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Introduction

Total cross sections of neutron induced nuclear reactions have
been measured for many elements and for different ranges of energy.
The measures at about 90 Mevl were satisfactorily described by the
optical model proposed by Fernbach, Serber and Taylorz.

In this model, a nucleus is represented by a partially transpa-
rent sphere endowed with an index of refraction and an absorption coe
ficient. This is equivalent to the assumption that the incident neu-
tron is subjected by the nucleus to an average complex potential, the
‘real part of which, UO,.determines the refractive index of nuclear .
matter whereas the imaginary part, Ul’ is responsible for the partial
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neutron absorption, For 90 Nev neutrons, the experimental data were
successfully described2 by the following values of the constantss

Uo = 30,8 Mev, U} = 9,5 Mev, with a nuclear radius R = roAl/3,

ro = 1,37 x 10735 cm,

This model was, however, not so successful in accounting for tre
measurements at 153 Mev3 270 Mev4 and 280 Wev5. At the first of thes
energies, the nuclear potential Uo required by the model would be 6
Mev, At 270 Mev, not even for Uo = 0 are the experimental points brou
into agreement with the curve predicted by the optical model, These
results did not support the extrapolated hope that U would be about
the same as indicated by the low energy data,

More recently, an extension of the optical model to the descrip
tion of low energy neutron induced reactions6 was proposed by Feshbad
Porter and Weisskopf7. The behaviour of the total cross scections as a
function of the energy, up to 3 Mev, indicates that the neutron wave
is not completely absorbed by the nucleus - a suggestion that the
latter vould be conveniently described by a complex potential., The
constants required by experiment are in this case

U, < 42 Mev, Up =2.1Yev, r_ = 1.45 x 10" 3em

The knowledge of Uo’ Ul and Ty for different energigs_is of in-
terest. It may give some information to the question of velocity-de-
pendent nuclear forces and of the distribution of nucleons in nuclei
at such energies,

A re-examination of the description of the hign energy data by
~the optical model is reported in this note. In this energy region,
some approximation method should be used for the calculation of tho
cross sections involved. Our resulis arc based on the use of the Born
approximation, The computation of the elastic scattering cross sec-—
tion in this approximation is well known. In paragraph 1 we show that
the Born method can be extended to the reaction cross section, which
cnables one to evaluate the total ¢ross scction in this approximation,
In paragraph 2, the formula is comparcd with experimont; the angulaxr
distribution of the elastically scattered neutrons is also given,
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1. Reaction and total crogss sections in Born approximation,

The exact expressions for the elastic scattering cross section
and the reaction cross section o, are respectively:

(£)+ o n(ﬂ) is the {-th complex phase shift corresponding
" t0 a complex potentlal % (r) & 1Vl(r) in a single particle wave
equation.,

In Born's approximation, both parts ng ) and ~n§€) of the
phase=-shift are given Dby: - .

- 2
(¢) = - 20k (mvo'l(r) ‘Lfﬂ(r)} e dxr
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and are to be inserted in the Born scattering cross section:
. 2 g -
Ug = -——g%:(i’f*- 1><n§“~ + n§€> ) (2)
k : 7 '

Since the phase-shift occurs quadratically in (2), the reac-
tion cross section should have the following form, in Born's appro-

ximation:"
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We write the potential in the follosing ways

Volr) + 4 vy(r) = (U, + 10)) (x) , (4)

where U  and U, do not depend on r, The phase shifts are, from (1)
and (4): "

ngf{“igk— %l G= qxr)[ <r>] “r ar  (5)

The total cross section is then:

| 15 (2 44 2yn(t)y om0 (6)
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where:
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The sum which appears in the right-hend side of (6) can be easily
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computed by means cf (5) and of the following identity:
2
;(2{»{1)[% (r)] = 1

o

whieh i8 the limiv of¢
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for 6= 0, One ob*aina:

00
Y28+ 1)n(t) =—.2.....El§ 412 dr
; 1 g2 |
0
Therefoxe (6) is: |
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ool U2 - U
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An attractive square well potential is defined bys

(-1,- for r <R
b)) = |

lo s for r >R,

where R = :r'oAl/3 is the nuclear radius. It givesrrise ¥0 the follow-

ing cross sections:s

2
o, = SIE. (12 4 U2) B%
hf kf.
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The dependence of the total cross scction with A has the follow=-

ing f m:
_ 4/3
Otot = & A+ (3 A
where
. 2
STim 3 27Tm e . 4
6 = ——s—= U,r Bﬁw-‘“ctj&“ﬁ)f

2, Comparison with experiment. 5

We see that the dependence of —o% with 73 15 1inear, This
is in agreement with the experimental results, which are plotied in
Pig, 1 for S0 Mev and 410 Mev and in Fig. 2 for 156, 270 and 280 Mev,
The slopes of the straight lines are negative and this means that, at
least in the Born approximation, the absorptive part of the potential
U, is larger than the real part U,. ' '

TABLE I
»Pguzrgg SReTEY | E = 156 Mev E = 275 Mev T = 410 Mev
"o | Y ! Ys ! % Y Yo !
1.3 25,0Mev 29.3Mev | 12.4Mev 20.8lev | 15,8Mev 24.4Mev|25,2Mev 29.7lev
1.4 19.4  23.4 9.7  16.7 |11, 19.5  [15.5  23.8
1.5

15,2 1%.1 6.0 13.6 7.7 15,9 11.8 19.4

In Table I are the values of U0 and Ul for the different incom
ing neutron cnergies and - few values of r (in 10713 cn unit). The
potentials change with the excitation energy; this is visualized in

Fige 5. Whereas the value of UQ required by the treatment of Serber
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et al., would be zero for 270 Mev neutrons4, in the presente approxi-
maticn the corresponding value is about 16 Mev for ry = 1.3 x 10"13cm.
These values of U, and Uy, however, do not fit well the angular
disiribution of the elostically scattered neutrons, Fig. 3 reproduces
the curve as predicted by Born's approximation at 90 Mev, It is avout.
three limes as large as the experimental pointsg which fit the partial

o for Aluminum. The curve predicted by the WKB approxi-

wave analysis
mation2 is also shown in Fig. 3 and gives results of the opposite size
a3 ccrpared to Born's approximation. Fig., 4 shows the angular distrie -
bution in Born's apyroximation for the higher energies., Experimental
measuremcnts of this distribution at such energies are not known to
us. An ther quentity which is not reproduced by Born's approximation
in the présent model is the ratio of reaction to total cross section*.
This ratio is about one half and independent of the nucleus, as indi-
cated experimentally4
the ratio o, / 0., 18 smaller than 0.5 and is not indcpendent of A,

This is essentially the reason why we did not add a spin-orbit coupling

» This is not reproduced by the present treatment;

to the ccmplex potential, as suggested previously by Fermillin treating
the high cnergy pelarization of protons. This additional potential
would increase only the elastic cross section and would deccrease the
ratic of reaction to total cross sections still more (assuming the
abscrpticn to be spin independent).

The results show that the Born approximation, as extended to
enccmpass the inelsstic processes, is not a good tool to decide about
the validity > the oplical model at the energies investigated. In-
deed, the phase shift for 5‘= O and at 90 Mev, as computed by formula
(1) with thc potensiels of Table I is about 1.4 .

A prelimirary calouzlation which employs the first 14 terms of
the Faxen-Joltsrark serics, the phase-shifts being s8till evaluated
.~ by the integrel (1), gives a complex potential cqual to (19.5 + 1 17)
Mev, if the total cross scction is adjusted for Al and Pb.

The eutiors had several stimulating conversations with L.lMarquez
on the subject of this paper.

% We ere indebted to Dr. L. Merquez for calling our attention to this question.
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