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ABSTlU.C'f 

The experimental &ata on the ault!plleit7 di8tributions 

tor various kUJds 01' se~Ddar1e8 produoed in the proton­

-lQ,loleus interaction. b1 emulsion at 200 GeVI c aDd the cor­

relations between thea are presented and dlsoussed.. J.ll 'the 
oj 

charao"teristica 01' h.8V7 pr01l«8 (uan 'f'aluea "- n,;> • < 11.
1 
>, tl 

dh>. their distribUtions eD4 correlatiQns) are i.Ildepen­

dent (or have a 'f'et7 ..at depeM8l10e) on the colUslona 
p 

ener&?, in, the ranp 20 - 200 OeV/c. '!he d.8ta con'tiudlct 

to the c8aoade-e'f'aporatloll m04e1 and qualltatlvel1 asree 

. with the ••Chan1lJl1l of })artiole tllisB10n viA the lOIl«-Hved 
e. 

o 
1l\te1'll~te states. 

The obe8rnd .ealt i-depeDd.enca eN A 0.15) ot aboftr 
t 

p 
particle distributions 1& in apeesent with the, calcil1ll~ed 

on88 accord1llg to the a1lllp1Uiecl two-etep 1104.1. It b 
l. . .• • 

ahowntJlat the Il. -,41atribut1oD' agr....ell nth DO ace- c: 
U.q la. in the 61 - 200 G.V/o r ... but the fan ot UDi~ 

.8real ,,(nr! a:~ ) -funC1i10D hili • ..et A-depeD48noe. t 

I 
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1. I N'l'liODU e'r! or; 
Indlbl~ic had~Dn-nu~lbti8 ~olll~lODb dee tUh object of the 

increB6illg iut"ro"t aloe .. th.. etud,y of' t1ucll 1nt"l'Ij(~tlo1;S can 

olarify the important problums in pert1cle pbyslcs such IlS 

the choict:I of the rt>alistic modela for badruu-Jlucleon colli ­

sions, the investigation of the SI-Bce-time structure of Ulult1­

pIe produc~ion and 80 on. 

This cUl!lI'Qwlicatlon 16 devoted, to tilt! inelastic proton-nuc­

leus interactions at 1nci4eut momentum Po = 200 GeV/o in nuclear 

elllulsion. We present some dete on mult;lpllcit;iea and correlati ­

ons of the vBriou~ kinds of charged secondaries. Another charao­

teristic's of proton-nucleus collisions will be di~cussed and 

published in tbe nearest future. 

Some data on tbe pl'oton-nucleus 1ntel~actiono ~t Po '" 200 

GeV/c were reportfld recently in the preliminary \forlta of our 

collaboration /1/ SLId in the papertl of several IH",.hors 124/. 

The present expertment.al lIIateri.sl i,s based on thcl higher sta­

tistics than in the ,mrk 11/. It has the follow lug psoul'-sri ­

ties; a) it ",as obtawed snt1.xel;r by the along-tl.e track sean­

Ding 1) a1:ld b) we subdivided carefUlly the heavy prongs on the 

"~il.8ck" and the .. ~e;y" tracks (the evaporation !U'ld reeoil .psr­


ticles, respectively).
 

1) It shOUld be noted that in the rof. 12/ only the part
 

of exr~r1mentel material wes obts1ned by the along-the traCk
 

soanning, in the ref. /4/ all the data based on the area
 

lscanning and the events With Nh Z 0,1 .ere lost ~ this 

experiment. 



-4­

2.	 lIIPIJlIDR'UL 1l.A.fEI,UL. 

W1"eII. 9n9 iulaa~lc ev_tll, tIh10h we" ci8tecte4dur1D8 tu 

BC~, oa the total p1'1aar,r leDght of nO'. (aean fret 

,..~ for the 1Ae1utl" lI04tteriDs A • .J5.4 :!: 0.4 om) W. I. ­

1H_~ .,.teIl&1I10al11 1?04 evente 1». 1Ih1ch all the charged .... 

oOiMlarte. dre cl...Uiec1 acoo1'dias tel theb loniaat1oa ai1d: 
. . 

nace all the ahonr (l c 1.4 1
0 

• to i.e the ionisation ot the 

P1"ia«LT tracks). the ~q (I -. 1.4 lot the Jd.Detic ~rst ot 

pro1iou 'P ') )() leY) ab4 the })l8ck ( 'It' 30 JI.") proqa. In 

tU.. .vent. tU aUa10A USUs of W lihower particle. _:toe 
..aeuZect. A441t10l:lal1t UIlO:re 1;haQ 1500 eT8D1Ui 1;ll8 total Z1l.aa­

be~ ~ bU7 (Jrh • .8 ... ~) aM .... (n.) P1"OI2&il hi'i!l cOlU1­

,eel. Dl this ~ & total of }242 .,...ntH with ..aaured. Jrh aDd 

as _"1"eO~rd.e4. ~ 4etai18 ot uposur., 8Cazm1J1s end a&&­

~ts 1ftt1'tl 4.aoMbecl e81"1.7 1D. p&pen 4e.-ote4 to the pro­

toa-aDC1eOll1 eDll the coherut taa:teftotiou IS I. 

tt 1a 01rf10W1 16/ tJ:I&t for the CU1'1"e!lil C~8OD. wi* lIO­

4~lA of ~l.u colUeiOJUt thct 04able ot nuta Deeds 

to De 1'U1fie4 fra 'Jut tlUt1.c 8oatter:lDg8, the ooherent " ­

uu... ad. frCIil. t1ut oolU81ou -.1'" the ~SeJ1 ilUolei (so-­

eaU.el. p-tre. p oolliaiau). tbete~ore .. -=i~4 t.roa ti 
toUotr1ac cou14.rat1oa 1:1&. U;d; .....t •• 

Ca) j? ....t. Of taU tI1Pe Ih + 1 11'11:h ~ J. a. 1ihUe tbe 

aas1e of elMr pecllo1e ... • <. a IIre4 (tile atU'Ii 0 ... 0 ... 1 

lIiD4 0 + 1 + 1 ~th' < 2 areA were UI01'll4ed. .111'17 "~ UD4lt1'

*	 ~ia or quataoltOA d4 ooheS'8At 1Ate~act1Ou) I 

(lJ) 6) !'U't' ~ 1:iw tlJ1Hi 0 +0 + A. (h. -1.','.1) 
IddCh ..h ldet\t1tle4 151 ... t!ut oOhAl:N!1t pro4u.ct1oal 

. (0) &0 _"NItt_ 1d:t:Il a • 2."',6.;. •• 1IIb1oh _oc-.e. f1'oil_ • 
oll 

P-~:ll 1Jnei-et1011la. It lIS east to ob'tah the1:r ttUaber 
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l~o. ~he ~uclear c~o8i~iu~ of ~he emulsioa. it we caoslder 

the ~ch-d1stributiOD in I1p-eolliaiona a ret. I'll ..t Po .. 

.. 200 GeV/c. and the aAOunt of 8V8Qts tr.1t;b ~a .. I1ch &lid aa :;I 

= noh - 1 (w1~h ~h. dow recoiJ. p~otOD) fioa our c1&~& 15/. 

'fhua. our sample o0l1ll1ats of 15741- evente With ~ IIONIl­

red . ~. Dg and D. aDd tlMI lNIiaahn 81181.. ot Gower ••­

GoDdar1.a IUld ot }OO? nents -,ritl1 tU ..~d· ~ aDd. n. . 
'fhe ~is _&8 dOll. m.a1nly for the tirat 1574- DQ,Ql..r ••an, 

in all cmse. -.he" w. sUll 40uider the ""18 ot 300'1 

... 
1­

event. or the s.-ple of ....81:.108 withouil ~l~ p-f". P 

8Dd/or coherent 1nteractiODS (tor the oOlllPu1fCll1 with _ 

data of enother works). thia will ~ 110ted apec1allJ". 

3. HEAVY TlU.OKS. TD Bti!rI8l'IOJL SUBDIVIalOif o..... 
OB 'J!Hi coLLisIONS WI~ LIGB2' JJiD JW.vY :DIOIBIO.i iotIilI. 

e­

~115.1 preaen1;s tlw 1ntejp'al probabtl1q d1.strlbllUma 

w( ~) Y8. ~ (~OCYJ .V8DtI~ ·withou.1J p-tn. p IlD4 .GDex-.nt 

in~eractiQDS). 111 the qr8llMDt with the low .u~ (p .. 2!J . 0 

GeV/c) data /8/. this di.trilrGtiob is well cGlUlu1;en1; *11;h 

• 
the upOlWitlal tU1:Ic1lioa 

]f•• 16.1 (1) 

at ~ > 8. I1l should be Doted that the ditlenne. be10nec .. 

Ko valuee at 200 o.V/o and 10' enersl•• i.8 aul.1 (all Po" 25 

GeV/c lI'". 141-.8 18/). !!ll8 hQctiOll (1) At the tIhole of 

ll.b.-reg1.on deaorlbea ~ 4$ ot 1;he votal protOD-DUC1ell8 1.a..... 
aotiOWIt whereas the aaount of such 1Jlteractioaa nth tiw • __ 

V7 tllUJ.B101lnuclei (Ag.Br) aLBt be about 7}.~ 2). !ftIje 1zllU­

2). '!!his valUAI was calculated t1'Oll weleer cOIIp081ti.Oll ~ tbe 

~-a emulsion ~nd team v.l~.s of in~laa~le »~ot~jcl~ 

e1'PS'-3t:ct;wns coaqmted for the Jr.nd. dia~r1budCft (4). 
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cates that the f'unet1on (1) cannot describe the whole l\.­ s 

distribution in the interactions of protons with Ag, Br. t 

On the other haxld. the distribution of the rest of data, 

i.e. of the group of Nh ~ 8 evente puri:fiad from those which 

describe b.r Eq.(1). also describes well by another exponent i 

(1) with Ifo oa 4.6 except the events with H" =0,1 III 

(rig.1). The abUIldenae of the last agrees approximately to ( 

the ml!Il.ber of the quasinucleot\ interactions in which only 

one peripheral nucleon from nucleus participate. The simila­ fj 

rit;r of lfh-distr1bUtions from interactiona with light (C,N, c 

O) DUelei and from part of colli~10ns with heavy nuclei may s 

be W1derstood aBsUIIli.ug that tue formula (1) describes colli­ t 

sions nth the core of heavy nuclei (i.e. with the uni.£orm 1 

densit)" l'egion's) ). Then the refit events can be associated t 

With the region of the decreaaing nuclear density which is 1 

independent appro:d.1\tatel;y from nuclear sizes. If this p1ctu­ ;f 

n 18 oorrect, theA l.t is eaa;T to GUbdirlde these events in­ <l 

to gt'oups associated. mainly with the light and the heavy 

nuo18.1 1'espeot1vel1", us1z:lg only the compositio.u &rguDl8nts. (l 

In this wB;f we obtain statistically the number of colli­ e 

sions With O,N,O nuclei' at each kh ~ 8 assuming the aim1la­ t 

r1t,' of the shapes at Nh-d1stributions tor the light nuc­ If 

le1 and for the part of interactions nth Ag,Br which re­ < 

u.iDs af'ter the 8ubstracUClb. of the d1stribut1tlU (1). I:l 

~ peraentage- ot 1nteract1ons with the light nuclei is. I 

shown in the Jig.1b and we shul use it under additional 88­

~). ~e part of 1J1ter.act1ons described by formula (1) cor­ t 

l'espoms in t&1'mS of the illlpact parameters to the she of this b 

:region obta1ned froll. the electron sca1;1;ering experiJrlente /8/. p 
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aumptlun that !Sl ¢4aracta~1~t1cs ot ~b~ collialona with 

the fued Nh axe 1lldepaua.ent of the target nu.cle~ sUe. 

It is obvious that the above deacrib8d procedure 1s 'ie~7 

rough and is in need of the a441ttOlUll. vnit1catiou. However, 

1t should be noted in this connection tbat the other experi­

mental procedure (the ~eg1strl;l.tion of the abo.... ranse tracks 

(L<80}.d in the IItars with lfh~ 6) ueed 1A ~ px.l~ 

'report 11/ for the &slectiao of e,B.O .~t. ~po~. tho 

above described I118tAod (of course. tMlJ prooe4~ 1. uao 
crude 16/). In faot. the chara.clle;ristice of eV&l1lls 1n two 

samples selected by these different lIlethods oo~1d. nthiA 

the e:xper1.lilelltal .1'1'O~a. T.l1e &I1oth.r Ylq to te8t our ..'tll04 

18 the oClI¥?ariSOD of 1ts rl'sults With those obva1.tl..d ~ 

the exper1menta 1A the elllUl&:l~ .nrlGhed 'b7 the l1pil AUO­

lei. un:tortunataly, the 8tatist1cs of such ~.r:UleDt8 80 

far 1s veq poor (tor flxal/lple. 19/) • honTer, their :resul1l. 

do Dot oontradicil to this R8~od. 

liS.2 shows the clltferential Ih-. ~- and J1.-di.tri1N1i1­

ona from the 200 GeV/c protoJ1 1At.erectiou nth ~.reD'" 

elllllla10n n\lCla11 the JUall TalUO. <Rn> •<~> • <D? aDd 

tho ratio <~/<Dt? :for 4iftereXlt lI1'oups an pre.ented U. 

Tabl.e 1. J'i1:S. 3 sho.. the uerQ' d.pendeDC.. of.~. 4{ .iI,> • 
<.~;. and < Ill> 'tor protoil-uuolous 1nterec'iOU. fNt elata, 

he»t been taken ) 'trom the papers 19-16/ at1d :trail Shis *ork. 

In 'the ':fable 2 .e have pn~ente4 the da'ta on th4i ~rio 

4). We selected ~ papera in whicb the experiaautLL aa­

ter1&1 'n8 ob\;a1Ded b7 the Uona-\he-1t.rack SCllD.l1i.ug $114 ~ 

ber of 8tare doe. exceed & s8..er&1 hulJdredJI event. &11 etllCll 

Po ~ 10 (jer/e. 

I 
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<~>/<ng> end f1.nally :11'1 0 .4 shows iDl;egl'al IIp- and n -d1s­g


~ributinU8 at difrerent energies.
 

Let u.s ana).yslJ these data..
 

1. Cloarq, Nh-, ~- aDd l1 g -distribut1ons shows hardly 

rmy energy dependence in the energy interval 20 - 200 GeV/c 

(see Pigs.3 .4). T'.lle mean vahles <Nh>I <.tIr> > and <n > sup­g
port the aasUDlption on tbeir cOD.'ltancy in thie energ:r range 

aDd contradic'l; to the ca:J-culll.tio1lS iI.'. "the framework of the 

cascade-evapo:ratiou model tCf;;M) With IlIll.tlY-particle interac­

tlODS /6/ (Fig.}). This con";rad1cti.on is very large especi­

al1;r for tha evaporatio:u particles. Whel1 "tl:le energy i."lcr~ll­

se•• the shape of these distributiQna (Bee Figs.3.4 and the 

data trom /8/):relllain u:Acbanged except some 1ncree.siIlg in 

the number of events with Kh ~ 0 (Fig.4). It should be noted, 

howeVer. t'hat: th9 difierenca in 'i;ho l1Ull1ber of these eV1mtf' 

at low enorgies GUd at 200 ('.eV/e (see Ftg.4 'Ul.d data of 

a.t./2/) mq lle really nuch am.al.ler beCAuse of considerabla 

loss at events (the bulk of which has lih = 0) in /10/. In 

fact. these dat~, differ from the another ~vestigations 

(wb1.ch unfortunately h8Vf not aubdiV1l1ion ot the nUD1ber of 

heav;y trackS on ~ and L.g ) ~t neighbolU'iug energies in 

the values of mean free pulJ. :em: inelastic collisions and 

<Ib.> • It we cOJUPare thE! data on the Il!elllU fl'qe path tor the 

quaa1nuoleon in'cerectiona ib eluuJ.aion (Nh • CJ Qr 1 if the 

"gra;r" pr.oton is em.1;lited to the forwa.rd hellli&phere in lab. 

eyatea) collliDg from the experimeuts dOJ:l.e at the same coOO1­

tiona at 67 117i aDd. 200 GeV/c /5/ it ia eMy to see that 

their values practically coincide and equ~ to 247 ± 7 and 

250 :t 7 em respective:Q". Tb.erefoN we can COT.c~llde that t:he 

cOIUidera.ble rise ill thlJ DlUIll:>er of events with lih = 0 noted 
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1Jl Ret./2/ is aaaoc1.bd ZIlainly ....itA the .wcrea.aina 0];'088­

flection tor the coherent product1.0...'1 /,/ • 

In the ve17 high energy x-eg-io.u (po> 200 GeV/c) only the 

cosmic ra3 data are available /6/. Although these data are 

very rough they suppa];'; the ellergy 1ndepemenc" (or V8~ 

weak dependence) af the heav,y pro.o.gs dlbtribut10lU1 up to 

104 GeV. 

2. l'he portion of black and grfl¥ t;%"ac~a 8JlI0tlS ths heav,y 

prongs relllai.'UJ approxilllataly unchanged. up to 200 GeV/o (~ab­

le 2). (It 1s interesting thll:~ there i8 a small dip in 't11t8 

data at tv 25 GeV!c which quaHtat!vely f1tlil Qy the CEIl). 

The following c1reumatances aeem to be v.ry illIpor1laJlt for 

our u.tl.derst8Dd1llg ot the pr<>osesl's OCCilrring at the 0011181­

ons of high anergy protona with nuclai. At ~ir8t, the _all; 

energy depent.len.ce ot <ng> ( th~ bulk of which are the ~­

coil protoDS) indicatea the wea.lc el1e:t>g1 dependence of the 

average number 0: u.trenuclear collisions. Secondly, the .... 

ak anergy dependencE-s of tho <Un> and ~ ~>~<:n15> in COIlllllQQ 

with the conai<:lerable energ:,~ (lepar.denc8 of the <n > (eect1­s 
on 4) indicate the·:; the entation ot target nucleWi b COD­

nectad ma1J:lly ,,".1.th the recoil pro1;ollS wldl. the creatH PU'­

t10188 give only fA 8148.11 oontribution to th1.l1 proeellSo J'~­

1y, it is V8T:;1 1nterest~ thav thas6 teaturea ot nuclear 1a­

teraot1ens seem to be independent trom tne slze o~ ~ tarae~ 

J1uoleUd (the 18.Bt colwm in Table 1). All thesll feature. lIq 

be explained by the llIliltipltt production ll\echan1Sl1 via 1;he eoa­

paratively long lived 1ntermedi~t9 states (c1~t~ra ). 

3. Let WI cOllSider in more detail t.h#l (htpend~nee of hea-q 

prongs IIlU.lt1pl1citiee on the ahe ot i;lU'g'1l-t ltIlOlel18. It ... 1l!P­

prc,dJllIi.tEl this> depaT.l>:l,encl't br th" a1Jlq)le ]?\YlIfer :f\UIilltiou. .l
« 
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at A»1 1t is e.as7 to dafin. (l( from the rat10 of mean pIe ( 

~ltipllclt1.s from coll1sions Kith Ag,Br and C,N.O I tiell 

!'rom 

ta oj 

where J1 .. )fh' ~, ng I N1 :Is the dena1'ty of nuclei of 1-1;h 

t;ype 111 "the emulsion; fj 1 1s the inelastic crose-section. 

Using the data from Table 1, we obtained for the black, gra7 
In 01 

and heav.r prongs IX :: 0.655 ± 0.025. 0.672:!: O.O}O and 
we Ul; 

0.661 t 0.025 respectively, 1.9. 
GeV/c 

(~] 

Blnce tlU.s dependence is considerably stronger than
 

n (A) f"V AO. 15 - 0.19 (see Section 4) this again demonst­s
 
rates that the connection b~tween shower particle produc­

1oiOl1 and emission of heav;r tracks 111 very weak. It should lUlils 

be lIl8l1t1oned that the dependence (}) is more stronger al­ COrl:1il 

so than 1:Ihe dependence A .... 1!} suggested bJ the primitive 

.odel. 111 which the incident hadron interacts successive1y pa:ru 

'rith JlUOleona inside the nucleus without any cascading of the 11 

created particles. Tl!.1s oircwilatance mlQ" be considered as 

an 1IIdicatiOl1 tha1: the secondary interactions of the cre­
~e7

ated particle., can giTe 80Ille contribution to the nuclear 
± 0,,0

collision product•• 
the • 

'.. KUIlrIPLICIrI' DI6TRI:B11TIONS OJ!' SHOWER PARTICLES. "uk 

The differential. n -distributions from the proton-nuc­s
 
leuoollieiona at our eilet'g are shown in B'ig.5 aDd some
 

llOIIeI1ts of the.e distributions are preeented 1n Table ,.
 

The .0s1:l reUable data on <I1 > are 1;he dat9. from the 8am­s

I 
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pIe of events w"ith iUtl.8Ul'ed omission ~:l-ee of WlU.-.r plU"­

tieles (the gt'OUP 2). Tak!.Dg into ac(;ount the .lectrona 

from Dalitz pairs « De±)~ 0.012 <D
iI
» we have trOll the da 

2) t8 of Table , : 

De p-Era ~ 14.0 1 0.2 , R. '1.8J :t 0.03 • 
b De p-CNO = 10.9 :t O.~ B .. 1.42 t 0.04 (4) 

D
S p-/\gBr 

.. 15.a :t 0.3 I B .. 1.98 :t 0.04 . 
In order to calculate the Pop'l.llar ratio R .. <.us>l<o.cli> pp 

we used the value <nch)pp .. ?68 t 0.07 at Po .. 205 

GeNIc 17/. 1'01' the tull eJId WlCorr"oted 8alllPlo of events 

) (including the p-t:ree p aIld coherent interaoti04.8) we have 

<De>= 13.6 :t 0.2 I a .. 1.77 :t 0.0.; in agnellflDt with iihe da­

ta of other works: <n,?= 12.9 :!: 0.2 • R • 1.68 :t 0.0 12/ 

aDd <D 
e 
>- 1,.1 :!; O.} • R .. 1.70 :!; O.~· 13/. !he 

. 
<D..> ....­

. 
lues for 0,1'1',0 and Ag.Br Duclei are c0D81sweD.t also with 

e 

cOl'l~8pondiD8 data f:rom Ref.I2I. 
, . .. 

AaSUJDiJl8 that <:De >.. <Doh')ppA it iii e&87 '0 define t1l.e 

1 parameters ClC tor the quoted three TUueS of B (4) bt Wl1as 

the wel1-kno1lJ1 relat100. 

D .. 1: 1'1'1 6 iA;t I: 111 6' i 
1 .. i 

. (5) 

They equal to 0.147 ± 0.004 • 0.1}4 ± 0.010 aDl1 0.150 t 
± 0.,004 respectivel..,. 'l!heae valu.. do DOt.l con~1'8dict 110 

the 8Sswned power f'w1c tiOD. aDd we han l!L8 a 1'8$1111; 4 "17 

weak depeXldence <D..(A» • 

B !it AO. 15 .11 Pc). aoo GeV/o. (6) 

e 
'.r.he 

]1'18.6 

energy dependences o~ tM <illS) _ • a:N eoe 1D. 

up 1;0 200 <leV/c. III oontrast to he"'" protlg8 ~ .... 

<Ds > Taluee an eloa. to the oa1culat4lc1 ... aceori1D8 ~O 

the CDI /6/. 
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As <leA be s.en from Fig.6, the ratio R depends fa~rly 

strong on energy and inerellBes frolll -1.3 up 'to- 1.8 in II 

the energ;r range 20 - 200 GeV. In close connection with thi. 

rise the increasing of the paraeter 0' (5) from - 0 \lJ), ~o 

0.1' - 0.1.5 18 also observed in the same ene1.'g,y rEWge / 4/ ~ 

It 18 eUT to ehow that this growth 19 parti~ly due to 

ta.ct that the value of <nch> for pp-collis10IW contains all 

••cOll4aries wbJ.le the ( n > does not include the bulk of se­s 
condar,r protons. In £&ot, it we consider for example the ra­

tio R*:z <ni>1 <n",!>pp • where <nll~>PP ::::(nch)pp - 1.4 rep­

reseDt t~ particles produced at pp~colli8ions (pions, tor 

rd,mpl1citT), 1then we can S8e that this ratio rema1.ns approx1­

I18.te11 c08tant in the 20 .. 200 GeV/o region and equal to 

2.0 - 2.2 • !rhe corresponding parameter ex' equals to - 0.19. 

1.•• co1nc1dft8 with the value expected from b;yt1rodinamical 

aodel 116/ in which the 1l1cident hadron interacts with the 

tube ot D.uclear utter. Clearl;:r, the ratio H' 1s on.l3 an 

~er l1ait o~ the ooetf1e1ant of nuclear mul't1p11cat1on of 

produced partiel.e.. POI.' the correot determ1na.tion of this 

coeffioient one 1111811 meaaure 41r"ct17 the number of partia-
I 

le8 produced b7 nuclei lUId take into acoount the proton-neu­

tron oolliaiOWl. 

1'hua we CaJ'1 conclude that i (1) the quantity R (aDd R') 

18 rather Crude llleasure o:t the ra.tio ot created particles on 

nuclear 8D4 nucleon targets, eapec1a117 at low energies. 

(ii) A-dep8ll4ence of the nUlltber of produced particles is ve­

rt weak ('" '* 0.15 - 0.19 at po~100 GeV!c) end eontradict~ I 

to the ol88s o~ 8o-e61led one-step models. (iii) the two-step 

llOdel. ot JIIlllt1ple produotion /19 - 21/ are fllvored b7 the da­
. - -, . 

ta on the ratio 11. aDd its energy 1D4ependence at high energi­

ee. 
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!lAe obno1Ul .ua;t; ,t.p tor tbe to.t of p~~cl~ pro4~Uoa 

lllodel!i.18 a ~0lI\P~1s~ ot exper1llqt&l ~.-di.tributi~with 

tbeoq.for ~. pu.q>~.... hayt ctUculJ,'lt4. tll. n8~8tri­

imtiou t~ pro~on-nucl.~ ~olU81QU ..1; 200 BeV/. lq tll.e 

lI~t.-oU'lo _~ ..,. 8118• .,1;.4 ~ Jet. 1161 ~ tr....oX't of 

8Q114t .~l1nedno-8t.p ~81 laol. -. .Mulatlon ha4 the 

tollQWtQs 8t&88. • 
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P( ~ ~...) • .. t ~ '7 c~ (7) 
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1i'tOll 'b7 .. ~- . 
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'·1·"', 

.. hat 'd 8M_ .. h41U) .....1lzi.lN.1_ 

1(l,~.)* '.{1 + .. t<lba+ " ~o>l.]} ~1 
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.'2 •. 
0) i • ... 1a~1"" '.;).Wi ~ ot ~ .-,f' 

1•• (p:tO~oll O:f' "':lreA) Ilk _~ ••"• 
• .. ~.~" I .' . ' ..:.;,- i' ­
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nuole~ structure. 

d) It was asswned that at each colUatoD two olut·tere an 

klrodaced (the multiplicity of each cluster equals to 

(Dch)pN 12 ). The fast cluster. interacts with the ue:Kt nucle­

on as the wh,,1.e m6reaa the slow one d.oelJ not inter~ct wi th­

in nucleus. The multiplicities of tilien intranuclear collisi­

on were chosp-.ll r&ndolll.l.:r in llcco;;'dance with noh-distribution 

from pp-iuteract;:\.ana 17/. if ta:q;et was t\ pl.'oton, Qr nch-dis­

tribution from pn-interac;:l;~oll.6 whicb. was o(}to.ined frolll our 

data I~;I tak1ns into account the corNc1<;ioll «us)>>/<n",>rr.oo) 

from pp-d8.ta, U' tlll'got Wf.\S e. n~ntro.ll. 1f.\.n.e.ll;r, th~ .,arl;1.clee 

from decay of ".4. 8low dun oue faat; ~1\l3ter8 WON BlU'Imed. up. 

F~.g. '1 shown the D -distributioIlB tram ?roton-T.l.ucleuJI 1.n­s
ter6<cl;;iollB at 200 GaVlo together. witb the cur~~s llppI'IJ"ldJna­

ting the caJ.oulated hyatograma (105 Gimul~ting evantB for 

ea.ch modal version). From 1;his F.e;wo''''' IW.d :frolll the date. (1) 

moments of Us-diat"r1butiollB pr\)sented iA j~able } one can SGe 

·that the lllodelW\de~ ccnaiG.erath':o, gives the s8.t1afactor;r de-­

scription ~'f experiJli.ent;e.l dilitributions at our energy. It sbo­

uld be noted that for heavy nucla~ the model version with r&r­

mi distribution (9) ld in the best ~~eelllent wir~ ~be data 

whersM for light nuclei the di6tl~1butl"1l (6) 18 more prei'e­

:t"ablll. In F1g.?lI. we bave plotted also the ow:-ve foX' an ano­

ther version o~ descri.bed modal iII. which the ratio of multi­

plicities from dec~ of tast and slow clus~0ra equals two 

(Gottfried's model 121/). Th$ disagreemont of this curve 

with experiment is obrtoua. In Refs. /2.;/ the agreement at 

the mean IiW.ltiplioity with the predicted one by this model 

wss poiIl.ted. out ; 1u our opinion thia agroement is caused by 

the ur.iform L.uclear dtinsil;y e.ssumed in /211, In fact, the 

J( 

~ 

0' 
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.-an ~b.~ oX 1Jl.t~-=ol.u ooUbi~ c¥~tt4 ~oo~

"0 t!l.e 418tnbQ1i1ou (8) u4 (9) (a.G .. ;l.? ft8p.ot1'"~) 

a:a-. lo...~ ~ '.2 ob1i~4 bl' Go'litt1:b4 121/. 

~ .oouclua101l of ~a SectiOll let .. oou;l.d.1.' 1WA aOal~ 
, . '. ' • ,- ~ ••.•. 'I 

propel'th. oX n.-41a tribut101l 1n p13'o1iQl&-auol.U8 ~0UJ:.'1ClJUJ. 

n 18 maG /22/ that t!l.. u;per:lJuntJ-l data tor. ~-~t.no­

1;10118 ove;r th8 1&11(' energ r~ ;0 - 'OOQeV ~e~ 

nth the DO IJ<l.U.q /203/. i ••• desori.l>o b7 -the \U!J.veraa1 

:tuDctiQl& 

(10) 

lor prQtQl&-~c;J.lIUe ~t.ract1cma t!l.18 prop.rt'1' 11'841 at."WU", 011­

17 1Jl. the co..u.o rqt.j /24/ tor t~ Up'll nuolei (po~th71.­. . - . - .- - . . . 
ae) aDd 11 :IOlU14 that the ~':f~tal data are deao;i'1.. 

bed b;r the tuDot1OD u pp-1Jlteroctiona. 

It 1• • 0117 h Q,o. that fOJ: the ~ oZ ti:tt.reJ3;t nu­

lepa 8'WSh .. 8111&11111011 the :tuact1ClA l' (D!<n» lIWIt '.: • be tit 

f.rtnt fiOIl QU tor pp-oolUaiQAS eve 1a tM cu. 1Iben the 

a-eU.atr1buUoa tOJ: "he ua;r iJ:ld1v1d\!.al nucleus ...·U.tl.. ~: . 

111. Die .tatUl8J1¥ ia illWl'liratt14 b;r 't;jw O~. 2 1.a fie. f1 

1Ih1ah ...... oalculated uad.~ uau.pti08 that tOJ:'acb A th8 

f\aetiQll , baa the .... tOft .. Qb~a1U4 1:17 Siatt'r1/28I 

fOJ: pp-1Jl.tuutiQJW and that <Il.>",. (aeh>,".lO~1' ~ ~~. 
J'1sure showe alao t:ae tlqvrbeAtal data a.t p.. aoo .. '1 
GeV/o (the latte'" ..,... obta1.ud 117 .UIlIW:ig up 9t a.-4i.trl­
bl.\U0D8 t,..o. a.te. IJ,161. 1D aU abnt 1200 nexd;8). ~ 

ourve takeD 11'0& /221 .. our fl. ~o expe1'iaelltaJ. data. O:U 

can ••• that t~ data at Ii? @Ii 200 GeV!o ta weU Py the· 

o_08 our.... (J ~/JXWlb.,.. of clepe.. of beedaa Cl O~a) • 

f(8) ~ ('~O.·+ 26-' + 4~6.' + O~18.7)exp(-4~0a) (11. 
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( •• II 1<11» which differs bCtl'h tf'OGl 13lattaq·. l!Wli <:&10".­

lMted ~or pho~o$mu181~n curve~. Xn Pig. 8b,o we present 8e­

par8t_17 tb~ d8t~ for 11~~t (O,H.O) aDd beavy (Ag,Br) nuclei. 

'or 11g}lt tutela1 th~ dAt~ agree ~~ll wir.u the Slat~er.T tuno­

tlon (J C!/nWllo~r (If dttgraes of ZrMdom :>:: 0.8) wbe~lU1 f:or .b.­

8v7 nuolei the dat~ di86~~G with this ~orw (the agreemBnt 

probablltt;y 18 laM th!U1 0.01) 8.X1C. dea.:r1be by another tun­

ot10n, which nevarth<81esa i~ not tar. ;fr"1ll Sl£1tt017'8 ODe. Q 
Thus. th" exp8J.'ililentt\:l data. or. t,hto 1\a-distributions 11:1 

pro1;;on-ul.l.olou.8 oolliai(\l),fl 40 not contJ"Qdict to lOm sell1.1ng 

law in the IU~Jl\. en'.lrgy T6V'.Igei.!I "thi'lb it tulfillerl tor pp­

1I'It"re.ctloo,,;, 'wt Ife co.nelude that th"l :t'.mct:1.mI 't' (n,/<D,,") 

has a weak A.-depeDdtUlce. }/'or &FIU.l'!1on n'lclo1 tM... tvr.ctioJ1l. 

bas tbe tOX'Vl defined 0)" the :!or..ule. (1'1) 1A th~ rang. 67 ­

- 200 GeVlc. It 1e ea.oy to sholt tb8.t BOlll6 rQS'ue.r1l;1~a ob­

serveel :t'(,Cmlt],y Zor t1J~ JD()IlI~ntll of DO-d:\~t1:'illlA:;ions fro. 

protM-lIucleU8 .inI;Ol'act1ollS (~or \lUl::.pl0. the UD<1(J.X' depen­

t1enee o~ f<n 2 >- <:0. )2 '\112 0.0 <:n '> 15,41 01' the 1I0-eal. ­[8 tJ· I) 

led "nuclfla:;," lllultiplieity 6C£\lL.l.g" /25/ ) U'Q the direct ccm­

sf.tquences of 1:he u.o.iveraal1ty of: If (lls/<us»-!'I.ul.ct10D. 

t;ype <~(nj » (np n j (1 Ie ;1) 1;;1' ""1>' D • DS ) 1.11g 
Fig.9. As foll~ws f~om tbJ.O Figure all thaae d~p~DdeDC88 ar. 

lD.onoton~ end nt welll>,..tiw :U.near :t\mctiona witJl poe1U­

v.	 slop,). 

(a> 0) (12) 

on tbe wholerar,geo ot n j vl:4-"'1at1.m	 (~xcept tt.~~ dependences 
~ 

o 

I 

~ 

o 
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L'J.'01il n llhicb 1'''lIch iii j,llatou.u at Ugi:-1lJ). All "he i'''x...llaol....,flg 

iii and b .from L'ehtlon (12) t!..t',; litlt"d in 'j:P.:i.bJa 4 (t~l' tht! 

%1 ....Jependancsfl libe ,nt waa cllJ:..:i&d (Jut u}>&o.l tll:?; .. 8).g 

'Elf; cOlll'piU'i~on wi ttl 10\11 er.wl:e;.y data (a"'t1 1I.e:1', /'10/ IW.d C"1Il 

pilation of data in 16/) ahows : 

(i) COI'l:elationa b~tweeJl lIIultipl.icit.tes of bla.:;lt tuld B.J:'a} 

tracks are oo1ncld~ with low tlllergy data. For .l.na~lUI.f.:e. at 

Po '" 7 and 22 GeV/c <~> "" 1.,6ng ~ 1.59 (w.xcoJ,'rechd datil 

!:L'om /101) and it ctaio.cidea "'1 th!;be 200 GaV! c data '. Table l+). 

Thia st111 EllllphllJlizes the remaL'kable &te bl1ity at til.. l'clAV1 

track charact;erisliics, "hen. the energy cl.langil,s, 

(11) Correlations betrllleen IllS aL1d tC.CI llUIllDal'S of tiID3 t.fP8 

ot heav,r tracks n b • n or dapend 68S<lntJial13 on g Nh 
t}to eller-gy. Iu 80me papal's /'1 - 4/ thi\.i fact was uoten. for 

the <ns(Nh » -depend.eJlce. It is Clbvious. th6.t &. such bohart·· 

our reflects t;he fact tha't; the Us;--distributiWl depellde (>n Po 

while the Hh-. u b- and Ug-distributions re~at~ pra~tieally 

unchanged. Therefore, the slopes of str~t linea (12) fitt.ed 

tbe depondenctoc:l <us(nj » inCrEllW8 and ~Qr t,ne :L"ve:t'C~ de·· 

pe,ndonc~~ decrease when the energy rise$, 

In vil'cue of the monotonous cb.aract03r of (Ue(Nh » -ceptln­

deuce some authors (sea for e.ulIIpla 13/) uao<l th-, Nll £os a lQe­

UlU'e of the number Qf in\;r&lluolear collisiona an.d thGII class1·· 

fied the nuclear interactioua by means of Nh. The data trom 

:Fig.9 and Table 4 show that the analogical monotouy is ob­

served aleo for ~ aDd n ~ 6. Siuce the <na(ng»-d8~en"g 

dance is the most strong, the III-value is the most prefera­

ble for such elassi.fication. However. it should be not:e~ 'uha~ 

the mean value of n exceeds significantlY' the number oX c.~ g 

coil protons expec·ted from the model. considerations (ot th6 
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tJpe dtl8criood U:I 6\lotion 4). It is obviolU!, that; for the mo­

l'e certain eIl.d qU"JJtitat1ve c.on.elusioll8 it is nesf1Ssat7 to 

have tht" llIore detail 1.ni'ormation on the gray (and 'black) 

tracks. 

In conelua:l.on we are gla4 to express our gl.'atitude to 'the 

.taU of HAL 8.ll.6 Prof. V. A. Nikitin tor the help and. (loop.ra­

tion du.r:l.J:il the exposure. We aola1owl~e gratef'u.l.ly the work 

earried out b,. seennltl'1l and "8ll1U"et'B ot our laboratories. 
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fable 1.
 

llean lWlt1,1>11d.t1es ot heavy p:::~~  the vari,ou.a 6X'O~.  o! ovon~ 
-_ ..,,--,_.,.--- •.._---_.,..._,._- _...__._--­
'1'YPfi Bu!llbf)r 
o! Gl'O~  ot (1'1&> <~>  <DC} <~>/01~ 

eol1in~ol'lS  oyent.s .........

-ill~~-;ti~-1----j2'~2---..?:~i) ! o:~-_·..., 

2. 1691 7.26' ~  0.19 "'-?9:t 0.12 2.46 :!; 0.00 1.93!o.C8 

Ilithott; '\ ;122 ?~9!  0.1~  ­
ecil:Ulrcn't 2 16}1 7.]4! 0.20 4.~?  t O.1} 2.57 ! 0"06 1.93to.C8 

Without; c.cl!.ereil t; 'i 30C1l 7.97 t 0.14- ­
and p-~re~  II 2. 1514 7.82! 0.20 5.16 ~  0.1} 2.66 :t 0.06 1.94!o. C8 

. +
Inttl:l:a.cU OU!! 1 800 2.61 - 0.06 ­

w1th C.Jf.O 2 ~'\9  2.70 t 0.11 1.80 t 0.08 0.90 t Q.05 2.OO!O.14 

Int.eJ:acl..i.";:\l) 1 2.<.."O'l 9.92 1 0.11 ­
tiitb Ae;.Br 2 115~  9.6& t o.~  6.}G! 0.16 }.29 ! 0.10 1.9}!o.08 

I
I ._---------------------, 

~).  f".ull 1'u,,,t. t:ro~p  CO~1Lt;  o~  (....r:'DiG ...ith lIles.sured Nh end n. ; 1ntJle event:s tftlll, 
if 
:1 

the sQconc b~ou2 no' Us • U and ~m1$e1on  ano165 ~oro mcssur~.a 
jt 
:11 
j 

:1 

I' 

~\ 

.\.
\

!i 
i
 
I
 
ii,
 
II
 
Ii 
~ii 

t 



IiM1t i· 
kUo <'~)/<.A~ ... 4UleftiM; Po <.u iUl.u't14 

OOllulQlUJ withw1; O_ftOt) 

OaJ.,~~OIl'0· bt.GeV/" <">~<~I> t1'QII/6I, 
1.1 1101 1.80 t 0.07 2.4 t 0.2 

22.5 1101 1.71 t 0.10 a.o t 0.2 .) 

2J 11&1 1."" ~ 0.10 1.9 t 0.1 

SO i1ei 1.64 i 0.16 a.a :t 0.2 

67 /161 1." to 0.12 2.) t o.a ,> 
aDO 1.9' t 0.08 2., :t 0.2 .>tI 

.). X....1dl_ ff ". /6/ • 

http:ff"./6/�


~able 3. 

1I00000ts ot n -d1strlbuticll in the vo.riotl:l grO\l~:J  of tlvants. In brackets ­a
ea1Cv.18I;lon f!.Ccor'<l.in& to the .1UDd.el (S<;ll) text) with Ferrill distribution (9). 

---- ---_......---.... ....--	 -' ­
T',ype lrmabor	 r J1/2
o! Group o"t <n > (Ufj(&s,,1» ~n~>-,(n8)2  !"c0011181008 ~VO;..t2  .:­

.1111nt:'lMtic 1 ,~,~i--""-13:9-! O~2- 2S5 ! G 8.7 ~  0.5 61.4 ! 8.2
 

2 1697 13.6 ~  0.2 ~40!  '7 8.4 ! 0,6 56.5 ! 8.9 

Without 1 3122 14.3 t 0.2 ~j3!  6 8.6 ! 0.5 58.a ! 8.3 
GohOl-'oLot 2 16,34 14.0 :!: 0.2 :~:;::  e 6.2 :t 0.6 5).9 ! 9.8 

Without cohe~'~ut  1 ."IO':l'j' 14.5 t 0.2 ?;'{)! 6 8.6 ! 0.5 59.0 ! 6.} 
alld p-fi'eo P 2 1574 1li-.2 ! 0.2 ~:.c,  t 8 e.} ! 0.6 54.1 :t 9-.a 

(14.0) (251) (8.7) . (61.1) 

1nteract1on~  2 419 11.0 ! O.} 145 t 8 6.0 ! 0.9 24.1 t 10.4 
nth C,N.O (10•.0) (12i) (5.6) (21.5) 

InteIa,~i;1on5 	 2 1155 1').4 !: O.} 2:j7:': 10 8.7! 0.8 59.4 ! 13.6 
with Ag.Br (.15.4) (306) (9.1) (6'].6) 

--'_._--~.. ,.---.... ._-----------_.-....._-_.__. 



,.J:t t. 
hnMwtq .. , ...> -.4 It (Mol-O.> f)t t1I.e ~e.r 

......uoe <~. ill ..~ 't lth'l."~ ...... ~. AI' A.). 

~'... :.... -".'".._, 
<~>.	 ~ 1.M t 0.01 2.}a t O,QIt. O,~ t 0,02 

- 0." t 0.01 1.'10 t 0.(1) 0.86 to 0.15 
._. . . 

0.69 t a.OJ 1,J8 t Q.~ o.Ja t 0.01 

o *0.11 1.6' t 0.06 0." t O.DE( 

o.u i 0.01 O.I? i O.Qi 0.11 *0.01 
0.'- t 0.1)1 0.16 io~~ I)•• t 0.02 

0.61 t •.OJ 0.85 t o.OJ 1.7J t t).oe 
,~"t 0,1. 9." t 0.1' 10.0 to•• 



i'IGUU CAPtIONS 

l!'ig.1.� <a) IAtegral Bh-d1atr1butiona tor all events (al)o.,..) 

and for evttntll relleJ.nin8 alter the sUbstraction ot 

iq.(1) (below). 

(b) Pl';lrcentll68 o~ GIro_vente va. I'h • 

11g.2.� Different1al Nh- (a), ng- (b) aDd ~- (e) ~8tr1bQtl­

ana. The hystograma are, all events (upper), co11181­

ODJJ from Ag,Br (lo.or) aI),d ooll1a10A8 troa 0,1',0 

(pointed). The p-tre. p event. are shaded. the co.­

rent react10ns are t1r1c. shade4. 

J1g.3.� Energy depeDdencu of <I'h>' (~> ead <AS>' Tha cum. 

are accordiilg to cuoade-naporatiOl1 mod.l /6/. 

l!'ig.4-. Integral ~- (above) ~ n.( (beloW) dbtrlbutiona ., 

7 {tull circl.s>' 2} (trlql••1) ~ 200 (open 011'0­

lea) GfJV!c. D... ba at 7 and ~ GflV!c tro.lIet./10/. 

F1g.5.� D1fferent1al na-distr1but1048. fhe 4eeignatl0D8 the� 

same as in l1g.2.� 

'ig.6.� EI1ergy dependentU of (n.> aDd 2. The C\U"Y" ares 1) 

<nch(p » tor pp-coll1s1ona, 2) calculati04 8CCot'­o
ding to caecede-eTfJPorat1on aodel /6/, ,) our 8ppro­

x1aa.t104. 

:r1g.7. a.-dlatr1but1ozut from all Gltclear e.,.nte Ca> lIDIl troa 

colli.lou with 0 ••,0 (b) aDd Ag.Br (c) 1A Co.pV18oa 

with the model calculations (a•• ten) nth 1:11. nucl!t·· 

ar G8JlS1ties 01 :t:01'lll8 (9) (earn. 1) end (B) (ClUTe. 

2). The dotted cUrTe i. aocording ~o Gottfried model 

with the 'armi distribUtion (9)­

iug.a. Dependence <ile'>fiJi /6' Ta. 11,/<'11.> tOll.' ali nuclear 
8 ' . 

interac"tions in elllulsion <a) and :for oo1llalCl118 n~h 

C,NtO� (b) and A«.Br (c). The circle. end croases &1"$ 

the 200 GeV/c and 67 GeT/a 0.16/ dat.. respeo1;1Te~. 



'fAo curve. aret 1) Slatte~'Y'a function 122/ I 2) our� 

calcllla1i1on for the ••uls1on (see text). }) empiri­�

cal f1~ to ~xp8rimental data.� 

CorrelatlQQ4 between nL and Dj (Ui,D j = DS ' ug '� 

~. ) for the pro,\;on-nucleus interac tiona at�B11 
200 GeV/c in eJllUlB1oD. 
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