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Single-particle correlations in events with total disintegration of nuclei
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New experimental data on the behavior of the single-particle two-dimensional correlation fuitttensus
Q (Q is the number of nucleons emitted from nugland A, (A, is the mass of projectile nucleare
presented. The interactions of protods,*He, and*?C nuclei with carbon nuclefat a momentum of 4.2 A
GeVic) are considered. The values Rfare obtained separately far™ mesons and protons. In so doing, the
values ofR are normalized so that 1<R=<1. The value ofR=0 corresponds to the case of the absence of
correlations. It has been found that teand A, dependence oR takes place only for weak correlations
(R<0.3). In the main(90%), these correlations are connected with the varighlend have a nonlinear
character; that is, the regions with different characters ofQhdependence oR are separated: there is a
change of regimes in th@ dependences d®. The correlations weaken with increasiAg, and the variable
R gets the lowest values of all the ones considere’@C interactions. Simultaneously with weakening the
correlations in the region of largeQ, the character of theQ dependence ofR changes.
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PACS numbdrs): 25.70.Pq, 25.45:z, 22.55-¢e

[. INTRODUCTION TDN correspond to qualitatively new states of nuclear mat-
ter, and the transition to these states goes through “critical”

The aim of this paper is to give information on the valuesvalues ofQ—Q*. The presence &@* should lead to chang-
of single-particle correlation functionsRj in nucleus- N9 theQ dependences of event characteristics in the region

nucleus collisions and in events with total disintegration of€arQ*. Therefore, it is suggested to use the conditign
nuclei (TDN). =Q* as an event selection criterion with the total disinte-

: : : R tion of target nuclei.
The study of correlation effects in particle production is 9" o .
the source )c/)f information on the dyn%mics o? interactions, The probability c_i|str|but|_ons of observimC, dC_, “HeC,
and °CC events with the given values of the variafileare

§u?plgme§tl?gbtr1tg mfotrrr]natmnlob_tamfet?] from SmgLe'partt'Cl.estudied in Ref[2]. The Q dependences of the mean charac-
INCluSIve distribulions, the analysis of the mean characlenSg, oo and the inclusive spectra of secondanmpesons and
tics, and so orf1]. In this paper, we present the results of

. L - protons are studied in RefE3,4].2 The results, obtained in
investigating theQ dependenceof R for 7~ mesons and these papers, confirm our assumption that a critical value of

protons emitted in nucleus-nucleus collisions. Such an exz« for Q exists(its excess leads to TDN

periment allows us to obtain the necessary information. The single-particle two-dimensional correlation function
Interest in the processes of TDN is determined by the fach X,Zz) is used in the analysis. It is connected with the fact

that thely arle ?xtrem(;a cag,tgs. Itfls su;l)posed i?at n th%se Ca?ﬁ t the correlations strengthen when passing to high orders
anomalously farge densities ol nuciear mater can beé réag, o [5—7]. The values oR(x,z) for the variables,z were
ized, and the effects associated with the collective propertleg

of nuclear matter are revealed. We think that the processes Oialculated by the following formula:
R(X,2)=(Exz—EXE2/[o(X)o(2)].

*Now at the Laboratory of High Energies, JINR, 141980 Dubna, HereExzis the mixed mathematical exp_ectation of quan-
Russia. Electronic address: mais@sunhe.jinr.ru tities x andz, Ex and Ez are the mathematical expectations

The values ofQ were determined a®=N,—-N_- (N, and
N - are the numbers of positive charged particles andmesons,
respectively. The variableQ is proportional to the number of pro-  2For this, the groups of events witB=1,2,3... were defined.
tons emitted from nuclei during the interaction. For details, usingThen, the mean characteristics and invariant inclusive spectra were
the variableQ, see Ref[2]. obtained for each group.
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TABLE I. Values ofb for 7~ mesons. TABLE Il. Values of b for protons.
Type pC dc “HeC 2cc Type pC dc 4HeC 2cc
of events of events
R(p, 6) - 0.49 -0.52 -0.49 -0.48 R(p,6) -0.67 -0.68 -0.63 -0.63
R(p,py) 0.62 0.52 0.49 050 R(p,py) - - - -
R(p,y) 0.67 0.71 0.70 0.69 R(p,y) 0.97 0.96 0.93 0.93
R(p, % - - -0.22 019  R(p,B8% - -0.85 -0.80 -0.78
AN - - - - R(8,py) - - - -
R(6,y) -0.93 -0.92 -0.91 -0.90 R(6,y) -0.80 -0.81 -0.80 -0.82
R(6,8° 0.83 0.78 0.79 0.78 R(6,8% 0.90 0.90 0.92 0.93
R(p:»Y) - - - - R(pt,Y) - - - -
R(py. 8% 0.31 0.42 0.43 0.45 R(p;,B% - - - -
R(y,8° -0.79 -0.73 -0.73 -0.71  R(y,8% -0.94 -0.95 -0.94 -0.94

of x and z, respectively, andr(x) and o(z) are the rms p>500 MeVic (we

deviations ofx andz, respectively. <700 MeV/c by ionization i . :

< y ionization in the chambgrin this experi-

. To evaluateEXZ, Ex, Ez O'(X), and O'(Z), the follow- ment, we used 528¢JC, 6735 dC, 4852 4HeC, and

ing formulas were used: 7327 2CC interactions at a momentum of A2GeV/c (for
40 40 methodical details s€@]). The available statistical material

identified slow protons withp

Exz= i > NijXiZ; , was separated into groups of events with the following val-
N =1 =1 ues ofQ:
1 40
EX:_Z NiXir Q>1,2,3...,Q*, e (1)
=1

40 The values ofR were determined forr~ mesons and

Ez= E E Nz protons from these groups of events. In this case, we consid-
N= ered onlyw~ mesons and protons with the errors in measur-
ing the momenta not exceeding 30%.

o(X)=[Ex*—(Ex)?]*?,  o(z)=[EZ~(E2)*]'? We considered the following correlation functions:

R(p,6), R(p,p), R(pY), R(p.B%, R(6,p), R(6Y),

R(6,8°, R(p;.y), R(p;,B°), andR(y,8°%), wherep are the

momenta in the laboratory coordinate systdi€S), 6 the

emitted angles in the LCSy; the transverse momentgathe

In these formulasl\;; is the number of particles hitting an rapidities in the LCS, ang® the orders of cumulativitjhere

, 1 40 , 1 40 R
Ex?== 2 N2, EZ=3 > NZ2.
=1 N =1

(i,)th cell: B°=(E—p.)/my, E is the total energyin the LCS, p, the
longitudinal momentun(in the LCS, and my the nucleon
40 40 40 40
mass.
szl 121 Nij Ni:jzl N;j NjZEl N;j - The correlations betweem, andp, for 7~ mesons, pro-

duced indC interactions at 1.7 and 4.2 Ge\per nucleon,
During the construction of the two-dimensional distribu- Were studied in Re{.10]. The dependence of the distribution

tions for the chosen variables, the intervals, corresponding t§ensity of— mesons on these variables was observed. The
them, were divided into 40 subintervals. forms of these distributions turned out to depend on the

beam energy. The and p; distributions of protons were
measured in $W, O+W, andp+W reactions at 200 GeV/
nucleon[11]. The density of they distribution was found to
The experimental data have been obtained from the 2-rgrow linearly with increasing transverse energy for all three
propane bubble chamber of LHE, JINBR,9]. The chamber, reactions. However, the slope pi+W is sharper than in O
placed in a magnetic field of 1.5 T, was exposed to beams of W and St W. The rapidity density irp+W is much larger
light relativistic nuclei at the Dubna Synchrophasotron. Practhan was predicted on the basis of summing nucleus-nucleus
tically all secondaries, emitted at ar4otal solid angle, were collisions without taking into account nuclear effects, point-
detected in the chamber. All negative particles, except thosig to the importance of rescattering effects. The results, ob-
identified as electrons, were considerednas mesons. The tained in Refs[10,11], show a good perspective of using the
contaminations by misidentified electrons and negativeR function for revealing qualitatively new phenomena in in-
strange particles do not exceed 5% and 1%, respectivelyeractions of relativistic nuclei.
The average minimum momentum for pion registration is In our experiment, the parametes$, 4, andy were cho-
about 70 MeV¢. The protons were selected by a statisticalsen in the intervals € 8°<3, 0<#<180°, and —2<y
method applied to all positive particles with a momentum of<3.5 in all cases.

II. METHODS OF THE EXPERIMENT
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FIG. 1. Q dependence dR(6,p;)| for #~ mesons inpC, dC,
4HeC, and '>CC interactions. The values oR shown atQ
=1,2,3... correspond to the groups of events wi@i1,2,3...,
respectively.

The parameterp and p, in pC, dC, “HeC, and“CC
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FIG. 2. Q dependence diR(p;,y)| for #~ mesons inpC, dC,
“HeC, and '’CC interactions. The values oR shown atQ
=1,2,3... correspond to the groups of events wit»=1,2,3...,
respectively.
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caseg(of 100, group | of datg and the functiorR, respec-

interactions were chosen from the intervals 0.07 GeV/ tively, depends o (group Il of data in 29% of the cases.

=<p=<10 GeVk and 0.07 GeVe=p,<4 GeV/c both for
protons and forr™ mesons.

Ill. THE RESULTS OF THE EXPERIMENT
AND DISCUSSION

The values ofR at differentQ for different pairs were
obtained using the method described above. In all, Ghe
dependences for 1R functions were obtaineften types of
R functions separately forr~ mesons and protons in five
types of interactions; see abgvéccording to the character
of the Q dependence dR, the data can be divided into two
groups: group |, the data on ttg independence oR, and
group I, the data showing th@ dependence dR. The data
from the first group were fitted with aa- Q+b expression,
wherea (for this group of data, the values afturned out to
be close to zeroandb are the fitting parameters.

(ii) In 90% of the cases of group Il tHg¢ dependence of
R is mainly due to the variablp, .

(iii) The data from group | also point to the independence
of the behavior of the projectile mas#({) in nucleus-
nucleus interactions.

From Figs. 1-5, one can draw the following conclusions.

In 75% of the cases, th@ dependence oR has a non-
linear character; i.e., the regions with differe@t depen-
dences ofR are separated or the change of regimes takes
place in these dependences. The totality of these data allows
one to determine the “critical” values oQ=Q* corre-
sponding to the transition from one region to another. These
values of Q* mainly coincide with those obtained in the
previous paperfl—3] and are used for event selection with
TDN. Thus, we have that the correlation analysis also con-
firms that events with TDN qualitatively differ from “usual”

The values ob are presented in Tables | and Il. The cases
from the second group are denoted by dashes. The absolut
values ofR depending o for this group of data are shown R i
in Figs. 1-5(the curves are hand drawh

From the data in Tables | and Il, one can see the follow-

ing.

(i) The Q dependence @R is not observed in 71% of the ) " 6 2 4 6

P IR TN NI T TN RO Cu

Q Q

3We do not present the measured errorddiut take them into i
account in our conclusions. E
“We do not present the data ¢ the values oR(p,8°) depend- r
ing on Q in pC interactions(for 7~ mesons and protonsinddC 10 &
interactions(for protons. For these cases, the valuesR(fp, 3°) T L T T
decrease with increasin@. In so doing, this dependence has a 2 4 8 8 25 5 75 10 125
linear character forr™ mesons and almost a logarithmic character Q Q
for protons. We also do not present the data(lonthe values of
R(py,B% as in this case the behavior Bf versusQ for pC, dC, FIG. 3. Q dependence ofR(p,p;)| for protons inpC, dC,
and *HeC interactions is similar to those shown in Figs. 3-5. For*HeC, and *?CC interactions. The values dR shown atQ
12CC interactions, the behavior B p;,8°) as a function of) is in =1,2,3... correspond to the groups of events wit»=1,2,3...,
line with a “break” in its character. respectively.

CC
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FIG. 4. Q dependence ofR(6,p,)| for protons inpC, dC, FIG. 5. Q dependence ofR(p;,y)| for protons inpC, dC,
4HeC, and '>CC interactions. The values oR shown atQ “HeC, and '?CC interactions. The values oR shown atQ
=1,2,3... correspond to the groups of events wi@i1,2,3..., =1,2,3... correspond to the groups of events wif»1,2,3...,
respectively. respectively.

events, and it is necessary to use conditibrfor their sepa-  vations support the conclusions from the analysis of entropy.
ration. This confirms our main affirmation that the TDN pro- The entropy for centraf’S+ S is larger than that expected in
cesses are those in which such a latgeitical” ) fraction of  the models. The results of the present paper also confirm this
nuclear nucleons is emitted whose excess leads to showingnclusion. We also think that the “zigzag” form in events
qualitatively new propertiesee Ref[2]). In particular, from  with the total disintegration of nuclei can be connected with
the analysis results presented in the above figures, it has begte density fluctuations of nuclear matter at la@e

found that 82% of the cases from group Il ha®& 0.3; i.e., Under these experimental conditions, we have observed a
weak correlations related to the variapleand depending on  strongQ dependence of the mean values of the kinetic en-
Q, mainly take place; and in all the considered cases, argy of w~ mesons in*2CC interactions in the regio®
strong change of the form of th@ and A, dependences of =Q* of the total disintegration of nuclei. The present results
|R| is observed. For example, the correlations weaken witlshow that this is possibly due to the fluctuations of the
increasingA,,, and the variabl®R gets the lowest values of nuclear density in events with the total disintegration of nu-
all the considered ones HCC interactions. The character of clei. It has already been concludgtB] that the transparency
the Q dependence ofR| also changes simultaneously with of nuclear matter in “central” collisions decreases signifi-
the weakening of the correlations in the region of laf@e cantly. In the authors’ opinion, it is testimony of a high
(TDN region. This dependence is in line with a “break” for baryon density reached in the investigated interactions. We
pC anddC interactions; it is of the step-by-step form for assume that at our energies they are mixed states correspond-
“HeC interactions and of the “zigzag” form fol’CC inter-  ing to different degrees of freedom, as well as quark-gluon
actions. It is possible that the “zigzag” form is the result of degrees of freedom; for protons, the behaviorsR¢®, p;)

the influence of density fluctuations of nuclear matter in the(Fig. 4 andR(py,y) (Fig. 5 versusQ are similar and differ
TDN region on these dependences. In an earlier per  from the behavior of th€ dependence dR(p,p;) (Fig. 3.

(in the studies of the multiplicity distributions and their sec-
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