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ABSTRAOT 

GelleI'U parameters charsc'tBriz1l.:.g lCi:\ ,;,p;le pCU't1.l·l~ 

1noluS1ve diat;ri but10DS oi ShOWEll' p ar t.LcI tlS anti. their dep~L~ 

aanoe on 'tine m:u.1t1r.11city are d1u(:uo8ed I.!~ )i~ 1.l,tet·B·;:tio~ ,:1­

200 Gev. The quali tatiV$ compa.riaor,... .;f datil $1:':',-berri'.ed>Jr:i toh f.·l f; 

tict1ClW of saveral pcpu.l ar' medel B tor b~d r·~·{./, i;(;,.clene ee 111 ,., j 

ODS are performed. 
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are one er ~n(lAngul ar spectra. of charged secondaries 

basic sources of information on the single particle distribu­

tiQns 111 hadron-nucleus interactions provoking the oonsider­

able interest last years in conneotion with the hope to olari­

fy the mechanism of multiple produotion a\ high energies. 

The present paper devoted to the study of angular diatribu·· 

tiona of shower particles in inelastic jj·':.nuoleus (jil) interae­

ttone at Po = 200 Gev/o and their dependence of various para­

~	 meters charQct~r1z1ng incoherent events. MUltiplioity dietrt·· 

~utions and two particle correlations in these collisions were 

disoussed in other papers; some preliminary results on an~ular 

eharacterietics based. on 8 part of the tDtal statistics were 

published in the papers (1, 2J. 

The experimental material analyzed in this report consists 

ot 4853 1nelaeticfil events end (for comparison purposes) 1)3) 

evente classified as interactions on the free and quasifree 

nucleons (~-R events). Theee eTents were systematically selec­

ted tor measurements without BJ17 omissions after the "along 

the track" ecannina of emulsion plates exposed to 200 Gav/e 

!fi --mesons at 'the PlfAL accelerator (Batavia). !be data tor 

,..1 and !Ii"If 00111s10ns belong to the difterent lengths of 

scar.ned track. The abovementioned Dwabers ()f~A end'Jiir event., 

do not inelude coherent reaotions OIl emulsioD nuclei (those 

ere analyzed in details in the paper [31 h add1 t10nally Wft 

haTe statistioally exoluded interaotions on ~he tree emuls10n 

h..,droF:~n from fJij. eTents. So, the oonsidered e_ple of 1fi 
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~vents consists of 1ncoher~nt i:tJte.18vtione wjt,b 'J "',0 {,,26)b) 

Mil A~. llr ("'74~h) nuo i ef.. )10I't! deta.iled :i,nt"rmf.\t'im} if f/;.t'Ven 

:"'J'1 the r-e f e r ez-e es [,. 4] . 

11" an,:;':; 1 [,.:'1' v ar-t ab l,e ",e are uafng t he q>J.anti tj ?'" 

.,l'{"I e e .i f:' the polar angle in the 1 abora tory eyBteu TbJ"" 
.... 

.i 1". HH' 8:) called pseudoTapidi ty gi'ling for eeocr\(~ary pf.ons a 

;:'.(.<.,;j f'.ppro::tizr.ation of longitudinal rapidity 11: (1/2)ln [r.MP'·) 
/ <. E. pl1)] • In cosmic ra:y physies the quant:t iy' }... %019t ro'l 9 16 

u~ed u~ually and It 1a easy to connect 7 and ~ using the r~ .' 
1at:!.\ln"J fot' the mea1'\ Tal uee� and standards 

-0.43 «"()-0.7) I 

0.436 ( 7 ). 
The accuracy of these formulae at oonsidered Po 1s not wore~ 

then a few ~ for all analyzed groupe of events; the first for· 

Jl1Ula is true, with the same accuracy, also fo'" the aeparf'tt 

tracks at '7~1 . 
The ex1etiDg theoretical approaches to hadron-nunle1l9 

interactions can be separated conventionally into two leJv,e 

grouPS! modele with the repeated independent collisions. "hf;Y;· 

helron-nucleu8 interactions can be considerec\ 88 some 81lpe:t'T".· 

sition ot intranuclear collisions with the separate Ducleon~; 

the second 01.8 oonsists ot modele, where the effective tf":,~P'''' e, 

at high energies should be oonBidered e.s etructureles8 med:1 u.... 

In oorreepondence with the axiomatics of theee modele the rarr,­

J!'eteX'. oon~otioning structure ot the ..average" event j q, Ln th~~ 
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f11~t olass, the effeotive number of intranuclear collisions 

( ~). and t in the aecond class, the thickness of nuclear aatter 

interacting with & projectile nucleon. Both these quantities, 

striol,- speaking, are not measurable e%periDlentally. however it 

is widely assumed that their's measure (In a.erage) 18 pTen 

by the number of elow (heavily ionising or h-) particles emit­

ted by the target nucleus. It has been pointed out in the num­

ber of papers (8ee, for instance [4] ) that &lJ:tlpllc1ty and 

other characteristics of ~o6QR!4 particle. UDder go the moet 

rapid variation with the change in the number ot 80 called 

g-particlea (consisting ma1Dly ~ram recoil protODS).SO, we 

can conclude, if the abovementioned ol1"O..t.oe 1e true. the 

beat quantity characterizing <1l) or the .881l .... ot .ttectiv. 

target i8 u • We are uslns n .. the bula par.eter oharae­g g 
teriztn,g hA interactions 111 th18 ..... due to proportionalit, 

('ig.1) of III .nd *'h (h-p$rilcl•• inolude all the h.anl,- 10111... 

eing s.oondarie. hanua the Taloci1i1)'t 0.1) all tAB oono1ua1­

ana about DI-dependenoe ot consider•• char_i_rietios are true 

a180 for ~..depend.n01e. (we ha.,. te,t84 tbie 41r""l, too). 

P1g.2 shows lnclual'f'. ? --41.tl'1..1;1011ll ot aho.er parttc­

lee 1n j, and 11ntez-act1on8 at 200 GIT/e .. well .. 1D grA 
interaotions with the ditterent Ill_ In '1a.' •• h... plotte4 

the ditt.renoe d.(1/fi~")(46'''''/d.'1) - (1/6i:AI)(4d' dl? . and 

~ tbe ratio..... ~N (4'-"'49 )/(46'-'4'1) tor tile qllotei sroupll 

of $-1 interactions. One oan se., that, 

~, 

! 
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£- 11. 7 - distributions in :/, A interactiona differ signifioant· Y 

from those in~H : in1i A oollisions th.ey are enriched by par­

t1elsa with amall? and simultaneously they have less nuaber 

ot the most fas~ (leading) particles. TheBe qUalitative featu­
.... 

res ot'1-spectra are well known for different projectiles in 

the wide energy interval. "Deformations" of angular distribu­

tions are the stronger, the larger Dg (and/or ~) I this Dleaos • 

obviously that the number ot slow particles La, in acae ext€nt., .. 

the measure ot the influence of target-nucleus to the produc~ 

-tion ot particles. 

2. The shapes of 7 -spectra in !IT A and9i·ll interactions are 

different too, they undergo very specifio deformation with th~ 

growth of ng (Fig.2). Distributions in the m.ajori ty ot'ii-A 

aroups are eharaote~1zed by the bimodal struoture and con'ir:l 

button of the "second" maximum, whioh is small at small ng J 

becomes dominant at large ng• It i8 1.por~ant to notice here 

that bimodal struoture in? -speotra can arise even at the ab­

eence of any structure in distributions of longitudinal rapi­

dities due to merely kinematioal effecta [5] , but, on the 

other hand, the bimodality doee Dot display itself in protolj­

nuoleu8 interactions at the saa. Po • 200 Gev/e [2) although 

the influenoe of secondarl protons at accelerator enarg1ea 

should be Deg11g1ble. This indicates that bimodality i8 the 

property inherent to plon-nucleus int~ractj,on.e at high ener@:t 

8a. 
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The noted here changes of ? ... spectra in':ii 1 interactions 

oomparatively with7rN col11sions, dependenoe of '7 -spectra on 

Dg 8Ild the difference between Bpectra in pA and TiA interactlonJI 

at the aame Pot 8eem to be hardly explained by the s1mple versi­

ons of "tube" model [ 6,7] , where production in hA lnteractloluJ 

is identical entirely to that in ~ oollisions at BO•• higher 

energies in the centre ot mass system. It should be noted, that 

the compos!te nature of emulsion having two sroups of nuolei 

(C,.,O and Ag,Br) cannot be responsible to the observed defor­

mation of ~ -speotra, sln081 1) groups of hA interaotione with 

ng~) consist of Ag,Breyente 801817, 2) pA interaot1oD8 U 

eaulslol1 do no~hOW b1llodality, and 3) the direot separation 

of'Ji'A interactions into collisions with O,lf,O IIIld Ja.Dr nuclri 

performed in accoX"daace With ••thod de8c~b.d in [4] siTee the 

esme results (Fll.5). 

Kore detail CoaparillOll with prediotions ot coherent tube 

model is gi.Ten belotr. 

3. the ditterenees d ~d railos r of iDclueiTe diet~lbut10ns 

an nuclear aDd aucle~8t. shown in 'lce.3,4 d..oaatrate 

the follow1ns characterilltlopro...ril. ~h,Ya1u•• ot. pseudo"; 
.. . cI<i1fI' f dC''''

rap1d11iT ~ t at which ~A ~ : ~.' ~ d08s not. depend
y. en.. a~ ~I"··· a 9 

wi tbinexper1lllental elTON OIl the liUllbel" of slow perilo1•• 

(~~ 5), belDS coulet.., W1th the Gottfried'. BPO lIode1 [s1, 
which pZ'ediots that the .al'll of (rt· 90 - Arch ¥c). should 

dep8l1d on p onlT. h.iDl independent on A. In the IIUltlperi.. 
. 0 

pheral model IJIPIII)('] the value of ~ in contr..", thoult1 

•� 
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depend on A, being independlnt on Po • The data presented in 
.' . 

'il.),4 do not display any A dependence of qo ' but we cannot 

state the Inoon.letence with the )[PIl due to the qualitative 

character of prediotion. On the other hand, there is the doubt­

IlS8 A dependence of .hap' of the "surpluses" d z distribution 

'demonstrate some structure and their oenters displace towards 

small? • This oircumstance contradict the EFC model. Moreover, 

the width of distributions, presented in Fig.' is larger caaal-4It 

derably that in h3" interaotioJill at small energles (correspond­

ing to emount of enprQ carried out by the slow Gottfried' e 

hadrone); this contrad1otlcn of exper1mental data with the EP'O 

model has been stated earlier in the paper [10] • 

It ehculd be noted. however. that for the oertainty the� 

analysis of data in the wide energy interval is needed.� 

4. n - dependence ot ratios of inclusive dlstributious r 18g� 
cond!tloned by the value of? • The moet clearly this oan be� 

eeen from Flg.6. At7>Po~5 r deoreases with growing D in such�g . 
• w&1 that the larger? the le88 r (t.he diminishing in thet 

number at leading partiole.) I thie contradiots the models inolu··� 

ding the "pas81'Y1t7" of pr1m&r7 hadrons after the first intra­�

nuolear collision.� 

At ng47 the dependenoe r(ng) oan be 11 tted satisfaoto­�

rill by linear depende.nce8, at larger n there is the etfeot�g� 
ot "saturation" r present (Fig.6). ~heee properties of ratio� 

r agree quali"iatevelyw1tb expeotatlons on the basis of parton� 

pioture for hA ~.~t10D (11) •� 

•� 
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Let us cODsider 80me other aeneral ~haraot~~i.t1C. o~ 

. cn­

• 

. angular sp40tre In'IA oollielon•• Pi.s.7,S sho. De and n g de-

penel.aces of oenters (? >and standard deviations 5(t?) of ? ­
distributions (Figure 7 exampllf1es uh dependenoes too). 111.8 

shows add1tionall,. the mean values «(il"}) of standard deviati­

one of? -speotra from Ind!vidual fi A oollisions. As seen 

from Fig.7, ~'?> deereases monotonioally nth 1ncJ'eaa1nc 1I\11ti­

plioity of all types of particles (there is the charaoteristio 

"oscillations" betweeD{?)for the odd end even mu~tlpllc1ty 

events ar emall D analogical to those obaerveli infi 11 oolli­
S' 

slons end caused by oharge cone.nation 1n peripheral interac­

tions). Let us assuae, tor the .st~ate ot dep~deno. ot 

on the number of intranuclear collisions V • tha'(~)-D81/2 

(or I1h
1/ 2 ). !he justification of this 88l1W1lption 1S giYet\ by 

the faot.that(1l) .... .A,1/3 and t1 (or n...) A2/3 ( •••• ( c. [4]).g --D . 

fbe data presented in ~1gB.7 o,e do not contradict the linear 

dependanoe of ('2) on <~ >•1.e .. tm Ie1/3 It fbi. 1. lnoo~.i8t.nt 

nth predict10ns of the "tube" tn- lilOdele [6. 7J (.8. [12] L 

n- eother intere.tlng propert, of 9-speotra 1n hJ. inte­

ractt•• 1s the independenoe of the:1%' 1Iistha 6(9) OD,the DUIIl­

her Gt Blow pertiol.1!J ('1••8). !hie ia true also ( ...pt the 

t"g1on of "'X7lJ1laall i'l ~, where the larger pet of 01'0".
8

, 

seetion 18 soyemec\' b, periphetoal ht'1"act!ou with the one 

intranuclear ».UCl'oJ1)t~ the .ta4aria of 1nUT14ual 00111-­
po, . 

a1one. ~. palosioa1 p~opet'tl haa be. aeaoutrat.d earli.r 

in protOD-nuol.~ ~t.raot1OBs 1n ~be range 20-200 Oey/e [12]. 

• 
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fbi8 peculiarity of agular distributions can be crucial tor 

several mode18 of hi interaotiana. So, for instance, it con­

tradiot8 the coherent tube model [7] • which proedicts that an­

gular spectra in hA interactions are identical to those in hlf 

collisions (with the displacement in the rapidity soale (1/6) 

1nA at larger bYN enerQ in the center of' mass system.Accord­

ing to this model, the 8tan~ard ot spe~trum of,?) DlUst increl 

se with increasing V (i ••• XlS ' ~) t sinoe 

ra(1d)]~A 1 en ("is)
t6(",)hN.P.=CO"~{ z: 1Nis =4+const.I.n~(2} 

It should be. noted, that application of? (instead of y),the 

consideration of speO'ira tJJr all shower particles (instead of 

produced pions) c.anot aftect the last conclusion sinoe the 

logarithmic growth of diaper8toms of ? - distributioDs for 

aharsed particles 1n. hi' interactl0D8 1s the "ell established 

IxperlJllental faci. 80, one CIID conclude, the. independence at 

6h}) on Xlg (or ~) - ie the result contradicting the basic 

aBlmDlption of 'the ooherent tube model. 

The general properties of aogular spectra of relativistic 

particles 1D Duclear interactions considered here seem to give 

the 8f1J1sitive teet tor theoretioal approaches to the problem. 

,. would 11k. to IItreS. on"ce 1I0re that the absence o~ quan... 

titatlTe caloulations aocording to conorete modele makes" it 

<l1tt1otUt to giTe More certain conolus1one about thflt I1pplica­

billt7 of nuclear production !IOaels. 

• 
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.IIGURE 00IQIS 

Fig.' - Dh and ng as functions of ng in $-A interactioGe 

at 200 Gev/e . 

Fig.2 - Inolusive ? -distributions forz (a)'fA andff. ; 

(b) for$-A interactions with dif~erent ng * 

Fig.J - d as function of '1 for different ng groups of'1rA 

• 
events • 

F11.4 - r as function of '1 for different ng groups ot ft'A 

events. 

Pig.5 - Inclusive? -distributions in $:11(1), !ji:CHO(2) aDd 
r;:­
~-AgB!(J) collisions at 200 Gev/o. 

Pig.6 - n dependenoe of the ratio r(? ): 1 + 9 - the data forg 

?l.O, 0<'14.1 ••••• 61.?l.7 and'l~7. re.peotively. !he 

.tra1gb.t linea are tits at ng!: 7. 

Pig.7 - Dependence ot~,)on DB (a), ng (b). rilg (e}, ~(d) 

endJ ~ (e) in 9i-A interactions at 200Gev/o. 

1'ig.8 - Dependence oltr('(')< the open data cirol••) 8Dd (tS' ('1») 
(the blaok pointe) OD n. and ag • !he sol14 8D4 dotted 

OUt"YeB reproduoe value. of 6' ( "1) and (tr'( '1») respect1­

vel" torfJi'A interaotion. with D.>... 2. 'he trt8Dgl•• 

• hon the data from ,,-. 1l1teraction8• 
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