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1. In the processes of cumulative production of protons on nuclei by

primary ЗГ -mesons and protons the asymptotical Invariance of representa

tion parameter Cj> of the Invariant normalized cross section

(1)
/

[1]
with respect to the Incident particles energy Is observed . In (1)

and T o are representation parameters, ~f 1s kinetic energy of the de-

tected psrticle, €>̂  Is total cross section of Interaction of Incident

particle with target-nucleus. Whereas for the lightest nuclei (for example,

for Q ) this Invarlance 1s achieved at already 1.5 GeV, for heavy
SOS '

nuclei (such as P b ) the same Invariance Is observed at relatively high

energies (4t 5 GeV). Following theoretical models according to vhich the

cumulative protons are produced In the Interaction of the incident particle

with nuclear nucieons or other nucieon formations, one can explain such a

behaviour of parameter Cj> if taking Into account the fact that primary

hadrons Interact with all the abovementioned objects 1n a tube with a radius

equal to the hadron Interaction radius. According to these representations .

In the case of more weakly Interacting primary particles (electrons, photons,

neutrino, etc.) the Invarianc» C p must be observed at same energies

both for light and heavy nuclei since such Incident particles Interact In



the nucleus mainly once.

The properties of parameter C o in the photoprcduction of protons on

iucle1 by bremsstrahlung ft -quanta have been Investigated In Refs ^2, з].

Of most Importance in these properties Is the difference of angular depend-

ences far lightest and heavy nuclei. For example, for Q with Increasing

the angle a noticeable decrease of C o is observed, while for Q
u

Cfi «const, and for Pbthere 1s a tendency of increasing Cja as 'wk

grows. Owing to this fact the presence of A-dependence ( C o ^ Л''
ъ
 ) *s

observed 1n the region of large angles. However the most Important property

of parameter C p is Its dependence on the primary V -quanta energy.

As far as it 1s proved that parameter T
o
 1n representation (1) 1s not

a function of energy in the region (E
y
 ) >2.0 GeV , then Instead of

V «/max " £i]

considering Cja dependence on primary energy, 1t 1s sufficient to

study the invariant normalized cross section dependence P ( £ $ )

In this work we give experimental dependences of the Invariant normalized

cross section {1} of cumulative protons produced by the energy of primary
у -quanta in the energy range of 2 t 4.5 GeV at the detection angle

о. о о
~Цэ • 120 i 3 and the secondary protons momentum R «(0.520 ±0.011)GeV/c

on nuclei

63
г.. иве. аовРЬ.

2. The experimental data are taken from the beam Г-3 of the Yerevan
[5]

electron synchrotron with the help of a "Deuteron" setup . Protons were
LJ

identified with a range telescope which enabled to Identify reliably

the protons on the background of other particles In a solid angle
A& - 10 ministerad1an.

The reaction

V+A -* P*X (2)



where X 1s a residual system, was Investigated.

Owing to the fact that the used у -quanta beam has bremsstrahlung

spectrum, the cross section of reaction (2) for the given value of У -quanta

energy £y can be determined (1f the shape of the spectrum 1s known) by

measuring the yields at two values ( E ^ ^ a n d (£ya)ma){» so that

£y1 * Ey •& E y a . Assuming that p does not vary In the In-

terval £& "*" Eg a the unknown cross section is determined by the re-

lation E ^

where У
1
 and У

й
 are Invariant yields of reaction (2) at(E y i) m a xan£

(^lfa)max » respectively; c''vc'kfr is tf -quanta difference spectrum;
XA

£ Is total averaged cross section of photoabsorption 1n the Interval

This method of determining P 1s called the subtraction method. There
[7]

1s another , more precise, but much more complicated method to determine

by measured У^ , the so-called "reciprocal ma-trices 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

end contribution of the low-energy part of tf -quanta spectrum. To take the

latter Into account let us consider the у -quanta difference spectrum

with two close values of ( E v )
m a
 • These spectra for three differences

with the Interval of 0.5 GeV are shown 1n fig.l. As one can see, the dif-

ference spectrum indicates the presence of finite number of $ -Quanta

In the low- Ev region. However, since the Integral number of these

low-energy photons does not exceed 5% of the peak 1n the ( E j )
m a K

 , we

neglect their contribution . As to the errors, here, first, measures were



taken to decrease at most both statistical and systematical errors which In

this measurement run have been reduced to ±(1 * 2)X and ±{1.5 t 2)1, res-

pectively, therefore total errors did not exceed ±32; and second, the known

smoothing method was used . For that the Invariant (non-normal1zed)

yields У • У C(Ej)meu,3
 f o r t n e

 9*
v e n

 nucleus "•«** fitted by the least

squares method with the best by criterion X * curves. It was assumed

that the curve between the neighbour values of (Ey) has no singulari-

ties. The results of these procedures are given In fig.2. The experimental

points are marked, the curves are calculated by formula

where coefficients &i are determined by experimental points. Thus 1t 1s

possible to draw smoothly rising over ( E y )
m a x

 curves through experimental

points for all the nuclei. One can claim that 1n the first approximation

none of the Investigated nuclei has anomalously high yield growth.

To determine dependences ^ * Р ( Е у ) we have determined the differences

У [(Eje)m*i«] " y[(E*i)max] by the curves of fig.2 (but not by ex-

perimental points) and using the data on total cross sections g
tA
 of

[9] *

hadronic photoabsorption on nuclei we have defined J>(Ey) by (3). The

results are shown In f1g.3 . The errors Include the contributions of statis-

tical and systematical spreads of experimental measurements as well as the

errors 1n approximation of the corresponding curves. The width of a "step"

near a point 1s determined by subtraction Interval.

According to fig.3 the normalized cross section P ( £ y ) becomes Inva-

riant under primary energy 1n the region of 4 GeV for heavy nuclei as 1t 1s

the case In the hadron processes. As to light and lightest nuclei, here

low growth of P ( € t ) Is observed 1n the Investigated E y • 2 • 4.5 €•¥

region. I.e. Invarlance 1s not vet achieved. So new measurements at high



рпяигу energies (Ey > 4.5 GeV) are obviously needed.
о
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CAPTIONS

Fig.l ^ -quanta difference spectra for (Eyg) al>d

respectively: 1.- (2.5 and 2.0) GeV, 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

bremsstrahiung ^f-quanta v^S/ma*. Experimental points:

<£ - С , A- AT, Jp-Cu, Y ~
S n
« V ~

 Pb
«
 Tne

 curves

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

Fig.3 Dependence of Invariant normalized cross section p ( E j ^ on

J -quanta energy. Experimental points: the same as 1n fig.2.
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