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ABSTRACT

The incoherent scattering of high~energy photons on nuc-
lei is considered in the framework of the multiple scattering
theory. It is shown that the investigation ¢f the A-dependence
of differential cross sections of this process can provide i.ith
interesting information on the mechanism of high-energy photon-

nucleus interaction.
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The high-energy photon-nuclei interaction processes eunable
one to get interesting information for elementary-particle physics.
For example, the total cross sections for unstable vector meson-
nucleon interaction were fonnd from the experiments on the vector
meson photoproduction on‘nuclei. The study of such processes per—
mits to considcr the problems connected with the vector dominance
model /4/ and with the possibility of photon transitions into the
many-particle hadron states /2/.

The theory is known t6 predict for the A-dependence of the
total cross sections of the photoabsorbtion on nuclei G(Jﬂ) 4o

]
mi - Mg

transform from the linearity at low energies (ae >> ’f,A:
the minimal longitudinal momentum transfer in the reaction
1+N—>244¢,E=£§;the mean free path of the hadron in nucleus) to the
iaw A% at high energies (0¥ <<1 )

The experiments /3/ performed in the recent years to veri-
fy thig prediction show, that phovons when interacting with nuc-
l-us behave to a certain extent as hadrons (vector mesons) for
which shadowing corrections are essential, However, the predicted
evolution in A-dependence of 6(gﬂ) was not observed, and up to 18
GeV the experiments gave for this dependence the form AQ9. To ex~
.plain this fact some hypotheses were suggested /2-54 however, the
experiments at higher energy and the further study of interaction
processes of photons with matter seem to be necessary for & final
arisviexr,

In this light the Btudy of incoherent photon scattering
on nuclei at high energy and large momentum itransfer seems to be

important.

Besides the direet process of elastic scattering of pho=
-3 -



tons, we consider contributions from discreet intermediatc chan-
nals which are due to the photoproduciion oif vector mesons on
and ) on a single nucleon with their subsequent transition in-
to photon. (Ve neglet the contribution from « - meson).

Using the closure and the siandard technique for a calcula-
tion of differential cross sections of incoherent processes /[&/,
one can obtain expressions for a cross section of the process
XH_’ E-H! we are intereated in , in the limits of low(AL>> 4’) and
hig. (A€<<1 ) energies.

At low enersies (Eb’ £ 5 GeV) the condition Af»1 engbles ugs
to neglet the corntributions from interference, and as a resuli tae

incoherent cross section of the process in question takes the torm:

ﬂdé 1. lﬂ,"g‘quﬁ[ﬂg P (b)”)ﬁ A"‘-’(f’) 2"2[! b""( b)J

In this expression %g%i is the di Iferen%lal cross section oi thne

Compior-effect on a nucleon,

Ré")l"i(fb) dA ¢ ﬁ;{x £X3 A)) RN

b=0- -Rpp, J’f( ) where 6= © tm(PN) is the total cross section

of the Jso -nucleon interaction; .ﬁ(yx (Z) ie the amplitude of vec—
-gj!ﬂﬁz)da

tor meson photoproduction on & nucleon and Nﬂl5)=jd%r—

—

are the "effective nucleon numbera";'()(é, 2) represents the nuc-
leon density function in the nucleus,

Expression (1) is valid for iniermediate and reavy nuclei,
assuming the equality of elaatic amplitudes-ﬁ(}“h’*j’ﬁ): -f(@l\/—-(dhl)
that follows from quark models. Note, that expreasion (1) involves
effects from all. possible J’)o ~and ) -mesons rescatterings with
the change of their direction of motion which one musti take into

account at large momen..m transfers.
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Now lei us assume that the elopes in [ -und & -photo-

production amplitudes are the same and equal to ihat for 2 -4

elastic scattering. Intr “ncing the gquantity W= *ﬁf(o) frwto
fy§© fap(o)

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

preasion (1) in the form

1, ﬂdé§;+ w’ ;"-';-Ed_a R 3} =, A-n[c, g)
= =€ )2 L) RI’J’:_FJ’(P,/" —
dt dt  Yu f z (2)

-2

ixpanding the second term in Eq.(2) in powers of 2~ » one can ot
tain corrections to the leading term corresponding to rescatte-
rings with the change of the direction of waclions For cxam:.ie,
retaining only the first term of the expression, it is easy to
find from Eq.(2)

dé dg, el a%
S =A% awie e O [A-N(0.0)] Saw (3)

where 62@ is the total cross section for elastic process FAﬂ{QN
"a" is the slope in the amplitude of this process.

Thus, measuring the differential cross section for the pro
cess xﬂ" ¥A , at large momentum transfers and at energies EJ =
3 GeV, one finds the parameter W, the difference of which from
unity characterizes the degree of violation of the vector domi-
nance model, Note, that in the photoabsorbtion experiments on
nuclei (Compton ~ effect in the forward direction) at such ener-
gies this possibility is absent (6(514):,46(31\1))

Coneidep now the highwenergy case 6A8<<'1) Using the same
approximation as in the low-enefgy limit, we can obtain for dif

ferential cross section of Y -nucleus scattering

dow _ 4-w)¥'%§}’.+3w“_wjm(a )dén L?Vi',’ e‘q"jbdﬁ X
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ET(8) et(8)
X(L/ _D )
T(¢)

N4 (2) d% f(é)e : ; T{C):[f(b,z)dz;
hl_ 3’((0) - oo
If the vector dominance moé%l is valid (W=1), bq.(4) takes the

"8 Lc}jb 67(@) -6T(6)
h H"u“f ape a’p.

The expression on the right-~hand side of this equality is the
cross section for gquasi-elastic scattering of hadrons or uuclei
{77

The obtained result allows a simple physical inierpretaiion
/2], If the energy increases, the photon lifetine & in a had-

ron state (in our case iJ{F - orw ~gtate) also increases.

Indeed, according to the uncertainty relation, 6}3 ;iﬁ =
A
1 f  ang, therefore, at energies considered (€<:< 5}

}ty*E‘if
photons beﬁuve as hadrons.

Since the cross section for quasi-elastic scat*ering ~“ hagd.
rong on nuclel varies with the increasing of atomir number appro.
ximately as Aéé , the deviation from this dependenc. inrn the ~i;h.
energy region(?<<uf) i8 determined by the differ 2 of *»e para

‘ 0
meter W {rom unity ), as it follows from Eq.(4.

o

*) In the same assumption that were used t« Jdeduc “q,(4), for
the total cross section of photoabsorb.ion on a nuclews we 2t
(for simplicity we assume the amplitudes to be purely imaginary):

G(yA) = SIyN)(A~w (A-N(0,%))]
Using the fact that /37 d(xﬂ)'vﬂ".gnd putting O= ., (-PONJ=BGME)
we cen obtain W= 0.6 ,
-6 -
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It is worth~while to note that if one measures the diffe-
rential cros3s section for the discussed process at the momentum
transfers |t|z 0,3'-1(%!
be described by the law A’° irrespective of the value of W .

2
)’the A~dependence of this guantity must

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

fects from multiple rescatterings with a change of the direction
of propagation, that become domirzting at the momentum transfers
itizos-1(8f

The experimental study of the incoherent photon-nucleus
scattering, thus, will make it poas;ble to obtain detailed infor-
mation on the mechanism of interactioﬁ of partiecles with nuclei.
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