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Interference between Coulomb and nuclear scattering is considered in the quasi-classical ap-
proximation. Results of calculations are presented for scattering of 8.7-Bev protons on light
and heavy emulsion nuclei. The magnitude and sign of the real part of the amplitude for

scattering of protons on protons are discussed.

THE amplitude of elastic scattering of nucleons on
nucleons and nuclei has, in the general case, the
form

f(®) = A®) + (Bsy, 9), (1)

where A (+) is some complex function, and
B (0j, 4) is the part of the amplitude dependent on
the spins of the interacting particles. At high en-
ergies it is usually assumed that the real part of
A (¥) and the term B (o0j, ¥#) in expression (1) are
equal to zero. Experiments on elastic scattering
of 8.7-Bev protons on hydrogen! and on emulsion
nuclei? apparently indicate that this assumption is
incorrect. However, the results of these experi-
ments, in essence, only raise the question of taking
into account the real part of A (#) and the spin de-
pendence of the nuclear forces, but do not give any
clue as to their role in the interaction. In the
present article we consider the interference be-
tween nuclear and Coulomb scattering, the study
of which can give the magnitude and sign of Re A.
In the quasi-classical approximation for spin-
zero particles the scattering amplitude has the
form

—e2B@)] J o (k9p) pd p, 2)

where B (p) is the sum of the Coulomb and nuclear
scattering phase shifts. Thus the Coulomb inter-
ference is determined by the value and sign of the
nuclear phase shifts. In the optical approximation,
the latter depends in turn on the magnitude and
sign of the real part of the nucleon—nucleon for-
ward scattering amplitude, Re fj (0).

Formula (2) is approximately valid also for the
case of the scattering of particles with spin on
spin-zero nuclei, for example, for the scattering

of protons on light emulsion nuclei (C'2, N4, 01).
Strictly speaking, the spin-orbit interaction should
be taken into account in this case, but it does not
play an important role in the small-angle region.

We used expression (2) to calculate the inter-
ference between Coulomb and nuclear scattering of
8.7-Bev protons on light and heavy (Ag, Br)
emulsion nuclei.* The phase shifts of the nuclear
scattering were calculated by the usual method
(see, for example, reference 2). The Coulomb
scattering phase shifts were obtained from the
formula of Bethe.® The magnitude of Re iNn(0),
according to the data of Markov, Tsyganov, ‘
Shafranova, and Shakhbazyan (see reference 4),
was set equal to 14.4 x 10”13 ¢cm. The results of
the calculations are shown in Fig. 1. In order to
obtain the differential cross section for the mixture
of emulsion nuclei, it is necessary to combine the
cross sections for the light and heavy nuclei with
respective weights of 0.58 and 0.42.

The differential cross section was also calcu-
lated from the approximate formula of Bethe:3

do/dQ = | g (0) — (2n/kH2)e¥n 2 F? (k9a),
n = Ze¥lhv, N = n(0.068 —Inka—1n9), 3)

where gp (0 ) is the forward nuclear scattering
amplitude, a is the mean square radius multiplied
by V2/3. The form factor was taken in the form

F = exp {— (kda)%4}. Here we wished to consider
the degree of applicability of this approximate for-
mula in connection with the critical remarks of
Batty.’ As a result of the calculations, it turned

*We neglect the spin of the heavy nuclei as it does not
play an important role in the scattering process. This is con-
nected with the fact that the ratio of the spin of heavy nuclei
to their mass number is small.
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out that the difference between the cross sections
obtained from the approximate formula and the
quasi-classical approach is no greater than a few
percent for light nuclei.

In the case of scattering of 8.7-Bev protons on
protons, it was assumed that the effect of their
spins can be neglected.* The differential cross
section was calculated from formula (3). The form
factor in the same form as for the nuclei was cal-
culated for a = 0.86 x 10~ cm - the value taken
from the data of Preston. The results of the cal-
culations (in the ¢c. m. s.) are shown in Fig. 2.

It is seen that the choice of the value Re fN(0)
=13.5 x 10" ¥ ¢m does not contradict the experi-
mental results if its sign is positive. This state-
ment, however, should not be considered conclu-
sive, since the errors on the histogram are large,
and the assumptions made above are based on in-
sufficiently accurate experimental data.

The authors thank I. I. Levintov, M. I. Pod-
goretskii, and Y. A. Smorodinskii for their helpful
discussions.

*Some basis for this assumption may be found in the fact
that comparison of the scattering of 8.7-Bev protons on hydro-
gen"* and on emulsion® indicates that the effect of the spin-
dependent interaction is small.
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