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-ABSTRAOZ
Pgeudorapidity and arimuthal two-particle correlations
have been inveatigated in pilon-nucleus interactions at 200
Gev/c. The considerable attention has been devoted to the
exolﬁsion of kinematical and pseudo.~ correlations. The gquali-

tative gomparison of experimentsal results with some theoreti.-
cal models has bean parformed.
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The aim of the present papexr is in the study of two-par-
ticle con‘elafions between relativistic seconderies prodnced‘
in incohereni pion-nucleus collisions at p, = 200 Gev/c and
their dependence on multiplicity of different types of secon-
dary perticles. Experimental data on correlstions in hadron-
nucleus interactions at high energies are rather poor [1-6].
although they could be very useful in dieorinination of dif-
terent models of multiple production {see, e.g.{?] ). The pre-
liminary results of thie investigation based on a purt of the

w

total statistics end the comparison of correlations in plon-
pucleus snd proton-nucleus collisions at 200 Gev/c have been
reported earlier (6] .

1. The experimental materiel analysed in this paper con-
sists of 4853 inelastic interactioms of 200 Gev/o 57 “mesons
with nuclei { §7"A events) and 1333 events satisfying to the
eriteria of pion-nuclwon (FfI'N) collisions, which wers recorded
and measured in nuoclear emulsions exposed at the FNAL (Bata-
via). The scanning of emulsion plates has been oarried out by
the fast "along the track” method excluding any discrimination
of the emall multiplicity events. The selection of evenis for
neasurements has been done systemstically without any omisei-
ons (74 end 5i°¥ semples belong to the tifferent lengths of
scanned track). The sbovementionsd numbers of Ji'A and 5i W
events o'ox’-io'apond to the ensembles p\t_rlti_.‘l;d' from ocherent re-
sctions on nuoles [8] and frém interections an the gres hydro-
gen of emmlsion (the latters were oxoludsd ststisticslly only




~2-
fromfN events). Thus,51A in‘béractions apalyzed in our paper
oon'eap;nd to the ONO (~ 26 %) and AgBr (~74% ) nuoclei of
epulsion,
II. To analysias of two-particle correlations among
shower particles along the longitudinal axis we have used the

iall known correlation funciions

d'¢ _ 4 .de . d
Cl “?‘)’?ﬂ) = 6“‘ .d? d'? ‘ d—_% a“’% (1)
R‘U?u'?z) ﬁn.d'),d'?‘/ é".ﬁ -1 (2)

where as ergumentis we take the “quasirapidity" in the centre
of mass frame offiN ocollisions (or fi - intrenuclear nucion in
the case of 51 A interections): | |

| H =« dn (tan6/2) - Arch ), (3)
(9 1s the polar angle andj . is the Lorents factor of the cen-
ter of mass frame in the laboratory system),.

: Thq main difficulty in the study of correlatiocns by means
of correlation functions is in the quantitative sccount of
strong pseudosorrslations arising from the broed muliipiicity
distribution of showsr particles (n, ) and dependence of one-

partiole distributions (a6/ah) on n, a2 well as frow the tri-

vial correlations dus to the kinematical comstraints in indivi-
dual events (the energy-momentum conservation emd so on) [1] .
In view ot thh{ ws have osloulated correlation funetions in
evente liwlﬁod by the Monté<Uxrlo method for all ctparj.naﬁw
Yol Mﬂ (f's TLJ"A at the fixed n, (ses below) and so on)
in uucrﬁmoi with the simple m.pondent enisiion model {(IEM),
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In this modelt
a) the emission angles of sscondary particles are statisticel-
ly independent,
b) one-particle distribution dG/dn 1in the sech event reprodu-
ces the empiricel semiinclusive distribution (a6 /dr?) in col-
lisiones with the appropriste ng for the ensemble under sonsi-
dergtion,
¢) n, - distribution in the egch ensemble of simulated events
reproduces the empiricel ns-—dietribution of the real ensemble.

In the following we denote the correlation functions calcu-
lated in the IEM ensembles by c;. R; and differences CJ'E O;,
R;xp_ R; by 0'2 and R; , reaspactively.

Let us discuss now to what extent one can treate the non-
soroth values of C, and R, 26 manifestation of dynamical
corralations.

In the papers {4. 5} the comparison of correlation fumoti-
ons calculated in the inclusive ensembles of random stars gene-
rated according to the cilindrical phase-space model (CPS) and
IEK has been done in the energy renge 20 - 200 Gev. Multipli-
city distributions and dependences of (4G/dp) on n  in those
ensemnles were the same, the only difterence was taken inks acco-
unt of conservation laws in the CPS events. Multiplicity die-
tridutions exectly snd (dc/dp)n. approximetely (the noticesble
deviations were observed only at small n, ) reproduced the
observed ones in the real hadron-nucleon collisions st the
considered energies. The snalysis showed that comservetion
lews in the form inherent to the statistioal tﬁoory of multiple
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production diminish weukly 02. and R, in comparison with 0;

and R; at Ar‘)zh?‘ -n 142 (the "short-range" correlations) end
increase theirs at largesat) . This result qualitatevely 1s com-
prehensible: the action of conservation laws leads to the sup-
ression of fluctustions such vas aocﬁmula‘tion of partiocles (the
nearer this acoumulation to the end of the rapidity interval.

the stronger the supression) permitted by the independent .
ewission. For the following it is important that the omission

of conservation laws in the IEM ')' increases only the "dyna-

L

mical eignificanc " of the enhencements ¢, >0, n'2>0 at small
87 - | -

The other commmat concerns the ocorrelatiom functionms struo-
ture idself depending on densities calculated in gneembles
of evente (inclusive, semiinclusive or exclusive). Unfortuna-
tely tha majority of works on correlations ignore the impor-
tant end long established fact: these correlation functions
are nénsit:lﬂ not omly to 6om1;§10ns' of pu'ticlee trm_n indi-
vidual events (Jjust these are fha most intemtins). but also
to the degree of heterogeneity of events constituting the con-
eidered sample. Even the exclusive snsemble consisting from
two types of TEM events with different angular distributions
(46/41) demonstrates significant pseudocorrelstions (with

*) I+ should de noted that due to the practical smpossidility

o? upufnﬂng of secondaries in nuclear interactions to "pro-
duced® during the act of eollision and emitted ones by the

pucleus after the act {(as well as due to inpaeaibnity of deter-
nination of the real target mass),the precise account of ki- .
nematical correlations ceunct be dome without the model (i.e.
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ughort-range" charecter). Although in hadron-nucleus interac-
$ions such heterogeneity provokes the physical interest (the
different production mechanisms ), in hadron~nucleus collisi-
ons thie interesf is problematic. In fact, since the enscmbles
with.the fixed n, , for instance, consist of events correspon-
ding to the different number of intrenuclear collisions (or

to different length of tube of nuclear matier and so on -~ the
model language is immaterial her ), the heterogeneity of events
constituting given semiinclusive ensembles should manifest it-
self, oven at the single production nochanian;

Summurising, we cam oconclude that the precise nodoiaindp-
pendent dearch for dynexical correlations in hadron-nucleus
interactions by means of corrolntion £Unetionl geems to be im-
posgible; the rclinble concluaiann on the consistence of some
model approach with nuclear production data oan be obtained
only by the direct comparison of sxperinental data with the
valuen of correlation tuhetionl.caloulnxod in the fr-ncwork
of that model, with the secount of experimental conditions.
The most attractive way is the riili@tie uiinlltioa of eveuts
acoonding to the tested hypothesilj the bobt pattern of suoﬁ
conoretization of physical model is giv'n. %o our opinton, by
the multiperipheral oluntcr -odil. dcvtlopoa in pnpcra [5]
for hedron-nuolecn 1attrunt1¢na.

"speculative”) assumptiens,
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Neverthelesa, the eﬁpirical information on correlation
functions and their dependence on different characteristiocs
in hddro&u,cloul' collisions can be useful for the comparieon
with the appropriate h¥ data. The other reason Justifying the
present pa”parv:la in the possibility of the qualitative compar-
ison of experimental results with the oxyected, ones from sbme
models for hadroffucleus interactions. ‘

I1I. The numbder of slow heavily ionising paxticles (nh) v
in nuclear interactions is the commonly using megsure of the
*thicimess” of nuelear matter oa the path of the incident hed-
ron. Since characteristice of hadron-nucleus interactions de-~
pend the most strongly on the number of g-pirticlea (gray par-
ticles consisting mainly from the recoil protonl), juat ng
will be used as such messure in our investigation. Table 1
presents ihe general charecteristics of five groups of WA in-
teractionn; variation of By, lnds %0 the mgiosicnl results,
and B, for themss groups are lioted $00.

Selected oxample of values of the 'corrolators" Co R2.02
and n2 for diffumt groups of interactions are shown in
Pigs 1-5. Let us un\u- those.
a) The values of eorrelation functions (especially) 02 ) in
auolear imtersotiens differ significantly from those in J°NW
colhaioiu (H.;.‘ 1,3); 1t is seen nevertheless that the consi-
dersble gmount of this "effeot" arises due to trivial pseudo-
correlations coming from the difference in multipliscity and
one-perticle (36/4y ) distributions, Correlator R, is lees

."
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gensgitive tc these paeudocorrelations, and 02 ’ R2 represent,

{n the ?iret approximetion, the “dypamicsl surplus®. The main
difference between correlators inJiN and Ti'A inteructions be-
longs to the target fragmentation reglon. This, of course,

" ie not surprising, since, as well kmown, the pignificent dif-
ference between one-particle distributions end the gbovement-
joned heterogeneity offiA interactions manifest themselves
Just in this reglomn.

b) Correlator R, decreases when the thickneas of intramuclesr
mstter (or the number of intranuclear collisions) increases
(Fig;B). The function 02 demonstrates the reverce behaviowr,
but this circumstance is trivial. As regards the "dynemical”
surpluses O; and R; » 1t should be remembered that the gotion
of conservation lews weakens with the growth of n, (due +to
correlations between n, end ng). Hence, the degree of under-
stating of c; and R; ceused by the using of the IEM (see dis-
cuesion in the Section II) grows when n, decreases. Therefore,
functions 0; and Ré also demonstrate the decresse of correla-
tions with the growth of muclear matter thickness.

The deorease of correlator R, with the number of kaock-
out nucleons (protons) sgrees well (although qualitatively)
with the predictions of the parton model for hadron-nicleus
interactions taking into scosunt the limited energies of par-
ticles participating in intranuclesr collisions (7] .
¢) The data presented in Pigs 2,4,5 show the pregenmce of poei~
tive short-range correlations in hsdron-nucleus interastions,
whi¢h cannot be explained by triviel and kinematical fartoxrs.
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We have noted in the Section II that the surpluses C,> 0 and
R;> 0 can be caused by the heterogenelty of hadron-nucleus in-
teractiona too. The direot indication to the significance of_
such heterogeneity can be seen, for instance, from the ocompa-
rison of functions R;' foxr the full sample of fiA interactions
(P1g.2) and for groups with different ng (Fig.4,5)1 1f the

g
tranuclear oollisions V is correct, then the full sample of

idea _abodt the proportionality of n *) avnd'the number of in- ‘

§A events must be (especially in the target fragmentation
region) more heterogeneous than the ccmpatarively narrow gro-
ups of ng, end correlations (in terms of Rz and 02 ) must be
largor. Just this 1s observed in axparimental data.

We have stated, neverthelesas, that correlations (R; and R,)
at small aAn bave the tendency to decreasse with the growth of
ns (exe‘apt the region of very smalln , where the effects of
heterogeneity will be maximal). Sinoe the heterogemeity of
nuclear events, probably, does not decreases “*) from one
group té another (see our definition of groupe-Table 1), we
can conclude from this tendency thet there is the contribution

of Y"geniunen dyhmiqal coxrelations.

eabgg

») The relationm has, probably, the noulinear form, since

(9)"1/3 md (n )~A2/3 [101
) Th:.a :uz'miuvo sssunption is veryfied by the Monte Carlo

ulcnlanm‘ eosoxding to simple model of repeated collisd -

ona [10]




-Gum
d) The short- range charaster of observed correlations does

not means that there are not the long-renge correlations. It

' '
ghould be remembered that the values of Gz and R2 at 6?2,2

(ses Section II) are not correct,
6) Although the quantltative model calculations ere absent
for hadron-nucleus interactions, we cen give somse qualitative
conslusione (see sboves for the exémple-with the parton model
(7] ). The eignificent difference in the form of correlators
forTA sndfi'N collisions (1t 1e true also for pA end pN aud
PR interactions in the wide energy range [},5] )} sseems to be
inconsistent with some "tube” models, where hd interactions
ar¢ snalogical entirely to hN collisioms (although at higher
energies) [11, 12] . The another model eontradicting to the
presented data is (in eccordeance with (7] ) the eikonal model,
where only the leading particle intersots with intranuclear
nucleons: in this model correlator R2 in hA collisions is
emellexr then in bN only in the projectile fragmentation regi-
on.

TY. We have studied also two-particle asimuthel correlsti-
ons by means of anynnotrv

. ggae fag ae)/ | g-gae W
cosffiocient, where
€n = axc cos (Bi Pi /PucFra) (5)

is the angle between franaverse nnmcht; of shower pawtioclas
iIn%i¥ end %4 intersctions.
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Pig.6 shows A as functions of né for SiA interactions in
comparison withfi¥N data end CPS model predictions (the solid
curve). The CP8 calculations were done under 3ssumptions [4} 1

1) Multiplicity distribution of neutral pions at the fixed n a
obeys the truncated binomial law with the mean values corres-
ponding to experimental data from the FNAL bubble chambers. |
2) The presence of "unobservable" (i.e. not incoming to ng ) ‘
recoil nucleons hes been taken into eccount in the sverage un-

der assumption that nuclear demsities obey the Saxon~Woods
distribution.

As one can see from Fig.6, the azimuthal correlations such
pe asymmetry in9iA interactions, being weaker than in§iN colli~
gions car he 2atisfactorily described by +the simple statisti-~
cal approach. The same ies true for coplanarity coefficient (not
shown here). Thus no effects are observed, which can be associ~
ated, for exesmple, with the large trsnsverse momenta of clusters
snd/or by large angular momentum tremnsfer. It has been establi-
shed in cur preliminary report [6) that asimuthel effects do
not change notieeadbly with the nature of projectile partiole.
| Finally, Fig.7 exemplifies the depemndence of A onAD~ the
relative dostamoce ‘along thq "longitudinal® scale for two consi-
‘dered particles for scme selected multiplicitiss infd inte-
ractions. Data do not display any dependence of A on Ap. inpar-~
ticular, the short rangs oorrelations expected, for instance,
in the simple versions of multiperipheral model.
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Zable 1
Some characteristiocs of groups of fil interastions
F _
Group ng | (1) <™, {n.)
1 0 0 {1.,2+0,1 a,é £0, 1
’ 2 1 1 3,940,1 10,5 ¢ 0,2
3 2-3  R,450,1 [7,520,1 [12,8 ¢ 0,2
4 4-6 t.aton 113,320,2 |16,2 & o.ﬁ
5 | 37 B0, |19,340,2 17,8 4 0,3
a11dia - 450,1 | 6,9¢0,1 }12,2 3 0,1
S -
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FIGURE CAPTIONS

Fig.! - Exemple of inolusive correlation funotions 0, (9,0 7a)
and R,(1, 47y ) inTia (the full circles) andf N ( the
open cirocles) interactions. The curves repreaent the
IEX (ses text) forJiA (the molid curves) and N ( the
dotted ones) eventis.

Fig.2 - Incluelve correlators 0; (n, y?,) end i; (s ?y) for the‘

| examples presented in Fig.1.

Fig.3 - Correlation fumations O, (D), D) and R, (,, P,) for
different gyoups of 1A interactions (ese also Table 1).
The dotted ocurves reproduee‘ Ry, (D, Q) for it interac-
tions. '

Fig.4 - Correlators Op (B, ~%), Ry (P, =R,) for different

%2 events.

Fig.5 ~ Correlators 0,(0,n ), Ry(0,1) for different groups of
5A Anteractioms.

Fig.6 ~ Coefficient of asimythal ssymmetry A as function of ny
T2 end 7i"N collisions. The curve is the OPS predic-
tions. |

Pig.7 - Dependence of A onu?:ln 5i°A interaotione for some

selscted n, .
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