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I. I NTRODUCTION 

When hi gh energy hadrons - wi th ener gies l arger than the 
pion production threshold - col l ide wi th atomic nuclei, nuc
leons and ta r get fragment s are a l ways emi t t ed and part ic l es 
may be genera ted, as it ha s been stated exper i mentally . 

The emission of nucleons and t ar ge t f ragme nt evaporation 
may occur withou t par ticle pr oduction . The quest ion arises 
therefore: "How does ef f ect the partic le produc t ion proces s 
on the nucleon emis sion and tarr,et fr agment evaporati.on?1t 

In thi s paper, the r esul ts ob t ained in our searches fo r t he 
effec t s i n question ar e presented. 

2 . ~mTHOD 

I n our i nvest i gat ions, we have used the 26 and 180 litre 
xenon bubb l e chambers 11.21 exposed to pion beams a t ener gies 
from about 2 up t o about 9 GeV. Main resul t s are based on the 
data f rom t he 180 l i tre chamber which is practically 4P i det ec
tor fo r a ll emit ted pro t ons and fo r all secondary pions . This 
chamber was expo sed to 3. 5 GeV/ c momentum negatively char ged 
pion beam. The 26 l itre chamber was expo sed to 2 . 34 GeV / c mo
mentum pos it i vely charged pi on beam, and t o 5 and 9 GeV /c mo
Mentum nega t i vely charged pion beams . 

General i nf orma t ion about pi on- xenon nuc l eus coll isions a t 
projectile ki netic energy 2- 9 CeV was publ ished i n a set of 
our paper s / 3/ ; we use fo r the analysis in this wo rk t he DST us ed 
in them. Addit i ona l appropria t e i nformation at hi gher ener gies 
we have found in various emuls ion works / 4-11~The accelera to r 
data t her e are up to 400 GeV of i ncident protons. Some data 
from cosmic rays invest i gations / 121 are up to about 3500 GeV. 

Firstly, we used to prepa re a set of various dependence s of 
the character istics of the emitted protons of kine tic ener gy 
froTll abou t 20 up to about 300 !-leV on the multiplic ities nrr 
of secondary pions, in pion-xenon nuc l eus collis ions at 3.5GeV /c 
momentum, and we di scovered gener al fea tures of t hese depen
dences . 

Secondl y, we compared available characteristics of the pro
ton emiss i on pr oces s at high energies , up to 3500 GeV, wi th 
corresponding characteris tics in pion-xenon nucleus coll i sions 
at energy 3.5 GeV. Results of such a co~parison all ow t o con
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Fig . 1. Proton multipUcity o p di s tributions r (op) = 
= 6N/ np in pion-xenon nucleus colli sion events with 


~ various multiplicities n" = 0, 1, 2, •. . , ~ 0 of secondary 

" pions, at 3 . 5 GeVlc momentum. ~N - number of colU


sion events in a histogram, <np > - the mean proton 
multiplicity. 
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Fig. 2. Energy spectra of protons emitted in pion

xenon nucleus coLlisions with various mu LtipLicities 

D. 	= 0, 1, •• • • , '2, 6; ?, O, at 3.5 GeVlc momentum. l:o p 
totaL number of protons i n a histogram, <Ek~ > 
the mean kinetic enepgy of t he pro tons; solid Line 
prot on spectra in proton- nucl eus collisions in emul
si on at 4 and 400 GeV ene1'gy 17/ • 
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Fig.3 . Longitudinal momentum PLp spec tra Mi / liPLpof 
ppotons emitt ed in pion-xenon nuc leus collisions with 
various muU ipUcities n" = 0,1, 2, ... , ? 6;?0 of se

ondary pions, at 3 .5 GeV/ c momentum. l:N - numbep of 
ppot ons in a histogPam, np - the multipUcit y of 
emi tted pl'otons . 

elude about t he behaviour of the nuc leon emission process with 
incident hadron ener gy inc r ease , i n other word s - wi th i ncrease 
of the mult i plicity o f produced particles . 

This way , the effect of the par ticle production process on 

the nuc leon emission pr ocess may be discovered. 


3 . RESULTS 

Following r esult s of experimental i nvest igations per fo rmed 
by us and by o ther groups o f physic i s ts are important her e , fo r 
the considerations in ques tion: 

I . The proton multi p l i c ity distribution changes wi th the 
incident hadron energy i ncr e ase - up to abou t 4 GeV for inc i 

4 

dent pions / 131 and up to about 8 GeV f or i nciden t protons 1 14. 15 / • 

i n co l l i s ions wi t h r e l a tively heavy nuc l e i - a s xenon, s i l ver. 
At hi gher ene rgi es the dist r ibution is energy-i ndepend ent / 14 . 16 . 1 ? ~ 
The mean mult i plicity of t he emi t t ed pr otons i s ene r gy-depen
dent 1 15 / up t o about 4 GeV fo r t he pion-nucl eus col li s i ons and 
up to about 8 GeV fo r pro t on-nuc l eus collisions , f or coll i 
s i ons with heavy nuclei, a t larger ener gies it i s ener gy- inde
pendent / 18- 211 and a l mos t equa l t o the mean thi ckness <,\> of 
the t arge t nu c l e u s / 2 11 measured in pro tons /S, whe r e S "" 1T D ~ ~ 
;. 10 f m2 and Do is t he nuc l eon diame t er. 
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Fig. 4. T1'ansvepsal momentum spectl'a liN / liP;rp 
PTp
of protons emitted in pion-xeno" nucleus coniswns w-ith 

vapious rm,ltiplicities of secondary pions n" = 0, 1, 2, 

... , ? 6; ?O, at 3. 5 GeV/c momentum. };N - numbep of 

ppotons in a histogrom, np - p1'Oton multipZiaity, r _ 

pesidual nucleap fi"aaments , N ev - numbep Of the pion

xenon nucleus colLision events analysed. 
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Fig . 5 . Distribution 6N / 6cosOp of the pr oton emission 
0.10,,, 

n~O 
9t 

"" " '" " . a"!'Zes Op i n pio~-x~~n .nucleus collision events 
bN 4 UJ'Lth varwus mul t t.pZw1,tt.es D1'7= O~ l ;1 2.J ••• -' ~6; ?,. O, 

a t J . 5 GeV/c momentwn . INp - number of protons in6Co.siJ'r 
a histogram.
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LNp= 2655 
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It is commonly known that the multiplicity of produced parC05~p 	 co.Up 
t icle s , of produced pions in particular, increases with in

0.10" 
1'1, ~ 2 

~ 

iilf l " ,' il l II" ••• 0.10"""", 
1'1, = 3 

!II 

"'" "'" " crease of the incident hadron energy. The above described be
haviour of the proton multiplicity distribution with incidentbN "N hadron energy increase allows one to conclude that at 	energies

6CO'~,6CO'~ above a f ew GeV the par tic le production process does not effect 
on the nucleon emission process.0.050.05 

I I. At smaller energies of the incident hadrons , when the 
proton multiplicity distri bution depends on the pro jectile enerLN. = 4985IN - 4954 
gy, collision events occur in wh i ch incident hadron i s compl eO.~O! " , , , .. " [ ..... " , .I 0.00 tely stopped inside the target nucleus accompanied by 	 intensive-I o +1 1 o ... 1 
emission of observed protons from the target nucleus but wi t hcos ,,"p 	 cos~p 
out particl e production' 22 .23' . It indica tes tha t nucleon emi s
sion process can proceed without particle produc tion proces s.0.10 

11. ~ 4• 
Ii"""" """"'" 


.oN 
 "N III. The proton multiplicity distributions, in pion-xenon_cos;'; 

0.10", """ '" "'" " " 
n =5 

""cos;)', nucleus coll isions with D" ,. 0 ,1,2 , ••• produced pions,do not 
var y strongly at D" >3 and are similar to the dist ribution for0.00.05 
events with n1l' ~ 0, f ig. 1 and table I. The distribution for 
the even ts without par t icle production, when n". - 0 , is of 
principal ly different shape, and the mean proton multiplic i tyLN. - .3263 
<np>exceeds markedly the means in other cases - when 011'=0.00 10 ,.""" [Ii"" ,.I 0.00 " " " " '0li""II"+ I-I o ·1 1,2 , •• • , fig . l. The rate of the stopped events i n hadron-nucleus - 1 coslrcosoV'p p 	 collisions decreases with incident hadron energy increase / 24/ , 

It was shown that such a behaviour i s caused by energy l osses 
0.1 0 

1'1,<)t.>6 

I i ii ii' , I t I , • , I I, , liil of inc ident hadron i n passing t hrough nuclear mat t er 	 1 21.24/ 

..N 
IV. Energy spec t ra, longitudinal and transverse moment um 

l>COI"-. distributions, and angular dis tributions of the emitted protons 
do not depend on the number ~ of priduced pions i n pion-xenon 
nucleus coll isions at 3. 5 GeV/c momentum, £igs. 2-5 and t ables 11

0.05. 

v. It was shown that the energy s pectrum and angular distribu
tion of protons emitted in pion-xenon nucleus collisions a t 

11."" ... ' 3.5 GeV/c momentum and the enerr,y spectrum and angular distribu0.01Jl " " " " , 0 .. ...
1 tion in proton-nucleus collisions in nuclear emulsions at 

- C<»"r 400 GeV Ie momentum are correspondinBly the same 1 14,2&,261 • . 
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Tab l e 1 
Characteristics of the proton multiplicity np distributions 
C( n ),: ll.,N~ n~ in pion-xenon ~cZeus colli sions with 
murtt.plwt.tt.es of secondary p-z.ons n"= 0, 1, 2, . •• ; ? 0, 
at 3,5 GeV/c "",mentum. No - number of events 

n < n > :r 4m .. s. s ~.·:- e·:lncss ~ul.·tosisp ?J 0 

o 7 . :~ 3. 5 
1 3 . ) 3 . " L 

~ "J. " - ,:::.u 

;J C:.9 2 . ) 
.," 2 . 6 ~.~ 

5 2. 4 2 . 0 
b 1. 9 1. 7 

>.,.. 0 2. 9 2 ~ 6 

O. OOG/f - 0. Of! 6 'f;;: 

0. 0970 - 0 . 146 ,,40 
0 , '(000 - 0 ·3eb 1J 3;
O . '?C'22 0 .1 03 1 {'f 1 
O. dOUb 0 .Otl3 E)3 
0 . 640 3 -O . ~5~ 596 
O. G/f68 0 . 145 251 

0. ':J23G 0 . 411 (0]01 

Table 2 

n 1J ( i>kp '> r . m.s. sJ.:ewne ss k=tosisJr P 

o 587 US . 5+2 . b 

1 :e6;i5 90.4 +1·3 
2 d ';1::> 4 U8 . 0+1.0 
J 40'15 89 . 2+0 . 9 
4 32b 3 09 . 8+1. 1 
5 1422 06 .<.1 +1. 8 

~ 6 405 86 . 6+2 . U 

~ 0 HJ35 1 +SOl . 1 0.5 

60 . 2 
62 .6 

1. 16 
1. 11 

1.02 
0.60 

61. J 

62 . 4 
6 1. 0 

61. 5 

60.0 

1.1'7 

1. 20 
1. 17 
1. 23 

1. 17 

O . ~2 

0. 9[, 

o.'n 
O.J J 
1.03 

6 1. 8 lo W 0. 91 

TabLe 3 

Characteristics of the longitudinal momentum P ip 
dist!'ibutions C( Pip ) _ AN I ll.Plp of p!'otons emitted in 
pion-xenon nucleus collisions with va!'ious multiplicities 
n" of secondary pions wi th any e lectr'ic eharge, 
at J .5 GeV/c momentum. Np - numbe!' of protons 
in a dis t !'ibution, Pip in MeV/e 

'1 r . m. s . s kewness Ic .u-t os isnJr , P < l'lp > 
o 587 % . 2+10. 5 245 . 1 
1 2655 +104.4_ 4. 9 237 .1 
2 4954 1 0 6 . 7 ~ 3. 7 243. 5 

3 4985 +10<.1 .0 3. 7 243 . U 

4 3263 11 9. 2+4.6 247 . 3 

5 1422 1 20.9~ 6. 7 233.8 

~ 6 485 1 20.9~ 1O . 6 224. 6 

~ O 18351 11 0. < 1.2 242. 2 

- 0 . 25 40 0.2 140 
0.11 27 - 0.084 3 
0 . 0641 - 0 . 2550 
0. 0769 - 0 . 0703 
0 .11 <.1 1 - 0 .11 62 
0. 0225 - 0 . 066 1 

- 0. 0050 -0 . 279lJ 

0 . 06n - 0 .11 94 

Table 4 

Cha!'acte!'istics of the t !'ansve!'se momentum P Tp di st !'i 
but ions C( P Tp ) - AN / ll.P Tp of protons emi tted in pion
xenon nucleus col l isions with va!'i ous mu lti pl i cities 
n" of secondary pions, at 3. 5 GeV/ c moment um. N 
numbe!' of p!'otons in a dis t r i bution, PTp in Me Vle 

n ;,; < P", > r . m. s. s kewne s s ktu·tosis
Jf p ... p 

o 587 )0 1.1 + 5. 7 130. 3 0. ~ 809 - 0 . 2313 
1 2655 309 . 4+ 2. 8 137 .1 0 . 4666 - 0. 3271 
2 4954 299 . 4 + 2. 0 133. 0 0 . 4652 - 0 . 2745 
3 4985 300 . 6~ 2. 0 131. 8 0 . 5050 - 0.1 002 
4 32 bJ 298 .1 ~ 2. 5 133. 7 0 . 4342 - 0. 309':! 
5 1422 295 . 9+ 3. 7 130 .0 0. GOU2 0 . 0506 

;? 6 4U5 JOO. 4 ~ 6. 3 135 .1 0. 7938 0. U3 15 

~O 1835 1 300 . 8~ 1. 0 133. 4 0 . 4916 - 0 . 2067 

8 9 
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Table 5 
Characteristics of the cosine of the proton emission 
angle 8 distributions N ( cos8p ) = 6N / li cos¥n pion-xe>lOn 
nucleus collisions .nth various multiplic1-ties orr of 
secondaJ>y pions .nth any electr'ic charge, at J .5 GeV/c 
momentum. Np - number' of p,'Otons in a distribution 

nJr II 
!l < cos &-12 > r.m.s .. ,skewness kurtosis 

0 58'f 0.2020+0.0024 0.5574 -0. 4~b4 -0. bl>u7 
1 2655 0.2 1 15~0.001 1 0.5374 -0.4422 -0. 8659 
2 4954 0.2 16U+0.0001J 0 . 5570 -0.45'fY -0 . Y4 55 
3 4985 0.2229~0 .000b 0.749~ -0.4617 -0.9205 
4 326 3 0.2432~0.00 1 0 0 . 5551 -0.5131 -0. tJn6 
5 142 <:' 0.2)4<0.0015 0.53b3 -0. 5690 -0.7514 

~ 6 4B':> 0.2b3tJ~0.002' 0.52<:'5 -0.500 1 -0. Tf81 

~O 183, 1 0. 2<:'bO 0.5497 -0 . 47'f4 -0.1J940 

4. 	CONCLUSIONS 

The experimentally stated facts presented in foregoing sec
tion 3 allow one to conclude in genera l that: The particle pro
duction process in hadron-nucleus co l lisions ~oes not effect on 
t he nucleon emission process in them at any energy o f incident 
hadron. The observed energy-dependences of the proton multipli
c i t y distributions a t smaller energies - scaller than a few 
GeV - are caused by the monotonic energy loss of the inc i dent 
hadron i n nuclear matter, The particl e production process at 
t he smaller energies 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 t he particle production; the nature 
of the nucleon emission process is no t effected at the t ime. 

We can state, therefore: The particle production process in 
had·ron-nucleus co l lisions does not inf l uence the nucleon emis
s i on proc ess at any projectile energy. 

Because relation exists between the mean multiplicity <Db> 

of the tar get nucleus charged fragments evaporated in hadron

nucleus co l lisions and the multiplicity Dp of protons emitted 

i ll. 	 these collisions / 201 

<Db > ~ 1.25 ( op + A~Z ) . ( I ) 

we can conc l ude as well that : The evaporation proces s of t he 
f ra~ent s fro~ target nucle i in hadron- nucleus collisions is 
no t inf l uenced by the particle production process at any pro
j ecti le energy . 

REFERENCES 

I . 	 Kanarek T"I. et a1. Proc .lnt . Con('lligh Energy Accel. and 
Instrum., CERN, 19S9, p . S08 . 

2 . 	 Kusnetsov E.V. et al. Sov.Journ. PTE, 1970, 2 , p . 56. 
3. 	Strur,a1ski Z. et a1. Jltffi, EI-81-S78 , Dubna, 198 1; 


PI-83-68, P I-83-237, PI - B3-S64 , PI- 83-S68, Dubna, 1983. 

4 . 	 Ihnze1er H. Nucl.Phys. , 1965, 69 , p.66 1. 
S. 	 Bannik B.l'. et al. JItffi, P I- 130SS, Dubna, 1980. 
6. 	Babeck i J ., Nowak G. Acta Physica Po1onica, 1978, BI42, 


p.44S . 

7. 	Tsai-ChU et al. Nuovo Cic.Lett., 1977, 20 , p.2S7. 
8 . 	 Otter1und I. e t a1. Nucl .Phys., 1978, BI42, p.44S . 
9. 	Anderson Bo., Otterl und I . , Stenlund E. Phys.Lett. , 1978 , 

73B, p.343. 
10. Braune K. Thesis , Hei delberg, 1980 . 
I I • Gurtu A. et a l . Pramana, 1974, 3 , p.3 11 . 
12. 	Meye r H. e t a1 . Nuovo Cim. , 1963 , 28, p. 1399 . 
13 . 	 Struga l ski Z. et a1. JINR, EI-81-S78, Dubna, 198 1. 
14 . 	 Strugal s ki Z. European Cosmic Ray Conf. , KD sice, Augus t 

20- 2S, 1983; Invited Talks . 
15 . 	 Abdurakhimov E.O . e t a1. Sov.Journ.of Nuc1. Phys . , 1978 , 

27, p. 1020 . 
16 . 	 Otterlund I. Report of the Lund Uni versity. LUIP 801 1, 

1980. 
17. Strugalski Z. 18th Int . Cosmic Ray Conf. , Bangalore, India, 

August 22 - September 3 , 1983. Conf.Papers, vo1 .S, 
HE-3- 26, p. 198 . 

18. 	Babecki J . , Nowak C. Acta Physica Polonica, 1978, B9, 
p.401; 1979, BIO, p .70S. 

19. 	Struga1ski Z. JINR, EI-12S22, Dubna, 1979. 
20. Struga1ski Z. JIIIR, EI-84- 19S, Dubna, 1984. 
21 • Struga1ski Z. JINR, EI-84-268, Dubna, 1984. 
22. 	Struga1ski Z., Pluta J. Sov . Journ.of Nucl.Phys., 1974, 

27, p.S04. 
23. 	Sumbera fl . , Voka1 S. Acta Phys.Slov., 1982, 32, p.26S. 
24. Strugalski Z. JINR, EI-83-BSO, Dubna, 1983. 
2S . Struga1ski Z. JINR, EI-83- ISS, Dubna, 1983. 
26 . 	 Struga1ski Z. JINR, EI-83-344, Dubna, 1983. 

Received by Publishing Department 
on 	December 27 , 1984. 

10 11 

http:Sov.Journ.of


B 06"beAHHeHHOM Io1HCTHTYTe .RAe-pHblx HCCJleAOBaHHH Ha4aJl 
BblXOAHT b C60PHHK "f{pa mKu e C006zqeH UR OJ1Rl1". B HeM 
6 YAYT nOMe~aTbC.R CTaTbH, cOAep*a~He opHrHHaJlbH ble HaY4Hble, 
HaY4HO-TeXHH~eCKHe, MeTOAH4eCKHe H npHKnaAHble peayn bTaTW , 
Tp e6YIOUIHe CPO~HOH ny6JlHKa4HH. 5YAY~H 4a CT bIO Il Coo6Ule HHH 
OHRWI, CTaT blo1, BoweAwlo1e B C60PHHK , Io1 MeIOT , Ka K H APyrHe 
H3AaHHR O~~~I CTaTYC O~H~HanbHblX ny6JlHKa4HH. 

C60PHHK "KpaTKHe coo6UleHHR OJ.1~H" 6YAeT BblXOAIo1Tb 

pe ryn.R pHO . 


The Joint Institute fo r Nuclear Research begi ns publi 
shing a co ll ection of papers entitled JI NR Rapid Communi
cations wh ich is a sect ion of the JINR Communicat ions 
and is intend ed for the accelerated publ ication of impor
tant results on the following subjects : 


Physics of el ementary particles and atomic nuclei. 

Theoretical physics . 

Experimental techniques and methods. 

Accelerators. 
Cryogenics . 

Computing ma thema t ics and methods . 

Solid state physics. Liquids. 

Theory of condensed matter . 

Appl i ed researches. 


Being a part of the JI NR Commu nications, the articl es 
of new collection like all other publica ti ons of 
the Joint Institute for Nuclear Research have the status 
of offi cia l publications. 

JINR Rapid Communi cations will be i ssued regula rl y. 

•,..... II:: I I •••• 

~ 

CTpyranbCK}I(1 3. EI-84-854 
nOHCKH BJUUlHHR npollecca pO~eJliiR \.laCTim 

Hol HcnycKaHHe HYKJ10HOB H HcnapCHHe JIACplll IX ~parMellT0 8 

B CTonKHOBeHHRX olAPOHOB C nTOM1QJ"'H lI,1lpaMit 

HCCJleAYlOTCR B09MO:-::Hble 9~eKTbl BJlHRIlHR npOl.\eccol pOJltAeHHR 
1.faCTHll H8 HcnYCKalfHe HYKn01l08 H Hcnape lUlC RAepHbTX <\lpaf'MeIlTOlJ 

B aAPOH-~epHbIX cTonKHOBeHHIIX. 06u."lp'Y}'{c I-IO, liTO npOL~ecc PO)K
,Q,eHIIR qaCTHLt He BJlHReT HH Ita npolle cc HcnycKc"lIlMR IIYKnoHoB, JlH 
Hn npouecc HcnapeHHll RAepllbJX ropa rMCIlToB. 

Pa60Ta B~nonHeHa B fla6opaTopHH B~COKKX 3HeprHH OHRH. 

CooO.eHHe ~eAKHeHHoro HHcTHTYTa ~AepKWX HccneAuBaHHA. DyO»a 1984 

strugalski Z. EI-84-854 
Search for Effects of the Particle Production Process 
on the Nucleon Emission and Tar ge t Fragment Evaporation 
in Collisions of Hadrons with Atomic Nuclei 

Possible effects of the particle production process on 
the nucleon emission and target fragment evaporat i on in had
ron-nucleus collisions are investigat ed. It was found that 
the particle production process does no t i nfluence the nuc
leon emission and fragment evaporation processes. 

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

COlmlunica ti on of the Joint institute for Nuclear Rt>search. Dubna 198!. 


