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The polarization was measured in diffraction scattering of protons by the
nuclei 'O and *Zr. The parameters of the nuclear-matter density
distribution, with account taken of the spin-orbit interaction, are obtained
for a number of magic nuclei. :

PACS numbers: 21.65. + f, 21.10.Dr, 25.40.Rb, 24.70. +s

The scattering of protons of medium energy by nuclei is an important source of
information on the structure of the nucleus. Thus, analysis, with the aid of the Glau-
ber-Sitenko theory, of the data on the diffraction scattering of 1-GeV protons has
yielded, for a number of nuclei, fundamental nuclear characteristics such as the nucle-
ar-density distribution parameters.' A joint analysis of experiments on electrons and
protons yielded next the parameters of the neutron density distribution. These results,
however, were obtained in the zero-spin variant of the theory, i.e., the spin structure of
the amplitude of the nucleon-nucleon scattering was not taken into account in the
calculations. Attempts at including the spin effects were made by a number of work-
ers,” but the corresponding calculations were subject to great uncertainties because of
the poor knowledge of the spin nucleon—nucleon amplitudes.

It is known that a good approximation for the nucleon—nucleon operator in the
analysis of the scattering of protons by nuclei with zero spin is
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f(q) = f,(q9) + f,(q)(on) . )

Here q is the momentum transfer, n is the normal to the scattering plane, & is the spin
operator of the incident proton, and £, (q) and f; (g) are the central and the spin—orbit
amplitudes. The parameters of the central amplitude can be specified with the aid of
data on free pp and pn scattering. To determine the spin—orbit amplitude and accord-
ingly to take into account the spin—orbit proton-nuclear interactions, we can use data
on the polarization in the diffraction scattering of protons by nuclei.>*

We have measured the polarization in elastic scattering of 1-GeV protons by the
nuclei O and **Zr. The differential cross sections and the polarization were analyzed
for a number of magic nuclei; a set of spin—orbit parameters was determined from the
aggregate of the obtained data; the parameters of the nuclear-density distribution were
determined with the spin—orbit interaction taken into account.

The experimental procedure and the basic formulas for the analysis are given in
Refs. 5 and 6.

Figures 1 and 2 show the results of the joint reduction of the differential cross
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FIG. 1. Differential cross section and polariza-
tion in elastic scattering of 1-GeV protons by *O
nuclei. Solid curve-least-squares fit. Dashed—
spin-orbit interaction included.
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sections and of the polarization for the nuclei “O and *Zr. The dashed curve corre-
sponds to inclusion of the spin-orbit interaction. As follows from Figs. 1 and 2, despite

the appreciable polarization, the influence of the spin—orbit interaction on the cross
sections is very small.

Table I lists the values of the parameters of the nuclear-matter distribution and
the parameters of the spin—orbit nucleon-nucleon amplitude, obtained by a least-
squares fit. For comparison, the parentheses contain the quantities obtained without
the spin—orbit interaction. In all cases, the changes due to allowance for the spin do
not exceed 0.04 F.

The parameters of the spin—orbit amplitude for all the magic nuclei agree within
the limits of errors. Some differences in the case of 2C may be due to peculiarities of
the structure of the C nuclei, which were not taken into account in the analysis.

Notice should be taken of the limited character of the customarily employed
parametrizations. Phase-shift analyses point to a more complicated character of the
dependence of the amplitudes on the momentum transfer. In particular, the slopes
turn out to be different for the real and the imaginary parts of the amplitudes. Unfor-
tunately, the phase analyses available for 1 GeV are not single-valued.” There is practi-
cally no information on the polarization parameters in the case of pn scattering. An
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analysis of the proton-nuclear scattering can therefore serve, in all appearances, as an
additional criterion when the nucleon-nucleon amplitudes are reconstructed.
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