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WDAQI 

Pseudora,p141'iy aDd az~tba1 Two-particle cQrrelat10ne 

have be«n invaat1aated in p1on-nuolea. 1nteract1QD8 at 200 

Gev/c. fhB cans14erable attention hee been deTotea to the 

esolusion of kin4taatical an4 peeudo...- oOSTel."1... Tbe qUal1­

tatiTe .ompar1aoD o-r eSper1Jaental re~ultB with 8.e theoreti· ­

cal aodela baa been perto:naed. • 
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The aim of the present paper is in the etudl of two-par­

ticle correlations between relativistic secondaries produoed. 

~n incoherent pion-nuoleus oollisions at Po • 200 aeT/c and 

their dependence on multlpl1oit7 of different types of 880on­

• 
'" 

dary part1cles. Experimental data on correlations 1n hadron­

nuoleus interaotions at high energies are rather poor [1-6J • 

although they could be very uaetul in dieor1a1nation ot dif­

ferent mode~8 ot multiple production (see. eea.{7] ). The pre­

l11Din&r1 results of thie investigation based on a p~ of the 

total statistics end the comparisotl ot oorrelatiOl1S in pion­

nucleus and proton-nucleus col118iona at 200 aev/c have been 

reported ear11er [61 • 
1. !t'he eXperimental material mal7••el in th1e paper eon­

sists ot 4&53 inelastic 1nteract1oruJ of 200 9../0 fi':'l1esoDS 

with nuclei (!ff-J. 8...lI1t.) and 1)3) eTeDte Batt.tn.. to the 

·Uitlr1a at pion-nucleon (ff-.) col11et.-,·Whioh were reool'de4 

and Dleasured in nuolear ..asione exposed at 'the PJut (Bata­

ria). !he eC8l'U1il1g of eJaUle1011 platee h.. be.. oarried out by 

thefaet "8101'18 the track" a.thoduolud.iDc ~ U8orim1nat1on 

of the 811all &11t1p11e1t1 ,yent•• the .election of "eDte tor 

measureaente h.. bsen401le .,.t-.t:l.cal17 without any 01l1a81­

ODe (fi-A aDA ft-. _.p1.. b'lone to the 41fferent lengths of 

.oanned "rae],.). ~he abona"1:1onM DDbe" o~ ft·" md 5'i OR 

event. corre.pond to the __.bl.. pur1f~ed bola ooherent re­

actiOJ18 011 1IUol11 fa] ... fra. ta"..tl..·• the sor.' ~c1:ro­
'ft ot eIIulll10n (the lattera were esOld," natS..Uoalll 0D.17

• 
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fr.S. ''Yents). ThUs,fi'A in·l;eract1ons analyzed in our paper 

cone.pond to the ONO ('" 26~) and AgBr ('" 74% ) nuolei ot 

eau.t.iOJ1. 

II. To analysis of two-particle correlations 8DlO11& 

sho"e1' particles along the longitudi-nal axis we have used the 

.ell known correlat1on functions 

C ( )...:L. d'<i _ ..1_ . ~. d() (1).' 
I 911?.. :: 6in d?.id '71 5,~ d?J d?2. . 

R'('ii'?l): Oi,,· d '( /~. «s -1 (2)
d'l.d.'l,. / s»: dil~ 

where asarsuaents we take the "quasirap1di tyn in the centre 

ot 1Itl88 tr._ 01''''H oollisions (or 1j-- intranuclear nuclon in 

the case ot!it -A interaotiona) • 

. ? • - In (tan8/2. - !roh¥c o 
(9 1s 'he pol.. anal- andKc 1. th. Loreni. factor of the c en­

ter of mu. tr.._ in tbe labora~o1"f a"at.>. 
The main diffioUlty in the stud¥ ot oorrelations D7 .'ana 

of oorrel.tioD ~U0J18. 1s in the q\l8l1ti,.t1Te account ot 

."rone paeudooor;rtlat1ona artat.,. 1'7:. "he broad multip11o:.Lty 

dist1"1'butt8ll of _OdS' parii.l•• (a. ) and dependence 01 cme­

parl101. 418tribQ11ou (Q () lA '?) '* D. as well Nt troll the tri·· 

rtal ooft.lat10A1 ft. 'to tal Id.IlNl.U.oal ooU'tt1'tl1nta in 1nd1v1 w 

AuU .....t. (,\11 ~11...0Il-... cnal"a"1oa _4 80 on) (1) • 
Ia "11.. of "hi 11••• 0&10\11."." oorrllat101l twlet1.on. I.a 

, ...eIlt. ,1_1.1.d 117 the .......;;0..10 ...'thod tor all expeftaef1­

;a1,'~.. (fI', ,fl-A.'"'' .t til_ ttx.cl DC ( ••• bel_> and eo on) 

ill, .......0. ft"~ tile 8ia])18 We,ena"", eai.iJion .odel (IbL 

•
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In this modell 

a) the emission angles ot secondary particles are statistical­

ly independent,� 

b) one- particle distribution d () I -» in the 8aoh event x-eprodu-·� 

cee the empirical eem11nclus1ve distribution (d~Id r'l) in col­�

lisions with the appropriate ne for the ensemble under eonsi­

deration, 

• c) n - distribution in the each ensemble or simulated &vertte 
s 

reproduces the empirical ns-distribution of the real enAembl~e 

In the following we denote the cCJrre1ation functions calcu.. 
o • ex~ •1ated in the lEM ensembles by ° 2 , R2 and differenoes 02 ~ 02' 

n~%P- R~ by c; and R~, respeotively_ 

Let us discuss now to what extent one can treate the non­

aeroth values of C2 aDd R2 a8 _aD1f••t&tlon ot dyn.m1oal 

correlations. 

In the papers (4, 5] the eaapartaoD ot correlatioD fUnoti­

ons calculated in the iaclualT8 en...bl.. ot rsndoa stars gene­

rated. according to the ciltnc1r1oal phase-epace m04e1 (CPa) aad 

DIl he been done in, the enl!'U rea' 20 - 200 GeT. JIultipll­

cit;, distributions and dependence. of (46'/d9> on n. in thoa. 

en8emnlee were the 8_e. the 0Dl1 Urterence .. take.t. acco­

unt ot cODserTatlO1l laws in the 0P8 eT8rl'C8. IIu1tipllclt7 41e­

1:1"1bUtlcms 8%act17 and (dI'/4'>1l approx1llat.l, (the not1e.able
•deT1atlO1l8 were obl!llrYe4 01117 at eaall D.) reprotlu684 'the 

obeened on8. 1n the real hadron-nuoleOll col11.1C1Q11 a't ttle 

OOJUl14'~d enel"B1... ~b.e anaJ.JWla .ho.e4 that oo..ene'U.on 

• 
1... in the fona laharent to the .tatistioal. theorr of lDll.t1p18 
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productiol1d1m1D18h weald;, °2 . and R2 1D. Oom.pariSOD wi'th 02• 

•and R2 at 6'111'1.1-"..1' 2 (the "ehorl-range" correlations) and 

increase theirs at large,?_ This result quali'tat• ..,.e17 iii CODl­

prehensiblel the action of cODserYatioD laws leads to the IJUP­

r8Bsion of f'luotuatiOll8 suoh as aocumulation of partioles (the 

nesrer this aco\1JllUlation to the end ot the rapidity interval, 

the stronger the 8upreeuOD) p811B1tted· by the independent 

ew.ss1on. For the followi.Ds lt i8 important that the oais.ion •
of oonservation lawa in the IBII .) inoreases onl,. the Itd7!la­

. ..• t 
mioal 8icn1f1oenc " ot the eabauoeaenta 02 :> 0, !l2'>O at 8taal1 

I/)7 • -4 

The other o~•••t cone.me the oorrelation functions s'truo­

ture 1".811 aepen41nc OIl c18n111.tle. oaloulated 1D gsbl.e& 

f)f e,.btl! (1t1CIWd.,.e, aetltlaelus1n' o:t' exolusive). Unforiuna­

tl11th3 -83or1t, of works 011 Correlations isnor' the impor­

tant 8Del 10bC e.tabl1ehedtaotl the•• con-elation ftlnctlona 

ar- Beneiti.' not .cm17 1;0 conelat1one ot partiCles froll incli­

ddual eTent. (3W1t th... are ihe most :l.l1t,reetiDg). but aiao 

to the decr" of het,rol.ettl of event. cODe11tut1ng the een­

'id8red _ample. BYIn the nelusiT' ensemble CO!lII18t1n& from 

two tJPee of IlK lTen"a 111til. tittftent atJgU.1ar dilitribUtiona 

(dd' 14 t) 4_one1orat.. &1Ift1t10.t paeudooorrelatione (with 

.) ~t .hould be not" that 4•• to 1;he practical iIIIpo8s1b111.t7 

of .eparallinc of ••ocm4ar1" in Dlloletd' iDte:raotlou to "pro­

duo,41t au.r:Lnc the act of eolU.101l _4 8II11;1oe4 one. b;r the 

mtoleul after the act (88.e11 as due to 1Iapoee1bl11ty of de~.:r-

minat10a of lhe real 'ars'" ....>, the preo1.. account ot ld- • 

.....tloal· aOl'1'.la1iicma o-..not 1». 40118 withou" the .odel (1.e.: 
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"short-range" character). .Although 111 hadron-nucleus tnterae... 

ttons such heterogeneity provokes the physical tntereat (the 

ditterent production mechanisms >, 1a hadro~·nuoleU8 ooll~8i­

ana this interest ie probl~atlc. In tact, sine. the ena~mble. 

wittl the fixed De • tor 1natmce. conei.t of e"ent8 COn-S.pOD­

41~ to the dltterent Duaber ot intranuclear colli8ions (or 

•� to 41tterent lenctlt of tube of nuolear ..tter and 80 on - tbe 

aod.l langu188 18 1IDatar1al her ). the baterocene1t1 of e"enta 

ooaetltut1q ,tYen .ea1l1lelua1ve en••rab188 8b.O\lld aaD1teat 1t­

Belt. even at the slngle pr04uct1oa .aobdaa. 

Suneari_1ng, w. co oonolucle that the preclse aoel81-ind.8­

pendent lieareh tor d1J1wcal con-el.tiona 1. hadron-nucleus 

tnteractian8 by ••~ ot oorrel.tion tunctlona .eema to be ~ 

po••1ble, the Nliable conclW1i0a8 OIl thl oOdi.tuo. of ... 

model approaoh with nuolae prodQotlO1l 4at. o. be obtained 

on1I b7 tbe d1~ot ooapanaoJt of ezpar1m_tal 4.t. w11;lt tb. 

valuea of correlatt_ twlotloJUI o~oul."'" 1A tlUa fr._or_ 
ot that .~el, u th "he .aoocnan, o~ .pft'1a"'al oondi"1ou• 

The aoat attract!.,. _., i. "'bt "di.tic .~lat1. of •.,..1. 

-.oooncl1q to the t ••"" Qpoiib.••i., tha bean pattftD ot suoh 

cOllcHtlsatlon ot PQaloal "'81 1. 81.-, to OV opbion, " 

the 8liipel'lphe:ral olwa,erllOd.l. d'"lo,. 1. ,.,e1"8 [9] 
tor hadroll-nuoleca !at.raetl_• 

• 

•� 
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Nlverthel'••,th. eapirical 1nto~ation on correlation 

tuaot1oaa aDd thelr dependenoe on di~terent characteristio. 

in hadroLoleu. 001118101180811 be u8eful for the cOillpari~on 

wi th the allPropri.te ~ da1ia. The other reaoon justifying the 

present paper 1. 1. the poaa1bl1Uy of the. qUall ta1;1Y. compar­

18aD of .xperila_tal re.Qlts with the expected one. from .•bDle 

~.la tor had~oleu. interaotl0D8. 

III. !rbe ntaber ot alow heavily 101li.iDa pat,tiol.s (~) •
In nuclear interacllons lathe colllDOl117 WIlDS ....ure of the 

-thickness" ot nU.1IQ' utter on the path ot the inoident bad.. 

ron. S1uoe charaoteristics ot hadron-Duoleua int."action. de­

pend the Iloet stl'oq!.7 011 the nuaber ot I-particle. (grQ par­

tioles consietime aa1Dlr Ira- tbe reool1 p~t0D8). ~U8t n. 

all be 11814 .. auGh ....~ 18 our ia•••tis.tio•• tabl., 

,"sente the leneral ohar_ten.t1c. of 11•• poou.p. ot1r-.. in­

terac t 1.-. ymati_ of ,,1... to 'he .a1opcal 1'••\11t8 , 

-' Db tor th... pt;)ups are 11ste4"00. 
•S.l.oted. ~x.ple of 'Y.u,u•• of tIM-correlatore" °2, 12,° 2

•act &2 lOS" 41It....... aroup. of 1at'J"ao"~OIl8 are ehown 1~
 

lip 1-'. Let WI M..... tbo8•• 

a> ft.. Ya1~'. ot.ol"l'el.tlO1l twlot1ou (e.pec1a11y) °2 ) in 

Duol•• boteZOIlO:'1.. c11tie lp1tioeat11 from those inft-. 

coll1.1~ ('11. 1.3), it 1 beyerthele.8 that the coaa1­

4el''''1. _OUD' of "hie "ett.ot" ari••• due to triT1a1 p.'u4o­

oo~l.tlQD' oo-iUC tro. the differenoe in multlpllo1 t1 an4 
one-,lIr'tlo1a (fJ~/4,) di.trlw.t1cma'.~. OerreletOI' 8 2 t- 1••• . 

j*
;! 

.4 
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sensitive to these paeudocorrelations, and C2 ,R2 represent, 

in the first approximation, the tlo.ynamictU. surplus\!. The main 

•� 

difference between correlatora in5\-N and!Ji~A interact10ns ·be­�

longs to the target fragmentation region. This, of course,� 

ia not surprising. s1nce~ as well known, the signifioant dif­�

ference bet~een one-particle distributions and the abOT~ent­


toned heterogeneit1 of9i-A interactionS men1:rel3t themselves� 

jUo~ in this region. 

b) Correlator R decreases when the thickness of intranuclear
2 

matter (or the number ot intranuolear collisions) incr'ases 

(Fig.3). The function 02 demonstra.tes the reveree behaTiou.r, 

but this circumstanoe is trivial. As regards the ndynem1cal". ,
surpluses 02 and R2 ' it should be remembered that the aotion 

of oonservation lna weakeus wi th the ·growth of n (due to 

correlationa between 11 and n >. Henoe, the degree ot under­
8 g. , 

g 

stating of 02 and R2 oaused bY' the using of the IBII (se. 41.8­

cU8fJ1on in the Seotion II) grows when n decrease•• Theretore,
'f g

fUnotions 02 and R2 al80 dem0D8trate the d.or.... of ~orrel.­

tloDS with the growtb of auclear .atter thiokness. 

!he decrease of oorrelator R2 nth the nWILber otkDock­

out nucleons (protons) .sz.eea .ell (although qual1tatiTe17) 

wit!l the pred1ctl0D8 ot the pG'ton model for hadron-DUoleu8 

interactions ta)d~ into aco.unt the 11111te4 energi.. of par­

tiolea partlcipetlns 1D Int~anuclear oollisions [7] • 

c) !he data pre.ented :1n 71gs 2.4.5 8botr the presen•• ot po.f.... 

t!.e ehort-range cor.relat1.on8 111 had1 on-nucleus In'ter"t101tA. 

whiCh ommot be expla1Jtec1 b;y tr1rial 8!ld kine.atical facton • 

• 
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1

We ha•• Aoted in the Section II that the eurpluses 02) 0 and 

• Can be cauaed by the heterogeneity of hadr.on-nuoleue in­112> 0� 

teract10ns too. ~h. direot indication to the s:1gn1t1canoe of� 

such heterogene1ty can be Been. tor ustmoe. trom the compa­
•

rison
• 

of :tuno1iione R2 tor the ~l sample of5i), iDteractions� 

('1,.2) end tor groupe with different u ('1g.4,5)1 1~ the�g� 
1d.aabout the proportionali'1 of D · ) and· tbe number of in- •�g 
tranuolear oollisions Y is correct t then the full sample of . 

§l.. events DIWlt be (8speoially in the target fragmentation 

region) more heterogeneoue than the oompatarively narrow 81~Ow 

. , . 
ups of ng t and correlatione (in terma ot R2 and 02 ) IDUst be� 

larger. Just this 18 observed 1n 8xper:l.menial data.� 

We have 8tated. ne'Yerth'lee. t that correlations 4R2 
I 

and R2)� 
at small '7 have "he tendencY' to decr.... w:lth the crowth of� 

I\s (exc:ept the region ot ...-r7 small? • wheZ'e the etteets of� 

beteroSlneit, will bl man-al). S1aoe the he'terosene1t,. of� 
. ..)

nuolear even's, pro'bab11, 40'. not aecreases trom cme� 

group to anoth.~ ( ••• our «,t1n1tlcn of g;roupe-!able 1) ••e� 

0.. conolude frOll tb18 tent_oJ that there is the contribution·� 

of Itgen1UDe" d,..m1oal oorrelat1ou •� 

• 
• ) 'he rllatio. hUt pro'babl7, the nonllne~ toa, sinoe 

(~}"'A1/' and (8,) 213 [10]•� 
•• ) ~b18 .14'\\11"1'" »'\1011. 1. vel1'fied by the Konte Gharlo� 

. . . . ~ , 

Qalculat1~ eo_O~ng 10 liMpli .o4e1 of ~.peat.4 col1181­

OU [101~ 

.'� 
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d) !he short- rena. character of observed. correlations d08s 
not aeena that there 111'8 not the lOU3-range oorrela"1cm.e. It 
should be reaembered that the values of 02

t 

and R2 
• 

at 4 7~ 2 
(ee~ Section II) are not correct • 

• 
• ) Although the Quantitative model oaloulations ere abaenot 
tor had:ron-nucleu8 1nteraot1ona, .e can give 80me qual1 tat1ve 
coneluslone (see abo•• tor the example with the parton model
[1] ). The s1gn:lf1cant d1tfe~nce in the tom ot correlatorl 
forf'A and,r, collisions (it 1e 'rue also tor pAend pI' and 
pH lnteraet10ns in the wide energy rane- [4,5]) 8.e. to be 
inconsistent with sOlIe tttu'be" models, where hA 1J.lterac'tloD8 
are lIIlalogical entirely toblf ool11siODl!l (although at higher 
energies) [11, 12) • !the another model contradioting to the 
presented data Is (in acoordance with [7J ) the 8ikonal model, 
.here only the le.cline particle 1nt.,....o'ts with 1n'l'Duclea:r 
Ducleofts: in 1Ih1s IIOde1 correl.tor R2 1Jl' hA CoU1810&a8 1• 
••aller than in hlf 0Il1.J' ia the pro~.o1;lle hap8l1'i;at1on to-c!­
on. 

II. We han etu41ecl allo t'tro-parilo1e as1auih.al 
OD,S by lUes at -r1;%'7 51 11 

A., (Iftd£ - f~·olE)/ f1MdE 01J\ 0 odE
co.frio1ent, where 

eft: Q/(,C cos (p;,. p;,. I p~( ~2) 

• 
18 the ansI. bet....en tr8!l8T!ree __.t. ot .hower »..,.,,101••
1nCJii and gc-. interactiona• 



I 
I! 

JII 

• 

slon8 e~ be eatlefaotori1l described b1 tne 8imple etat1sti­

eel approaoh. The 8-.. 1s true tor ooplanar!t1 coet:t1c1en"t (not 

shown here). 'bue no effects ~ obeerTad, which CaD be 88eoo1­

.".4, for example, with the 181'&e transverse momenta of olueterR 

ana/or DJ lerse aD&U1ar aOllen"- tl'8Dster. It baa been establi­

abed 1n our prel1m1aar,r report (6] that as1muthal effects do 

Dot change notte••blJ' with the nature of pro3ectile partiale. 

r111&111 , 1'1g.1 e%-.p11:ties tbe dependence of A OD4~- the 

relat1.ve dosteo. alOft& the ttlomc:1tudinal" scale for two cOnll1­

dared particles for soae Beleoted multiplicities in"l Uite­

ract1one. nata do not d.1.pla:r t!DJ.'1 dependence of A. on Ap, inpaT­

t1culcr, the ehort range oorrelations expected. for inetane~, 

in the .imple vero1one of multiperipheral model. 

Ii� 
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The authors thmk the Iuw..a..-nte of tb.e n.A1'. aD4 '\b.e 

Vivision of Jhlol_ar PhpiOB of the AeademJ of Sol of the tJ88R 

tor the 01"8ud••t1cm of experiaeat. !h.' work oarri.t 011'$ by the 

teolmtoal ••afte of our labora'tO!"1e. Is lObclede" pod.· 

full.;y .. 

• 
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'fabl. J� 

8QJ1le character1stio& of group. of 9i1. interaCtions� 

.-. I 

Group I1g <11.) (nh ) (ne> 

0 0 1 t 2;t0.1 a,9 t 0, 1 

2 1 1 3.9-,t0.1 10.5 t 0,2•
, 

3 2-) 2.-it0 , 1 7.5t0.1 12,8 :t 0.2 

• 4-' ~.8tO.1 1),3.%0,2 16,2 ± 0,) 

5 ~1 9.3tO.1 19,)tO,2 1'1,8 to,) 

all fl. - 2,"0,1 6,itO,1 12,2tO,1 

•� 
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'lOUD OmIOp� 

P1g.1 - Example of inolusive oorrelatlon functions 02( 9t ' ?2 ) 
and R2( '«( , 'l1 ) in'1i-A (the full oircles) and~1f (the 

open oirel••) 1nteract1on8. !he CurTes represent the 

IElI (8ee text) torC'Ji"A (the so11d ounes) and N ( the 

dotted on••) eve,nta. 
•. t 

1'11. 2 - heIus!•• correlators 02 ('l.l''}.l) and t 2 (7L' ,?,) for the. 
examples presented in 71&.1. 

P:lg.3 - Oorrela't;1on t\mo't;ions 02 (1'i'~) and R2 ('It' 91) 'Eor 

different &l"Oupe of CU. interactions (see also Table 1). 

The 40tt84 DurYee reproduce R2 (7... , a) for r,-lf interao­

tione. 
. t· • 

PiS·. - C01'1"elatortl 02 <9... '1..-'11)' -2 (~t''?a..'?~) for d1fterent 

'A e.enta. . ,
1'1,., - Correlato:N 02(0,7 ), It(O,?) tor different groupe of 

11-.1 1atel'act10JUJ. 

P1S_6 - Ooetflcleni ot ..i~bal ..,..etr7 A as funotion o~ n. 

hi. 11"£ aDA"-' col11.1ou. !he carYe 1e the CPS predic­

tlOD11_ 

Pig.7 - l)ependeaoe o~ A on., in "-,, interaotions for eo.e 

••leoted 11., • 

•� 
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