


1. INTRODUCTION

When a hadron of high energy — of the kinetic energy higher
than the energy threshold for the pion production - collides
with an atomic nucleus, various phenomena occur, mainly: nucle-
on emission, pion production, target fragmentation. The fre-
quency of an appearance of these phenomena depends on the sort
of incident hadron h, on its energy Eh, and on the mass number
A of the target nucleus. It is known from experiments perfor-
med at various incident hadron energy, from about 2 up to about
a few thousands GeV, that any high energy hadron-nucleus colli-
sion is accompanied by an emission of nucleons from the target
nucleus. The emitted nucleons are '"fast'" - of kinetic energy
higher than the kinetic energy of the so-called "evaporated"
nucleons; as it is known from experiments, these nucleons are
of kinetic energy from about 20 to about 400 MeV. In emulsion
experiments the fast protons are identified as the charged par-
ticles leaving "gray" tracks, or " g-tracks".

The nucleon ¢mission accompanying a hadron-nucleus collision
prucess way be characterizea Simply Dy the muitipilcity ny ol
emitted nucleons, used as a measure of the emission intensity,
the emission intensity distribution, energy spectra, momentum
distribution, and angular distributions of the emitted nucleons.

Any experimental information about the nucleon emission is
obtained usually from the proton emission study only, because
in almost all experiments performed now neutrons are unobserved.
But, the similarity of the shapes of the dependences of average
number <n_> of emitted fast protons and of average number <ng>
of observed neutral "stars'" on the number n, of observed produ-
ced pions, in pion—xenon nucleus collisions, indicates that the
data on the fast proton emission can be generalized to the fast
nucleon emission process at all. Then the proton multiplicity,
the proton emission intensity distribution, proton energy and
momentum spectra, and proton angular distributions characterize
the nucleon emission. These characteristics are, of course,main
characteristics and other additional characteristics may be
used as well.

We limit ourselves, in this paper, to considerations about
the nucleon or, correctly, proton emission intensity; energy
and momentum spectra, and angular distributions were considered
in my previous works 71,2/,




Following parameters describing the multiplicity distribu-
tion are usually of interest: a) Mean proton multiplicity <n >
used as a measure of mean proton emission intensity; b) The
width of the distribution defined by the square root of the
second central moment, or the dispersion D = (<nf> ~<n >2)l’;
¢) The asymmetry of the distribution as measureé)by the skew-
ness Yy =(<(np-<np>)3>)/D3; d) The kurtosis of the dis-
tribution yp =(<(np- <np>)4>)/D4.

In my previous works, it was shown that fast proton emission
intensity distribution in high energy hadron-nucleus collisions
is determined by the target nucleus geometry - its size and
nucleon density distribution inside it "°’ But, what is ob~
served in experiments depends as well on various hadron-nucleon
collision cross—sections. The purpose of this paper is to show
that the energy E,- and the mass number A-dependence of mean
proton intensity <n_> observed in experiments can be reprodu-
ced simply by mean thickness <A> of target nuclei, measured
in nucleons per some area §, and the total hadron-nucleon cross-
section o , measured in S per nucleon.

We start our consideration with a short review of properties
of the fast nucleon emission in hadron-nucleus collisions,
found experimentally.

2. SHORT REVIEW OF EXPERIMENTAL DATA
ON FAST NUCLEON EMISSION IN HADRON-NUCLEUS COLLISTONS

Distributions of the multiplicities n,, or n,, of the fast
protons emitted in proton-ermulsion nuclei collisions, at the
incident proton momentum over some GeVs, are energy-indepen-
dent, fig.l. It was shown that <n,> distribution at 17-200 GeV
in pion-nucleus collisions is energy-independent as well’7?/, but
the n_distributions are different for primary protons and
pions 7/, The proton multiplicity ng in pion-nucleus colli-
sions at 37.5 GeV/c momentum changes with the mass number A
of the target nucleus /9/. It is reasonable to generalize these
facts and to state that the nucleon multiplicity n, distri-
bution is the same for collisions of definite hadron h with
definite target nucleus A at energies over a few GeV; the n
distribution changes when h or A, or both h and A, change.

Results of many works /87, 10-12/ performed using nuclear emul-
sions show that the mean multiplicity <m,> of the gray tracks
does not depend on the energy of the incident proton within
wide energy interval, from a few GeV up to about 3500 GeV, and
on the energy of incident pions, within the energy interval
from a few GeV up to about 200 GeV. But, it is known from pro-
ton-tungsten collision investigations at 2-10 GeV/c momentum
that the mean number <n ,> of emitted fast protons increases
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with the increase of the incident proton momentum/13/, It is
known’%/ as well that the mean number <n_ > of fast protons
emitted in hadron-nucleus collisions at a definite energy in-
creases with the increase of the target mass number A, It is
a reason to generalize it and to state that the mean number <ng>
of fast nucleons emitted in hadron-nucleus collisions increases
firstly with the increase of the incident hadron energy up to
a few GeV and becories to be almost constant, being almost ener-
gy-independent, at higher projectile energy.

As  camn  ve cornciuded 1rom  experlmental 1nvestigatli-—
ons /2:10,14,15/  the fast nucleons are emitted at relatively
large angles, up to about 180 degrees. From our experimental
investigations/?/, it is reasonable to conclude and generalize
as well that angular distributions of nucleons emitted in had-
ron-nucleus collisions are energy- and h-independent; the ave-
rage nucleon emission angle <@, > does not depend on the nuc-
leon emission intensity ny, when ny>2.

From experimental investigations of the fast proton energy
spectra /1, 8,10, 14/ it is reasonable to conclude and generalize
that nucleon energy spectra do not depend neither on the sort
of the incident hadron h and the target nucleus A nor on the
projectile hadron energy E,. These experimental facts allow
one to conclude as well that the particle production process
does not *influence the nucleon emission process.

Of course, it should be emphasized that the correctness of
these generalizations must find its further support in future
experiments.

In our studies of pion-xenon nucleus collisions at 2.34
and 3.5 GeV/c momentum we were able to identify events in which
the incident pion is completely stopped and deposited its ener-
gy in the target nucleus, without particle production /14,15-22/,
It was discovered’!?/ that in such events at 3.5 GeV/c momentum
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The width, the skewness and the kurtosis can be derived with-
out difficulty from the A distributions/30/ for various target
nuclei as well. But, we omit here this derivation, because we
will discuss later only experimental data on the mean nucleon
emission intensity.

Formula (2) is valid for hadron energies E, higher than the
hadron energy loss when it traverses the target nucleus along
the nucleus diameter. When the hadron energy is smaller, the
energy loss should be taken into account. At smaller energy
a hadron can penetrate thinner layers of nuclear matter and
the target mean thickness <A> protons/S should be replaced
by some effective target thickness <A, > protons/S which is
energy—-dependent and determined by formula:

np= np(D) n

Qe (EBp)>y = X, WA, np) A, +
p a

p;)‘ﬂ“l
no 1 W(A,np)np, 3)

E
where A, protons/S = ;Jl GeV/GeV/ (protons/S), and €, is the mea-
h

surable quantity - energy loss of the incident hadron on the
path length as large as one proton per S; WQAJ$)is a given func-
tion’80/ - distribution of the nuclear matter layer thicknesses

A protons/S in atomic nuclei with the mass number A, The value
of €, was determined experimentally: e¢_= 0.18 for pions and
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4. DESCRIPTION OF THE MEAN MULTIPLICITY
OF EMITTED FAST PROTONS

Usinﬁ formula (2) with <A ,> determined in our previous
work 7397 and with <Aer(Eh)>A determined by formula (3), the
energy— and A-dependences of the mean multiplicities n, were
calculated. Results of calculations we confronted to corres-
ponding experimental data, figs.3-5.

5. DISCUSSION AND RESULTS

From figs.3-5, it can be concluded that simple formula (2)
reproduces available experimental data within wide energy re-
gion - from a few GeV up to 3500 GeV, and within wide range
of the target mass numbers A ~ from 12 up to 206. It allows
one to conclude that:

1. The mean intensity <n,> of the nucleon emission is deter-
mined by the mean target nucleus thickness <A> nucleons/S and
by the total cross-section o, for hadron-nucleon collisions.
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Fig.3. Dependence of the mean proton multiplicityc<n >,
of fast protons emitted in proton-emulsion o and pion-
emulsion ® nuclei collisions, on the incident hadron
momentum. Results of calculations performed using for-
mula (2) are for proton-emulsion and for pion-

emulsion - - - - nucle% collisions. Experimental data
are from various works’%"11/.
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proton momentum P_, Experimental
data 718/ e, calculations by means
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2. Observed energy-independence of the mean proton multi-
plicity <n,>at energies higher than a few GeV appears due to
very weak energy-dependence of the total cross-section for had-
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