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ABSTRACT.. Neutron capture cross-sections were caleulated for ahout 30 casos at
24 keV, using low energy resonance paramcters.  Theso cross-sections were compared with
previously measured values of the eross-soctions.  [n most of the casos, except neutron magic

number nuclei a good agreement was found between the experimental and the thooretical
values.

INTRODUCTION

We have measured (Chaubey and Sohgal 1965 and 1966) capture cross-scctions
at 24 keV for about 50 nuclei. using antinony-beryllium: photonentron sources.
Cross-sections in the keV energy region are helpful in the design of the reactors
and in the study of the cosmological thoories of cloment formation (Burbidge et
al 1957) as well as in the study of nuclear reaction theories (Margolis 1952),
(Feschbach et al 1954), (Mossion-Kotin ef al 1959). Cross-section values at low
onergios are very useful for tosting various nuclear models.

In the present work wo have caleulated the capture cross-sections at 24 keV
for about 20 casos. For 10 caso rosults have hoen publishod carlior (Chaubey
and Sohgal 1965). Thus in all, for 30 cases, cross-sections caleulated by the method
of Booth et al (1958) were compared with our previously measurod (Chaubey and
Sehgal 1965, 1966) cross-scetion values (o expt). In this way the theorotical
formula (Booth et al 1958) of capturc cross-section and hence the theory on which
this formula is basod was checkod at 24 keV.

CALCULATIONS OF CAPTURE CROSS-SECTIONS

We have calculated the capture cross-sections at 24 koV, following the method
of Buoth et a?(1958). 'The following relation is used for the calculations of the cross-
Sections :
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where b = I',/(2V,I",9),

and I is the spin of the target nucleus, J is the total angular momentum of the com-
pound nucleus, E, is the energy of the nutrons expressed in eV and V, is the penc:
tration factor (taken oqual to unity for zero angular momentum). The quan-
tities Iy, D and TI',? aro experimontally easured (BNL-325, IInd ed., 1958 and its
supplement no. 1 (1960) and Levin and Hughes 1956), radiation width level spacing
and reduced neutron width respectively. The value of these parameters were
taken as the average over all the s-wave reasonances. While calculating the
capture cross-section from this formula it was assumed (Booth et «l 1958) that only
s-wave neutron contribute to the cross-section and the contribution due to p-wave
noutron is almost zero. Tt was also assumed that the low energy resonance para-
meters can be used at 24 keV.

In most of the cases values of the resonance parameters were taken from
BNL-325, (1958, 1960). While calculating the value of level sacing from those
referonces the average level spacing for zero spin target nuclei was taken to bo
oqual to the observed level spacing whereas for nonzero spin target nuclei, the
average level spacing is taken to be twice that of the observed level spacing (Carter
et al 1954).

The values of the capture cross-sections experimentally moasured (c.,,.) and
thooretically calculated (o,.,) are shown in table 1. For Mn55, Agl?? Cd'¥,
Inits, Tel26 Dy Hol%, Lu!?, Aul®” and Th?32. The results have been taken from
our previous paper (Chaubey and Sehgal, 1965). In Zn®%, Se80, Br?®, Rh103, Pd1%,
In!% and Dy'™ (Chaubey and Sehgal, 1965, 1966) values of 0oxp, are the sum of
the cross-gsections for the isomeric and the ground states and thus are total capture
cross-section. The calculated cross-soction in all the above cases is also the total
capture cross-section. We find that oxcept in the case of Zn® and Pd1% there is
& reasonable agroemeont botween o.x,, and @,.,. In Pd11® and In!!3 values of Texp
are only for the ground state as the cross-section for the isomeric state is not known,
therefore it is not desirablo to make any comparison between oy, 8nd G ihe,-

In figure 1 the ratio o.xp. /0 ne, has been plotted versus the number of neutrons
in the target nucleus. It is clear from this figure that in most of the cases the
points lie around the line corresponding to tho ratio 1. In general the agreement
in the experimental and theoretical values of the cross-soctions is good. It is
interesting to noto that in the above calculations of the cross-sections only the



Neutron Capture (‘ross-Sections

Table 1. Table shows a comparison in the oxperimentally

measired and

theoretically caleulated capture cross-soctions

Turgot [
nucleus (mb)
Mnt® 40! 3
7Znt8® 274 03
Gaf? S0i 5
Ga™ 10
Seho B4 1.
Br7® 624 .1 46
Brél 5601 100
Rh103 5104 5l
PleB 185 Folh
pquoe 1200 15
A7 8104: 90
Agto® 609 ¢ 60
(dque 205 25
[n13 260+ 100
Int® SO0 60
Tet2e 66-1 1t
Ba1ss 7 1.
Lald® 50 10
pr1a1 0 15
Dy?te 1904 20
Ho1e 990+ 70
Lu'? 1670 ¢ 120
Wied 155 20
Rel®s 1765 | 265
Rel87 8751 80
Ir™ 6301 50
P08 2051 30
Aut?? S00 - 35
Ph208 6.5+ 1.
Th232 480 L 50

b

Reference
Sineo  Sor I'yand
(mb) D
35 o
1.6 a
126.4 4
122 u
14.7
672
350 ¢
alo 0
a4 u
20314 a
952 a
647 h
163 o
1046 b
SIS «

< T
o
° =

173 b
19 a
203.5 a
935 a
1700 I8
61 a8
1976 )
637 a
5230 b
200 a
607 a
0.67 a
340

a—Supplement no. 1 of BNL-325, 1960 b ~BNL-325 L-ud od., 1958

e—Cartor et al (1954).
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contribution due to s-wave ncutrons has been takon into account. It is a well
known fact that at this energy there will be appreciable contribution due to p-
wave and d-wave noutrons, which, when, taken into account will change the value
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of the theoretically caleulatod cross-sections giving poor agreement with the ex-
perimental values. Tt may be worthwhilo for somo theorist to look into this ex.
pression of the cross-section for this anamoly,
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Figure 1. The ratio of experimentally measured and theoretically calculated cross-scetions
is plotted against the neutron number of thoe target nucleus. In general the points are
scattored about thoe line having ratio 1.
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