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ABSTRACT

Range-energy relations for hadrons in nuclear
matter exists, similarly to the range-energy
relations for charged particles in materials.

1. Introduction

When hadrons of GeV kinetic energies collide with a-
tomic nuclei massive enough, evenis occur in which incide-~
nt hadron is stopped completely inside the target nucleus
without causing particle production - without pion produc-
tion in particular. The "stoppings" are always accompani -
ed by intensive emission of nucleons with kinetic energy
from about 20 up to about 400 MeV, Strugalski Z., Pluta J.
(1974), Strugalski Z., Pawlak T., Pluta J. (1982), We sho-
wed experimentally that the mean number < I > of the emit
ted nucleons is a measure of the mean path “¢A>in nuclear
metter in nucleons/S on which the incident hadrons are stop
ped, where S=TD5s= 10 fm® end D, is the nucleon diameter,
Strugalski Z. (1978,1979,1984):

<nN>é<x>S (1)

Similar relation can be written for the mean multipliciy
<n_> of emitted protons only, usually observed in expe-
rim¥nts:

<ny> 2<N>sg, (2)
where Z and A are the charge and mass numbers of the tar -
get nucleus.

It is known as well, from our experiments, that the

mean number < n_> of protons emitted in the "stopped" even

ts decreases wikh the incident hadron energy Eh decrea-
Se.

The question erises: Is the mean path< A>, in
nucleons/S, of the incident hadron in nuclear matter re -
lated definitely to its kinetic energy E or not? The
answer to the question should be find prifarily in experi
ments, and we would like to find it.
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2. Bxperimental Determination of the Range-Energy Relation

The method of determination of the relation between
the hadron range R, and the incident hadron energy E
is simple - it cons&sts in e determining of the mean mﬁl
tiplicities < > or <n_> in the "stopped" collision e~
vents of a defiMite hadroB with a definite massive target
nucleus at verious energies Eh. Such measurements have be-
en performed at two values of" E : E = Ej = 2.12 GeV and
B, = = 3.2 GeV, using pion-xelion hnucleus collisions.
FBr bogg the values of Eh the ratio

E E
€ - b z_h

is practically the same: € = C= 180 MeV/(nucleon/S).
' It enables us to suppoge that the relation exists

B, =R €, , (4)
where E, is in MeV, R, is in nucleons/S, and eh is in
MeV/(nuBleons/S).

Using date on the "stopped" events in proton-AgBr
collisions, Sumbera M. and Vokal S. (1982), we determined
the quantity G—h = €_ = 360 MeV/(nucleon/S), for incident
protons, p

The results obtained are hased only on a few experi-
mental points, at two values of E. for the pion-xenon nuc
leus collisions and on one value Bf E, for the proton-
AgBr collisions. It would be not need&ess to test relati-
on ( 4 ) in some other way. We have done it. Namely, we
have made an expectation for the probability for the oc-
currence of the "stopped" events in dependence on the in-
cident hadron energy Eh in pion-xenon nucleus collisio-
ns at values of E, : 2.1, 3.2, 5, 9 GeV. Predictions are
based on the rela@ion ( 4 ), they are in agreement with
corresponding experimental data, fig. ; more details con
cerning the calculations one can find in one of my woxks,
Strugalski Z. (1983).

Fig. Probability P_ of the ap-
pearance of tHe pion-xe-
non nucleus collision e-
vents in which incident
pion is stopped inside
the target nucleus, in
dependence on the inci-
dent pion momentum I}.

e -~ experimental date,

L - calculations, u

6 8 Gev sing formula ( 4 ) and

T E date on the xenon nucle

4 us, Strugalski (1983).
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3. Conclusions

In result of the measurements, we obtained that defi -
nite relation exists in nuclear matter between the hadron
range R, and the kinetic energy E, of this hadron. This
relatioh is an enalog to similar Pange-energy relation in
materials, for electrically charged particles.

Relation ( 4 ) , together with relations ( 1 ) and
( 2 ), allows to understand the energy-dependences of the
mean multiplicity of the emitted nucleons in hadron-nucleus
collisions at energies smaller than a few GeV, Strugalski
Z. (1984), Abdurakhimov E.O. et al. (1978).

Relation ( 4 ) helps to determine the hadron energy
loss in nuclear matter, from the energy-dependence of the
meen multiplicity < n > of emitted protons in any-type
hadron-nucleus collis¥on reactions, as well, Strugalski Z.

(1985).
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