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A method for calculating the differential cross section for compound-elastic scattering is
described. Differential cross sections for elastic scattering of 5.45-MeV protons by Ni®
and Ni® isotopes are calculated by employing the complex potential of the optical model.
Experimental data in which compound-elastic scattering is taken into account are com-
pared with optical model calculations and satisfactory agreement is obtained.

THE elastic scattering of nucleons by atomic nu-
clei is successfully described with the aid of the
optical model of the nucleus. However, the simple
premises on which this model is based cannot yield
a detailed description of the scattering process,
and the calculations do not always agree with the
experimental data.

Our calculations of the elastic scattering of
5.45-MeV protons 1] using the optical model of
the nucleus have shown that satisfactory agreement
between calculation and experiment is obtained for
those nuclei, which have a (p,n) reaction thresh-
old below the energy of the primary protons, that
is, for Cr®, Co®, Ni®, Cu®, and Zn®®. For those
nuclei whose (p,n) reaction threshold exceeds
this energy or is close to it, the cross section for
elastic large-angle scattering increases greatly
and these experimental data cannot be reconciled
with experiment. Such nuclei include Cr®, Ni%,
Ni®, Ni®2, and Zn®. This is apparently due to the
contribution of elastic scattering via production
of a compound nucleus (compound-elastic scatter-
ing) to the measured intensity of the scattered
protons, inasmuch as such an effect is not ac-
counted for by the optical model.

In the present paper we attempt to exclude the
compound elastic scattering by Ni®® and Ni®’, whose
(p,n) reaction threshold is 9.46 and 7.03 MeV, re-
spectively. The first to take account of this effect
were Preskitt and Alford[?J in an optical-model
analysis of the elastic scattering of protons by
chromium and iron with natural isotopic compo-
sition in the 3.49—6.42 MeV range.

The equation for the cross section of compound-
elastic scattering can be written in the form

6ce =Gclee/(Tee + 3 Ti + Tn + Iy +Ta), (1)

where o is the cross section for the production
of the compound nucleus, and Ige, I'j, I'y, 'y, and
I'y are the widths for the decay of the compound
nucleus via elastically-scattered protons, inelas-
tically scattered protons, and the widths for decay
via (p,n), (p,v), and (p, @) reactions, respec-
tively.

At 5.45 MeV the decay of the compound nucleus
via (p,7y) and (p, @) reactions has low probability
and we have neglected the possibility of the decay
via these channels in the calculations. If the (p,n)
reaction channel is closed, then, in accordance
with (1), the compound nucleus will decay by emis-
sion of elastically and inelastically scattered pro-
tons. To simplify the calculations we assume that
the residual nucleus following the emission of the
inelastically scattered proton is in a state with
only the first level excited.

In the nuclear reaction model proposed by Fesh-
bach, Porter, and Weisskopf [3]’ the differential
cross section for compound elastic scattering of
protons by a nucleus with zero spin is given by

sLw (1)

See®) = 2 gy (24 14 L 14 si o)
+742 (l)l_]/‘.!v lv 1_1/2; 1/21‘)] P'— (COS 0)’ (2)

where cré = mx%(2] + 1) T7(E) is the cross section
for the production of the compound nucleus, T7(E)
is the penetrability, and W(Z) is the relative prob-
ability of the decay of the residual nucleus via par-
tial channels with orbital angular momentum 1.
W(l) is given by

Wm=n®/27wm. 3)

p,q,s

The sum is taken over the orbital angular momenta,
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the possible final states of the system, and the
channel spins.

If the respective spins of the target and resid-
ual nucleus are i and i’, the initial and final or-
bital angular momenta of the proton are I and 1,
and the initial and final energies E and E’, then
it is convenient to combine the proton and nuclear
spins into the initial and final state channel spin:

- . . ! 1
jre = i+ Yy =i 1,

fia
The spin of the compound nucleus level will be
denoted by J, and then

W —iI<I<I+j T=7I<U<T 4+

Expression (3) can then be rewritten in the form

W (l) = T; (E) / S\ &uTr (Ey). (4)
iU.q
where
2, if
={1, if
L0, if

jrand jz
1 or ja
jirand jz do not

it

satisfy the condition |/ —/|<j<J+1L

In calculating the differential cross section for
compound-elastic scattering ose(6) and the prob-
ability W(l), we evaluated the penetrabilities
T7(E). The potential for the calculation was taken
in the form

V() =Veoul) + VF () + iWg (), (5)

where Vgou1(r) is the potential of the Coulomb
field of the nucleus; V and W are the real and
imaginary parts of the nuclear potential,

F(r) = [1 + eR-Ra] 1, —[(R-Ra)/bF,

gr)=e
Ro _ roA'/l.

Figure 1 shows the results of the calculation of
the differential cross section of compound-elastic
scattering by Ni®. An analogous curve is obtained
for Ni®, which we do not present here. Figure 2
shows the experimental data for Ni%® and Ni®, the
curves calculated from the optical model of the
nucleus, and also the points obtained as a result
of subtracting from the experimental values of the
elastic scattering cross sections the compound
elastic scattering cross sections. The results show
that account of the compound elastic scattering
leads to agreement between the calculated and ex-
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FIG. 1. Differential cross section for compound-elastic
scattering, calculated for Ni*® with the parameters indicated
in Fig. 2.
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FIG. 2. Results of calculation for Ni*® and Ni*®®: O - ex-
perimental data; + — experimental data from which the com-
pound elastic scattering is subtracted. Solid curve — results
of calculation by optical model with parameters: r, = 1.25
x10™* cm; b=1.2x10™* cm; a = 0.4 x 107** cm; V = —57.5
MeV and W = —5 MeV for Ni®*®%. For Ni*® we have W = —6.5
MeV, and the remaining parameters are the same as for Ni**

periniental curves, starting with scattering angles
of 80° and above. The first maximum in the re-
gion of the scattering angles of 50°, as in the pre-
ceding calculations, cannot be reconciled with ex-
periment. This is possibly connected with the fact
that the Gaussian form which we have chosen for
the absorption potential is not complete.

We propose to carry out in the future calcula-
tions with the absorption potential in the form pro-
posed by Easlea (4], who takes both volume and
surface absorption into account.
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