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The interest to the processes of interaction of hiach enerav photons with
nucleons and nuclei is due mainly to the fact that they allow to study the
hadronic structure of photon [1,2] .

The assumption that the high-energy photon interacts with matter turninc
before that into vector mesons '9, W,y was put forward more than
twenty years ago (the vector dominance model). In this model the total cross
section of interaction of real K ~quanta with nucleon G(XN) is aiven

in the following form:

‘;er S (VvN) (1)

6(xN)=oL_>G'.

In this expression G (VN) are total cross sections of interaction of
vector mesons ( 9, W, Y ) with nucleons, i?— is coupling constant
of photon with vector meson, o s electromaaneti\é interaction constant,
The quantities -&%T' can be detemﬁn-ed from the process of e'e™ annihilat.
ion to hadrons (t:nevvalues of these constants for £, @,y -mesons are

:qual respectively to {3] :

A g5, 4% o018, L. g.072).
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The total cross sections O (VM) can be expressed, using the auark

model, via cross sectfons of JIN and KN interactions
(6(pN)=B(wN)=24mB; 6(¢N)=14mb)

At these values the contributionof o, @, ¢ to (1) amounts to ~ 9N %
of ©(YN) . It is customary to believe that this difference is due to
the contribution of vector mesons with large masses. It is here assumed that
the cross sections of their interaction with nucleons devend on meson mass

as

1
G(VN)~ 2 (2)

(the generalized vector dominance model). This assumotion is difficult to
understand within the framework of modern representations. Thus. e.q., if
the impulse approximation for the quark model is valid, then there must take
place equality of cross sections for mesons with identical quark composition,
Moreover, if mesons with Tarce masses are radial excitations of o, w, ¢
mesons, then their cross sections must increase with mass rather than fall
of f.

At present. apart from ;@) w,qP mesons; also the existence of two
more vector mesons [3 ] 9' (1600) and ‘-_f' (1680) 1s reliably established,
for which —4-;1= 0.28 , -‘é—f— = 0.017. Assumina 6 (p'N)=6(pN) ,

O(y'N) = 6({}N) , We shg;l obtain that-the r.h.s. of (1) makes up
about 160 pb, this considerably exceedina the value 6(3N)= 115 pb
( Ey > 30 Gev) [2].

Account of other mesons from the families o, w, will result in

increase of this discrepancy (the contribution of vector mesons with hidden

charm is small: ~3 mb).




X,

The discrepancy mentioned can be removed §f takina into account the
color screening effect in the .quark-antiquark pair (5] .

It 1s well known [1] that the mean 1ife-time of real photon in hadronic
(quark-antiquark) state is determined by its energy V and mass of this
state M :

T, = —ZM% | (3

Let us assume that the distribution density of distance Z =T  from
the transition point of photon to q,é -pair ti11 the taraet has the form:
| p(z): 715 E- To . If the photon-pair transition occurred at a distance

£ from the target, then from simple geometrical reasons [5] it follows

that the transverse distance between quark and antfquark is:

T ='7Pf(-f'-:;6 (4)
where P_._' 1s quark transverse momentum. X 1s a fraction of photon momen-
tum carried by gquark. If this distance is less than the mean sauare radius
of vector meson T, , then due to the effect of mutual screening (by color)
the pair will interact with the target with a cross section 6 (1) Tess
than the cross section of meson-nucleon scattering. We shall use a simple
parametrization (6] for this quantity:

_ 6(vN)
- 2

22 7? at 7 < o (5)

67.)
If the transition b«-—c;a, occurs sufficiently far from the target, then
the interaction of the pair with the latter takes place with hadronic cross
section ©(VN) . In this approach the total cross section of photon-

nucleon interaction turns out to be:



e

6(xN)=d%:-§5£6'(9§N) (6

6’(q§N)=c§p(z) 6 (z)dz =

o

(7)

~Zo, -p- 2%, +(4+ 2
=6(vN) {e E/é'g + 2-¢C [1 (1 zo/t'p)J}:.G(VN)JC(P)
(%%.)°

where Z, is defined from (4) at T = 7o and P:z,/z'o:i/z 0 Py

This quantity can be determined while comparing expression (£} with experi-
ment. If, in addition, we restrict ourselves to reliablv known vector mesons
P @y P’ (1600), ' (1680) and suonose that the values of @

for various mesons are practically the same, then for P we obtain the

value p = 0.5. Account of other vector mesons whose existence is indicat-
ed (see, e.g. [7]) will lead to some increase in the value of 3 . Note

that this value is in reasonable agreement with indenendent estimate g =
=1/2 2, P, ®= 1/2 0.65 0.356eV - £ =0.57,

Thus the account of screening in the cﬁ, -pair allows one to describe
the total cross section of KbJ interaction without invelving the assumption
about decrease of 65(\154) cross sections with increasina vector meson mass.

Within the framework of the above-considered picture. one can read{ly ob-
tain an exﬁression for total cross section of interaction of high-eneray

thotons with nuclei:

6 (yA)=o = %5(‘15’3)

(8)
6439) = 6(vNN(0 5D +
1 - 1
rp (e dan (0, %) (o

0

T



where N(0,6)=Sd25 1-eXP('GS§'(5,Z)dz) ; f-’
one particle nuclear density.
Expression (9) is practically independent of X -quanta eneray (exceot
for weak energy dependence ES(\/r4) ). Calculated by formulae (8). (9},
total cross sections of photon-nucleus interactions at the value [ =0.5
are compared with high-eneray experimental data [8.9] as shown in the Fioure.
Note that within the 1imits of experimental errors no decrease of

G (¥A) with increasina photon eneray is observed. this beina in

agreement with the absence of enerqy dependence in (8) and (9).

The authors are thankful to S.G.Matinyan and Ar .M _Kotzinian for the

useful discussions.
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