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1. INTRODUCTION

When high energy hadrons - with energies larger than the
pion production threshold - collide with atomic nuclei, nuc—
leons and target fragments are always emitted and particles
may be generated, as it has been stated experimentally.

The emission of nucleons and target fragment evaporation
may occur without particle production. The question arises
therefore: "How does effect the particle production process
on the nucleon emission and target fragment evaporation?"

In this paper, the results obtained in our searches for the
effects in question are presented.

2. METHOD

In our investigations, we have used the 26 and 180 litre
xenon bubble chambers’!#/ exposed to pion beams at energies
from about 2 up to about 9 GeV. Main results are based on the
data from the 180 litre chamber which is practically 4Pi detec-
tor for all emitted protons and for all secondary pions. This
chamber was exposed to 3.5 GeV/c momentum negatively charged
pion beam. The 26 litre chamber was exposed to 2,34 GeV/c mo-
mentum positively charged pion beam, and to 5 and 9 GeV/c mo-
mentum negatively charged pion beams.

General information about pion-xenon nucleus collisions at
projectile kinetic energy 2-9 CeV was publlshed in a set of
our papers’ '3/, we use for the analysis in this work the DST used
in them. Additional appropriate information at higher energies
we have found in various emulsion works’4-11.The accelerator
data there are up to 400 GeV of incident protons. Some data
from cosmic rays investigations’!®/ are up to about 3500 GeV.

Firstly, we used to prepare a set of various dependences of
the characteristics of the emitted protons of kinetic energy
from about 20 up to about 300 MeV on the multiplicities n,
of secondary pions, in pion—xenon nucleus collisions at 3.5GeV/c
momentum, and we discovered general features of these depen-
dences.

Secondly, we compared available characteristics of the pro-
ton emission process at high energies, up to 3500 GeV, with
corresponding characteristics in pion-xenon nucleus collisions
at energy 3.5 GeV. Results of such a comparison allow to con-
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Fig.1. Proton multiplieity mn, distributions f(np) =
= AN/n,, in pton—wenon nucleus eollision events with
various multiplicities n, = 0,1,2,.

‘ pions, at 3.5 GeV/ec momentum, 3N - number of eolli-
sion events in a histogram, <np> - the mean proton
multiplieity.
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dent pions’1% and up to about 8 GeV for incident protons’14:15/
in collisions with relatively heavy nuclei - as xenon, silver,

At higher energies the distribution is energy-independent’14:16,17/
The mean multiplicity of the emitted protons is energy—depen—
dent 1%/ up to about 4 GeV for the pion-nucleus collisions and

febd et e up to about 8 GeV for proton-nucleus collisions, for colli-

-600 0 +600 P, MeYe g sions with heavy nuclei, at larger energies it is energy-inde—
pendent/18-21/ apnd almost equal to the mean thickness <A> of
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the target nucleus’2®! measured in protons/S, where S=nD§ B
= 10 fm® and Dy, is the nucleon diameter.
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incident hadron energy increase, in other words - with increase o0k EN-48 1 gr-
of the multiplicity of produced particles. ; T : +Xe —w n_ 4+ n, ¢+ f
This way, the effect of the particle preduction process on i 1 820 n,=0,1,2,..,5,26
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by us and by other groups of physicists are important here, for ' of protons emitted in pion-xenon nucleus collisions with

various multiplicities of secondary pions n,.= 0,1,2,
<ee5 265 20, at 3.5 GeV/c momentum. 32N - number of
1. The proton multipliecity distribution changes with the. protons in a histogram, n, - proton multiplicity, t -
incident hadron energy increase — up to about 4 GeV for inci- residual nuclear fragments, N,, - number of the pton-
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the considerations in question:
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Fig.5. Distribution AN/Acos@of the proton emigsion
angles 6, in pion-xenon mucleus collision events

‘ with vartous multiplicities n, = 0,1,2,..., 265 20,
at 3.5 GeV/c momentum. EN, - number of protons in
a histogram.

It is commonly known that the multiplicity of produced par-
ticles, of produced pions in particular, increases with in-
crease of the incident hadron energy. The above described be-
haviour of the proton multiplicity distribution with incident
hadron energy increase allows one to conclude that at energies
above a few GeV the particle production process does not effect
on the nucleon emission process.

II. At smaller energies of the incident hadrons, when the
proton multiplicity distribution depends on the projectile ener-
gy, collision events occur in which incident hadron is comple-
tely stopped inside the target nucleus accompanied by intensive
emission of observed protons from the target nucleus but with-
out particle production’22:23/ It indicates that nucleon emis-
sion process can proceed without particle production process.

III. The proton multiplicity distributions, in pion-xenon
nucleus collisions with n_ = 0,1,2,... produced pions,do not
vary strongly at n,>3 and are similar to the distribution for
events with n_> 0, fig.! and table 1. The distribution for
the events without particle production, when n, = 0, is of
principally different shape, and the mean proton multiplicity
<n,>exceeds markedly the means in other cases = when nNg=

1,2,4..5 fig.l. The rate of the stopped events in hadron-nucleus
collisions decreases with incident hadron energy increase 24/,

It was shown that such a behaviour is caused by enerpgy losses

of incident hadron in passing through nuclear matter 21 3‘/

IV. Energy spectra, longitudinal and transverse momentum
distributions, and angular distributions of the emitted protons
do not depend on the number n, of priduced pions in pion-xenon
nucleus collisions at 3.5 GeV/c momentum, figs.2-5 and tables II-
V. It was shown that the energy spectrum and angular distribu-
tion of protons emitted in pion-xenon nucleus collisions at
3.5 Fevlc momentum and the energy spectrum and angular distribu-
tion in proton-nucleus collisions in nuclear emulsions at
400 GeV/c momentum are correspondingly the same ’14/26.267 .
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Table 3

Table 1 Characteristics of the longitudinal momentum Py,
e s : . ) distributions (P, )=AN/APy, of protons emitted in
fgf”‘;‘itﬂﬁthn"f tjﬁffg:gzoz fzmp“ﬁ?y By distributions pion-zenon ok o, Jlomeitst G G multiplicities
R P U eUS BOLLTELONE WLH n, of secondary pions with any electrie charge,

multiplicities of secondary pions n,= 0,1,2 0 tum num
m 3L3byecay 2 . g =
at 3.5 GeV/c momentum. Ny = number of events ) C:fl 2 gzgiz’:gu:f;ﬁn P, i: MeV/cbeP e
> P

? <D,> r.m.s. skewness kurtosis I, B N, ' 4 Py > r.m.s. skewness kurtosis
Eoval oy a e LR el L 587 96.2110.6  245.1 -0.2540 0.2140
f j'f 3-{ 0.8978 =0.146 440 2655 104.4f 4.9 237.1  0.1127 -0.0843
2 2.2 2.8 0.7000  -0.326 153 4954 106.7% 3.7 243.5 0.0641 -0.2550
S e Y i R 4985 109.0F 3.7 243.8  0.0769 -0.0703

5 2.4 2.0 0.6403 -0.259 596 1422 120.97 6.7 233.8 0.0225 -0.0661

0
1
2
v i Pa) P e ¥ < - 3
24 2.2 0.3086 0.083 1253 4 3263119.2:*. 4.6 247.3 0.1191 -0.1162
! 5
C TILJ 1-7 O..L_J!;LE;L) 0-1'1:' ZL_J"F 6
0

2 485 120.9710.6 224.6 =-0.0050 -0.2798
2 - 9236 3 5
20 A 0.3236 0.411 201 20 18351 110.4% 1.2 242.2  0.0697 -0.1194
Table 4
, o Table 2 Characteristics of the transverse momentum Pg, distri-
Characteristice of the kinetic energy Ey, MeV butions t(Pgp,)=AN/APy, of protons emitted in pion-
spectra of protons emitted in pilon-wenon nucleus zenon nucleus collisione with vartous multiplicities
cqtlzsaons with various multiplicity n, of secondary n, of secondary pions, at 3.5 GeV/c momentum. N, -
pions of any electric charge, at 3.5 GeV/ec momentum. number of protons in a distribution, Py, in MeV/c
N, - number of protons in a spectrum
n 8 < P‘l‘ > Tr.m.s. skewness kurtosis
ﬂjr Ilp < Ekp » r.m.s. skewness kurtosis 3 = 5
— _ 0 587 2301.17 5.7 130.3 0.4809 =0.2313
Y 5§7 bc.Sld-u §o.a 1+ 16 1.02 1 2655 309.4f 2.8 1371 04666 =0.3271
v 2635 . E 1.3 6261 4.9 0.60 2 4954 299.47 2.0 133.8  0.4652 -0.2745
s es R L Gl 3 1.17 0.92 3 4985 300.6" 2.0 131.8 0.5050 =0.1802
e e Bk 10 L 120 0.96 4 3263 298.1% 2.5 133.7 0.4342 -0.309%
b 2203 BSE Tl L 6fige A7 0.57 5 1422 295.97 3.7 130.0  0.6082 0.0506
5 1422 86.9.1.8  61.5  1.23 0.93 26 485 300.4F7 6.3 135.1 0.7938 0.8315
b 4b5 tl‘6-b-2gu bo-o 1017 1.03 + -
20 18351 300.8° 1.0 133.4 0.4916 -0.2067

2
2018351 89.170.5 61.8 1.18 0.91
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Table 5

Characteristics of the cosine of the proton emission
angle 8 distributions N( cosflp ) = AN/ Acos@in pion-xenon
nucleus collistions with various multiplicities Ny of
secondary pions with any electric charge, at 3.5 GeV/e
momentum. Np — number of protons in a distribution

n 4 ;'-Ip &£ cos &D > T.m.8. gskewness kurtosis
0O 587 0.202070.0024 0.5574 =-0.4964 =-0.8687
¥ 2655 0.211570.0011 0.5374 <0.4422 -0.8659
2 4954 0.216870.0008 0.5570 =0.4579 =0.9455
3 4985 0.222970.0008 0.5499 -0.4617 =-0.9205
4 3263 0.243270.0010 0.5551 -0.5131 -0.8726
5 1422 0.254470.0015 0.5363 =0.5690 -0.7514

26 485 0.263870.0025 0.5225 -0.5001 =-0.7781

20 18351 0.2260 0.5497 -0.4774 -0.8940

4, CONCLUSIONS

_ The experimentally stated facts presented in foregoing sec-
tlon_3 allow one to conclude in general that: The particle pro-
duction process in hadron-nucleus collisions 'does not effect on
the nucleon emission process in them at any energy of incident
h§dron. The observed energy-dependences of the proton multipli-
city distributions at smaller energies - smaller than a few
GeV - are caused by the monotonic energy loss of the incident
hadron in nuclear matter, The particle production process at
the smaller emergies causes a decrease of the mean number of
the‘emitted nucleons as well, due to the loss of a part of the
projectile energy used for the particle production; the nature
of the nucleon emission process is not effected at the time.

We can state, therefore: The particle production process in
h§dron-nuc1eus collisions does not influence the nucleon emis-
sion process at any projectile énergy.

Because relation exists between the mean multiplicity <my >
of the target nucleus charged fragments evaporated in hadron-
nucleus collisions and the multiplicity n, of protons emitted
in these collisions/2%/

<nh>=1.25(np+AEz). (1)

10

we can conclude as well that: The evaporation process of the
fragments from target nuclei in hadron-nucleus collisions is
not influenced by the particle production process at any pro-
jectile energy.
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Crpyransckuit 3, E1-84-854
[loHCcKH BIHMAHMA TpOLECCa PONIAEHHS 4YacTHIl

HA MCIYCKAHHE HYKJIOHOB M HCNapeHHe AfepHHx GparMeHToB

B CTOJIKHOBEHMAX AAPOHOE C ATOMHLIMH AOPaMH

HCCJ’I&}IY}*’JTCH BO3SMOXHHE ahdeKkTh BIMAHMUA nponecca poxmgeHHs

YAaCTHI[ Ha HCNYCKaHHe HYKJIOHOB H HCNnapeHHe AepHLX dparMeHTOB

B agpoH-fOepHHX CTOJNKHOBeHHAX. OBHapyxeHo, 4YTO npolecc pox-—
HAEeHHA YacTHI, He BIHAET HH Ha NPOIEeCcC HCNYCKAHMA HYKJIOHOB, HH
HA mpoLecc HCIapeHHs AepHbiX bparMeHTOoB.

PaGora BemosiHeHa B JlaGopaTopuM BhICOKHX 3Hepruit OHUSAH.

Coobmenre O6bpenMMENHOTO MMCTHTYTA AOepPHWX MHcchleacsauufi, Jlybua 1984
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Search for Effects of the Particle Production Process

on the Nucleon Emission and Target Fragment Evaporation

in Collisions of Hadrons with Atomic Nuclei

Possible effects of the particle production process on
the nucleon emission and target fragment evaporation in had-
ron-nucleus collisions are investigated. It was found that
the particle production process does not influence the nuc-
leon emission and fragment evaporation processes,

The investigation has been performed at the Laboratory
of High Energies, JINR.
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