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The cross sections of reaction (y,7°p) on Li® C'? nuclei were measured in the
0-600 MeV /¢ range of momentum transfer to the residual nucleus. For large
values of momenta, cross section values disagree with calculations carried out
within the framework of a shell model and a model of quasi-free meson
photoproduction on nuclei.

PACS numbers: 25.20. + y

Scattering of high-energy particles on atomic nuclei with resulting knock-on nu-
cleons constitutes a useful means of studying the shell structure of nuclei and also of
effects that lead to deviation from the shell structure.!? Especially interesting for ob-
taining additional information on short-range dynamic correlations (SDC) in nuclei’*
are experimental data in the region of large momentum transfers to the residual nucle-
us. However, experimental cross sections of reactions with knock-on nucleons are, as a
rule, in the region of small momenta.

In this work we investigate the (3,7 ° p) reaction on Li %, C'? and O'® nuclei at the
maximum bremsstrahlung energy of 450 MeV. The 7°-mesons were detected experi-
mentally in coincidence with protons and in a coplanar geometry. The angle and
energy of 7°-mesons were fixed (@, = 67 +2°, E_ = 300 + 16 MeV), as well as the
proton energy detection thresholds (T, >21+ ;MeV for the C'> nucleus and
T,> + }MeV for Li® and O '® nuclei). Reaction yields (cross sections per equivalent
y-ray) were measured as a function of the outgoing proton angle in the interval 40—
150° (the momentum imparted to the residual nucleus varies in this case from 0 to 600
MeV/c). Photoproduction of mesons on nucleons from the various nuclear shells was
unresolved. Measurements were carried out on the Tomsk electron synchrotron. °-
mesons were identified using a setup for the detection of neutral mesons by their y-ray
decay using total-absorption Cerenkov spectrometers.® The proton detection channel
included a scintillation counter with a polyethylene absorber in front of it. To check
the apparatus we measured the reaction cross section on hydrogen by the ‘““difference”
method (on polyethylene and oxygen). The results coincided within experimental error
with measurements of other authors on liquid hydrogen. Detailed features of the setup
and processing of experimental data are described in Ref. 7.

Figure 1 shows cross sections of the (y,7° p) reaction as a function of the proton
angle of emission. The lower scales correspond to momentum transfer to residual
nucleus (Pg) averaged over the detected proton spectrum. Calculations of cross sec-
tions were carried out within the framework of a quasi-free meson photoproduction
model and in the impulse approximation.® The interaction of the 7 °-meson and proton
with the residual nucleus was considered in the framework of the optical model using
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FIG. 1. Dependence of reaction cross section on the proton angle of emission: O—experiment, with total
measurement errors;---- —calculations using plane waves; —— final state interactions taken into account;
— ———effect of S-shell shown separately; —-—-——calculations with momentum distribution from Ref. 3

with allowance for correlation by the Jastrow model. Oscillator parameters a, = a, = 115 MeV/sec for
Li ® nucleus,? 120 MeV/sec for C '2 and 113 MeV/sec for 0'%." Arrow indicates angle of proton emission in

the case of reaction y + p—7° + p.

the eikonal approximation.®* Harmonic oscillator model nuclear wave functions were
assumed. In the case of the Li® nucleus three sets of oscillator parameters were consid-
ered: 1) @, =a, =97 MeV/sec;'* 2) a, = 50 MeV/sec, a, = 108 MeV/sec;" and
3)a, = a, = 115." Subscripts P and S indicate affiliation to the 1P or 15 nuclear shell.
Cross section calculations in which the first two sets of parameters were used disagree
with the experiment over the entire interval of the proton emission angles. A more
satisfactory agreement is obtained with the third set up to P, ~350 MeV/c. In the
case of the O '® nucleus calculations agree fairly well with experiment in the region of
small P,. The calculated reaction cross section on the C'? nucleus is considerably
below the experimental value, the divergence possibly occurring for reasons which are
not nearly as significant for the Li® and O'® nuclei because of the higher proton
detection threshold: a) taking account of final-state interactions using the eikonal ap-
proximation is unjustified for T', ~20 MeV; b) the model fails to take into account
processes of a partial or total breakup of the nucleus which is accompanied by the
emission of protons with an energy above the threshold.

Thus, calculations for the Li® and O ¢ nuclei in the shell model with oscillator
wave functions and in the quasi-free meson photoproduction model satifactorily de-
scribe the experimental values of cross section up to P ~ 350 MeV/c. In the region of
large momentum transfer qualitatively-different behavior of reaction cross sections is
observed. The dotted curve in the figure shows the cross section of a reaction on the
O '° nucleus without allowing for final-state interactions, but including SDC. Clearly,
allowing simultaneously for final-state interactions and SDC may lead to an improved
agreement with the experimental results. In particular, the question of the nature of
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the reaction mechanism in the case of larger momentum transfers to the residual
nucleus remains open.*
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