangition f£rcm the lsomer feeding any of low lying
states, The position of the isomer 1z, therefore,
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uncertain, However, an upper limit of 225 XeV is set
from X X-ra; intensity balance., aAs regards {9%) 1 hr.
icomer reported sarlier, our data do not confirm the
ezistence of such an isomer in 160Hc,

references:

1., Table of Isotores [7th edition) 926 {(1978)
2, HNucl. Jata sheets 46, 187 (198%5)

3. J.h. Pinston et.al, Physics Lett, 1378, 47 (1984) and
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CHanuDlL EFFECTS On FISSION FRAGMENT ANISOTROPIES -
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In & number of recent investigations of heavy ion indu-
ic-ion reactions, apparentily anomelous anguler distri-
ons have been measured, We have recently shown that these
due to @ fraection of the ficsion events taking place
the formation of the fully equilibrated compound

if thz composite sys%tem has & fission berrier
comparnazle to its tempersture., A memory of the ent-
wannel reection pleane is exhibited in these pree

rium fL””"?ﬂ eventa and from the analysis of the data
af @ZHJ- was deduced as the K esguilibration time
7 dm abundant przecguilipbrium figsion events and con-
redaction in the compound nucleus formatiom cress
ite standard wvalue, Given the significance of
qi@nﬂ on *he dynamics of heavy ion fusion reac-
i aubgequant Tormation of » compowund nucleus, an
weons of verif ing the volidity of the proposed
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reevoninm i of consideranle interest, For this purpose we
vave stoudied che eniraonce choannel dependence of the Tission

fragront anlsetropices, The enmpound nucleous chosen for tho
nreccent dnveotigotionsg ig 2409CF 2% an excitation encrgy of

L5 e, The croso ocecction for fusion and the partiel wave
dictributicns for the fforont enitrance chaonnels are colcul-
sred an the hoodios of the one dinsznaoionoal fusion barrier model
with o tunneling, For o coleulation nf the frogment onisotiropy
rnel cding preeoquilibrd on fisooion, twe additionagl considera-
sions ore relovent:s L thve range of entrance channel mogs=-
AL STy meiudc 1he Businsro-Gallone ridge, It is known

4] i more tnagrn the Buginarpe-
s Todon t.‘n@ el s] . CheTldy versuyg maso «—:ymmetry is
That the Gynston iven towards further mocs asymm=
srvo ng roass gyosmmatrie fisoien-like events can result
tonomosolte gouten anlite befare the formotion of the
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sound noclaeuws; this implive $that ne pro-equilibrium fission
g owill o orec it dn bhio eace,
the ¥ oouilibration tinme as deduced in pur garlier inveo-
igation refers 4o engular womgntum valucs in the range of 30
. Heowever, in thne presesnt 1mjestigation0, such osmaller

ty are inviolved, Therefore s somewhat

values of anaulosr cmomen
different eguilibzation time con be expected,

dith thece commonts in mnd, wo have ghwown in figure 1 the
colcylated anisolropizo g 8 fuﬂctlum of <the enmtrance chanmel
nas s gsynnoiry for two wvelues of the K eguilibration tinme,
Ixin=%*'y and 2xﬂ@°31 9. & otep like channe in the snisotzopy
st tmg Businarse=Gallone ridge dls clesrly sesn though the magre
itade of the step deponds on thoe=agsumed value of the K equi-

byatlron fime,

—
—



73

i mezssurznent of the fissicn fragment anisotropies for the
systems under investigstions here will therefore provide
unarmbiguous zxperimental support for the cccurence of pre-
equilibrium fission, While such a2 complete data does nat
exist at present, figure 1 alsoc shows three existing meas-
urements with He, C and U projectilss, though not at the
exact bormbarding snergies reguired, Although svidence for
the existence of a3 gstep liks behsvicur i1s already indicated,
there is a nzz2d for more measuremenis for the different sy~
atems suggestzd hare,
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50 #EY ALPHA PARTICLE INDULED NEUTRON PRODUCTION
REACTION 0N BE

Z.%en, 5.Sinha Aoy, A.Bose, B.Mitra, S.N,Llhangdar and

A.,K.,Chatterjee

Frhysicg Dept,, Bose Institute, Lalcutta.

imng Im this paper we describe an experiment in
nzutron production cross-section through{ of ,XT)
sczd by 50 eV alphs particle on Be is messured,
sen e s targgt bﬂc:uge the*e are VE’y fnw stud.
nzutron 2m

spettras of emitted mzoutrons we are inte

e Ty
conmaction of it with reaction mee

;onme ditect

in mind w2 have set-up our experiment uti-

oo i gl wesm provided by the Vardable Emergy Cyclot-

a o
PR - /
& o

g% Loloogtto,

particle induesed reaction where neutron
iern .o cenoidered, Y eray photons are also
ufindmu, For detecting neuwtrono in presence
730 od gonventiomal liquid scintillation pulse she-
iminction toe*wmigue to oSeparate newtrons from Y -ray

¥ -

tneos whiich ran totally
« Deom CUIILﬂt vuoed was
0t three @miagsion angles

o

ch@wn by the emi-=
ion angle the ap-

”ut:@n with

2Cpren

b}
’

Following Chiang and Yufner we try to emalyse our data
ne tae double differemtiol corose-cectiom inm the form

) <~ d . oo
- - . Gljl,guﬁ | oLfl.GLE

4 <

s aLt

tg single, double stc, scattering
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and the index C represaents the compound nucleus formation and
decay., fach term of the ahbove eqgqn. is factorized inta three

contributions

do¥ _ Ny, () A, (1, E, E)

JdN4E
where VY =1,2.....,C. This factorization is an assumption 2nd
for energies below 100 MeV its validity needs to be tested by
comparison with experiment, The numbere Ny give the number
of nucleons after single, double or compound decavy, The depe-
ndence of the corss-section on the angle and t= final energy
£ is containcod in ths funntions F which arec normalized accordim

e fa,ﬂ_d,E Fy ('ﬂ‘7E‘5E°> =

6; are the cross-sections forsingle, double and compound nucle-
us formation respectively., This crsss ssction in which a part-
icle m, with momentum P, enters a nucleus and strikss a particle
with a given momentum d;qtribugio? thus producipg a final
pgrticle me with m???mtum betwe.n P; and Pf'+ de‘ is given by
Kikuchi and Kawai
(P gy = T (md_c%_(fl) dsem (K, Ke) k! OLPL
p! Py P2 K

The momentum distribution is taken as

L

Ferrero et all{3) have deduced

the fre nucleon cross section in the CM system of
two cul.iding particles where K's are their momenta. We
nave used their expression for our alpha induced neutron
emission reaction, Uptill now we have considered only
single scattering and the results thus obtained will be
reported in the symposium,

1. H.C, Chiang and J. Hufner, tlucl. Phys. A 349,
(1990) 466-482, -

2. K.Xikuchi and M,Kawai, Nuclear Matter and Nuclear
Reactions, 19648,

3. A.ferrerg et al, Z,Physik A 293, 123-134 (1979),
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