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Table. The slope parameters according to the parameterization (1) and the mean number of the
cumulative and non-cumulative protons for the events with production of the cumulative proton

The type of
interaction,
P0(GeV/c)
if C, 40.0
pC,4.2
pC, 9.9

4HeC, 4.2 A
CC, 4.2 A

The slope
parameter, b

8.18 ±0.26
8.09 ± 0.49
8.10 ±0.25
8.00 ± 0.28
8.14 ±0.20

X2/deg. of
freed.

1.1
1.0
0.9
1.2
0.4

The mean number of
non-cumulative

protons
1.23 ±0.03
2.03 ± 0.06
1.90 ±0.03
2.43 ± 0.05
2.61 ±0.04

The mean number
of the cumulative

protons
1.06 ±0.03
1.04 ±0.03
1.06 ±0.03
1.06 ±0.05
1.05 ±0.04

The mean multiplicities of the cumulative and non-cumulative protons in the momentum
region 0.2 < P <0.8 GeV/c for the events with formation of the cumulative proton are also
presented in table. It is seen that the mean multiplicities of non-cumulative protons depend on the
type of projectile, whereas the multiplicities of the cumulative protons depend neither on the type
of projectile nor on the initial energy, within statistical uncertainties, and have the average value
1.05 ±0.02.

Such a behavior of the characteristics of the cumulative protons was predicted by the theory
long ago [5], according to which, upon an increase by the momenta of the constituent quarks of
the confinement threshold (0.3-0.5 GeV/c), the quark degrees of freedom of the colliding objects
start to manifest themselves. Above this threshold, the universality of the behavior of the spectra
of the cumulative particles, which can be characterized as "the nuclear scaling", is observed. That
is, the slopes of the energy spectra of the cumulative particles do not depend on the initial energy,
the type of projectile, and the mass number of the target.

Based on the presented results, one can say about observation of the local properties of the
nuclear matter - the scaling invariance in the cumulative processes.
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Let us consider a general case of various interaction processes of electrons with nuclei. The
study of the scattering o electrons of nuclei is the source of information on the structure of nuclei.
At collision of fast electrons with nuclei, both elastic and inelastic scattering can be observed.
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Elastic scattering gives information on the sizes of nuclei, whereas the electrons inelastic
scattering processes give important information on the dynamical properties of nuclei.
In the first case, the characteristics of excited states, energy levels, their widths and others, and in
the second case, momentum distribution of nucleons and other particles in nuclei are studied.
Let us denote the momentum and the energy of the incident electron before and after the
scattering as k and e, and F and e\ respectively. The angle between the vectors k and F is
denoted as 8. The scattering process is characterized by three parameters: k, k" and 6. However, it
is convenient to introduce three other parameters instead of the indicated above. They are: energy
co = s - e"and momentum q = k-k\ transferred by electron at scattering, and the scattering angle
6. It is worth of mentioning the two reasons why the study of electron scattering is very effective
tool to study the nuclear structure. First of all, the character of electron interaction with nucleus is
a well-known electromagnetic interaction of electron with current and charge in nucleus.

fe2]
Secondly, this interaction is relatively weak — « 1 , and therefore, the scattering processes is

\hc)
not accompanied by significant distortion of the nuclear characteristics. In other cases, the
scattering mechanism and structure effects caused by the changes in the state of nuclei are well
separated compared to the strongly interacting particles (for example, nucleons) with nuclei.
Electron scattering cross-section can be directly expressed via charge and current densities matrix
elements in the nucleus, which reflect the changes of structure of nucleus. These conditions are
also valid for photonuclear processes in which real photon take part. The advantage of electron
scattering for nuclear structure studies is represented by the following fact, that on the contrary
from the photons for which at some definite energy transfer co the strictly determined momentum
transfer q2 = co2 is possible (since the photon mass is zero). In case of electrons, at fixed energy
transfer co various momentum transfer are possible. Therefore, at electron scattering study one
can establish the dependence of the matrix elements of q, which are the Fourier-representations of
the charge and current densities. Thus, it is possible to determine directly the spatial distribution
of charge and current in nucleus. The inelastic scattering is accompanied by transition of nucleus
into the excited state in the region of the discrete spectrum (co>0). The study of the scattered
electrons energy spectrum directly allows separation of the excited energy levels.
The study of the inelastic electrons scattering gives opportunity to establish possible application
of various nuclear models.

Quasi-elastic scattering. A wide maximum in the energy spectrum of the scattered electrons
corresponds to the direct collisions of the electron with particular nucleons in nucleus.
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