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‘PREFACE

Although in gome previous yaar; the progress reporte on
Indian n@cleat data ectivities were not brought out separately,
the nuclear date releted work carried out im thees years can
still be dosseminated from the proceedings of the annusl Nuclear
Physics and Solid State Physice Sympoaia. and other.aympoaié
held p.rlodipnlly on related topics. From this yssr, we have
again started the practice of bringing out a separate progress
report of the Nuclear Date activities in the country, and the
present progrees report covers the period Jan,80=Junsg Bi.

Bulk of the nuclear data related work in the country is
being carried out et B,A.R.C. Trombasy and R.R.C. Kalpakkam. Tha
concsrned divisions end sections of thess resaearch centres were
requestod to submit contributions for this report ﬁf thelir
nuclear dota related work, both published and unpublished,
carried out during the above period, Howover,‘the nuclear data
contributions of the other institutions and universities were
taken from the proceedings of the nuclear physics and solid
state physics symposium held in Dec.80. [ hope this procedure
has not caussd omission from this report of eny other nuclear
date related work from these institutions end univereitiea. i
would like to one thie ;pportunity té extend invitation to all
the ressarchers in the country to alsc send their nuclear date
contributions seperately for inclusion in future progress reports,

irreepective of whether or not thess are submitted for publicstien
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in & journel or to symposia/conferences etc.
During the period 4=-5 Aug.1981, a workshop on Nuclear
‘data evaluation, processing and testing was held at Rgactor
Research Centre, Kelpakkam. As this period fells beyond ths
scope of this report, the contributions to the workshop eré
not included in tﬁe-bresent'progress report. But just to qgive
an idea of the scope of ths workshop, the topics which wsre
discussed were Evaluet;on of Meutron Nuclear Oata, Proca;sing
of Nuclear Date and Genetatién of Hﬁltigroup Constants, Nuclear
Data Validation and Testing through Anﬁlyses-of Integral Hesasure=
ments,etc. In order to give future directions to our nuclear
data related work, the workshop concludad‘with a panel discussion,
In this report, nuclear data activities are pressnted
- acecording to aubjagt. Only those nuclsar physics activitiéa
‘are included which have a direct relationship with nuclear date.
For example, charged particle induced nuclear reactions of
- importancs for understanding nuclear structure or nuclear reaction
nachaniém are not covered in- the report. As the procesdings of
the ennusl nuclear physics and solid state phyefca symposia give
-tull coverags of ﬁha nuclear physics activities in the countiy,
this report is linites to the compilation of nuclear data rolaied '

ectivitiee only,

- (s.S. Kapoor)
- Convener :
Indian Nuclear Date Group.
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~Xs NUCLEAR FISSIONM

Tt Multiparameter Study of the Long Range Alpha Particles
’ emltted in the Thermal Neutron Induced Fission of 235ga,

ReKo Choudhury, $.5. Kapoor, D.,M, Nadkarni and P.N. Rama Rao

The correlations between the verious paraﬁaters in the
thermal neutron induced fission ef 2350 accompanied by long
range ef particlqs'(LRA) have been measured employing a back=
to»babk gr;ddad ionization chamber. Semiconductor detectors
were placed symmetricelly along the éléctric field diraction
of the chamber behind the thin windows of the qollector platas
for the measurement of the LRA energies. A distinguishing
feature of the present method ie tﬁat the engle between the
fission fragmoﬁta .ﬁd the electric field diréctinn (hence the
direction of of =particle emission) is also detlerm.lnad electro-

. nically.by the analysis of the coincident collector and grid
pulses of the ionization cﬁamber. About 5 x 103 LRA accompaniéd‘
fission events and ebout 2 x 106 binary’fiasion events were ree
corded and enalyzed to obtain a number of correlations of interest
between tha‘fragment mass, total kinetic energy, LRA energy and"
fragment LRA angle. These experimental results give soms insight

into the emission mechenism of ths LRA.

®published in Nucl: Phys. A 346 (1980) 473-496.

-1-



1.2 Hfultiperameter Study of 1H, 3H and aHa o
in Faet Neutron Induced Fission of 235y ,

S.C.L. Sharma , G.K. Mehta , R.K. Choudhury®,
D.A. Madkarni* and §.5. Kspoor*.

The emission propabillties_pe; fission of qf;partlclae..
tritonq and protons have beaﬁ measured in fast neutron in-'
duced Fission of 235U. Tho:measﬁramento were carried ouf
at neutron energies of 120, 180, 230,aﬁd;500 keVe A AE=E
pemiconductor detector tolascbpo was ueed to identify diffarent
llghﬁ charged particles undhflasion fragments were detescted
uith_nn ionization cham;.r. The three paramstar date corress
ponding ;6 the pulse heighte from AE-E detector§ and the ion=
chamber were recorded event by event on magnetic tape and
were nnalypad off-line by computsr. No oignifiqent variation
in the most probeble energy (!) end the stendard dqviayion
( O_E) of the energy spectra of different light charged particles
with incident nautron energy was obesrved, slthough T wae seen
to heve s slightly higher valus'beyondltn-0230 keV. The yield
of e{ =particles in fission induced by neutrons of Enav 200 keV
was found té be higher by sbout 20% then that in thermal nautron
induced fission, The yielde of tritons and'ptoton. werae found

to increese significantly with neutron enargy.

*published in Nuclear Physics A 355 (1981) 13-24.

*Physics Depertaent, IIT, Kanpur.

*Nucloer Physics Divieion, BARC, Trombay,Bombay.
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I.3 '~ Macroscopic Systematics of Nuclear Level
Densities.®

S5.K. Kataria and V.S. Ramamurthy
Nuclear Physics Division
Bhabha Atomic Ressarch Centre
Trombay, Bombay-400 085
India.
In & number of recently\prOpOSed semi-empirical nuclsar
- level density formulse, a macroscopic—m;croscopic approach
similar to that used in nuclear potential energy calculatipns
has been sUcce#sfully used, While the underlying macroscopic
part in these formulge is the well~known Bethe expression, these
formulge differ in the treatment of the miﬁroscopic part, namely
the shell énd pairing effect. In the present work, we have
carfied out avstudy of the ﬁacroscopic features of the nuclear
level densities an the basis of the independent-particle modsel
of the nucleus. It was found that even after £ak1ng into account
shell and pa#ring-effacts, large daeviations from the predictions
of the Batha'expresﬁion with a level density paramater‘a'smoothly
depandéntion the mass number (a ==cfA) are present. In particuler,
the level density parameter‘a'uas fouhd to‘be strongly depanpant‘
on the lest nucleon separation ensrgies. A simple parametrisation
of'a’including its dependence on the separation energies is proposed.
Thé experimental data on the nesutron resonance spacings of spherical
nuclei have baan énalysad on the basis of this parametrisation. It
is shown that the predicted isospin dqpéndence of ‘a’ 18 consistent
with the evailable experimentsl data. The deformation dependence -

of'a’ is also discussed.

<

" epublished in Nucl. Phys. A349 (1980) 10-28.
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I.4 Analysis of prompt neutron anisotropies
in _thermal neutron fission of 235y+,

Rekha Govil and R.K. Choudhury
Nuclear Physics Division
Bhabha Atomic Research Centrs
Trombay, Bombay&40008$.

The analysis of experimental reéults on prompt neutron ani-
sotropy have led to the conclusion that a small fraction of the
total number of neutrons is emitted isotropically, prior £o>tﬁe
full acéeleration of the fission fragments. In this work prompt
neutzon anieotropias have been calculated as a function of total
fragment kinetic ensrgy Ek invtha thermal neutron induced fission
of 235U.. Theee cealculetions are made on the basis of evsporatlion
of the neutrons from fully accelsrated fragments. These results,
when comparsed ulthravailable.experimental prompt neutron aniso-
tropics, are found to be larger at higher E . This discrepancy
' can be attributed to the emission of an isotropic or less aniso=
tropic component of prompt neutrons ﬁtibr"to the full acceleration
of tha fragmente. Assuming tﬁat the discrépancy_ia dus to the
Isaiaaidn of isotropic component of prompt nautrgna during the
| descent of ths conpouﬁd nucleus from saddle to scission, the frace-
tion of theee isotropic meutrons is deducad., Although this frac-
“tion imcreases with'tk. the absolute numper of these neutrons

[

1ts'16.nonetant (~ 0.3) with E .

age prescission excitation energy of the fissioning nucleus is

This suggest that the aver~

constant with Ek' Alsoc, for ar average 'UL‘ of 0.3, fhe time
between saddle to scission should be of the order of 10-19 sec,
Such a long time implies that the motion of the conpbund.nucleus

between seddle and sciseion is quite slow and viscous.

~ *published in J. Phys. G: Nucl. Phys. 7 (1981) 59-63,



1,5 INVESTIGATION ON FISSION FRAGMENT ANGULAR MOMENTUM IN LOW
ENERGY ACT INIDE FISH5ION

T. Datta, S.P, Dange, 4.G.C., Nair, Satya Prakash and
M.V, Ramaniah

Radioohemyistry Divie ion,

Ehatha Atomic Research Centre, Trombay, Bombay-400 085, India

Studiea on fission fragment angular momentum yield useful
information about the scission configuration. The existence of high
angular momentum of fregments has been interpreted in texrms of strong
coulombic interaction between the fragment for non-linear scission
configurat;on or benairr.g mode oscillation. Acpondingly, the fragmen‘lé
angular momentum might depend on ite deformation, mode of charge split

and bending mode amplitude.

With the aim to investigate the above correlation, engular
momenta of fragments corresponding to P ana 1321 1n B3y (n, £)
and of '17cd and 1041 tn 29%t (s£) have been estimated from the redioe.
chemicelly determined independent isomeric yield ratios of these fission
products using the statistical model formalism of Vandenbosch and
Huizenga. Table-1 shows the data on the yield ratio and anguler momenta

values .

In _2530 (n, £), it was shown that for given neﬁtmn mumber around
mass 130—132, the angular momentum value decreases with increeasing
proton rumber away from magic rumber 50 which could be due to defoxmed
shell effect. In 25%¢ (st), comparison of the data with the 1itereture

date on other fission products shows that there is no correlation

-5-



between fragment angﬁlar momenta and prompt neutron number since
angular momentum depends on sciss“ion roint deformation while prompt
neutron rumber depends on difference between fragment formation at
scission point and at ground state. However for given fragment mass
when ground state deformation is ﬁvar:lant, prompt neutron numbsy
‘con-elates with angular momentum. The plot of angular momentsa as a
function of fragment proton rumber was seen to be inversely related

to isotopic yigla diﬂtribution 8ince higher engular momentum indicate
largeyr rotation in direction perpendicular to fission axis reducing thé
available enoxrgy and .}lxence lowering the yield. Part of this work

hae been accepted for publication in Physiocal Review C.

Fissioning Fission ‘ . RO
system | product Tu'/(fn* + Yg*) Angul?::'ﬁldgmnta
| 95“‘.’_ 0.248 + 0,029 635 * ZS?
253y (n, t) | |
"
- 52y 0.268 + 0.084 5¢7 4 102
"oa 0.T10 + 0.036 562 £ 1.0
232c¢ (e2) | ’
) 1344 0.548 + 0,020 115 + 1.1
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I.6 CHARGE DISTRIBUTION IN THE SPONTANEOUS FISSION OF Cf:

39

Determination of fractiomal cumulative yields of 3 8Xe and ! Cs.

A. Ramaswami, B.K. Srivastava, S.B. Manchar, Satya. Prakash and
M.V. Ramaniah

Radiochemistry Division, N
Bhatha Atomic Research Centre, Trombay, Bombay-400 085, India

%s in

The fractional cumilative yields (F.C.Y.) of 138 and 3
the spontaneous fission of 27°Cf have been determined using redio-
chemical separation and direct gamma-ray counting of the irradiated
catcher foil on 60 c.c. Ge(Li) coupled to a 4K amalyser. The fractiomal
cumlative yields were calculated from the gfowfh and decay of the

138 1398, respectively. The values of fractional

138

daughter products Ce and

cumlative yfelds are 0.85 + 0.05 and 0.977 & 0.006 for > e and '>°Cs
respectively. These values conéspon& to a width ( o~ ) of 0.60. This
is eimilar to trend observed in the thermal neutron induced fission of
23 50,0’ value being lowest for m2ss chain 136 .and increases as the mass
approaches to 140. This variation in g~ is attributed to shellv effects

which lowers the width of the charge distribution around mass 136.



1.7 CHARGE DISTRIBUTION IN 2%%Cn (n, f) SYSTEM

T. Datta, S.P. Dange, 4.G.C. HNair, VS.B. Manohar, Satya Prakash apd
‘M.V. Ramaniah '

Rediochemistry Division,
Bhabha Atomio Research Centre, Trombday, _Bombay=400 085, India

In view of the observation of 82 = neutron shell effect on width

| (@) of charge distribution in o given isobaric mass chaein around mase
region 132-136 in 25y (nys ) elsewhere amd 29%f (s, ) tn this
hboratory; fractions) oumulative yieldé of B 51 an 1403& in 2450m (n, £)
syaten hav:e been dotermined. Ths yield values were determined from direct
ocounting of the daughter product activities pértaining to 51 and "B on

& 60 0.0, Ge(Li) detector coupled to a 4K nnalyae;' as a funotion of time.
The paramster o~ ves determined for mass chain 135 & 140. From the
observed yield velues and_;ming the most probable ohaxge (Zp) oalculated

agcording 'éo the equation

ZF

2p » Al : 0945

4

where A' is fragnen‘_t mass, Zp and Ay are fission miolides charge end mase
xoepeotively. It was observed that @ value for 135 mass ohain was low

(~ 0.45) while that of 140 mass ohain (~ 0.75) are high compared to normally
expected value 0.56 + 0.06 analogous to obaeﬁration in other fissioning
oystema. This confimmed the exigtence of the influence of shell effect on
mess chein 135 and of moleon-pairing and/ox absence of shell effect on
mess ohain 140. It was further shown that there could be & correlation
etween the fraotional cumalstive yield ani neutron to proton ratio of the

fiseioning system. Thie work has been published in Phyeiosl Review C 21,

1411, (1980).



1.8  MASS DISTRIBUTION IN THE THERMAL NEUTRON INDUCED FISSION OF 229Th

Rede Singh, S.Se. Ratta.n’ A.V.R. Reddy, C.R. Ven.ka-tasubrama-ni,
A. Ramaswami, Satya Prakash and M.V. Ramanigh

Radiochemistry Division,

Bhabha Atomic Research Centre, Trombay, Bombayu400 085, India

Mass yields distribution in thermal‘neutrbn induced fission of 229Th
have been studied uéing direct gamma spectrometric and radiochemical
techniques. The mass yields have been determined by comparison method
relative to those of 297U (n,, f}. The yield values determined in this
work differ significantly from the earlier reported values for most of the

229

masses. The mass distribution in “““/Th (nth’ f) is predominantly asymmetrie
though there exists a small but significant peak corresponding to the
symmetric mass division (Fige 1)« The average mass for the light and

heavy fission products are 88.5 and 139.5 respectively and esymmetric

peak to symmetric peaks ratio is 250. The existence of the symmetric

peak has been Qualitatively explained on the basis of the difference in

~ the symmétrio and asymmetric outer fission barrier heights and on the width

of the mass distribufion.

w0'

B

FIS5108 YIELD (%)
S,

® - Complomaniary lission

bteducl.
.o"L—A———-A._-L 4 4 "

10 o Wo 130 130
FISSI0ON PRODUCT MASS

01651 THE MABS DISTRIBUTION IN THE THERMAL NEUTRUN
_ INDUCED F1SSiuN OF 22914
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1.9 _ABSOLUTE FISSION YIELDS IN THE NSUTRON INDUCED FISSION QF
AC’g_II\IIDLS USIIG TRAC K-ETCH CUIL GAMlA RAY SEECTROLLIRY

R.H. IYER, A. RAMASVAIMI, V. NMATARAJAN, R. SAMBATKUMAR
B.K. SRIVASTAVA and N.K. CHAUDHURL
Radiochemistry Division
Bhatha Atomic Research Centre
Trombay, Bombay 400. 085.

As part of a long range program of work on nuclear data measurements
in the neutron fission of actinide isotopes, we have evolved a new
approach to absolute fission yield measurements, particularly suitable for
short-1ived fission products, which are very important from the point of
view of decay heat calculations and which are not easily amenable to meas-
urements by other currently available techniques. The absolute yields of
& number of long lived (t 3 51 hr) and short-lived (t% a few min) products

imluding some gaseous fission products are reported for ths neutron
1nduced fission of 232’1‘11 2330 235 239Pu 2450m(1 .4)

The merit amd novelty of the present technique lie in the fact that -
it elimimtes the need for the measurement of neutron fhux, ¢ » fission
oross seotion,¥ , and the exact number of target atoms, n, thereby elimina-
ting the errors associated with these measurements and gives very accurate
values of the number of fissions. The total number of fissions, F(total),
occuring in the target is determined directly with a high degree of accuracy
(+2%) by recording in a ‘mica track detector the number of fissions oocuring
in a small but representative sample of a solution of the target containing
a mica strip and irradiated simultaneously under the same irradiation
environment. F(total) is glven by the expression

Td
F(total) = (n6¢t) = K . xC

where Td is the fiesion track density (‘#/cmz) ’ Kw ot is a constant (dimsnsion
om) which may be identified as track registration efficiency in solution,

' -10-



'C' is the concentration of the solution (g/cma) and, t, is the irradia-
tion time. The accuracy of F (total) will depend mainly on tle accura-
cy of the K

wet
pendent techniques in this laboratory s (i) direct comparison with the

value, which has been determined rigorously by itwo inde=-

number of fissions in a thin target-detector assembly, (ii) by accurate
measuwrement of thermal neutron flux. The present method requires the
scanning of a small representative area of the detector thereby ensuring

better accuracy and ease of evaluation.

The fission product atoms formed in the target are determined by
direct gamma ray spectrometry using a 60 CC Ge(Ii) coupled to a 4K amly-
ser. The system has been calibrated using standard calitwrated gamma souwrces
and the calitration accuracy has been checked to be within +2%5. For short
‘irradiations, ( 30 secs) the pneumatic carrier facility in CIRUS reactor
was used, The fission product gamma spectra of the irradiated sample were
recorded on magretic tape for two minutes interwals amd were aralysed later,

This technique will enable us to determine an exhaustive set of abso-
lute yield values for the fission of actinides. Some recént data on the
thermal neutron fission of 2450111 are given in Table 1.

References
i. R.H IYER R¢ SAMPATHKUMAR and N.K. CHAUDHURI, Mucl. Instr. Methods,

115, 23 (1974)

2. A. RAMASWAMI, V. MTARAJAN, B.K. SRIVASTAVA, R. SAMPATHKUMAR, N.K.
CHAUDHURI and R.H. IYER, J. Inorxg. Nucl. Chem. 41, 1531 (1979).

3, A. RAMASVAMI, V. NATARAJAN and R.H. IYER, J. Inorg: Nucl. Chem. 42,
1213 (1980) - : :

4. A. RAVASVANI, V. MTARAJAN, B.K. SRIVASTAVA and R.H. IVER, J. Inorg.
Nacl. Chem. (In press).
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Table - 1

Absolute Yields of fission mroducts from Thermal neutron

induced fission of 2450m

Gamra ~-ray Gamna -ray Determined Yield
S.Noe Maclide T, erergy intensity (%)
< (Kev) (%)
1 Ns ' 1 '

. x 9.48 H  1024.3 3345 0.98 + 0.03%
2. P5r 271 H 1383.9 90 1.28 + 0.10-
3, Tze 170 B 743.4  97.96 . 2.40 + 0.05
4. %  66.6 H  140.5 . 90,7 4.05 + 0,02
5, Oy 4.4 H  724.3 48.0  6.39 + 0,06
6. Bmy 354 H 3189 - 19.2  5.89 + 0.06
7. 8.05 D  364.5 82.5 2,76 + 0,04
8,  19%pe 3.28D  228.3 88.2 3.79 + 0.03
9, 1301 20.86 H  530.0 87.3 5.28 + 0.04

10, P 945 H  249.8 90 6.45 + 0,06

11, P%s 322 M 1435.9 763 5.90 + 0.10

12, %, 2.8 D. 537.6 24,4 5.41 + 0,06

13, Y2 933 M 641.3 52.5 4:59 + 0.15

14. e 327 H  293.3 43.4 . 4,28 + 0,04
M - minmutes H - hours D - days

. % Statistical error

I.%0 FISSION YIELDS OF LONG LIVED

NEUTRON FISSION OF 24Tpy

S.A. Chitembar, S.N. Acharya, H.C. Jain and C.K. Mathews

Radiochemiatry Division,
Bhabha Atomic Research Centre, Trombay, Bombay-400 085, Indie

Fission yields for 24 mass mumbers have been determined using mass

speotrometry and the data is ocompared with literature data (Refer Table 1).

References _
3o Proo. of the Nolear Chemistry amd Radiochemistry Symposium, Andhza

University, Waltair, P 142-147 (1980).
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TABLE-1

Fisaibn Yields in Thermal Neutron Fission of

Pu

Present

1.16

Maclide Furrar Lisman Compilation by
work et al et al R.,A.C, Crouch Rider and
(1980) 1970 1970 Meelk
. Ref.5 Ref.5 1978
| ‘Ref.14
s 0.954% - 0.950  0.954 1,021
Dy 1.48+50,024 = 1,53 1.49 1.574
Nay 1.82040,024 - 1,82 1,79 1.69
Rzp 2,25040,023 - 2,23 2.23 2.392
Pzr 2.90% - 2,90  2.90 3,086
iy 3.28040,046 = 5,35 3,30 3.543
Pio 4.01% - 3,92 4.01 4.072
%2 4.2640,060 = 4.33  4.33 4.619
- IMyo 5.1140,10 = 4.7 4.81 4.85
o 5.2440,10 = - - 5.14
100y, 7.1310,10 = - - 6.12
107y 5,94 % - 5.94  5.94 6.004
102, ' 6.5310.10 = 6.32  6.32 6.369
104p,, 7.15£0.,10 = 6.80  6.80 6.87
133¢cq 6.46% 6.56  6.T1  6.46 6.768
e 6.38:0.04 6.62 6,60  6.49 6.863
140¢4 5.7730.05 5.78  5.86  5.82 6.167
14264 4.7440.04 4.70  4.80  4.78 5403
W 4.43:0.04 4.44  4.48  4.42 4.703
1440o, 00 4.2240.04 4.07  4.13  4.09 4.33
145 3,180,035 3.16  3.19  3.14 3.342
146y, 2.67+0.02 2.68  2.68  2.66 2,861
148y 1,88% 1.91 . 1.89  1.08 1.987
150y 1,1740.02 1.24  1.16 1,248

. Refurence nuclide
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1.11 Study of LRA Emission in keV Neutron
Fission of 499y,

' S§.C.L. Sharma and G.K. Mehta
IoleTo, Kanpur-208016.

Previous measurements have indicated an iﬁcreasaiin i
the yield of long=range alphas-particle§ (tﬁA) emitted from
235u fission at neutron énergies arodnd En = 200 keV. These v
meaaurameﬁta were carried out atifew neytron_ensrgieé (two to
three energy points) in the range frﬁm 120 kev‘to 500 kev having
large ensrgy spreads in them. To sea”the variation‘of LRA yileld
with nautron energy more explicitly, the LRA accompanied fission
of 235U induced by keV neutrons has been studiad in detail using -
a cellulose nitrate track detector. The measurements havs been
carried out at neutron energiesj thermal, 125+12, 155111, 185+10,-
21049, 240;9, 365+50 and 480+45 keV, Results show en increase
of about SD% in the LRA yleld at neutron energiels 150 ke\l$£ﬂ Y
220 keV as compared to that of thermal neutrons. At higher neu=
tron energles (E > 220 keV) the yield decreasas and tends towards ’
the thermal value. The LRA energy distzibution parameters (average

energy and width) do not show significant variation with the inci=-

dent neutron energy.
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I.12 Characteristics of Fragment Mass Oistributions
in Bimary and Ternary fission of <991 Induced
by Thermal Neutraons.

D.M, Nadkarni, R.K. Choudhury, S.S5.Kapoor
and P.N, Rama Rao
Bhabha Atomic Research Centre, Trombay, Bombay-400085.

Measurements of varicus parameters such as fragment mass,
energy, LRA energy and angle have been made for the case of
thermal neutron induced ternary fission of 235U employing a
back-to-back gridded ioniZatiqn chamber and semiconductor de=-
tectors. The details of the experimental method and analysis
have been described elseuhere1). In the present work ternary
fission fradment mass distribution has been determined explicitly
incorporating,the récqil correction due to the alpha particle
emissionﬁ When this distribution is compared with binary frag-
~ ment mass distribution, a shift mainly of the light fragment
peak was observed. Prominent fine structures in the mass dis~
tribution havs been observed in ternary fission corregponding
to events with very large single fragment kinetic enefgy and
these are cohpared with that in binary cass. A compariaoﬁ pf
the depsndence of the most probable fragment kinetic energy <Ek>’
and the standard deviation(Y-Ek on ﬁhe fragment mass in binary
and t;rnary fisgsion shows that significantly higher G-Ek are
observed in ternary fission for fragment masses near ”H'J 130 smu,

Theée observations are discussed in terms of LRA emission pro-

babily P, and its dependence on fragment mass,

1« R.K., Choudhury, S.S5. Kapoor, D.M. Nadgarni and P.N. Rama Rso,

Nucl. Instr. & Meth. 164, 323 (1979).
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1.3 A _Simple Statistical Model for Prompt
Mass Distribution in Fission

Harashit fajumdar
Seha Institute of Nuclear Physics
Calcutta 700009

and

Aparesh Chattaer jes
Physics Department, Calcutta University
Calcutta 700 009.

A atructure-aeneitive‘statistical saddle-scission
point model (SSP) has been developed and utilised to siudy
the prompt mass distributions. This model specifically takes
into account the effects of structure fluctustions end deforma=
tions end the influence of excitation on these factors. A
phese~-space analysis for the fission decay process is carried
out assuming the principle of deta;led balance. Utllieiﬁg a
recently studied deformation depsndent interaction potential
acting bstween two complex nuclei for berrier penetrability
celculation, we have represented ths fragment yleld by a produgt
of three quaentitiess the product level density of tha'conjugata
fregments, the barrier psnetrability and the fragment charge
yield probability, Fragment excitations and the total kinetic
energies.havo been evaluated from SSP model. The statistical
levgi density parameters, with excitation dependence, are tékan

X . 239
from our recent study. Predictions for 235

nd 252

U (ngpef)s TPulng7)

@ Cf(éaf) agree well with the experimental data.

1. H. Majumdar and A. Chatter jee, Lett.Al Nuovo Cim. 26, 519

{1979).
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1.14 Mass and Charge Distribution in Quasie
Fission Reactions.

M. Rajésekaran and V. Devanathan
Department of Nuclear Physics
University of Madras, Madras 600 025,

The mass and charge distribution in quasi-tission
reactiong have been obtaiﬁed using nuclear level density
caiculations which have already been successfully employed
to obtain the mass distribution in the fissioning of heavy
nuclei. The the?retiCBl yield curves compare well with
experimental anee. The phenomena of sequential fission and
ternary fission have algo been déalt with, Some of the systems

for which the mass yield have been calculated are 84Kr + 238U,

Opr.y 228y, By | 20%4 ang 12%%e & 197,

258
1.15 Mass-and Charqe-Yield Distributions of =104

R. Aroumougame and Raj K., Gupta
Physics Department, Panjab University
Chandigarh 160014,

Element 104 has been of large experimental interest

5 208
recently. It is found that whereas UTi + Pb give

measurable fusiqn cross~sections, 84Kr + 1745: give rise

to a completely new phenomenon of projectile = like fragments.
In this papesr, ue.present our calculations for both the mass =
and charge-yield diétributions of 258904 using the fragmentation
theory. Our praliminary’cgiCUlations show that the yield of

50T1 + 208Pb products is much larger éompared to that for ‘

84Kr + 174Er products.
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I,16 Polar Emission in the Neutron Induced
Fission of 235U,

AsKe Sinha, M.M, Sharma, S.C.L.Sharma,
G.Ko Mehta, I.]l.T. Kanpur and
D.M. Nadkarni, B.A.R.C.
Bombay. '

Expefimental data on Polar-Emission in light-chargede
particle (LCP) accompanied fission is very limited and entirely
confined to. thermal neutron fission. A new geomstry has been
used consisting of two lonization chambers with collimators in
betueen to measure simultanecusly the equatorial and theo polar
particles emitted in the fission procass. A sémiconductor AE=E
- daetector telescope is used for pérticlelidentification° The
polar and equatorial particle emission is studied for 235U fiesiaon
et 500 kel nautron encrgy and thermal energy. The ratio of polar

to equatorial yield shows a significent increase in the fast neutron

fission as compared to that in the thermal neutron fission,
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11,1

II. NEUTRON CROSS=~SECTIONS

Calculation of & (naxn)x= 2.3.4 taking into account Pre-

equilibrium emission for medium and heavy nuclei upto 28 MeV:
R.P. Anend, M.L. Jhingan*, S.K. Gupta and M.K. Mehta,
Nuclear Physics Division, Bhabha Atomic Research Centre,
Bombay 400085.

* Member of T.I.F.R., Colaba, Bombay 400085.

INTRODUCTION: In our previousl) calculations of (n,2n)"

and (n,Sn) cross-sections all non-equilibrium effects were pre-

sumed to be accounted by an empirical factor. The celculations
252np ang 228

gles it deviated significantly and systematically from the expe-
. Q °

for U agreed well upto 15 MeV while at higher ener-

- rimental data due to the inadequacy of theempirical factor. In

the present work we have overcome this shortcoming by conside-
ring the pre-equilibrium effects in the emission of first
particle. ©Subsequent particle emissions are celculated according
to the statistical model only. ZEmission of protons is also
considered but only in the pre-~ecuilibrium part.

METHOD: The general expression for (n,xn) cross-section

may be written as - Lo
gin xn) of,,j?,(e.)fg‘(e,,el .- --f)e (€82 ex_)icl"PJc)&Lé:,C{,Qg“o{Gx @

For nonfissile nuclei 674~= 62\(@}) and for fissile nuclei
e {((EK) ~65(E). T (&) 1is the probebility that the first
particle is emitted with energy ‘between €, and Cg\.+d_€‘)

end is given by

Pley= otj—’PEce) (- g)”é, S CEN. §CER-E) D
( _

& f EPKWW(G)ﬁCE €)de,
here the first term is due to pre—eQuilibrium and is given by

ALfpeE) _ szm)me,. oo (€ UvR 2
Hrn- e (Phine o
n= ‘
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where the symbols have the usual meaning. 3;=A/13 Mev
5@w(50. are taken from reaction cross-sections based on
Wilmore-Hodgson optical potential. The squared Matrix ele-
ment (hqll is adopted from Kalbach?) where it is given as a
function of excitation energy‘?ervexcitonxz?/ma.

The second term in eq,(2) represents the equilibrium
part. &  represents the .tatal ‘pre~equilibrium component.
“wAfter the emission of first neutron, the second one is emitted
with an energy between €, and (€1}wLG1) with a probability

7%J(6U61>6Lgland similarly for subsequent neutrons.

The level density at energy £ is given as fCE) o

exp CALICE) where ‘@’  1is the Pearlstein level density para-
meter3 and it is lower by a factor of 2.7 for each nucleus from
that of Gilbert and Cameron4). The effect of neglecting gamma
emission, particularly near the threshold, is compensated by
using the apparent level density parameter given by Pearlstein.
A computer code has been developed for (n,mn), &= 2,3,4 cross-
sections. Calculations have been performed using this code from
threshold to 28 MeV for 13 nuclei viz. 09y, %zr, Pwv, '%gn,

107y, 1515, 1690y, 1751y, V8lps, 1971p, 197450 203py opg 209,

2
232 2"58U the cross~sections are *
e

? 9

9 v

For two fissionable nuclei Th and
celculated upto 20 MeV. 'The values of |M/
inereased twofold to obtain a satisfactory agreement with the
measured data, The calculations agree well with the recent

given in ref.2) were

measurements within 10-15%,

Conclusion s . The effect of pre-equilibrium emission plays
an important role to calculate (ngoen) cross-sections above 15 MeV.
‘A further application of this work will be in predicting reliably
(nﬁmn) cross—sections for unstable nuclei whére measurements are

nci possible,
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11,2 Diéb{ggement Cross Se£§;§§f‘
C.P. Reddy and S.M. Lee |
Reactor Research Centre, Kalpakksm 603 102
: Tamil Nadu.

Radiation damaga is one of the maJor considaretione in
the design of any component which resides in thp fadiation
field. In orde; to asaeaa-thé radiatibn demage, we raqﬁir;
diaplacemsnt cross'aactions. Tﬁers are variousyaodola to cal=
culate displacomeht cross sections. Ue have chosen Térrcnoo
Robinson-Norgaﬁt"’ (TRN) model to calculate damage anaé9y 7

crosssection given by

Tenax : L ' '
8‘ ~[2. dT ( 0 ) fhlmmaq {1'75

where

cr’ (EJ = The damage energy cross section ss a function

MQYQ

dai (e
aT

of neutron snérgy € for the ith raeaction typa.
= The heayy-ion prinary recoil spectrum for the
raact;on type ac a function of recoil onotoy T

of tha neutzong 6f enezgy E.
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“T;Qmoae = That fraction of the energy T which will preduce
furthar nuclaar digplacemanta and
-TZi = ?he'effective tﬁreshcld enargy.
We have taken only the elastic scattering cross section into
eccount as this is thq.majot cqntributot. We also assumed that
alastic 25 group cross sections are iaottopiﬁ. The 25 group cross
sections are taken from SETR<version 2 cross section set, The

values generated by us agree quite well with the othser published

valugs. The dotails are given in Ref.2.
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i1.3 A STATISTICAL-PREEQUILIBiIUM MODEL BASED AVALYSIS OF (n, 2n) &ND

(n, 3n) CROS3-SECTINS OF 23 238U*

2
Th &D

by
dmar Sinha & S.B. Garg

Bhabha Atomic Research Centre
Trombay, Bombay - 4LOO 085

An analysis has been carried out of (n, 2n) and (n, 3n) cross-sec-
tions of “°Th and 238U in the energy range. 9,0 MeV to 20.0 MeV using
the framework of preequilibrium snd statistical models. Cherged particle
emission in these nuclides has been ignored since it will be minimal due.
to coulamb potential barrier. The interaction matrix constant and the
energy shift factors hav;e been evaluated to reproduce clo‘se]y the measured
El] and calculated {(n, 2n) cmss.seétims. ‘In these analyses the inverse
cross-sections have been calculated through & rigorous Search of optiéal

- model parameters; the nonelastic crdss-secti.on has been obteined by taking
into account the direct collective inelastic scattering and shape elastic
cross-sections via deformed optical model; the effect of spin forbiddenness
and campetition between {—ray end neutron anission processes near the re-
action thresholds has been approximaf.ely ac;:ounted by including the energy
shift factors; and the recommerded level dedsity .parametaers and pairing
energy corrections of target end fesidual nuclei have been used, | The mathe-
matical médel EZ,’J,L] and the extracted parameters can be adopted for the

prediction of these cross-sections in the actinide region.

* Paper Communicated for publication to the journal of Atamkemenergle.
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by

4dmar Sinha and 8B, Garg
Bhabha Atomic Research Centre

Troubay, -‘B_cmbaw - LOO 085

Ene?@r dependence of the local optical model potential has been
determined for za&l‘h by correctly reproducing the measured neutron
total, elastic and differential elastic scattering cross-sections.
level width fluctuation corrections have b een applied in the low
energy region. The evaluated pot.entfial pax;axnete:*'s have been used to
yield th§ discrete and continuum level excitation, elastic and inelas-

tic cross-sections upto <0 MeV,

@ ,
Paper presented at Nucl, Phys. & Solid $t.. Phys. Sympy IIT,

Dalhi (1980)
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I1.5 (QUPIED CHANNEL CALCULATIONS OF NEUTR(N REACTIN CROSS-SECTIGNS
| Fos, 238w '
by
S.B. Garg and Mar Sinha

Bhabha Atomic Research Centre
Trombay, Banbay - 400 085

Coupled channel calculatimé‘ have been ﬁerfbmed for the elastic,
inelastic, level excitaiion and total cross-sections for ,_238U using
the non-adiabatic and adiabatic models of deformed target nucleus in
the low energy range extending upto 2,5 MeV. Angular disiributions of
the scattered neutrons heve also been evaluated by coupling the excited.
levels of the ground state rotational band. This work has been .comple-
ted to meet the requirements of an Intemetional Nuclear Model Code Com-
parison Project sponsored by the NEA Data Committee vide its specifi-

cation report NEANDC-128U.

® Paper communicated to NEA Data Benk, Frence.
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11,6 (n,p) and (n, L ) Cross Sections in Some
N 2inc and Selenium Isotopes at 14 MeV.

C.V, Srinivasa Rao, N.Lakshmana Das,
BeV. Thirumala Rao and J, Rama Rao,
l.aboratories for Nuclear Ressarch,
‘Andhra University, Waltair,
Visakhapetnam = 530 003,
A survey of the literature indicated some lacunae
in the reported (n,p) and (n, o ) cross sections at
N
14 MeV in some Zinc and Selenium igsotopes. These have
been measured using mixed powder technique and high re-
solution Ge(Li) detection. The cross sections measured
are: 2n=66(n,p) Cu-66, Zn=68 (n,p) Cu=-68, Sg=~78 (n, sl )
Ce;75 and Se=80 (n, o ) S5e=77m, The neutron irradiations
were carried out at the 600 keV Cockcroft-Walton accelerator

of Andhra University. The experimental cross sections are

compared with the theoretical estimates.
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I11.7 Study of (n, ol ) Reactions_in keV Region,
| C.V. Srinivasa Réo. H.M. Agrawal and S.C.lL+ Sharma,
Department of Physics, Indian Institute of
Technology, Kanpur=208016.

The direct chergéd'particle counting technique is being
used for the study of (n, & )reaction cross sections in the
neutron energy region from thermai to 1 MaV for few high 2
elements,

The SL1 (n, oL )3H reaction is studied simultaneously
with the reection of interest to provide relative ctoss-eect;ons.
The Li sample is placed at a distence of gbout»S.Scm from the
contre of the nsutron target edd at about 2'mm from a silicon
sﬁrface barvier detector facingvthe.&ample. The sample makes
an angle of 30¢ with the proton beam direction. The samples of
interest are also placed in an exgctly identical geﬁmafry. The
charged particle spectrs aré recorded eimulteneouaiybin both
the channels. The spectrum from 6L1 is found to be consistent
with that reported in the litersturs. Measuremant on (n,( )

19?

reaction cross sectione for AQ is in progress and thet on

90, 91, 92, 94 isotopes will be ﬁﬁtomptad later,

ir
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11,8 (N,ol ) Reactions in the Preequilibrium Model.

S. Ray
Kalyani University
Kalyani, West Bengal
and
G. Keeni, A. De and S.K, Ghosh
Saha Institute of Nuclear Physics
Calcuttas
In the‘analysis of (N, L ) reactions in the framework
of preequilibrium model,tuwo diffegent‘approaches are followed.
In the first the K -particle is assumed to be preformed in the
target nucleus and in_the second it is essumed that two neutrons
and tuo,ptotqns coeslesce to form an of -~particle in the excited
target+projec£ile composite nucleus. Both the preformation
and coa;escence probabili;ies are introduced asvmultiplicative
factors in the pregquilibrium cross;section expression and
their values are obtained‘pheﬁomenolbgicaily by fitting with
emitted spectra and angular distributions. Ue ebandon this
phenomefhological approach and'ealculate:the «£ -praformatioh
probability in the target nucleu§ as the overlap of the wave
functions of the parent and of + dgughtar nucleus assuning
that two nautrons and two proton; in the outermost shell of
the target nucleus combine to form anc(:-barticle; In the re-
action process the momentum of tﬁe 1nc1dént nucleon is shared
between the of =particle and the daughter nucleus (parent - )

lesading to the observed excitation of the residual nucleus and

the angular distribution of the emittad_ o(-particle.
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I1.9 Optical Model Analysis of Neutron Scattering
at 7 MeV.

U. Satyanarayana and S. Ramamurthy
Laboratories for Nuclear Research, Andhra University,
Waltair-530 003.

The available experimental data on ? MeV neutron
elastic scattering from chromium, iron, zirchium, tin,
tantalum, bismuth, thorium and uranium are analysed using
optical model formalism. The;X? per point is 12.8. The
parameters are given fully as also the comparison of the
experiment ahd theory. 1Isospin dependence is put into
both real and imaginary parts and a spin-orbit potential

is also included in the analysis. The potential is

= Y rl+ ezfa(*eo)] ..o(v[|+ex}>(\’—Rc ]
+L'a°ILv‘/ [l"’e"”(Y Rox)] lia,lx,LWO(d [l-l—-esf.};fV-R.I)]l
+ Vg, 7.7 (:1“6 Ll-l- Qx.':(‘a’—ﬂo)] Qc

The parameters areie=

Uy = 52.49 Mey R0'= 1.205 fm ay = 0.608 fm
V, = 21.96 MeV R1'= 1,115 fm a, = 0,769 fnm
U, = 8.59 MeV RO’I = 1.15 fm | ag; = 0.712 fm
Uy = 12.12 MeV | R,"I = 1.31 fm a,y = 0.56 fm
with’Ré, R;, RO&' R{I nuclear unit radil in tha corresponding
potentials.
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11,10 A Global Opticel Potential for 14 MeV
Neutrons.

Sc.Ks Gupta and K.H. ﬁ. flurthy#
Nuclear Physicg Division
Bhabha Atomic Research Centre, Bombay 40008S5.
Experimental values of total, angle-integrated slastic
and reaction cross-~sections for 14 MeV neutrons over the
periodic chart are tompared systematically with the predic=-
tions of the avallable global optical potentials in literature.
All the potentiala are found rather unsatisfactory. We pro-
pose a New potantial which describes the data well. fhié po=

tential has been obtained by modifying the Wilmore=Hodgson

potential.

#CSIR Junior Research fellow, Mysore University,.
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III. HALF LIFE MEASUREMENTS

111.1 HALF=LIFE OF 2®pp

S.K. Aggarwal, A.R. Parab and H.C. Jain

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

The half-life of~?43Am was Cetermined by the rslative activity
method. Synthetic mixtures were preparéd by using %olutions of 241Am
- and 245Am isotopes. The alpke activity ratios and the atom ratios in
these mixtures was kept close fo unﬁty by employing the double dilution
technique so that these could be measured wifh high precision and

accuracy.

Referencet

111.2  HALF-LIFS OF 227y

S.KQ Aegaml, S.N. Acham and H.C. Jain’

Radiochemistry Division, '
Bhabha Atomic Research Centre, Trombay, Bonbayh400 085 India

The half-life of 259U was determined by specifio ectivity method.

The number of 233U atoms was determined by'isotopé dilution mass spectro?
metry while the elpha disintegration rate was obtained by liquid scintilla-
tion counting as well as by alpha proportional counting. The radio-
chemical purity of 233U was checked by alpha spectrometry. A value

of (1.5885 +0. 0075) x 10 Y was obtained for the half-life of 233U.
The uncertainty given is a combinztion of one standard deviation on
the average value and the error eveluated from estimat;s on various

error componentse
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238

I11.3 HALF-LIFE OF Pu

S.K. Aggarwal, A.V. Jadhav, S.A. Chitambar, K. Raghuraman,
S.N. Acharya, A4.R. Parab, C.K. Sivaramakrishnan ard H.C. Jain

Radiochemistry Division,
Bhabha Atomic Research Centre, Trombay, Bomba.y-l,OO 085, India

238

238

The half-life of Pu has been determined by the relative

Pu as a reference isotope.' Five synthetic

23 8Pu»amd 25 9Pu isotopes.

aotivity method taking
mixtures were prepared by using solutions 6£
The alpha activity ratios and the atom ratios in these mixtures were

kept close to unity so that these could be measured with high precision.

and accuracy.

Reference:

1. Radioochem. Radioanal. Letters {In press).

111.4  BALF-LIFE OF 247py

S.K. Aggerwal, S.N. Acharys, A.R. Parab and H.Ce Jain

Hadiochemistry Division,
Bhabha Atomic Research Centre, Trombay, Bonbay-400 085, India

The expertise developed in the fields of mass spectrometry and

alpha spectrometry have been utilised in the determination of hal‘f-n,

241Pu by different methodse.

life of .
(1) Studying tae ingrowth of 241Am by elpha spestrometsy
on a synthetic mixture prepa.red by mixing different

()

isot opes of plutonium
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(11) Sgudying the ingrowth of 24'an in two independent mets
of experimentss (e) by alpha spectrametry taking 242p,,
as well as 239Pu and 2401’\1 a8 reference isotopes, and
(b) by alpha proportional counting. Synthetio
nixtures of 3ifferent plutonium isotopes were prepgmsg)
(111} Studying the ingrowth of 24'Am using isotope dilution
alphe spectrometry and employing 2435 as a spike. The
isotope dilutiom alpho.v sbéctranetry techni ue was
developed in thia laboratory for various other important
applioationu)
A summary of all the methods end the present status of the half-life
of 241Pu was presented at the DAE Nuclear Chem#stry 'lt‘ld Radiochemistry
Symposium, Waltair, February, 1980 and Nuclear Physice and' Solid State

Physics Symposium, Delhi, December, 1980 respsctivelye

Refersncest

1. Phys. Rev., 021, 2033 (1980).
2. Phys. Rev., €23, 1746 (1961).
3, Radiochemica Acta. (In Press).
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I¥, GENERATION OF MULTIGROUP NEUTRON CROSS-SECTIONS

Io1  Generation of Protosctinium-233
P. Mohanakrishnan
Theoretical Reactor Physics Section
" Bhabtha Atomic Research Centre
Bombay - 400 085.

Protpactinium-ﬁj(z”l?&) is an important 1éotop_e in thorium .
232‘1‘h neutron ocapture to 253 U
production. Any neutron absorption in 235?&, which otherwise decays
o 2%y with & half 1ife of 27.4 deys, will result in loss of
fissdile material production, For exemple, it has been found that
in the Light Water Breeder Reactor fuelled with thorium containing
‘23'3!1 operating at Shipping Port Atomic Power Station, the
reactz,vi).ty worth of equilibrium 35?& at full power 13 as much as
2.5 % |

fuel cycle studies es it comnects

Following data for 2”?& neutron cross-sections was obtained
from ENDF/B-V files at IAEA(Z) by requests~ (i) Resolved resonance
parameters valid in the energy range 1X10™%6¥ to 38.5 eV, (ii)
Unxesolved resonence parameters valid in the energy range 38. SeV
t0 11(1049V. (111) Point data for neutyon cross-sections above
ixidfev.

Exigting programs SIGRIE?SS.(5 ) and UNRES‘I;‘(4) wei'e modified for
generating multigroup cross-sections using this data. Programs
SIGRESS and UNREST were combined to form one program RESSIG which
can generate maltigroup crpgs—sections from both resolved and
unresolved rescnance parameters. It is possidle to comsider
negative energy resonances in the vesolved energy reg'iori in RESSIG.
Purther, in the unresolved resonance region, it is possible to
consider higher '1' value resonances with different level spacings
and respective J values. It is assumed that resonance partial



widths are distributed according to Porter-Thomas distribution
having degree of freedom unity.

Fission, absorption,y -fission, total and scattering cross-
sectifms were generated in 69 neutron energy groups covering the
energy range 0 to 10MeV using RESSIG and the above data. They
have also been condensed to a smaller 27 group structure using a
fuel spectrum suitable for heavy water mbderated reactors.

eferences 13

1. Freeman L.B. and Hecker H.C. = Reactivity worth of 233?&
inferred from measurements Trans. of Am. Nucl. Sco, 34, 763
(1980). '

2. letter of DayDay No., Nuclear Data Section, IAEA, Vienna,
July (1980).

3. Menon S.V.G., Private Comnunication TRFS, BARC (1981).

4. Huria H.C., Private Communication TRPS, BARC (1981).
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Iv.2 RAMBHA = Proceasin§ Code for CGeneration of
Multigroup Cross Section Set for Fast Reactor
Calculations Using RRC Data File (RRCOF).

S. Ganesen, V. Gopalakrishnan, M.L. Sharmé, P.B. Rao,
R. Vaidyaenathan, R.M, Ramanadhan and R. Shankar Singh,
Reactor Research Centre, Kalpakkam 603 102, Tamil Nadu.

The nuclear data processing code RAMBHA has been com-

pleted and the major modules doing the various functions

of cross.section processing (see fige1.3.1 of Ref.1) have

been eucceaafully commissioned indlvidualiy.' Integratad

one shot gonetaiion of the complete set of multigroup croes

sections has been completed for typical fissile, fertilse and

structurel isotopes. There was scope for further improvee

232

ments which were identified during triel runs for Th, Ni,

Fo, 230 231

Th and Pa. Some of these are mantioned baslow,

Thess have bseen implamented(z).

1o

2e

3.

46

Se

The moduls XSAVG which caICulateﬁ the group c:oss‘aectiona
from point data has been extended to use different speci-
fied interpolation ﬁchemes. o

The addition of background cross sections (floo; corrections)
to both infinite dilution as well a;fsoif shielaad group
croes sections (for subsaquent eualpétian of gelf shleldtng
factors has been introduced).

Proper calculation of transport cross sections in all the

energy regions has been incorporated.

Provisions were maeda to write out thse output data in the
format required by the LCAT module, which prepsres the
cross sectione in %ETR format.

Modifications to g;ke into account isotopswiee resonance

data given in ENDF/B file for some materlials have been mada.
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The format for RRC DF hae also besn avolved in this
process, Calculations to perform our integral testing and
validetion of the generated multigroup cross section set by

celculation of fast reactor benchmarks will be reported in -

Ref.J.

REFERENCES

1. Re. Shankar Singﬁ et al. Page 5, Activity Report of
Reector Physics Section for 1979, RRC (1980).

2, S. Sanesan et al. Page 16, Activity Report of Reactor
Physics Section for 1980 (1981).

3. 5. Ganasan et al, in Workshop on Nucleagr Data Evaluation,

Proceesing and Taesting August 4.5, 1981, RRC, Kalpakkam,
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iY.3 27 GROUP CROSS-SECTINS OF Mo &ND Pb

by

S.B. Garg

Bhabha Atomic Research Centre
Trombay, Bombay = 400 085

In our series of generating d7~group cross-sections and scattaring mat-

rices for the reactor elanents [:l, ,J,h] » we have included Mo end Pb

using their basic cross-section data from ENDF/B 1ibrary. Molybdmum is in-

variably present in the structural material and lesd is used in shields and

currently also finds usage in the fusion blankets as & neutron multiplying

1.

2,

3.

e

ce

8.B. Garg

8.B. Garg

8.B. Garg & V.K. Shukla

8.B. Gearg

agent due to its (n, 2n) reaction.

A 27=Group ijoss.Se?tim Set Derived fram
INDF/B Library, mnc(mnj;zuc + SP.(2977)
and BARC-892.

EWDE/B_ Based 27-Gmup Cross-Sections for
some Rare Earth and Concrqte Eements,

INDC(IND )-25/G¥ (1979) and BARC-1000.

Multigroup Pg - Elastic Scattering Matrices
of Main Reactor Elements, BARC-1001 (1979).

Multigroup Resonance Salf-Shielding Factors
and CrossSections of Main ‘Reactor Elements,

BARC-1002 (1979).
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IV.4 (ny 2n) GOUP SCATTEAING MATRICES FOR 9Be

by
S.B. Garg

Bhavha Atomic Research Centre
Trombay, Bombay - 400 085

' Beryllium has a low energy ~thr;shold for (n, 2n) reaction and’
is suitable as a neutron multiplier in fusion blankets. Recently a
pseudo-energy level structure consisting of 33 levels of its (n, 2n)
cross=Section data has been given by Young and Stewart [l]; In o;-der
to study the effect of the modified cross-section data on the neutlro-
nics of fusion blankets we have re-generated 27-group cross-sections

and scattering matrices for 9B e.

1. P.G. Young and L. Stewart ; Evaluated Data For n + 9Be Reactions;

L&A-7932-MS (ENDF-283) (1979).
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Yo EVALUATIONS OF CROSS=SECTIONS

Vol  DUALILATIQN QOF 23 EUTRON CR055-SECTTONS

by
V.K. Shﬁkla & S.B. Garg

Bhabha Atomic Research Cenire
Trombay, Bombay hOG‘Q85

Using the optical model parameters extracted for 233Pa totel,
eléstic, inelastic and level excitation cross-sections have been cal-
culated for 221pa in the energy range 1.0MeV to 20,0 MeV. The re-
cently measured ‘_ El] fission cross-sections and the evaluated (n,Zn).

end (n, 3n) cross-sections have been taken into account in.the calcula-
tion of compdunﬂ elastic and level excitation cross-sections. This
work has been done urder an IAEA Co-crdinated Research Programme on the

‘Intercomparison of Actinide Neutron Nuclear Data.
»Eeferencé B

1. S, Plattard et.2l. ; High Resolution Fission Cross-Section of
231?8; Intem. Conf. Nucl. Cross. Techn.' :
Knoxville, U.S.4., Oct. 1979.
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S.B. Garg & émar Sinha
Bhabha Atomic Research Centre
Trombay, Bombay - 400 085

Coupled chmnel‘and Spherica;]’. optical model based studies
nave been carried out for <°%U to ‘obtain the total, elastic,
inelastic and level excitation neutron cross-sections in the
energy renge 1.0 MeV t.o 20,0 MeV. The (n, 2n) and (n, 3n)
‘cross-sections heve been computed using the statistical-preequili-
brium exciton models. This work has been done under an IALA Co-
ordinated Research Programme on the Intercomparison of Actinide

Neutron Nuclear Data,
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233
Ve3  EVALUATION OF " ~"Pa NEUTRON CROSS-SECTICNS

by
Amar Sinha & S.B. Garg

Bhabha Atomic Research Centre
Trombay, Bombay - 400 085

‘The spherical optical model parameters have been extracted
for 233pa by fitting its total cross;secticQ. in the energy range
1.0MeV to 15.0MeV. Using these parameters elastic, inelastic - |
and level excitation cross;sect;.ons have been evaiﬁatéd in the
energy range 1.0 MeV to 20.0MeV. Cross-sections of (n, 2n) and
(n, Sn) ‘reactions have been obtained by using the combined statisti;
cal pre-equilibrium exciton models. This evaluation has been carried
out under the IALA Co-ordinated Researdh Programme on t.he‘:_l'.ntercom-

parison of Actinide Neutron Nuclear Data. -
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by

S.B. Garg, V.K. Shukla end Amar Sinha
Bhabha Atomic Research Centre
Trombay, Bombay - 400 085 . '

Total, elastic, inelastic, (n,p), (5,0(),'(n, d), (n, He), (a, 2a),

(n, np), (n, nt), (n, pn), (n, 2p) and (n,Y ) cross-sections have been
evaluated for 5906 in the energy range C,5 MeV to 20.0 MeV using the
multistep Hauser-Feshbach statistical theory by teking into account the
lével width fluctuations end continuum level excitations. Precampound
neutron, proton and o{ -emissians have been év&luated with Griffin's
exciton model and the giant dipole-radiation model of Brink and Axel has
been employed to generate thé (n,')/) cross-sections. This work has been
cmxpleted to meet the requirements of an Intemational Nuclear Model Code
Comparison PmJeCt sponsored by the NEA Data Bank Comnittee vide its

specification report NEANDC-130U.

* Paper communicated to NzA Data Bank, France.
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Ved Evaluation of Resonance Parameters in

Resolved and Unresolved Rescnance Raegion
far <33y,

S. Ganesan and M.L. Sharma
Reactor Research Centre, Kalpakkam 603 102
Tamil Nadu.
. The single level Breit wigher resonance parameters
‘ 233 :
are evaluated for U in the resolved resonance region
starting from the area analysis data reported by Nizamuddin

(1)

and Blons Consistent values of tﬁe neutron uidth f; and
the atat;stical‘spin factor g were deduced for 136 well re-
solved levels. For the case of 33 ‘artificial’ broad lsvele
which were added in the vicinity of some of the highly asymme-
(1)

tric resonances » an iteration procedure based on well knouwn
conservation relations was employed to dqdude acceptable’va-v
;iéiu§aof [ 8nd fission width K; « The complets set [n ,
f}, f} » £, and g a?e given in ref.2 for 142 levels which
occur in the energy region 0 = 100 eV,
| In the unresolved resonance region, the unresolvéd pafa-.
meters are, to some axtabt nonunique, the nonuniqueness arising
from the choicéiaﬁdng the mean resonance data sets} afl such
sets léading'to the same aversge cross sectidns within their
quoted uncartainties(s’d), |
The statisticel mean resonance parameters for 233u in the
unresolved resonance region are qvaluated by simul taneous and

consistent adjustment of meen fission width and 'P and A

wavé strength functions. Our evaluated mean resonance parameters
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reproduce the total croes sections within 3 to 5% on the
average.

It was found that the nuclear radius given in ENDF/B=IV
file wge 80 small that the P and f& wave strength func-
tions were required to be adjusted much beyond their spresd
reportaed in the literature. The scattering cross sections
elso could not be satisfactorily fitted using this value of
the nuclear radius. Ue found after some parametric studies
using ADDJA Code(s)\that a value of R = 0,9 fm is acceptable.
Ref.2 gives the selected set of un;esolved parameters, The'
symbols have their usual maanings(s). The calculated mean
croas sactions from ENOF/B-IV files and those using our para=
meters agree well (see th.Z):

It was pointed out in Ref.4 that in the ENDF/B=-V eva~ -
lustion, the unresolved resonsnce parameters for 2327h are
extracted by a fit to the capturé cross sections, This pro=-
cedure followed in ENDF/B=V evaluation of the unresolved :e4

232

sonance parameters for Th (Ref.6 and Ref,7) does not gua=-

rantse the correct reproduction of totel cross sections.

REFERENCES

1« A, Nizamuddin and J, Blons, Nucl. Sci. Eng., 54, 116 (1974).

2. S. Ganesan and M.L, Sharma, Evaluation of Resonance Para-
meters in Resolved and Unresolved Resonance Region for
233y, RRC-43 (1980).

3. S. Ganesan, Nucl. Sci. Enge 24, 49 (1980).

4, S, Ganesan, Evaluation of Statisticel Resonance Psrameters
‘for 232Th in 4 to 41 keV Energy Region, INDC (INDC)=-26/G3
(1980) IAEA, Vienna and RRC~42 (1980).

S. 5. Ganesan, Atomkernenergie, 29, 14 (1977).

6. M.R, Bhat, Summary Documantation for 232Th, in R. Kinsey (Ed)

ENOF=201 (1979). '

7. G. Deseussure and R.L. Macklin, Evaluation of the 2327
Neutron Capture Cross Section above 3 keV, ORNL TM=6161,
(ENDF-255) (1977).



Veb Generaticn and Evaluation of the Pseudo
Fission Product Cross Section Set,

M.L. Sharme
Reactor Ressarch Centre,
Kalpakkam 603 102
Tamil Nadu,
Zero dimengional burnup calculations have been pere

formed(1) to obtain the .time dependent concentrations of

individual fission product nuclides in a reactor having
average properties sim;iar to those of SNRfSOO. with

these concentrations‘as weights pseudo fission product

cross sectioné for the two fissile (2350, 239Pu) and a fer=
tile (23BU) nuclide are generated by processing the evalua=
ted fiss;on preduct cross section data of\the Australian
libtéry. The effecﬁ of fission yields on the concentra=
tione of individual fission product nuclides is gtudied

in gsome dotail. Constants derived are compared with the
corrasponding results based on some other recent and old
evaluations. The reliability of the multigroup fission
product croes sections generated by us is assessed by corre-
lating computed vélues against the 1ntegral.measuremehts
performed at the STEK facility by RCN, Petten, the Nethsrlands,
The integral parameter chosen is the capture reactivity worth
of thrae'mixed fission preduct samples in four different

neutron spectra.

REFERENCES

4% M.l Sharma, Generation and EValuation of the Pssudo
Fission Product Cross Section Set, RRC=FRG/RP-206 (1980).

2. J.L. Cook Fission Product Cross Sections, AAEC-TM-549 (1969).
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V.? Evaluation of 14MeV Neutron Cross Sections

o 56 4 3
for Fe 6, Ca 0, K 94 C135, 532 & P31.

K.Ke fManocha%, R,S5,., Khanchi#% and
R.K. Mohindra
Physics Department, Univ., Kurukshetra=132119,

. . .4
All possible interaction cross sections of Fess, Ca 0,

K39,>C135, 532 and P31 with 174 MeV nesutrons have been come
puted using the compound nucleus formalism with optical poten-
tial perameters. The roactions of thes type (n,n?), (n,2n),
{nynp), (n,na); (n.p), (n,pn), (nypp), (nepa); (n,a), (n,an),
(n,ap) have been considsred and their cross sections evaluated.
For Fess, computations are at 14.8 MeV and for other isotopes
at 14.1MgV neutron energy for comparison with experimental
cross;aactiqns. The level density parameter of Lang and

1'2), has only

Le Couteur which has been found better earlier
been used here. The agreement with experimental cross sections

is reasonable for most of the above cross=sections but few cross
sections disagree by an order of magnitude, No theoretdcal ftaya-.
work has been so far found able to predict all such cross—sections
conasistantly ccorrect.

1. Wadhwa and Mohindra, J.Nucl.Science & Engg.56 (1975) 96

2. Wadhwa, Manocha and Mohindra, In.J.Pure & App.Phys.12 (1974) 645

#fMadical College, Rohtak. *#®*Dyal Singh College, Karnal,
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V.8 Prediction of fission xield data and
it valuation

DcN. Sharma, PP, Chekraborty, M.R. Iyer and A.K. Ganguly
Health Physics Division

Bhabha Atomic Research Centre
Trombay, Bombay - 400 085

The order-disorder model (ODM) developed earlier, forms basis
to predict mess and total elemental yields of fregments in spontaneous
fission of various nuclides as well as for predicting independent
yields in higher energy fission. In cese of spontaneous fission the
only input required is the stable neutron number as a functiom of
charge number. For prediction of independent yields in higher energy
fission, experimental data on fission product mass yields are also "
needed. . The mass and total elemental yields for spantaneoué fission
obtained exhibit all the qualitative‘characteristics viz, peak to
vélley ratio, bunching of higher mass/cherge peeks etc. The absolute

- values have some discrepancy with experimentasl values though an
improvement in the right'direction has been noticed by using later:
data on nuclear stability. The predicted values on independent yields‘
and cumulative yieldé for higher energy fission of‘U—235 are in

reasonable agreement with the few expérimental values available.

The experimental data on fission product mass yields end
charge distribution parameters compiled by Meek end Rider have been
" evaluated by checking the equality of yields for complementary»chargeé

which is a necessary condition in the fission process. The evaluatioﬁ'
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oriterion is valid even for data on products because charge of the
fragment remains unchanged in prompt neutron'qvaporationo The
evaluation‘shows that the data on fast and 14.0 MeV neutron induced

fission are not as consistent ms for thermal fission.
REFERENCES 3

(1) Change distribution, Neutron evaporation and Emergy distribution in
high energy fission
D.N. Sharma, ‘H.R.l Iyer and A.Ke Ganguly

Phys. Rev. C 14, 181 (1976)

(41) Asymmetry of lass and Charge division in spontaneous Fission
P.P, Chak:aborthy, D.N. Sharma, M.R. Iyer and A.K. Ganguly

Pramana, Vol. 13, No. 5, Nov. 1979.
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YI. OTHER NUCLEAR DATA ACTIVITIES

VI.1 Analysis of Fast Critical Assemblies in
Support of Criticelity Predictions for FBR S00.

S. Ganesan and R, Venkatesan
Reactor Research Centres, Kalpakkam 603 102
Tamil Nadu. '
Calculation of multiplication factors was made for
eix fast syatems as a followup of 8 previous atudy(1). The

(2-5) studied were having characteristics ranging

gasemblioe
from emsll to very lerge sizes, VERA-11A, VERA-18, BAKER
RODEL, SNEAK=9C2/P0Z, ZPPR=5A and the 1200 Mwe IAEA/NEACRP
benchmark. The details are given in Ref.6. Following con=
cduoioﬁs have been drawnt
1 The earlier diffusion calculation by Sharma et al(l) and
the present calculation have established that with the
. Cadarache set available with us the predictional c;pa-
bility of Keff of essemblies with normal Pu or U fusl ie

satisfactory end the uncertainty is around 0.5 to 1% for

sizes in the range 100 to 4000 litres.
240

2. For cores fuelled with high Pu such as caese 4 there is
an under prediction. This tendency leads to @& recommenda~
tion that the higher Pu isctopes nogd updating in the
Cadersche set gvailable at RRC, though the discrepancy
is not too alarming. |

3. In the case of NEACBP benchmark, the differencsslbatuesn

one set and the adjusted QK and the recent french seta
(CARNAVAL=III1) are thougﬁt.to be mainly due to discrepency

in the cross sections of structural elements, ‘In quar

modsl, such a difference is not present as structural
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wagterizle. zre much less in that case.
4., Our prediction for ZPPR=5A is very goad. This #orresponds
to the size of a 500 MwWe, Oxide fuelled LMFBR core.
Additionél assemblies with carbide cores have been identi-
fied for which analysis will be taken up in future when inhouse
computer becomes available. A detailed comparison study of all
aspects of case 6 will also be taken up at that time. Detailed
enalysis of some slready identified ZPPR apsemblies involving
a higher Pu content in Pu-U fuelled syst;m as well as those ine

23 23
volv@ng 2Th - 3U fuel will also be made. The full details

of the present study are documented in Ref.6.

REFERENCES
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¥1.2  Evaluation of Thermal Reactor Cross-sections througk

Measurements

H.C. Huria, P.D. Krishnani, H.K. Bhatia, P. Mbhanakrishnaﬁ
| and B.P. Rastogi |
Theoretical Reactor Physica Section
Bhabha Atomic Research Centre
Bombay - 4QO 085.

Abstract

Integral measurements of various types provide valuable

data to ascess the adequacy of the cross-sections used in |

~ predicting the nuclear echaracteristice of reactors. In this
context measurements of reactivity, relative reaction rates
and neutron balance assume fundamental importance. The lattice
physics calculational model of TRPS uses the 69-group WIMS
library or its collapéed versions, for light water and héaﬂy
water moderated systems. The library has been generated using
the fundamental nuclear data from UKNDL and weighting spectra
typical of thermal reastors.

The eccuracy of the physical formulation of the model
which uses interface currents has been established by
compérisons with results from more séphieticated epproaches and
also with Monte Carlo calculations. A broad spectrum of
experimental data was selected to evaluate the adequacy of the
cross-sections used in the code. The selected experiments
include natural uranium, enriched uranium, 233U - enriched and
plutonium oxide fuelled lattices in D,0 and H

2 2
they cover a wide range of parameters. The analyses included

0 moderator, and

not only reactivity prediction, but also compassion of meqsured
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and calculated reaction rate ratios. Internatioﬁally recommended
benchmarks for thermal reactors have also been extensively
- analysed. The olgserved discrepancieé did lead to modifications
in some arecas of basic nuclear data for fisaile and fertile
materials. However, the work with regard to the suspected
‘uncertainties in the‘datawfor moderating materials is in-

‘progress.
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VI.3 Studies on Neutron Width Statistics for 2327h

below 500 eV,

S. Ganesan '
Reactor Research Centre, Kalpakkam 603 102
Tamil Nadu.
Attempts were made to find the possible reasons for the

2327}, below 500 eV, Rahn et 31‘1) have

*4) discrepancy® for
experimentslly obssrved a clear departure from PorteréThomas(z)
distribution (PTD) with‘ Y = 1. Though the ]’:cc)valuea follow a
PTD when resonances beyond 500 oV are covered, a peak of ¥ = 257
occurs below 500 eV, The number of degrees of freedom, 9) in PTD
is the number of channels open for the decay of compound nucleusr
by the process to be described by the pébticular partial level
wilith under consideration. Since below 1keV only B waves contri-
bute significantly, the é;tel angular momentum of the nesutron legve=
ing the compound nucleus can only be § = %2 and thus there is only
ona channel leading to v = 1, |

We found that the calculated value of Y is quite sensitive
to the method of estimation employed. This appears to make the‘
discrepancy less strong., The moments method gives a v&lue of
Y & 2,7 when resonance in the range 0.0 to 380.0 e¥ are takan
into account., For the same ensrgy region the method of maximum
likelihood without accounting for finite sample size giuea‘9 a 1.7,

when the finiteness of the sample size is accounted for e
higher valus » = 2,24 is obtained. The calculated variance as a
function of energy fluctuates batweén 0.3 and 0.03.

The various reasons that can, in a combined manner account

232

for the discrepancy in < for Th below 500 eV ares 1. Miseing
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of levels with small ‘:fwvalues. 2. Possible presence of .

a systematic error leading to overeé;imation of f;“ﬂvalues

and 3. Misassignment of § values. It {is easy to show tﬁat
assignhing a large ‘) wave resonance as 8 wave or a small 8
wave as p' wave can lead to effective errors 1 and 2 cited
above thereby leading to a higher observed ? . The present
investigations however indicate that none of these reasons can,
. tgken alone explain the ) discrepancy. Finally though the val
idity of PTD is itself well established it will be important
from nuclear structure point of viesw to theoretically investie
gate the possibility of some nuclei obeying a non PTD in some

high emergy regions. As a remark, a value of unity for + for

232 (5o

Th is used in the unresolved resonance reglon calculations
The results of the present calculations were discussed in Ref.4

in detail,
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S.S. Rattan, A.V.R. Reddy, V.S. Mallapurkar, R.J. Singh,
Satya Prakash and M.V. Ramaniah

Radiochemistry Division,

Bhabha Atomic Research Centre, Trombay, Bombay-400 085, Inﬂi&

Camma enérgiea in the alpha decay of 229Th were precisely
determined using a2 6.0.Ge deteotor (Resolution 600 eV at 122 KeV)
goupled to & 4096 channel apalyser. Absolute abundances of these
gemma rays were also determined. A modified energy level diagram for

SRa was proposed using these results, Twenfy One N8W gSUmma rays. were

obsefved in the present investigations, whereas 16 gamma rays earlier

(1)

reported could not be observed. Present results along with literature

data(1) for 229Th are given in Table 1.
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TABLE 7.  GAMMA RAY ABUNDANGES OF 229mn.
Energy  Lresent EneBgported (Ref.1)
in KeV % Abundance in KeV % Abundence
12.33 + 0.04*  5.960 + 0.536 1M1.1 + .1 -
14.81 + 0.02%  9.381 + 0.781 '
15025 # 0.02%  42.480 + 1.592
17.82 + 0.02*% 17.033 + 0.772 17.36 + .03 0.16
- 25.39 + 0.02 0.035
28.50 + 0.14 0,117 + 0.024 .
31.13 + 0.03 0.896 + 0.080 30.30 + .10 -
37.80 + .10 -
42,63 + 0.02 0,188 + 0.010 42.76 + .03 0.16
43496 + 0.02 0.604 + 0.020 -
56,50 + 0.03 0.246 + 0.006 56.60 * 0.03 0.32
68.05 + 0.08 0.052 + 0.014 68.18 + 0.07 0.10
68.80 + 0.07 0.060 * 0.013 68.90 *+ 0.04 0e11
75.10 + 0.05 0.420 + 0.043 75.20 + 0.07 0.51
75.30 + 0.10 ,
85.43 + 0.04%  9.820 + 0.017
86.35 * 0.04 2.732 + 0.074 86.30 + 0,10 0.37
86.44 + 0.05 3,0
188.48 + 0.04* 16.681 + 0.251 88.48
94.72 + 0.02 0.232 + 0,006
99.47 + 0.02%  2.245 + 0.070
100.18 + 0.02*  3.927 + 0.086
102.99 + 0.02% 1.443 + 0.046
103.71 + 0,03 0.451 * 0.035
107.15 + 0.02 0.656 *+ 0.009 107,17 + 0.05 0.82
109.21 + 0.06 0.023 +  0.004
110.38 * 0.03 0.107 * 0.004
118.21 + 0.09 0.015 * 0.005
120,16 + 0.08 0.017 * 0.003
123.19 + 0.03 0.120 + 0.004 :
124.59 + 0.02 1.040 + 0.012 124.50 + 0.10 1.2
: - 124070 i’ 0.10 0.6
126.76 + 0.09 0.013 + 0.004
132.60 + 0,10
134.33 + 0.08 0.015 #+ 0.003 134.80 + 0.10 '
135.71 * o.oz oy
6. + 0.0 O. 0 + 00018 137003 I 0’0 1'
136.99 2 5 204 2 140.30 * 0.20
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Present Reported‘ (Ref, 1)

Energy % Abundance Energy 3 % Abundance
in KeV in KeV :
142,97 + 0,03  0.314 + 0.006 -, 142.95 + 0.10 0.42
147.66 ¥ 0.03 0.163 + 0.014 147.80 * 0,10
148a17 2’ 0.03 09708 i‘ 0|O17 » !
© 149,91 £ 0.04  0.042 + 0.003  ° 150.20 # 0.30
: 15160 * 0.30
154037 + 0.02°  0.612 + 0.012 154.40 ¥ 0.70 0.65
15641 + 0.02 0.972 + 0.018 156,48 * 0.04 101
158.42 * 0.04  0.034 * G.003 158.50 ¥ 0.07
160,48 + G.56  0.005 + C€.G03 161.60 + 0.30
165.70 * 0.30
167,14 + 0,04  0.113 + 0.010 ~
171.59 + 0.07  0.020 + 0.005
172.91 + 0.04 .0.093 *+ 0.006 172.90 + 0.10 0.22
179.75 + 0403  0.176 + 0.005 179.80 ¥ 0,20 0,50 .-
183.95 + 0.03 0.118 + 0.006 184.00..+ 0.10 0.23
oo 190.20 + 0.20
193.53 + 0,02 3.769 + 0.075 193.63 + 0.06 45
200981 i’ 0.03 0.066 : 0.005 ' ' ' .
204,70 ¥ 0.02  0.495 + 0.012 204.90 ¥ 0.30
210.31°% 0.05  0.210 + 0.033 . , :
210,90 + 0.05  2.467 + 0.063 210,97 + 0.10 342
215.16 + 0.08  0.146 + 0.016
218,15 % 0,04  0.149 *+ 0.037 218,10 # 0,20 ~  0.14
221.31 + 0.09  0.022 + 0.003
225.25 + 0,06  0.048 + 0.004
236.31 + 0.06  0.158 + 0.C28 236.20 + 0,20 0.035
242.61 + 0.07  0.065 + 0.007 242.60 + 0030
: 243.50 * 0.30
252.49 + 0.05  0.089 + 0.005 L
259.15 + 0.05  0.033 + 0.011
261.00 + 0.50

*X=raya of Radium.
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