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ABSTRACT. The cross sections of scattermg of low energy neutrons by carbon have
been calculated by tho phase shilt method, the complex nuclear potentl 1 tuken as of
Woods-Saxon form and the phasos are calculutod with the help of u relation given by Brysk.
The theorotical values of the difforontial cross sections for 27 and 4.1 Mev noutrons agree
fauly well compared with the expermmontal findings for the same given by Lattle ef ol , and
Whalt & Boyster respectivoly.

INTRODUCTION

A number of investigations (Feshhach ef al. 1954; Feshbach, 1958) on neutron
—nucleus interaction have heen carried out with considerable success m terms of
an optical model of the nucleus. In this model the interaction due to the target
nuclens consisting of many individual nucleons 18 replaced by an average potential
well of complex nature wlich can he used to dotermme the differential cross
seetion for elastic scattering, its imaginary portion {akes care of the absorption
due to the formation of the compound nucleus. Most of the calculations of this
type have been done with a square well potential which, though, has the advan-
tage ol mathematical simplicity and of giving [airly reasonable result, 18 however
nnsatistactory in predicting much larger values of scatiering cross section for
larger angles than what arc experimentally found. The cause of the discrepancy
is due to the sharp edge of the potential well and as such the maodel has heen
modified by Woods-Saxon (1954) who has replaced the sharp edge by a diffuse
one.  Various results ohtained with this model having a smoothly rounded edge
agree reasonably well with experimental findings.

The object of the present paper is to calculate by the phase-shift method the
cross seclion of scattering of low energy neutrons by carbon; the complex nuclear
potential is taken to be of Woods-Saxon (1954) type and the phases are calculated
with the help of a relation given by Brysk (1962). Brysk’s formula differs from
the Born’s relation by a factor in the denominator wlich for high encrgy be-
comes 1. The claim of Brysk is that his relation gives more exact values of phase
angles for energies lower than those where Born method is valid. At low energy
of the incident particle the contribution to the scattering cross section will come
mostly from the first fow phase-shifts. The caleulation of phase shift is generally
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difficult and analytical solutions can be obtained only in few special cases, It
is doubtful whether the Born approximation is valid for energies below 100 Mev,
the method of calculating the individual phases by the Born method may push
the limit of validily a little lower than 100 Mcv. But Brysk claims that the cal-
culation of the phase angles by his method brings down the limit of validity to as
low as 5 Mev particle energy for spherical well potential with range of the order of
fifmvi.c. A/2m.  His method is not very useful for long range potential —a limitation
unposed by cortam approximations mtroduced in his calculations. The Woods-
Saxon potential being of short range nature will not offer any difficulty in Brysk |'

method. \
RESULTS AND DISCUSSIONS

The scattering amplitude is expressed by

Ld
J(0) = @)Y (21-1)28t 1P, (con 0) o )
1=0
We caleulate the phases 6; hy Brysk’s relation
— 72; k .‘. r2drg2(kr) V(r)
tan & = —— 0 ————— -
1— JE [ sty V)

o

where j;, 4, are spherical Bessel and Neumann functions respectively,
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jt being the reducod mass and E, the energy in the centre of mass system, the
nuclear potential ¥(r) is of the form as given by Woods and Saxon viz.,

(V+iW)
Vir) = = | [ gt - @)
where R is the nuclear radius and o is the diffusivity parameter.

The integrals for s-wave phase-shift have been calculated analytically. With
the substitution x = r—B the integral in the numerator of the right hand side
a
of eqn. (2)
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takes the form 1/2 | L(0)—L(2k)]
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The integrals are clementary and can be ovaluated easily.

Making usc of the relation (c.f. Bromwich, 1947)

1
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we may finally write
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Similarly, the mtegral in the denominator can be cvaluated and we have
T _sin 2kr dr — - OO 2kR + 1 | am cos 2kR +ai('i)"2”l°_e,_"m"
) 14-et—R)/2 I 2k sinh 2k & n?+4k%a?
The infimte integrals for p- wave and d-wave phase-shifts in the numerator
have been split up as
R R
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The first integral is evaluated analytically and last two integrals have been cal-
culatedd numerically. The integrals in the denominator have been calculated in
a similar way.

E=2:7 MOV

o (#) Brans/Steradian

-1.0

Cos 8 1n C. M. system
Fig. Differential cross section of acattormg of 2.7 Mev neutrons by carbon
——————— oxperimental eurve

-+ ——— thoeoretical curve

E=4) Mev

?
\
\‘

5 () Brams/Steradiam

Cos ¢ in C M system
Fig 2 Differential cross section of scattering of 4.1 Mev neutrons by carhon
—————— exporimental curve
theoretical curve

We have to calculate the differential cross sections in the ¢.m. system for the
incident neutron energies corresponding to 2.7 Mov and 4.1 Mev in the laboratory
system. We use the values of the parameters as given by Feshbach ef al, (1958)

R = (1.15413-].4)x 1018 om
a = 0.57x10-13

V = 52 Mev

W = 3.12 Mov,
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Results of our caleulation for tan 6 in the ¢.m. system have heen given in the
following Table {or the olastic scattering of 27 Mev and 4 | Mev nentrons by carhon.
The differential cross sections for these mcident energies have been compared

with the experimental values given by R N Little ef al (1955) and Walt and
Beyster (1955) respectively.

Lnergy in tan 0, tan &, tan 4,
lah system
2.7 Mev =0 6930 4-0.0059 ¢ — 2194 | .0033 + —.0340 | 0012 ¢
4.1 Mcv —09838--0.0099 ¢ —.3736 |-.0061 ¢ — 1092 .0036 ¢

Tt 18 found that the expermental values of scattering cross sections for 27 Mey
particles show a decrease with inercasmg angle Gl 90° and after that a little
tendency to increase, whereas for 4 1 Mev particles the cross seetion decreases
with angle upto 90” and therealter goes on mereasing, the experimental curve for
the ulferential cross section of 4.1 Mev particles 1s almost, symmetrie about 90
Our theoretical values agree fauly well with the experimental results upto 90°
but alter that the theory [als Lo show the merease which is preswmably due to the
preponderance of d seattering brought in by the deformation of the nucleus.
In the energy region considered we have appreciable compound elastic scaliermg
and 1t i very difficult to separate this Irom the total elastic scattering observed
cxperimentally. The theoretical curves which give only the shape elastic part
ol the elastic seattermg are necessarly below the expermental ones which include
both the shape elustic and the compound elastic scattering.
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