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Two-particle rapidity correlations in C +Ta interactions at 4.2A GeV/c

Lj. Simic
Institute of Physics, P.O. Box 57, 11001 Belgrade, Yugoslavia
(Received 27 March 1996

Two-particle rapidity correlations fopp, p7~, and 7~ 7~ pairs in C+Ta interactions at 4.2 Ge¥/per
nucleon are presented. The experimental data are obtainked \Rimpropane bubble chamber exposed on the
JINR, Dubna, synchrophasotron. It is found that the strength of the correlations does not depend on particle
combination, but strongly depends on the rapidity and collision centrality. The quark-gluon-string model
describes these features of the correlations well, but needs to be tuned in the target fragmentation region. Since
the quark-gluon-string model simulates the nucleus-nucleus collisions by the superposition of hadron-hadron
collisions, we conclude that there is no evidence of a collective behavior in our data. This conclusion is
additionally supported by the intermittency analy$80556-28186)05810-4
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[. INTRODUCTION tion, and the influence of Bose-Einstein correlations. The
analysis of these problems will provide an answer to the
The study of dynamics of multiparticle production in high question whether it is necessary to introduce clusters as spe-
energy nucleus-nucleus collisions has important role in thé&ific physical objects, arising in particle production, and
search for the new state of nuclear matter, the quark-gluoWhat parameters are needed to describe them. .
plasma, and other collective phenomena. The usual way for [N @ previous papef12], we analyzed the two-particle
the search of these phenomena is comparison of hadrof@Pidity correlations in &C interactions, at 4.2 Gew/per
hadron fih) and nucleus-nucleusA@) collisions or com- nucleon. In this paper we present the two-particle rapidity

parison ofAA collisions with phenomenological models that correlations in %Ta_ co}l{l;\smns with da;a Otit"’}'?e‘dh at theW
assume independent superposition of nucleon-nucleon collPdMe eneérgy and using the same experimental technique. e

sions. An investigation of correlations is important in suchdiSCuss the correlations f@p, pm , and« 7 pairs. The

his model was developed to describe hadron-nucleus and
nucleus-nucleus interactions at intermediate and relativistic
energies. The model includes hadronic rescattering as well as
resonance formation, interaction and decay. The single par-
ticle inclusive spectra of protons and™ mesons from
QGSM have been shown to agree well with our experimental

particle spectra.

Particle correlations in longitudinal direction have usually
been analyzed in terms of the rapidity variable,
y=(1/2)IN(E+p)/(E—p,)], and with the help of the normal-
ized correlation function:

@) ) data for both G-C and CtTa interactiong16].
R P72 1
(Y1,Y2)= —(1)( )-pD(y,) -
P Y1) p Y2 Il. EXPERIMENTAL DATA
where pM(y)=0,*do/dy, and p2(y;,y,)= o}, d?0/ The present study is based on a sample of 2000 inelastic

dy,dy,, are the one- and two-particle densities, respectivelyevents collected with the 2-m propane bubble chamber, with
oy is the inelastic cross section, apd andy, are rapidities  three 1 mm thick tantalum plates placed inside. The chamber
of hadronsh; andh,. If these two hadrons are emitted inde- was exposed to a beam of light nuclei at the JINR, Dubna,
pendently,p(®(y,,y,) is simply the product of the two one- synchrophasotron. The characteristics of the chamber allow
particle distribution functions p®(y;)-p®(y,), and precise determination of the charge multiplicity, measure-
R(y1,y2) is zero. The values oR(y;,y,) different from  ment of all tracks, as well as identification of negative par-
zero indicate the existence of correlations between hadrongticles and positive particles with momenta less than 0.5 GeV/
Up to now, the two-particle rapidity correlations have beenc. All tracks are reconstructed in space using standard three-
extensively studied irhh [1-6], hA [7,8], ande*e™ [9]  view geometry program. Because of difficulties in determi-
collisions. However, very few experimental results are avail-nation of the interaction point in the tantalum target, the
able on rapidity correlations in nucleus-nucleus collisionscoordinates of this point had to be determined by extrapolat-
[10-13. In all these experiments, apparent short-rangeng tracks of the secondary particles. The estimated errors of
(Ay~1-2) correlations have been observed although a cleathis procedure ares,=0.024 cm, ¢,=0.033 cm, and
concept of the origin and the character of the rapidity correo,=0.090 cm. The outgoing tracks are satisfactorily mea-
lations is still lacking. This is related to the main problemssured with average error of the momentum
encountered in the study of rapidity correlations such as sigtAp/p)=11.5%, and the average error of emission angle
nificant pseudocorrelations arising from the mixture of(Ag)=0.5".

events with different total multiplicities, the effect of energy-  All negative particles, except identified electrons are con-
momentum conservation, the influence of resonance formasidered to ber~ mesons. Among the accepted mesons
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remains admixture of unidentified fast electrons>0.1
GeV/c) from y conversion in the target. This admixture is
estimated to be 5% of all negative particles, by a Monte
Carlo calculation under the assumpions of equal multiplici-
ties and equal angular and momentum spectrardfand o
7~ mesong17,18. The threshold forr~ meson registration
is 0.08 GeVe. Below this threshold the negative pions are
often absorbed in the tantalum plates. If the momentum spec- 2
trum is continued smoothly down to zero momentum, the 3
fraction of pions withp<<0.08 GeVt constitutes approxi-
mately 10% of the total number. This correction is not intro- o F *
duced in our results and affects somewhat the rapidity distri- o 088’
butions in the regiory| <0.54. T R :
All positive particles with momenta less than 0.5 GeV/ 2
are classified either as protons #i mesons according to
their ionization density and range. The" mesons with mo- ly1
menta larger than 0.5 Getannot be reliably distinguished : ,3%,0*3
from protons according to the ionization density, and on data ° [ $F ° ¢
summary tap€DST) are recorded as protons. The admixture P PR Y SR E T S S T
of =+ mesongless than 15%is subtracted from the protons ° 2 ° y, ° z
statistically, using the number af~ mesons with momenta
larger than 05 GeW¥, as follows: n,=n, FIG. 1. The inclusive correlation functioR(y,,y,), for
—n,+(p<0.5 GeVk) —0.82n,-(p>0.5 GeVk). Here Yy:1=0,y;=1.1, andy;=2.1(as indicated by arrows on the graphs
n, denotes the number of single positively charged particleor PP, p7—, and7 7 pairs. Full circles represent experimental
and n_-(p<0.5 GeVk) number of =* mesons with data and open circles represent QGSM calculations.
p<0.5 GeVE, where they are reliably identified. For pions
with p<0.5 GeVt the value of the ratig7*)/(7~) is 0.82.
Taking into account that according to the QGSM the value o
the ratio(w")/(m~) is practically the same for pions with
p<<0.5 GeVEt as well as for pions witlp>0.5 GeVE, the tion would nevertheless be minor.

number of 7" mesons withp>0.5 GeVL is taken to be For comparison with experimental data, the QGSM is
0.82n,-(p>0.5 GeVk). From then, protons we further ,qeq here to generate 3000 inelastic minimum bias events. In
subtract the spectator protons, i.e., the protons with momen§qer to simulate real experimental conditions, the QGSM
p>3 GeVk and emission angl@#<4° (projectile specta- eyents are further passed through a filter to exclude all slow
tors) and protons with momenta<0.3 GeVE (target spec- particles absorbed in the tantalum plates.

tatorg. In this way, the selected protons still contain admix-
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multiplicites of A hyperons and K¢ mesons are
$.063£0.010 and 0.0250.005, respectively{19]. Thus,
even if the daughters of a lambda and kaon decays were all
misreconstructed as a primary vertex tracks, their contribu-

ture (=17%) of deuterons witlp>0.48 GeVEt, and tritons . RESULTS
with p>0.65 GeVt which cannot be eliminated. _ o _
The experimental data are also corrected to the loss of A. Two-particle rapidity correlations

particles emitted at small angles relative to the optical axes Figure 1 shows the correlation functid®(y;,y,) Vs Y,,

of chamber and to the loss of particles absorbed by the tarfor different rapidity intervals/,, and for various pairspp,
talum plates. The aim of these corrections is to obtain isotrops~, and 7~ 7. Rapidity intervals fory, are selected in

pic distribution in azimuthal angle, and smooth distribu- such a way to represent target fragmentation region
tion in emission anglé (both measured with respect to the (y;=0.=0.15), central rapidity regionyg=1.1*+0.15), and
direction of the incoming projecti)e As the result of these projectile fragmentation regiory(=2.1+0.15). At incident
corrections, the multiplicity ofr~ mesons is increased by momentum of 4.2 Ge\¢/ the midrapidity is 1.1 and projec-
7%, and the multiplicity of protons by 11%. Other minor tile rapidity is 2.2. It is seen from Fig. 1 that no significant
corrections related to the tantalum plate are discussed idifference is observed in the magnitude and shape of the
more detail in[18]. There, the estimates of the correctionsR(y,Y,) function forpp, p7~, and#~ 7~ pairs. The stron-
due to the loss ofr~ mesons and protons related to their gest positive correlations between particles are observed in
secondary interactions in the tantalum plate are describedhe target fragmentation region. Their values decrease when
These amount to less than 1% and 3%, respectively. In theapidity approaches the projectile fragmentation region,
secondary interactions of the projectile spectator protonsvhere correlations among particles practically disappear. In
with the tantalum, additional 0.5%~ mesons and less than the central rapidity region, in contrast to the hadron-hadron
2.5% protons are produced. The corrections due to the lo§d—6] or symmetric nucleus-nucleus collisiof¥1,17], the

and gain have opposite sign and have, when combined, negerrelation functiorR(1.1y,) is not symmetric with respect
ligible effect. After taking into account all these corrections,to y,=1.1 [or equivalentlyy,=0 for rapiditiesy,, y,, de-

the resulting relevant average multiplicities are ¥5@3 for ~ fined in nucleon-nucleon center of masam,) systen. This
protons, and 3.#40.1 for negative pions. Also, the average function is larger in the backward c.m. hemisphere as the
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FIG. 2. The correlation functioR(yy,y»), for y;=0,y;=1.1, FIG. 3. The correlation functioR(y;,y,), for y;=0, y,=1.1,

and y1= 2.; (as indicated by arrows on .the gramhﬁ)r pp, and  andy,;=2.1 (as indicated by arrows on the graphfor pp, and
p7 pairs, in the case of peripheral collisions. Full circles represenp s~ pairs, in the case of central collisions. Full circles represent
experimental data and open circles represent QGSM calculationsexperimental data and open circles represent QGSM calculations.

result of multiple Interactions an_d its shape is similar to theacteristic for both G-Ta and C+C interactions as well as for
case of hadron-nucleus interactidis8]. o ) .

. ! ... ppandpw” pairs. It points to the incoherence of processes

It is well known [1-3] that a mixture of events with dif- durina th lisi d h on th
ferent total multiplicities causes large and positive uring the collision and supports the assumption that rescat-
: . . . tering processes in nucleus give negative contribution to the
pseudocorrelations. Consequently, the inclusive two-partch%h latior@0
correlation function can be large and positive even if no dy- ort-range correlatior20]. . . .
Another way to recognize genuine correlations from

namical correlations exist. In most papers in which the ; N ; : :
. ) . -pseudocorrelations, and trivial kinematical correlations aris-

hadron-hadron interactions are analyzed, this effect i f h ion | ) . f .
avoided by the use of the semi-inclusive correlation func J oM the conservation laws, Is comparison of experimen-
tions calculated for events with fixed total multiplicity. The tal data with predictions of the QGSM. In this way all non-
phicity. dynamical effects are taken into account and any

situation is different in théa A andAA collisions since, in the enhancement of the experimental valuesRg ) over
data sample that contains events with fixed multiplicity, the P 1.Y2

) : . ; GSM results may be considered as a manifestation of dy-
number of interacting nucleons varies, and particles can b : . ~ ;

. - R . namical correlations. The valuesR{y,y,) function calcu-
produced in the same collision or in distinct collisions.

. . . L lated according to QGSM are also represented on Figs. 1, 2,
Therefore, in thenA and AA interactions it is customary to and 3. It is seen that QGSM underestimates the values of

categorize events according to the number of interacting Pl9% clusive correlations in the target fragmentation region for

tons,n,. This number can be conveniently considered as a andpm- pairs. This discrepancy between model and the
measure of the collision centrality. In this paper, we dividePP P~ pairs. pancy

) ) experimental data also appears in the same way in the pe-

Z:nJr)Tjn f;?:tf a':(tjo n ;h2r<er(]a ) s_:_th])gro:Ss. ?gu<<n\73i,th ripheral collisions alone. In the case of central collisions, the

pro=p N e/ P P/ group . values ofR(y,,y,) are close to zero according both to the
nP<<nP> (.e., ny<14) corresponds to Fhe pe_rlpheral colli- model and the experimental data. The QGSM reproduces
slons and re_presentsGO% of the total mela_stlc Cross S€C- rather well the inclusive correlation function far 7~ pairs
o e enF0. . Fire a shows the QGSW resuls 1y, .
~0 hp P unction forpp andpm~ pairs with constituents originating
e in e . . , : from decay ofA, p, w, 7, and ' resonance$RES pair$,
: I_:lgures 2 and 3 dgpldﬁ(yl,yz) function, ".ﬂ.f'XEd rapid- and with constituents originating from direct reactidbdR
ity intervalsy, in peripheral and central collisions. The cor- pairs. Direct reactions includeNN— NN, AN— NN
relatlgn fu_nctl_on IS ;;howr} only fopp andp_qr p‘i"TS-(For . and similar processes. It is seen from Fig. 4 that the correla-
m m pairs figure is omitted because of insufficient statis-;,, ,nctions for RES and DIR pairs are similar in shape,
t!c§ in peripheral cplhsmnﬁ;.lt is seen that |r'1.per|pheral col- xcept that, fow;,y,<1, the correlations for RES pairs are
lisions the_c_orr_elatlons are large and positive. They de_pen rger than the corresponding correlations for DIR pairs. This
on the (ap|d|ty intervaly, in the same way as for inclusive is the same rapidity region where the QGSM fails to repro-
correlations. In the case of central collisions the correlatlon%uce the experimental datBig. 1) suggesting that the reso-

are el_ther clqse to zero or _negatlve. In comparison to th?]ance production included in the model is not sufficient to
C+C interactions, the only difference found is fpp pairs, Jeproduce the data

for which correlations are close to zero in both central an
peripheral collisions. The absence of correlations in the pe-
ripheral C+C collisions was in12] explained by the small
number of participating protonén average 2.1 entailing Intermittency analysis has been recently introduced as a
small probability that they are produced with similar rapidi- probe of reaction dynamid$or a review see Ref$20-23).

ties. The absence of correlations in central collisions is charThere is a close connection between diagonal values of the

B. Intermittency
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FIG. 4. The QGSM results foR(y,,y») function, fory,=0, M=Y/8y

y;=1.1, andy;=2.1 (as indicated by arrows on the graphtor
pp andp7~ pairs with constituents originating from decay of reso-
nances(full circles), and with constituents originating from direct
reactions(open circleg

FIG. 5. Dependence of the average factorial moments of rank 2,
3, and 4, for participant protons, on the numidrof subdivisions
of the rapidity interval. Full circles represent experimental data and
open circles represent QGSM calculations.

two-particle correlation functiorR(y,,y>,=Y;), and the av-
erage second order factorial momeRt(dy), obtained in IV. CONCLUSION
the intermittency analysis, to wit:

F,(dy)=1+R(dy),

In conclusion, we have analyzed two-particle rapidity cor-
relations forpp, p7, and#~ @~ pairs in C+ Ta interac-
tions at 4.2 GeW per nucleon. We have found that the

with strength of the correlations is independent of particle combi-
nation, but strongly depends on the rapidity region and on
1 M ((N(Nm—1)) the collision centrality. The large and positive correlations
m m . . .
Fo(oy)= v mzl ()2 are observed in the target fragmentation region and are close
= m

to zero in the projectile fragmentation region. The depen-
dence of correlations on the collision centrality indicates sig-
nificant correlations in the peripheral collisions, and no cor-
1 M relations in the central collisions. The QGSM describes
R(OY)= 37 > R(Y™,yim=yim)y, dependence of the two particle correlations on the rapidity
m=1 range and collision centrality well, but underestimates the
e . . . magnitude of the correlations in the target fragmentation re-
Here the rapidity ”!te“’aV Is subdivided inM equal S“F"_ gion. From the observed features of the two-particle rapidity
|ptervg!)s, each of sizéy=Y/M, and centered at the rapidi- o rejations we conclude that rescattering of secondary par-
tiesy;™ with m=12,... M. ny is multiplicity in bin m,  {jcles and resonance production both play an important role
and the average¢---) are taken over all events in the iy getermining the shape and magnitude of the correlation
sample. function. With the present level of statistical accurday
Calculated average factorial moments of rank 2, 3, and 4average 7% fopp, 10% forpm~, and 15% form™ 7~ pairg
for participant protonsfor examplg in the rapidity interval e find no evidence for collective phenomena, although it is
Y from —0.15 to 1.3Xaround the maximum of rapidity dis- conceivable that the correlations originating from the pro-
tribution) are presented in Fig. 5. For comparison, the corrézesses with very small cross sections are perhaps suppressed
sponding QGSM values are also shown. One can see that th@ih the background arising from dominant processes. As an
factorial moments do not increase significantly with decreasyternative method for analyzing correlated particle produc-

ing dy, as would be expected if the intermittency weretion, the intermittency leads us to the same general conclu-
present. This implies that decrease in the value of the rapidsjgn.

ity interval 8y does not reveal any additional structure in the
corresponding two-particle correlation function. Comparison
with the QGSM indicates that there is no correlated particle
emission beyond that predicted by this model, confirming the
results of the two-particle correlation analysis. Analogous The author would like to thank the members of the col-
conclusions can be reached by considering the factorial mdaboration which participated in data processing, A. P. Chep-
ments calculated forr— mesons only, and also calculated for lakov and D. Salihagifor providing the QGSM events, and
charged particles. I. Mendasfor helpful discussions.
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