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The Interest to the processes of Interaction of h1oh enerav ohotons with

nucleons and nuclei 1s 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 turnint

before that into vector mesons c ^ o c ^ y was put forward more than

twenty years ago (the vector dominance model). In this model the total cross

section of interaction of real Y -quanta with nucleon 6 ( y N ) <f
S o
iven

1n the following form:

In this expression 6 ( V N ) are total cross sections of Interaction of

vector mesons ( о , u) , «^ ) with nucleons, —jj- 1s coupling constant

of photon with vector meson, oC is electromaonetic Interaction constant.

The quantities —-|~
 c a n

 be determined from the process of e e" annihilat-
edv

ion to hadrons (the values of these constants for O, Cuj <f -mesons are

;qual respectively to [3] :

«L-0.52. Щ- =0.048,- Ц-ш 0.072).
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The total cross sections 6 ( . V N ) can be exDressed, usinq the auark

model, via cross sections of 3TN and K N Interactions

At these values the contribution of p, co ; tp to (1) amounts to ~ 90 %

of &(tfN) . It Is customary to believe that this difference 1s due to

the contribution of vector mesons with large masses. It 1s herp assumed that

the cross sections of their Interaction with nucleons deoend on meson mass

as

(the generalized vector dominance model). This assumotion is difficult to

understand within the framework of modern representations. Thus, e.q., 1f

the impulse approximation for the quark model 1s valid, then there must take

place equality of cross sections for mesons with identical quark composition.

Moreover, if mesons with larae masses are radial excitations of P»cO, ip

mesons, then their cross sections must increase with mass rather than fall

off.

At present, apart from J>, CO , y> mesons, also the existence o* two

more vector mesons [3] c/ (1600) and <f' (1680) 1s reliably established,

for which -£f=0.28, -^f- = 0.017. Assumina 6 ( p ' N ) = 6(j>N) ,
Эр' а у'

6(cj>'N) = 6(y>N) , we shall obtain that^the r.h.s. of (1) makes UD

about 160 jub, this considerably exceeding the value 6(yN)= 115 ^b

( E
y
 £ 30 GeV) [ 4 ] .

Account of other mesons from the families p > d>, tf> will result 1n

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

charm is small: ~ 3 jub).



The discrepancy mentioned can be removed 1f takino Into account the

color screening effect 1n the quark-antiquark pair [5] .

It 1s well known [l] that the mean 11fe-t1me of real Dhoton 1n hadronic

(quark-antiquark) state Is determined by Its energy V and mass of this

state M :

Let us assume that the distribution density of distance н = С

the transition point of photon to CL<^ -pair till the taroet has the form:

p ( Z ) = ;=- t ^ ° . If the photon-pair transition occurred at a distance

2 from the target, then from simple geometrical reasons [5] It follows

that the transverse distance between quark and antiquark 1s:

г =
'vx(1-xj

 (4)

where p 1s quark transverse momentum, x 1s a fraction of photon momen-

tum carried by quark. If this distance 1s less than the mean sauare radius

of vector meson %
o
 , then due to the effect of mutual screening (by color)

the'pair will interact with the target with a cross section G(.i) less

than the cross section of meson-nucleon scattering. We shall use a simDle

parametrization [б] for this quantity:

$ г'
 lt г<г

. „,

If the transition /""•"tyfy occurs sufficiently far from the taraet, then

the interaction of the pair with the latter takes place with hadronic cross

section § ( V N ) . In this approach the total cross section of Dhoton-

nucieon interaction turns out to be:



(6)

where Z
a
 1s defined from (4) at X = to and J3 = 2 э / г

е
= \/z Z

o
 p

A

This quantity can be determined while comparinq expression (6J with experi-

ment. If, In addition, we restrict ourselves to reMabiv known vector mesons

p , со . y> . p' (1600), if' (1680) and sunnose that the values n+ p

fo» various mesons are practically the same, then for Q we obtain the

value ф at 0.5. Account of other vector mesons whose existence 1s Indicat-

ed (see, e.g. [7] ) will lead to some Increase in the value of $ . Motp

that this value 1s in reasonable aqreement with independent estimate J3
 в

= 1/2 Zo P
t
 « 1/2 0.65 0.35 GeV • j = 0.57.

Thus the account of screening in the ac^ -pair allows one to describe

the total cross section of %H Interaction without 1nvolv1no the assumption

about decrease of 6 ( V N ) cross sections with Increasina vector meson mass.

Within the framework of the above-considered picture, one can readily ob-

tain an expression for total cross section of Interaction of hiah-enercy

ihotons with nuclei:



„ere

one particle nuclear density.

Expression (9) 1s practically Independent of У -quanta enemy (exceot

for weak energy dependence 6 \ V N ) ). Calculated by formulae (8), (9),

total cross sections of photon-nucleus Interactions at the value $ =0.5

are compared with high-energy experimental data [8,9] as shown 1n the Figure.

Note that within the limits of experimental errors no decrease of

б ( у Я ) with 1ncreas1no photon eneray 1s observed, this bMng 1n

agreement with the absence of energy dependence 1n (8) and (9).

The authors are thankful to S.G.Matinyan and Ar.M.Kotz1n1an for the

useful discussions.
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