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_4BSTRAC?
Peeudorapidity end azimuthal two-particle correlations
have been inveatigated in pion-nucleus interactions at 200
Gev/c. The considersble attention has been devoted to the
exclitaicn of kinematical and pseudo ~ correlstions. The quali-

tative ;ompariaon of experimental re-ulta with aome thcoroti»-
cal models han been pexrformed,.



“f-

The aim of the present paper. is in the study of twé-pu.‘-‘
ticle correlations between relativimtic secondaries produced
in incoherent pion-nuoleus collisions at ‘po = 200 Gev/c apd.
their dependence onm multiplicity of different types of soccn-
dary particles. Experimental data on cartclat:lons in hadron
nucleus interactions at high energles are rather poor [1-6]
although they could be very useful in disorimination of dif-
ferent models of multiple production (see, e.g.{?] ). The pre-
liminary results of thie investigation besed on a part of the
total statistics end the comparison of edrrelationa in pi'on—
nucleus and proton-—nuolens collisions at 200 Gev/c have been
reported earlier (6] .

1. The experimental naterial malynd in this paper con-
siste of 4853 inelastic interactions of 200 Gev/o J7 -mesons
with nuclei (W “A events) end 1333 events paficfﬁu to the
tFiteria of pion-nucleon (§i°N) cn:l.lis:l.oﬁi.' '-w'h;iah were recorded
end measured in nuolesr emulsions exposed at fﬁe FNAL (Batea~
‘via). The scanning of emulsion plnt'ub hes been varried out by
the fast "slong the track® method exoluding any discrimination
‘of the small mltipueity ovmta. fhe selection of events for
measumenta hag been- done systematically w:lthout nuy oniuai-
ons O A ana §i'x samples belong o the ﬁiffcmt leng-tha of
soaoned track). The sbovementioned nu-ber- of T TA and 5i'W
events uomspond to the mubln purlﬂu from ccherent re-
sctions on nuocles [8] aml n-o- inturestions o the gres hydro-
gén of mlsion (the nﬁm were mmm nﬂuaemy only
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tromf l; events). Thus,9T’A interactions anslyzed in our paper
oorrup;md to the ONO (~ 26 %) end AgBr (~74% ) nuolei of
emuleion. A

If. To eanalysis of two-particle correlations among
shower ‘partiue,a along the longitudinel exis we have used the

well knm correlation functions

ig . df
Ca(720)= = “;, 31,; X a@» (

a0« 6 s /98-8 - 1 ®
where as arguuenn we tako he "quasirapidity" in the cenire
of mq frano of§iN collisions (or - intranuclear nuclon in
the oanlo ot 517 A intcraetiona)t
‘ | ==l (tan8/2) - Avch Y, &)
(9 1s ‘tho polu' angle and Jo is the Lorents tactor of the cen-
fox of mnq frm in the laboutory system).
9.‘heJ main diffioulty in the gtudy of ooml.tionn by means
of oorrulation funotione is in the quantinﬂ.n sscount of
ltr!mg pseudoaom}lﬁiom nrittnc from the broad mnliipiicity
Mem\wﬂm of showsr particles (i, ) and dependence of one-
pm:l.olb mtummm (aG/ap) on n, e ‘well es from the tri-
vial comuﬁml dm +o the Kinenatical eonstruints in indivi-
dusd w&n-n (tho snergy-momentum conservation and so n) [1] .
Iu ﬂ.f o: thil \n have c.lmutod oorrelation funedions in
th aimalated by the Monté=Ourlo method for ll experisen-
mﬁ ’TAJ"A at Ahe ﬁnd n, (806 below) and 8o on)
‘ g ‘tﬁ- an;m wopma-m emivston model {IEN).
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In this model:

a) the emission angles of mecondary perticles are atatistical-
1y independent,

b) one-particle distribution 4G /dn in the eech event reprodu-
ces the empiricsl semiinclusive distribution (46/dR) in col~
lisions with the appropriste n, for the enwemble under sonei-
deration,

¢) n, - distribution in the each ensemble of simulated events
réproducee the empiricel ns-'-distribution of the real ensemble.

In the following we denote the ccrrelation functions calcu-
lated in the IEM ensembles by Cp, R, end differences C3'E 03
n;"l’-‘- R; by 6’2 end R'z , respectively.

Let us discuss now to what extent one can treate the non-
zeroth values of cf‘, and ,a; as manifestution of dynamiocal
correlations.

In the papers {4, 5] the comparison of correlation funoti-
ons ¢alculated in the inclusive ensembles of rendom stars gene-
rated according to the eilindrical phase-space model (CPS) and
IEM has been done in the energy range 20 - 200 Gev. Multipli~
city distributions end dependences of (46/ap) on n, in those
ensemnles were the same, the only difference wes taken ivle acco-
wnt of conservation lews in the OPS events. Multiplioity Ats-
tributions exactly snd (‘&'ldp)n’ |pptox:|.natoiyy (the noticesble
deviations were observed only at emall n, ) reproduced the
observed ones in the real hadron-nusison collisions at the
oconsidered energies. The snalysis showed that conservation
laws in the form inhérent to the nht:lstin]. tﬁoory of maltiple
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production diminish weakly O, and R, i3 comparison with 0;
and R; at anz|n.p, 152 (the "short-range" comlaﬁqna) and
increase theirs at largea® . This result gualitatevely is com-
prehensible: the action of conservation lews leads to the Bup-
res;sion of fluotuations such as accumulation of partioles (the
nearsr this ecoumulation to the end of the repidity interval,
the atroﬁger the supression) permitted by the independent
ewission. For the following it is important that the omission
of conservetion laws in the IEM ') inoreases only the "dyna-
mical uignif:l.oano " of the mhmoenents 02>0, 1123»0 at small
Al? .

The other commsmnt conoerns the oorrelation functions struo-
ture 1%self depending on densities valculated in ensembles
-of ‘evente (inclusive, semiinclusivée or exciuaive). Un!oi*t\m:—
tely -fha majority of'wom oni correlations ignore the impor-
tant and long established fact: these correlation fumctions
aré sensitive not omly to qmohitms of particles from indi-
viduel events (just these ave the most interesting), but also
to the degree of heterogeneity of events comstituting the oon-
sidered sample. Nven the exclusive eneemble consisting from
two types of IEM svents with different angular distributions
(a6 /4%)) demonstrates signifiomnt pseudocorrelations (with

*) It should be noted that dus to the practical fmpossibility
of separating of sesondaries in muslear intersetions to "pro-
duooﬂ" uunng the sot of aolnuim end emitted ones by the _
nucleus after the aot (as well as due to upcaubinty ‘of deter—
nn-t&on ot the ro.l target mass), Ahe precive acoount of ki~
nmtiul ocmlnti.m onnoi bo done without the model (i.e.
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*short-renge® cheractér). nthoush‘:ln hadron-nucleus interac-
tions such heterogeneity provokes the physical interest (the
ditrerent produuti.on mechanisms ), in hadron-nucleus colliei~
ong this interest is problematic. In fact, since the enscmbles
.with the fixed ng, , for instance, consist of evenis correspon-
ding to the different number of intranuclear collisions (or -
to different length of ‘tube of nusleer matter and €0 on - the
nodcl lansquc is imaf.nrt.l hexr ), the h-tengenoity of events
constituting given semiinclusive ensenmblss ahould manifeat it~
self, aven at the aingle production mechaniam.

."sumnrising, we can ‘_ooncludi that the precise model~inde-
pendent Aearch for dyn.u_ﬂo.i sorvelations in hadron-nuoleus
interactione by means of correlation fundtions ascems to be im-
-péniblu the reli-iblo conclusions on the boﬁsistc_noe of some
model approgch with suolear px;oduétion data 0sn be obtained
aonly by th- direct oonpmwn of u:p-r!.untn data with tho
valusa of enrrelution funetions. caloulated in the ﬁ‘unwork
of that nadol, with the asccount of experimental couditim
The most attractive way 1_' the ui_lutio similation of _ovo_nj;_p,
sooonting $o the tested hypothesis; the best pattern of such
concrcnut:lon ot pb:lunl nodel is stm. to our opinien. hy
the multiperipheral oluster model, dwdop-d 1a plpl!‘l [s)
for hqdron-nuoloon intirutlou- Co ’

"gpeculative”) umption-; '



Neverthelssa, the empirical informgtion on correlation
funotions and their dependence on different characteristios
in hi\dro%ucloua collisions can be useful for the comparison
with the npproprinte hN data. The other reason 3ustifying the
vpresant paper is in the poasibility of the qualitative compar-
ison of experimental results with the expocted ones from sbme
models for hadroffucleus interactions. '

IIX. %he number of slow heavily iqnining paxrtioles (nh-)
in nuclear interactions is the commonly using neaaura' of the
rthickness® of nuelear matter oa the bputh of the incident had-
ron. Since charactorietiéa of hadron-nucleus interactions de-
pend the most strongly on the number of g-particles (grnﬁ par-
ticlee consisting mainly from the roqo:ll protoﬁ). .Just -ns
will be used as such measuxe in our investigation. Table 1
presents the general oharaotoriqtiot of tive groupe of A in-
teractionsy variation of n, leeds to the mmalogical results,
and n, for these groups aré listed too.

s:ioctea example of values of the “correlators" Co lta.u'2
and R,y for different groups of interactions are shown in
Figs 1-5. Let us @iseuss thoss.
a) The values of sorrelation functione (especially) cav) in
nuolear interssticns differ significantly from those in JU°W
collisions (Pig. 1,3); 1t is seen nevertheless that the consi-
dereble mmount of hﬂu "effeot" arises due to irivial pseudo-
oomlat:lmn oonrl.n. from the difference in nmltipnoity and
one~particle (G‘IM}) diatﬂwﬁm Correlator R, is less
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sensitive to these pseundocorrelations, and 0;_, N R'2 represent,

in the firet approximation, the "dymamical surplus®. The main
difference between correlators infN and¥iA .'mteractim_é he-
longe to the target fragmentation region. This, of course,

is not surprising, since, as well known, the significant dif-
ference betweer one-particle distributions emnd the abovement-
1oned heterogeneity ofJi'A interactions manifest themselves
Juot in this region,

b) Correlator R, decreases when the thickness of intranuclesr
metter (or the number of intraﬁuclear collisions) :lnei-easea.
(Fig;B). The function C, demonstrates the 'reverce behaviour,
but this circumstemce is trivial. As regards the "dynsmical”
surpluses 0'2 and R; » it should be remembered that the action
of comservation laws weakens with the growth of m (due to
correlations between n, end ng). Hence, the degree of under-
stating of 0'2 nndrn'z caused by the using of the IEM (see dis-
cussion in the Section 1I) grows when ng decreases. Therefors,
functions 0'2 and Ré also demonstrate the decrease of correls-
tione with the growth of muclear matter thickness.

The decrease of vorrelator R, with the number of kmock-
out nucleons (protons) agrees well (although guelitatively)
with the predictions of the parton model for hadron-mucleus
interactions taking into asosunt the limited energies of par-
ticles participating in intrenuclesr collisions [71] .

_ ¢) The data presented in Pigs 2,4,5 show the presence of posi-
tive short-range correlations in hedion-nucleus intersstions,
whi¢h cannot be explained by triviel end kinematical fastoxs.



We have noted in the Section II that the surpluses G,> 0 and
.R'2> 0 can be oa,uaedvby the heterogeneity of hadron-nuolehé in=
teractions too. The direct indication to the significance of
s\icl; ‘heterogeneity can po seen, for instance, from the compa-
rison of funotions R:.,_ fox the full sample of fiA interactions

(Pig.2) end for groups with diffevent By (Pig.4,5)1 1f the
idea abon'h the proportionality of ng *) gnd “the aumbey of in-
tranuclear oolliaim V 1s correct, then the full aample of
§°A  events must be (especially in the target fragmentation
region) more heterogeneous than vthe compatarively narrow gro-

“ups of n,, snd correlations (in terms of 8; and 0; ) must be
larger. Just this is observed in experimental data.

We have e‘taﬁd. neverthelesa, that oo_rrchtions‘(vn'z and R,)
__lt small M) have the $endendy to decremse with the growth of
'us (exc_Opt the region of very smalll) , where the effects of
heterogeneity will be maximal). Sinoe the heterogeneity of
nuolear events, probably, does not decreases ‘") from one
group Yo another (see cur definition of groupe-Table 1), we
¢an conolude from this tendenoy that there is the contribution
‘of "geniune® dyﬁ’m:léal aorzoiétim;

*) %The rclation hu. problbly, tho nonlinear ton. 8ince
a2 ma (ays¥3 o). :
*e) '.Ehis intuﬂ.vo ‘sspumptios u voryﬂed by the Monte cu‘lo
ndcnlcﬂou unboml.tng to uimpu model of repsated colu-i- p

s [10]:
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d) The short- range character of cbserved correlations does
not means thet there ere not the long-range coxrelations. 1t
should be renenberod that the values of 02 and R2 at A?za
(see Section II) are not correct. .
@) Although the quantitative model oalculationa are absent
for Hadron-nucleus interamctions, we ean glve some qua:utativo
conslusions (aee sbove for the exsnplo with the parton model
[7] ). The eignificent difference in the form of correlators
forfﬁf A andT'H collisions (1t 18 true also for pA end pN and
PN interactions in the wide energy range [4,5] ) =eems to be
inconelstent with some "tube" models, where hA interactions
are analoglcal entirely to hN collisions (although st higher
énefgiea) t11. 12] . Thé snother model eontradioting to the
presented data is (in scoordance with [7] ) the elkonel model,

where only the leading particle intersots with intramuclear
 oucleons: in this model correlstor R, in hA collisions is
emaller than in hN only in the projectile fragmemtation regi-

IY. We have studied also two-particle asimuthel correlati~

ons by means of umtry

Ae ,l.ggde ?a'g de)/og.gde (@
ooifﬁ.oicnt where

€n: am cos (5‘. Pn /pu Pu) (5

is thc_ angle betwesn trauwerae momenta of shower perticlen
in%i¥ end JA interactions.
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Pig.6 shows A as functione of n,b for SiA interactions in
comparison with§i'¥ duta end CPS model pradiot:lons (the solid ,
'ourvo) The CPS calculations were done under ‘asaumpt:lone [4] 3
1) Multiplicity distribution of neutral pione at the fixed n_
obeys the truncated binomisl law with the mean values corres-
ponding %o experimentel data from the FNAL bubble chambers.

2) The presence of "unobservable" (i.e. not incoming to ng ) .
réooﬂ. nucleons has been taken into sccount in the average un-
der assumption that nucleer densities obey the Saxon-Woods
digtribution. )
As one can see from Fig.6, the azimthal correlations such

ss asymmetry in%iA interactions, being weeker than in§il colli-
gions cer he satisfactorily described by the simple statisti-
ol approach. The same is true for coplanarity coefficient (not
shown here). Thus no effects areé observed, which can be adsoci-
‘“a,', for exemple, with the large trensverse momente of clusters
snd/or By large ansqlar momentum trensfer. It has been establi-
shed in our prenmiam_ripm [6] that agimuthal effects do
not ‘chenge notiooubiy with the nature of projectile partiocle.

| Finally, Fig.7 examplities the dependence of A onAh~ the
relative dostance along the "longltudinel" scale for two oonsi-
dered particles for some seleoted multiplicities in%iA inte-
‘racticns. Date do not display sny dependence of A on Y, inpar-
ticular, the ahoxj't; range correlations expected, for inetences,
in the simple versiens of multiperiphersl model.
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Table 1.
8ome dharacteriuﬂca of grouél o2 fid interactions
arowp | mg -} {mpy | dmd | (m)
1} o 0. 1,201 | 890, 1
2 1| 1 se001 10,5 0,2
3 2-3  P,440,1 -'i,sgo.j 12,8 ¢ 0,2
-4 4-6 .'a*on‘ 113,300,2 [18,2 £ 0,3
5 |31 By [19,30,2 [1185 05
a116ia - ".450,1, s,é;on ia.éto,J
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Pig.1 - Exemple of inoclusive correlation funotions 0,(0,+ %)
and Ry(§,, Py ) 4nTa (the full eircles) endfi ( the
open circles) interactions. The curves represent the
IEN (ses text) forfiA (the solid ourves) and N ( the
dotted ones) events.
Fig.2 - Incluelve correlators 02 ('?.c ') and 12 (B R,) for the
‘ examples presented in Pig.1. ,
Pig.3 - Correlation functions C, (p;, D) end Ry (9, ) for
different groups o2 il interactions (see alsc Table 1).
The dotted eurves raprodueo Ry (9, B) forfiN interac-
tions, : :
Fig.4 - Correlators 02 ('?l"?a"?l) lg (R0, -!?,,) for aifterent
%4 events. ‘ :
| Pig.5 - Correletors 0,(0,5 ), Rz(0,)) for different groups of
'5' A intn'uﬁm. : : .
!‘1;.6 - Ooufticimt of asiiythal ssymmeiry A a» function of n,
‘!‘{‘L mﬂ!‘ ¥ collisions. The curve is the OPS predic-
_ tionu. ‘ -

Pig.T - nopmdmn of A m‘p:ln 5 A interactions for some
 selected n, 3 :
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