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We measured the dependence of the cross sections for the interaction of 1.43-
GeV/ ¢ negative pions with atomic numbers, in the reaction m~+ A—p +all on
the atomic number 4 of the nucleus at the maximum momentum transfer to the
proton. We observed that when the experimental cross sections are described a

relation of the type o A" the exponent n for light nuclei (from Li to Cu) is
approximately double the value of n for heavy nuclei (from Cu to Bi).

PACS numbers: 25.80.+f

The spectra of the protons from the reactions
7"+ Ad->p+dl (1)

were measured with the three-meter magnetic spectrometer of the Institute of
Theoretical and Experimental Physics!!:2] and optical spark chambers, in the
1. s. momentum and proton-emission angle ranges determined by the geometri~
cal efficiency €(p, cosf) of the apparatus (Fig. 1). We present here the data on
the cross sections ¢ of the process (1), averaged over the region of effective
registration of the protons:

2
a=fd a (1)

e(p, cos 0) dpdQ . (2)
dpdQ)

The measurements were performed with a beam of 1.43-GeV/c negative pions

on the following nuclear targets: 8Li, "Li, °Be, 12C, 2'Al, 32, Cu, !%In, ¥iTj,

209Rj, We chose mainly monoisotopes of sufficient purity (with the exception

of the 7Li and Cu targets with natural isotope mixture, and the SLi target,

which contained ~10% of 'Li). For background measurements and for calibra-

tion purposes, we used also an “empty” target and polyethylene (CH,) target.

The nuclear lengths of all the targets were approximately equal (~0.1 L, ).
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FIG. 1. Geometrical efficiency of the installation for the registration of the
protons from the reaction 7~+A —p+ all at 1,43 GeV/c: a) vs. the proton
emission angle 9 for different proton momenta, b) vs, the proton momentum
and integrated over the subtended solid angle,

Special measures were taken to ensure practically identical geometrical exper-
imental conditions for the different nuclei. In the calculation of the cross sec-
tions we used the ratios of the numbers of the registered fast protons (opera-
tions of master) to the numbers of m-meson fluxes passing through the targets,
The results of scanning of a fraction of the film data (~ 5000 photographs) were
used to establish more precisely the experimental background conditions and to
introduce the corresponding corrections. The reduction of the photographs
{more than 100 000) yielded detailed spectra of the process (1).

The final cross section values contained, besides corrections for the absorp-
tion of 7~ and p in the target material (~ 8. 0%)!®! also for the change in the
geometrical efficiency of the registration of the protons as a result of ioniza-
tion energy losses (~ 2.5%).

Figure 2 shows in a log-log scale and in relative units the obtained cross
sections and the corresponding statistical errors as functions of Ind4 (4 is the
atomic number of the nucleus).

Analysis has shown that the entire aggregate of the investigated nuclei cannot
be described by a single power-law function of the type oo An (x2=66, P(x?%)
=10-%). The best approximation of the experimental data was obtained with the
exponent » ranging from »= 0,49 + 0, 02 in the nuclear region "Li—S to n=0, 20
+ 0. 04 in the range of nuclei Cu—2%Bi, Another interesting result is the pres-
ence of considerable irregularities in the function o{A) for the lattice of the in-
vestigated nuclei CLi—%Be). Particular interest attaches to the difference be-
tween the cross sections of the process (1) on the ®Li and "Li, which goes con~
siderably beyond the experimental error, even though the two nuclei differ only
by a single neutron in the 1ps,, shell,

To describe the results we used as the initial approximation the eikonal model
of the multiple rescattering, which is analogous to the Glauber approximation
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FIG. 2. Dark circles—the cross section of the reaction r~+A--p+ all vs, the
atomic number A of the nucleus for high-energy protons emitted forward at a

small angle. Open circles—dependence of the effective number of protons Z,
on the atomic number of the nucleus (theoretical calculations). Lines—piece-

wise approximation of the cross section by the relation oo A",

for incoherent reactions. In this model, as small emission angles of the high-
energy protons in the reaction (1), the following expression is obtained for the
cross sections:

da, (1) 7 {dcp . ﬁz_ do, ] ’ (3)

d0dp  dfindp dQ dp

where p and @ are the momentum and solid angle, respectively, of the proton
emission; g, and ¢, are the cross sections of the reaction (1) on elementary
particles—free protons and neutrons,

z
Zeff =7 fdzbde(b, z)exp[—-ooi"el Jf (A-Dph, 29)dz"]

(4)
x exp [~ ali"elf(A - Dptb, z7)dz"1,

p(b, z) is the single-particle density of the nucleus, which corresponds in the
case of the nuclei Li, Be, and C to the harmonic oscillator potential with
parameters taken from!4!, and in the case of the remaining nuclei it corre-
sponds to a Woods-Saxon density with the parameters from'®!; N is the number
of neutrons in the nucleus, Z is the charge of the nucleus;

. 1 . .
oinel - — [(Z-D gt + Noinef 1, )
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are the inelastic cross sections for the interaction of the incoming negative
pion and the outgoing proton with the nucleons of the nucleus.

The results of the calculation of Z,, are also shown in Fig, 2. When the ex-
perimental cross sections are compared with the calculation data one must bear
in mind the following: a) the quasielastic backsacttering contributes only to g,;
b) the inclusive cross section of the elementary reaction (1) in the beam frag-
mentation region is larger for protons than for neutrons. '8! For these reasons,
we can assume in first-order approximation that ¢, < g, and 04~ Z . 1t is
seen that the Z,(4) dependence duplicates in the main the variation of the mea-
sured cross section. This circumstance can be quantitatively due to the fact
that the transparency of the nuclei decreases with increasing A and in contrast
with the case of light nuclei, where the knocked-out protons could be emitted
from all impact distances, these protons can be emitted here in practice only
from an external “ring” (periphery) of the nucleus, of thickness x ~I2/R,
where 1, is the free-path length in the nucleus of the produced proton. The
area of this ring remains ~ 27Rx ~ const as A—, and this can slow down
appreciably the growth of the cross section with increasing A. The fact that
Z,4,(A) agrees well with the relation o(4) in the interval 2C—2¥Bi, within the
limits of the experimental accuracy, indicates that the data obtained at the pri-
mary momentum 1.43 GeV/c can be interpreted without resorting to the hypo-
thesis of “bare” particles, [7:8]

The good agreement of the function Z,,,(A) with the experimental data for
light nuclei, particularly Li isotopes, favors the assumption that o, < g,.
Attention is called to the fact that in the theoretical calculations for Z.(A),
where account is taken of the effects of screening and distribution of the proton
and neutron densities in the nucleus, irregularities analogous to those observed
in the function o(4) appear in the region of the lightest nuclei.
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