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1. In the processes of cumulative production of protons on nuclei by
primary g _-mesons and protons the asymptotical invarfance of representa

tion pirameter .Cf of the invariant normalized cross section
' (1)
P ¥/6t= Cprexp(T/T,)
with respect to the incident particles energy is observed [l] In (1) Cp
and T, are resresentation parameters, T 1is kinetic energy of the de-
tected particle, 6,‘ 1s total cross section of interaction of incident
particle with target-nucleus. Whereas for the 1ightest m;:lei (for example,
for {ac ) this 'hmri_ance fs achieved at already 1.5 6eY, for heavy
nuclei (such as me.) the same invariance is observed at relatively hign
energies (4 + 5 GeV). Following mtiuI.MIS according to vhich the
dmhtive protons are produced in the interaction of the 'inck'!ent particle:
with nuclear nucleons or other nucleon formations , one can explain such a
behaviour of parameter CJ: if taking into account the fact that primery
hadrons {interact with all the abovementioned objects in a tube with a radius
equal to thederonv interaction fadius. According to. these representations .
in the case of more weakly interacting primary part‘léles (electrons, photons,
neutrino, etc.) the favartance CJ., must be observed at same energfes
both for 1ight and heavy nuclei since such incident plrticles'interlct in
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the nucleus mainly once.

The properties of parameter Cf’ in the photopreduction of protons on
wclei by bremsstrahlung d’ -quanta have been investigated in Refs [2, 3].
Of most importance in these properties 1s the difference of angular depend-
ences for lightest and heavy nucléi. For example, for EC with increasing
the angle a noticeable decrease of Cj’ is observed, while for Gacu

Cy =const, and for2%? Pbthere 1s a tendency of increasing C_p as ’0’3
grows. Owing tc this fact the presence of A-dependence ( C p~ A"'s } is
observed in the region of large angles. However the most important property
of parameter C_p, is its dependence on the primary b' -quanta energy.

As far as it is proved that parameter To in representation (1) 1s not
a function of energy in the region (EK )ma.x > 2.0 GeV * . thenlinstead of
considering C p dependence on primary energy, it is sufficient to
study the invariant normalized cross section dependence f (Ex)

In this work we give experimental dependences of the invariant normaiized
cross section {1) of cumulative protens produced by the energy of primary
Y -quanta in the energy range of 2 + 4.5 GeV at the detection angle

o o
‘t){; =120 3 and th: secondary protons momentum ff, =(0.520 £0.011)Ge¥/c
2r 3 us 208
on nuclef ’eC . ﬂe’ CU, Sn and Pb

2. The experimental data are taken from the beam [ -3 of the Yerevan
elactron synchrotron with the help of a "Deuteron” setup {5]. Protons were
fdentified with a range. telescope 6 thch enabled to {deniify reliably
the protons on the background of other particles In a solid angle

AR . 10 m11{steradian.

The reaction

Y+A = P+X (2)



where X is a restdval system, was investigated.

Owing to the fact that the used Y -gquanta beam has bremsstrahlung
spectrum, the cross sectfon of reaction (2) for the given value of X -quanta
energy £ x can be determined (if the shape of. the spectrum is known) by
)mand (Exa)ma,(, so that
Exy= Ey = Eye . Assuming that  does not vary in the in-

measuring the yields at two values (Elﬁ

terval  Eyy * Eyp  the unknown cross section is determined by the re-

lation _ [
PUEG) = (Y- 91)/’:6:A'Er(dN/°’Eer)dEt] (3)
¥1
where Y. and Y, are invariant yields of reaction (2) at( Eyy ) maxane
(EKE)MQ): , respectively; dN/ dEa' fs ¥ -quanta difference spectrum;
6:A is total averaged cross section of photoabsorption in the interval
Ex1 + Ege
This method of determining > 1s called the subtraction method. Thera
{s another ’ » more precise, but much more complicated method to determine
\ _P(EK) by measured Qi_ » the so-called "reciprocal matrices method".
In this work we give the results obtained by the subtraction method, i.e.
by formula (3).
Of most importance in the subtraction process are the problems of errors
and contribution of the low-energy part of ¥ -quanta specirum. To take the
latter into account let us consider the ¥ -quanta difference spectrum

with two close values of (EK) x* These spectra for three differences

ma
with the interval of 0.5 GeV are shown in fig.l. As one can see, the dif-

ference spectrum indicates the presence of finfte number of X -quanta
in the Tow- EK region. However, since the integral number of these

low-energy photons does not exceed 5% of the peak in the (EE) , We

[8] o
neglect their contribution . As to the errors, here, first, measures were




taken to decrease at most both statistical and systeugql;ica! errors which in
this measurement run have been reduced to (1 # 2)% and (1.5 + 2)%, res-
pectively, therefore total errors did not exceed +3%; and second, the known
smoothing method was used 7 . For that the invariant (non-normalized)
yields Yo Y[ (Ey)max] for the given nucleus were fitted by the least
squares method with the Best by criterion -xe curves, It was assumed
tha; the curve between the nefghbour values of (Ex)muhas no singulari-
ties. The results of these procedures are given in fig.2. The experimental
pofats are nrl;ed, the curves are calculated by formula

2 i
g";é ai- (E‘)ma.x @

where coefficients (; are determined by experimental points. Thus it is
possible fo draw smoothly rising over . (Ez;),,“,ul curves through experimental
points for all the nuclei. One can claim that in the first approximatio:
none of the investigated nuclei has anomalously high yield growth.

To determine depéndences P=P(Ey)  we have determined the differences

Ul (Exelmex 1~ Y[ (Egt)max] by the curves of f1g.2 (but not by ex-
perimental points) and using the dat; on total cross sections 5:" of
hadronic photoabsorption on nuclei we have defined _P(E,) by (3). The
results are shown in fig.3 . The errors include the contributions of statis-
tical and systematical spreads of experimental measurements as well as the
errors in approximation of thé corresponding curves. The width of a "step"
near -2 point is determined by subtraction interval.

According to f1g.3 the normalized cross section (Ey) becomes fnve-
riant under primary energy in the region of 4 GeY for heavy nuclet as it is
the case in the hadron processes. As to Tight and 1ightest mcleil, here
Tow growth of -P(Eu) 1s observed in the imvestigated Ey = 2 + 4.5 Ge¥.
reqgion, {.e. tnvarfance is not vet achieved. So new measurements at high



primary energies (EK > 4.5 GaY) are obviously needed.
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CAPTIONS

Fig.1 ¥ -quanta difference spectra for (Exa )mu and (Em )max .
respectively: 1.- (2.5 and 2.0} Ge¥, 2.- (3.5 and 3.0) Gev,

3.- (4.5 and 4.0) Gev.

Fig.2 Dependence of invariant cross section (2) on the maximum energy of

bremsstrahlung ) -quanta (E ¥ )ma,. . Experimental points:

<§— c, %- Al, lil-—Cu, %—Sn. §- Pb. The curves

are drawn by (3) (see the text).

Fig.3 Dependence of invariant normalized cross section P (EK\ on
¥ -quanta energy. Experimental points: the same as in fig.Z.v
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