


1. INTRODUCTION

In the Philosophical Magazine of July 1905, Ernest Ruther-
ford gave an account of some preliminary experiments on the
retardation of the velocity of the alpha particles from radi-
um C in passing through matter’/1/, His further papers on this
subject appeared during 190672-4 | Eight years later, Niels
Bohr started his theory of the decrease of velocity of moving
electrified particles in passing through matter’%:®/ ., In quan-
tum mechanics, this problem was discussed by many authors’7-15/

In passing through matter, an electrified particle loses
its kinetic energy due to: a) excitation and ionization of
the atoms met, b) bremsstrahlung. These processes are of elec-
tromagnetic nature -~ electromagnetic interactions are invol-
ved in them.

Now, on the basis of our experiments and observations per-
/1R =921/

formed during about lasit 15 years , 1 am lu a posiilon
to announce that the strongly interacting particles — had-
rons - lose their kinetic energies in passing through intra-
nuclear matter - due to the strong interactions, similarly
as electrified particles do it in passing through materials -
due to the electromagnetic interactions.

The subject matter in this paper is to show it shortly.

2. THE EFFECTS OBSERVED

The collisions of high energy hadrons with atomic nuclei
give rise to a great variety of phenomena ~ the nucleon emis-
sion from the target nuclei, resonance and particle creation,
and nuclear fragment evaporation are the most frequently occur-—
ring and observed in them. The kinetic energies of hadronic
projectiles we call "high" if larger by much than their rest
masses.

The expressive and rather complicated picture of the had-
ron-nucleus collisions can be recognized in detail in some
total experiments only - when all the produced particles, in-
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3. SOME QUALITATIVE AND QUANTITATIVE RELATIONS

The number ny of the emitted fast nucleons is related to the
intranuclear matter layer thickness A covered by a hadron:

=A/A
nN=/\-S(1—e

i (1)
where A is number of nucleons over the area S = ﬂ-D§=10.3 fm 2,
D, is the nucleon diameter’/2? ; A\, in nucleons/S units is

the mean free path for hadrons in intranuclear matter, related
to the hadron-nucleon total cross section o, measured in S/nuc-
leon as A = 1/¢, . In these units, A-S expresses the number

of nucleons over S in intranuclear matter layer A nucleons/S,
and A S expresses the number of nucleons over S in the intra-
nuclear matter layer as thick as the mean free path A; in
nucleons/S.

It should be noted that in experiments only protons are
usually registered effectively enough among the emitted nuc-—
leons.

At incident hadron energies high enough, above a few GeV,
the approximated expression

ny = A-S ) (2)
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in formula (1) is almost constant and near to 1.

Relation (1) holds for all the classes I — IV of the hadron-
nucleus collision events.

The energy and momentum spectra and angular distributions
of the emitted nucleons seem to be independent of the energy
and identity of the incident hadrons; they are independent as
well of the multiplicity of the emitted protons and of the
ejected pions - if the particle production occurs. Such proper-
ties of the nucleon emission process indicate that the nucle~
ons are not the knocked out ones, they are rather products of
some many-nucleon systems formed inside target nuclei and de-
caying after having left the parent nuclei.

Range - energy, R, - E;, relation for hadrons h in intra-
nuclear matter has been observed

E, =¢- R, (3

h = ¢n
where E; in GeV, R, in nucleons/S,eh- the energy of a hadron
h lost on the path A as long as 1 nucleons/S; for pions ¢ =
= ¢, = 0.18 GeV/(nucleon/S), for protons ¢, = ¢, = 0.36 GeVv/
(nucleon/S).
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Table
Mean and maximal energies of pions and protons lost
in passages through intranuclear matter; kinetic
energies K, of the incident hadrons are larger than
Ey =D, where D in nucleons/S is the target nucle-
us diameter and €, in GeV per nucleons/S is the
energy lost by a hadron on the intranuclear matter
layer as thick as 1 nucleon/S, S = 10.3 fm% for
pions e, = e, = 0.180 GeV/nucleons/S, for protons

g = €p = 0. 360 GeV/(nucleons/S).

Reaction Energy GeV Energy lost GeV
mean maximum

Pi + C 2 1.5 0.5 1.5
Pi + Al 2 1.7 0.7 1.7
Pi + Cu 2 2.5 1.1 2.5
Pi + W > 3.8 1.8 3.8
Pi + Ta > 3.8 1.8 3.8
Pi + Pb 2 4.0 1.9 4.0
p +C 2 2.1 1.0 2.1
p + Al 2 3.4 1.5 3.4
p + Cu > 5.0 2,2 5.0
p +W > 7.6 3.6 7.6
p + Ta > 7.6 3.5 7.6
P + Pb 2 /.9 3.7 7.9

The mean <A>and maximal A,y thicknesses of nuclei in
nucleons/S can be determined on the basis of data on nuclear
sizes and nucleon density distributions in them /%2 2%/ 1t al-
lows one to determine, using relation (3), mean and maximal
energy losses in target nuclei of hadrons with kinetic ener-
gies higher than ¢ - A £ ¢, - D traversing them, where D
in nucleons/S is the nucleus diameter. Some data are given
in the Table.

The decrease of the incident hadron energy, due to energy
loss in intranuclear matter, is observed evidently at projec-—
tile energies of a few GeV - the decrease of the momentum of
the produced pions with increase of the intranuclear matter
layer thickness involved in the particle producing collisi-
ons has been registered (fig.2).
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Fig.2. The decrease of the longitudinal momentum PLUO of the
produced neutral pions, in pion—xenon nucleus collisions. at
3.6 GeV/c momentum, with increase of the thickness of the
intranmuclear matter layer involved - higher values of the
multiplicity n, of the emitted protons correspond to larger
thicknesses, n, = 8 corresponds to the diameter of the target
nucleus’ 19/ ; éhﬂﬁ;are numbers of events in a histogram.

The observed decrease of the occurrence of the stoppings
with increase of the incident hadron energy, in collisions
of definite hadron with a definite target nucleus, can be
described quantitatively by means of simple formula based on
relations (1) and (3), and on the data on the target nucleus
size and nucleon density distribution in it/ 1%,

4., CONCLUSIONS AND REMARKS

The above described experimental data have clearly brought
out the fact that hadrons lose their energies in passing thro--
ugh layers of intranuclear matter — similarly as electrified
particles do it in traversing materials. There can be no

Aounht that hadrons ore roduced in velcooity by thelis passape
through layers of intranuclear matter - due to the action of
the strong forces.

The hadron energy loss is accompanied by the emission of
observed fast nucleons - similarly as energy loss of electri-
fied particles in materials is accompanied by ejection of
observed electrons. But, how far this analogy holds? The ejec-
ted electrons are knocked out, the emitted nucleons are not
of this nature - they are rather decay products of some two-
or more-nucleon systems formed inside target nucleus and de-
caying after having left it. From the values of the mean ki-
netic energies of the observed protons, which are nearly as
large as half of the pion mass, it can be concluded that the-
se systems can be produced when low energy pions - of kinetic
energies near to zero - are absorbed by two or more nucleons
inside the target nucleus; such pions could be "knocked out"
from nucleons along the paths of hadrons in intranuclear mat-
ter, and they cannot be observed directly - as absorbed in
intranuclear matter with large efficiency. Such low energy
pions could be trated as corresponding to electrons knocked
out from atoms by electrified particles in materials,



Additional investigations of this hypothetical analog are
in progress now. It is hoped that this hypothesis, made in
one of our works’?% | might correspond to reality. Prelimi-
nary calculations on some mean characteristics of the emitted
fast protons, performed on the basis of above hypothesis,
seem to give reasonable results.

The hadron energy loss process proceeds independently of
the particle production process - energy and momentum spectra
and angular distributions of the emitted nucleons are the
same for events without particle production and for those with
particle production. On the background of the above described
fluent nucleon emission induced by hadrons traversing atomic
nuclei the particle production process occurs sometimes.

One more important thing which has been found in these in-
vestigations is a strictly causal relation in the intranucle-
ar world - within the atomic nucleus: a certain cause is fol-
lowed by definite effect. In the case under discussion, to a
definite impact parameter in a definite hadron-nucleus colli-
sion there corresponds strictly determined number of the emit-
ted fast nucleons and definite energy loss of the projectile.
This finding allows one to hope that: a) massive target nuc-
leus will serve as precise detector of the properties of the
particle creation process in statu nascendi; b) any atomic
nucleus can be treated as a laver of one-nucleon~thin "foils"
of intranuclear matter; c) it may form a basis for a new
branch of physics - "The Intranuclear Physics".

This work is performed with support in CPBP Programme
01.09 in Poland.
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