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Рассмотрен некогерентный коштон-эффект на ядрах.

Исследование этого процесса при высоких энергиях позво-

ляет получить полезную информацию о механизме взаяыо-

Sclentific Report ЕФИ-62(74)

S.R.GEVORKIAH, V.M.ZHAMXOCHIAR

L.N.KOVAL, S.H.MATIB1AH

INCOHERENT SCATTSRIHG OF HIOK-SKERGY

PHOTONS OH JJUCLEI

ABSTRACT

The incoherent scattering of high-energy photons on nuc-

lei is considered in the framework of the multiple scattering

theory. It is ahovm that the investigation of the A-dependence

of differential сгоав sections of this process can provide wi

interesting information on the mechanism of high-energy photon

nucleus interaction.
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The high-energy photon-nuclei interaction processes enable

one to get interesting information for elementary-particle physics,

Por example, the total cross sections for unstable vector meson-

nucleon interaction were fo'»nd from the experiments on the vector

тевоп photoproduction on nuclei. The study of such processes per-

mits to consider the problems connected with the vector dominance

model /"1/ and with the possibility of photon transitions into the

many-particle hadron states £2j»

The theory is known to predict for the A-dependence of the

total cross sections of the photoabsorbtion on nuclei <5(xfl) *°

transform from the linearity at low energies ( д £ sj> j л
 m

~
m
i

2k
the minimal longitudinal momentum transfer in the reaction

-i+̂ -̂ Ŝ -fij '°Аа**Ье mean free path of the hadron in nucleus) to the

law A
2
/J at high energies [c.Z«i)

The experiments [j>] performed in the recent years to veri-

fy thia prediction show, that phoxons when interacting with nuc-

leus behave to a certain extent as hadrone (vector mesons) for

which shadowing corrections are essential* However, the predicted

evolution in A-dependence of 6>{%fl) was not observed, and up to 18

GeV the experiments gave for this dependence the form A ^ . To ex-

plain this fact some hypotheses were suggested /2-£/5 however, the

experiments at higher energy and the further study of interaction

processes of photons with matter seem to be necessary for a final

answer.

In this light the study of incoherent photon scattering

on nuclei at high energy and large momentum transfer seems to be

important»

Besides the direct process of elastic scattering of pho-
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tons, we consider contributions from discreet intermediate chan-

uals which are due to the photoproduction of vector mesons P

and O) on a single nucleon with their subsequent transition in-

to photon. (We neglex the contribution from $ -raeson).

Using the closure and the standard technique for a calcula-

tion of differential cross sections of incoherent processes /6/,

one can obtain expressions for a cross section of the process

\f\ —* v/| we are interested in , in the limits of low|!u(.̂ > i ) and

nig., ( д £ « 1 ] energies.

At low energies \& у £ ~j> GeV) the condition д£^"/ enables -JJ

to neglet the contributions from interference, end as a result t:ie

incoherent cross section of the process in question take3 the ''ore;

In thia expression ^PfK is the dii"ferenti3l cross section of t;ie

Gomptor—effect on a nucleon,

а эр(р) where (э = 6
 tot

t^>fi) ±3 the total crose section

of the p° -nucleon interaction; ̂ yx (д) ie the amplitude of vec-

tor meson photoproduction on a nucleon and tJ(G, б) = Г<1%— - — ^ '———

are the "effective nucleon numbers";p (6̂  ?) represents the nuc-

leon density function in the nucleus.

Expression (1) is valid for intermediate and beavy nuclei,

assuming the equality of elastic amplitudes£ipN-~*-jiN)= ||OĴ -»0JI>/)

that follows from quark models. Note, ̂ at expression (1) involves
о

effects from all possible {У -and U -mesons rescattering3 with

the change of their direction of motion which one must take

account at large momen.jm transfers.
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Now let us assume that the elopes in P -and w -photo-

production amplitudes are the same and equal to that for ,э - Ы

elastic scattering. Intr '"icing the quantity W = ^ i ) h

ПАР(

(if the vector dominance model is valid, W=1), we can rewrite ex-

pression (1) in the form

Expanding the second term in Eq.(2) in powers o f — . one can oi>

tain corrections to the leading term corresponding to resoatte-

rings with the change of the direction of iuelion. For cxanv.-ie,

retaining only the first term of the expression, it ie easy »•<->

find from Eq.(2)

**Jr . ft fy .w'jgZ* [A-*(O.Z) ] ^

where <o is the total cross section for elastic process

"a" is the slope in the amplitude of this process.

Thus, measuring the differential croes section for the pro

cesajfn~ %n
 a

t large momentum transfers and at energies Ev. ^

3 GeV, one finds the parameter W, the difference of which from

unity characterises the degree of violation of the vector domi-

nance model» Note, that in the photoabeorbtion experiments on

nuclei (Compton - effect in the forward direction) at such ener-

gies this possibility is absent (6(jtf) = А<э(%М) )

Consider nov/ the high-energy case ('AI«1J Using the same

approximation as in the low-energy limit, we can obtain for dif

ferential cross section of % -nucleus scattering
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If the vector dominance model is valid (V/=1), Eq.(4) takes the

The expression on the right-hand side of this equality is the

cross section for quasi—elastic scattering of hadrono or nuclei

/7/.

The obtained result allows a simple physical interpretation

/2/« If the energy increases, the photon lifetime 6 in'a had-

ron state (in our case in p - ori*) -state) also increases.

Indeed, according to the uncertainty relation, <5W -i- =_

_ _.. -̂  2P and, therefore, at energies considered (C^"* ̂  )

photons behave as hadrons.

Since ttie crosa section for quasi-elastic scattering ->-f* had-

rons on nuclei varies with the increasing of atomic number appro-

ximately as A , the deviation from this dependence in the ' i*-h.

energy region (\!«£) i 3 determined by the differ a of -""e para-

meter W from unity , aa it follows from Bq.(V.

*) In the same assumption that were used t« deduc "q,(4), for

the total cross section of photoabsorbvion on a nucleus we ^st

(for siajplicity we assume the amplitudes to be purely imaginary)

Using the fact that (y] (j(y/jj-/j 'end putting о ̂ •
 L
',

we cen obtain W * 0.6 ,
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It is worth-while to note that if one measures the diffe-

rential cross section for the discussed process at the momentum

transfers l^l&QS-f(-<?-) the A-dependence of this quantity must

be described by the law A J irrespective of the value of W ,

This result is due to the third term of Eq.(4) which involves ef-

fects from multiple rescatteringa with a change of the direction

of propagation, that become domirvting at the momentum transfers

The experimental study of the incoherent photon-nucleus

scattering, thus, will make it possible to obtain detailed infor-

mation on the mechanism of interaction of particles with nuclei.

The authors express their gratitude to H.A.Vartapetiar. for

discussion on the subject. One of the authors (S.R.G.) thanks

A.V.Tarasov for discussions and valuable remarks.
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