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It is shown that a study of the ratio of the cross section for photoabsorption of
transversely polarized photons by a nucleus, R, = g, (y4 )/o,(yA ), makes it
possible to obtain new information about the total cross sections for interaction of
longitudinally polarized vector mesons with nucleons.

PACS numbers: 13.75. — n, 25.30.Cg,

The deep inelastic electroproduction process in nuclei has recently been studied
extensively both experimentally and theoretically.' An interest in this process has
arisen because of the prediction of a screening effect in the total photoabsorption cross
sections of virtual and real photons at small x = Q2/2Mv (@2 = — ¢°, where g is the
four-momentum of a virtual photon, v = g, is the energy of a virtual photon, and M is
the nucleon mass). A number of experiments performed in recent years makes it possi-
ble to state that, although there is no screening at large Q? (the ratio of the cross
section for photoabsorption o{y4 ) in the nucleus to the cross section for photoabsorp-
tion o{yN) in the nucleon is equal to the atomic number 4 of the nucleus, the value
A = o(yA)/Zo(yp) + (A — Z)o{yn) for a small x~0.1 differs markedly from unity
{4 < 1); which indicates a presence of screening due to production of vector mesons
in the nucleons of a nucleus, which are subsequently absorbed. The existing experi-
mental data for total photoabsorption cross sections of real and virtual photons are in
good agreement with the predictions of the vector-dominance model with allowance
for the contact terms.” In the case of deep inelastic scattering of electrons by interme-
diate and heavy nuclei 4 % 20, we can easily obtain the following equation by using a
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calculation technique developed in the theory of multiple rescatterings’:

oL (yN) +Re 3 fyL; (O)F(AV,ULV)
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(1)

The symbols ¢”*! in this equation represent the total cross sections for interaction of
transversely (longitudinally) polarized, virtual y-ray quanta with nucleons and f7)(0)
is the amplitude of the yN—>VN process, where ¥V = (p,0,¢4 ), at zero angle.
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where p(b,z) is single particle nuclear density and 4, = (m? + Q?*)/2v is the minimum
longitudinal momentum transfer in the yN—FN reaction.

Ref 71£(0)
Imf 74 (0)

In deriving Eq. (1) we took into account the fact that the amplitude of the yN—VN
process is a slowly varying function of the momentum transfer, as compared with the
nuclear density. In addition, we assumed that the s-channel helicity is conserved in the
vector-meson electroproduction process, i.e., transverse (longitudinal) photons pro-
duce transverse (longitudinal) vector mesons.

ol = YT 10 = T YN ) — iad PNl =
[4%

Let us analyze the limiting (with respect to the energy v of a virtual photon) cases
of Eq. (1). For small energies (v & 3 GeV) the oscillations in the integration with
respect to the longitudinal coordinates in Eq. (2) show that the contribution from the
intermediate channels can be disregarded; therefore,

_9oyN) _
o’ (yN)
Thus, for small v the ratio o, /o, in the nucleus is the same as that in the nucleon.
Of greater interest if the region of deep-inelastic electroproduction, in which the
relation 4,1, <1(l,, = 1/0,p, is free path length of a vector meson in the nucleus) is
satisfied. In this case an integration in Eq. (2) with respect to the longitudinal coordi-
nates gives the following expression:

2 ()
AoL(yN)+ 16"Re2 —y—V——-—(A—N(O o7 /2))
~ VA % "L 3
RA = 1()
16 ~
40T (N) + 7 R VM< ~N (0,07 /2))
o
T

239 JETP Lett, Vol. 32, No. 3, 5 August 1980 S. R. Gevorkyn 239



8

2 %0
18F
15 %=0150; FIG. 1.
ul
b
i 9=
| i | A1

[ x )

AL Ctu AgPb A

where N(0,0) = f [1 — exp(— o f — 0 @ p(b,2)dz/0]d?b are effective nucleon num-
bers. Disregarding in Eq. (3) the ratio of the real part of the amplitude of elementary
processes to the imaginary part and using the vector-dominance relations
SIF) =guf i, we obtain

N (0)o,/2)

R
4 N (0,05 /2)

4)

The quantity o, represents the total cross section for interaction of transversely polar-
ized p and ® mesons with nucleons (the contribution from the ¢ meson is ignored
because of its smaliness), which can be determined from the processes of coherent
photoproduction of vector mesons in the nuclei, because of conservation of the s-
channel helicity. Thus, Eq. (4) has one free parameter o, . Figure 1 shows the depen-
dence of R ,/r on the atomic number for different values of o, . In the calculations of
the effective nucleon numbers, we chose the nuclear density in the form

b2+22—-R\, R =1,14413
ERL) [ g et

o) - (
p(b,z)=p, /1+exp > g = 0,545 f

a

We can see that by measuring R, in different nuclei in the region A/<1 [by limiting
ourselves to Q2 S 1 (GeV/c)?, we obtain for v an estimate v X 20 GeV] we can
determine the total cross section for interaction of longitudinally polarized vector
mesons with nucleons.
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