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1 Introduction

The probability distributions of observing 7~C, pC, dC, ‘HeC and
12CC events with the given values of the variable Q ( Qis @ = Ny —Ny-
and N, and N,- are the numbers of positive particles and 7~ -mesons,

respectively ) are studied in papers [1]. In this experiment, the vari-
able Q is proportional to the number of protons emitted from nuclei
during the interaction . ! The dependences of the mean character-
istics and the inclusive spectra of secondary 7 - mesons and protons
on () are studied in papers [2-3]. ? The results , obtained in these
papers , confirm our assumption that a boundary value of Q" for ¢
exists (its excess leads to the total disintegration of nuclei (TDN)) .
We have assumed that the processes of TDN are qualitatively new ones,

different in their characteristics from "usual” processes ( the group
with @ > 1 ). We could determine the values of Q" at which there
are qualitative changes in the behaviour of the characteristics of the
studied events . With the aim of confirming these assumptions , we
applied a single-particle two-dimensional correlation analysis for 77 -
mesons and protons emitted in these events. The study of the correla-
tion effects in particle production is the source of information on the
dynamics of interaction supplementing the information obtained from
the single-particle inclusive distributions, from the analysis of the mean
characteristics and so on. [4]. The Q-dependence of the single-particle
correlation functions is investigated in this paper.

2 Correlation function

The single-particle two-dimensional correlation function R( z,z ) is
used in the analysis . It is connected with that the correlations strengthen
when passing to high orders of R [5-7]. The values of R( z,z ) for the
variables x, z were calculated by the following formula :

R(z,z) = (Ezz — EzEz)/(0(z)0(2)).

Here Ezz is the mixed mathematical expectation of quantities z
and z ; Ez and Ez are the mathematical expectations of z and z,

tIn detail using the variable @ , see paper {1] .
*For this, the groups of events with

Q>1;2;3;..

were defined. Then, for each group the mean characteristics and the invariant inclu-
sive spectra were obtained.



respectively ; o(z) and ¢(z) are r.m.s. deviations of r and z , respec-
tively.

To evaluate Exz,Ex,Ez, o(z) and o(z), the following formulae
were used :

Exz = (1/N) o, =82 Njziz;
Ez = (1/N)>¥, N;z;
Ez=(1/N) Z?L Njz;
o(z) = (Ex® — (Bx))'/?, 0(2) = (EB2* — (Ez)*)\?
Ex? = (1/N) T, Na?, BE2* = (1/N) o2, N;z2 .

In these formulae , NV;; is the number of particles hitting an (i, j)
-th cell .

N=2, 2% Ny, Ny =52, N;j, N; =58 Ny

During the construction of the two-dimensional distributions for the
chosen variables , the intervals , corresponding to them were divided
into 40 subintervals.

3 Methods of the experiment

The experimental data have been obtained from the 2-m propane bub-
ble chamber of LHE, JINR . In this experiment, we used 8791 7—C
interactions at Pr- = 40GeV/c ( for methodical details see [8]) and
also 5284 pC , 6735 dC' , 4852 HeC and 7327 CC' interactions at a
momentum of 4.2 A GeV/c( for methodical details see [9]) . The avail-
able statistical material was separated into the groups of events with
the following values of Q:

Q@ >1;2;3;..Q% ... (1),

The values of R were determined for 7~ - mesons and protons from
these groups of events . In this case , we considered only 7~ - mesons
and protons with the errors in measuring the momenta not exceeding

30 %.



We considered the following correlation functions R( p,¢ ), R( p,p: ),
R(p,y),R(p,B) . R(8,p ), R(8,y), R(8,°), R(pey ) R(pr. "),
R(y,3°) , where :

- p are momenta in the laboratory coordinate system (lcs)

- 8 - emitted angles in the lcs

- py - transverse momenta,

- y - rapidities in the lcs.

39 - orders of cumulativity ( here 3° = (E-p) / my , E is the total
energy (in the lcs), py, is the longitudinal momentum (in the lcs) and
my 1s the nucleon mass ).

The correlations between p; and p; for 7~ - mesons , produced in
dC interactions at 1.7 and 4.2 GeV/c per nucleon , were studied in
paper [10]. The dependence of the 7~ - mesons distribution density on
these variables was observed. The forms of these distributions turned
out to depend on beam energy. The measurements of the y and p; dis-
tribution of protons in S+ W, O+W and p+W reactions at 200 GeV/A
were carried out [11]. The density of the y distribution was found to
grow linearly with increasing transverse energy for all the 3 reactions.

However, the slope in p+W is sharper than in O +W and S+W.
The rapidity density in p+W is much larger than it was predicted on
the basis of summing nucleus-nucleus collisions without taking into
account nuclear effects pointing to the importance of rescattering ef-
fects. The results obtianed in papers [10-11] show a good perspective
of using the R function for revealing qualitatively new phenomena in
interactions of relativistic nuclei.

In our experiment , in all cases the parameters 39,8,y were chosen
in the intervals :

0<3°<3,0<6<180% and -2 <y <35.

The parameters p and p; in pC,dC,*HeC, 2CC interactions were
chosen from the intervals :

0<p<10GeV n0 < p <4GeV

both for protons and for 7~ - mesons. In 7~ C' interactions , the
values of p and p, for protons were chosen from the following intervals:

0<p<1GeV and 0 < py < 1GeV,
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and for 7~ - mesons :
0 <p<40Gev and 0 < p; < 4GeV.

4 The results of the experiment and discussion

The values of R at different @) for different pairs were obtained using
the method described above. In all , the (-dependences for 100 R
functions were obtained ( 10 types of R functions separately for 7~ -
mesons and protons in 5 types of interactions, see above). According
to the character of the @) - dependence of R | the data can be divided
into two groups : group I - the data on the Q independence of R and
group II - the data showing the () dependence of R . The data from
the first group were approximated with an a * Q) +b expression , where
a ( for this group of data , the values of a turned out to be close to
zero ) and b are the fitting parameters. * The values of b are presented
i tables 1 and 2. The cases from the second group are denoted by
dashes. The absolute values of R depending on () for this group of
data are shown in figures 1-3 ( the curves are hand-drawn ). 1 From
the data in tables 1-2 |, one can see the following

- the Q-dependence of R is not observed in 71 % cases (of 100, group
Iof data), and the function R respectively depends on Q@ (group II of
data) in 29 % cases |

-1 90 % cases of group II the Q-dependence of R is mainly due to
the variable p,,

- in group L. the values of R for nucleus-nuclens interactions (RR44)
are lager than those for pion -nucleus interactions (R 4). (Ry-4).

- the data from group I also point to the independence of the he-
haviour of projectile mass (A4,) in nucleus-nuclens interactions.

*We do not present the measured errors of b but take them into account in our conclusions

*We do not present the data on a) 7~ (' interactions and want to note that there is a weak
Q-dependence of R(8,p,) . R(p;,y) and the change of regimes in the dependences at @ = 3 ~ 1 for
protons in these interactions. The values of @ for the point of changing the regime agree well with
the obtained values at these points in papers [1-3] for 7= (" interactions : b) the values of R(p. 3"
depending on Q in p(” interactions (for 7~ - mesons and protons) and d(" interactions (for protons).
For these cases . the values of R(p, 3%) decrease with increasing Q. [n so doing . this dependence
has a linear character for 7~ - mesons and almost a logarithmic character for protons ; ¢) the values
of R(p¢, 8°) as in this case the behaviour of R versus Q for pC", dC" and "He(" interactions is similar
to those shown in figs. 3-5. For '2C’( - interactions , the behaviour of R(pi. 3°) as a function of ()
is a line with "break” in its character.



From figs. 1-5, one can draw the following conclusions :
-in 75 % cases , the )-dependence of R has a nonlinear character,
1.e. the regions with different ()-dependences of R are separated , or
the change of regimes takes place in these dependences. The totality
of these data allows one to determine the boundary values of () = Q*
corresponding to the transition from one region to another. The val-
ues of Q* for different events ( separately for 7~ - mesons and protons)
are presented in table 3 (the functions R from the Q-dependences of
which the values of Q* were obtained | are shown in cohunns IIT and
Y). These values of * mainly coincide with those obtained in pre-
vious papers [1-3] and used for event selection with TDN. Thus . we
have that the correlation analysis also confirms that events with TDN
qualitatively differ from "usual” events and it is necessary to use con-
dition (1) for their separation. Here | it should be noted that a visual
determination of the values of Q* do not allow one to speak of correct
values. For the present a qualitative result is only important for us
evidencing the extreme of such boundaries | because this confirms our
main affirmation that the TDN processes are those in which so a large
(boundary) fraction of nuclear nucleons is emitted whose excess leads
to showing qualitatively new properties (see paper {1}). In particular,
from the analysis results presented in the above figures . it has been

found that

- 82 Y. of cases from group II have R < 0.3, i.c. weak correlations
related to the variable p, and depending on ) . mainly take place .

- in all the considered cases . a strong change of the form of the
Q-dependence of | R

For example . the correlations decrease with increasing A, , and they

and the values of | B | on A, is observed.

hecome minimum in 2CC interactions { this result agrees well with
the conclusions of paper-{11]). The character of the Q - dependence of
| 7| also changes simultancously with weakening the correlations in
the region of large @) ( TDN region ) This dependence is a line with
“break™ for pC |, dC interactions , it is of the step-by-step form for
"HeC' interactions and the ”zigzag” form for C'C interactions. It is
possible that the "zigzag™ form is the result of the influence of density
fluctuations of nuclear matter in the TDN region on these dependences.



In earlier paper [12] , (in the studies of the multiplicity distributions
and their second moments for negative charged particles produced in
"central” collisions (”CC”) and in interactions of minimum trigger in
325+ S collisions at 200 A GeV over different rapidity intervals ), it has
been found that the models of FRITIOF and VENUS mainly describe
the dependence of second moments on rapidity intervals for the events
with minimium trigger and not for ”CC”. The conclusion has been
drawn that the behaviour of second moments for "CC” indicated to
mcreasing the multiplicity fluctuation . These observations support
the conclusions from the analysis of entropy. The entropy for central
328 + S is larger than that expected in the models. The results of
the present paper also confirm this conclusion. We also think that the
"zigzag” form in events with the total disintegration of nuclei can be
connected with the density fluctuations of nuclear matter at large Q.

Under these experimental conditions , we observed a strong ()-
dependence of the mean values of the kinetic energy of 77- mesons
in 2CC interactions in the region () > Q* - of the total disintegration
of nuclei. The present results show that this is possibly due to the fluc-
tuations of nuclear density in events with the total disintegration of
nuclei. It has already been concluded [13] the transparency of nuclear
matter in "CC” decreases significantly. In the authors’ opinion , it tes-
tifies of a high baryon density reached in the investigated interactions.
We assume that at our energies they are mixed states corresponding
to different degrees of freedom , as well as quark - gluon degrees of
freedom,;

- for protons, the behaviours of R(6, p,) (fig. 4) and R(p:, y) (fig. 5)
versus () are similar and differ from the behaviour of the Q@ - depen-

dence of R(p,p;) ( fig. 3).

The authors consider it their pleasant debt to thank the staff of
the 2-m propane bubble chamber for giving the experimental material,
N. Amelin and A. Golokhvastov for useful discussions | Rogochevskiy
O.V. for his help and also Academician A.M. Baldin for his permanent
attention to work.



Table 1. For 7~ - mesons
Type = C pC' dC TTHeC | 2CC
of events.
R(p,0) |-0.35|-049|-052 | -049 |-048
R(p,p) | 033 | 0.62 | 052 | 049 | 0.50
R(p,y) | 058 | 0.67 | 0.71 | 0.70 | 0.69
R(p,5°) | 020 | - - 0.22 | -0.19
RO.p) | 007 | - - : :
R(0,y) -0.88 | -0.93 | -0.92 | -0.91 | -0.90
R(0, ﬂo) 0.72 0.83 0.78 0.79 0.78
A(pi,y) | 0.15 - - - -
R(p:, ﬁo) 0.26 0.31 0.42 0.43 0.45
R(y,ﬁo) -0.61 | -0.79 | -0.73 | -0.73 | -0.71
Table 2. For protons
Type | #=C | pC | dC [*HeC [ 2CC
of events
R(p,6) |-0.30|-0.67|-0.68| -0.63 | -0.63
R(p,p) | 0.70 | - - - -
( y) 0.51 | 0.97 ] 0.96 0.93 0.93
Rip, 7% [ -0.20 0.85 | -0.80 | -0.78
ROp) | | | | |
R(0,y) | -0.88 | 0.80 | 0.81 | -0.80 | -0.82
R(8, [)’o) 0.91 { 0.90 | 0.90 | 0.92 0.93
R(pe,y) | - - -
R(p, 8% | 0.10 - - - -
R(y, %) | -0.94 1 -0.94 { -0.95 | -0.94 | -0.94




Table 3. Boundary values of Q = Q* °

Type protons 77 - mesons
of events
Q* from Q-dependence of Q* from Q-dependence of
7 C 3-4* R(8,p,) - -
3-4% R(pe y) -
pC 34 R(8,p,) -
3-4 R(ph y) -
3-4 R(Pv pt) -
3-4 R(p., %) - -
dC - - 3-5 R(9,p:)
5-6* R(py,y) 3-4 R(p.,y)
5-6* R(P»Pt) - _
THeO 4-6* R0, p1) 3-4 R(8,p,)
36~ R(p.,y) 3-4 R(p.,y)
1-6* R(p,p:) - -
1-6* R(p., 3% - -
2o 5-6* R0, p) 6* R(0,p,)
10-11* 9-10*
h-6* R(pe,y) 4-7 R(pey)
9-10* 9-10*
5-6* R(p,p:) -
8-9*
h-6* R(p,pi)
9-10*

** The cases of coincidence of the values of Q* from the data in fig. 1-5 with the
values obtaned in {1-3] are noted.
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A6muuoB O.B. u 1p. E1-97-342
H3ydenne OIHOYACTHYHBIX KOPPEIALUHI B COOBITHAX C MOMHBIM Pa3BaIoOM saep

IpuBeleHs HOBBIE SKCHEPUMCHTANBHBIC JaHHBIC O AOBCICHHH OXHOYACTHYHBIX IBYMCPHBIX KOppe-
JSUHOHHBIX (YHKIHA R B 3aBHCHMOCTH OT YMC/Ia HUCITYLIEHHBIX M3 sieD HYKJIOHOB Q M OT Macchl fapa
cHapaaa Ap, PaccMoTpeHbl B3auMoaeHcTBHA T -Me30HOB (nipy umnyascax 40 I'sB/c), npotonos, sanep d,

‘He n '%C ¢ sapoM yrepoaa (npu uMnyiscax 4,2 A I'sB/c). 3nadenns R GbutH monydyeHb OTAENBHO

118 T -ME30HOB M Ut mpoToHOB. [lpn 3toM HopMEpoBka R mpou3souuiack TAKHM o6pasoM, 4To
—1 <R < 1. 3HaueHue R =0 COOTBETCTBYET CIYYAK OTCYTCTBHS KOppensiunii. O6HapyXeHo, 4TO TONMBKO
B cayyae crabeix Koppensumi (IRl <0,30) umeer MecTo 3aBMCHMOCTL 3HaueHHi R oT Q H oOT Arf

YCTaHOBITEHO, 4TO B OCHOBHOM (0k0110 90 % Cilyyaes) 3TH KOPPEISLMH CBA3aHbI C IEPEMEHHOH P, H UMEIOT

HEJTHHENHDBIH XapaKTep — B 3aBUCHMOCTH OT 3HAYCHMid BeIHUMHBL () BbUIENHAOTCA OONACTH C PasHBIM
noBefleHHEM 3aBUCUMOCTH R oT (J, T.e. MMeeTCs CMEHa PEXHMOB B IOBejeHMHM ¢yHKUMH R oT Q.

OnpeneeHsl rpaHidHbie 3Haueris Q = O COOTBETCTBYIOUIMX NEPEXOI0B H3 OHOM 0GNACTH 3ABUCHMOCTH
R ot Q B apyryoo. 3aMe4eHO, 4TO C YBETHYECHHEM Ap Koppensiuy cnabewT U B 12CC-p3aumoneiicTausx
OHH CTaHOBATCA MHHMUManbHbIMH. OJHOBPEMEHHO OOGHapyXcHO, 4TO ¢ ocnabneHHeM KoppemsuHi
B obnactu Q 2 Q* (061aCTh NOJIHOTO pa3Bala AleP) MEHAETCH M XapakKTep 3aBUCUMOCTH R oT Q.

Pa6orta semonnena B JlJaGoparopuu Bhicokux sHepruid OMSIHN.

Coobienne OObeIHHEHHOTO HHCTUTYTA SlepHbIX HcclenoBanuii. Jybua, 1997

Abdinov O.B. et al. E1-97-342
Study of Single-Particle Correlations in Events with the Total Disintegration of Nuclei

New experimental data on the behaviour of the single-particle two-dimensional correlation functions
R versus Q (Q is the number of nucleons emitted from nuclei) and AP (Ap is the mass of projectile nuclei)
are presented.

The interactions of m -mesons (at a momentum of 40 GeV/c), protons, d, *He and '’C nuclei
with carbon nuclei (at a momentum of 4.2 A Gev/c) are considered. The values of R are obtained

separately for n -mesons and protons. In so doing, the values of R are normalized so that ~l <R< .
The value of R =0 corresponds to the case of the absence of correlations. It has been found that the Q-
and Ap-dependcnce of R takes place only for weak correlations (R <0.3). In the main (90 %), these

correlations are connected with the variable p, and have a nonlinear character, that is the regions
with different characters of the (Q-dependence of R are separated: there is a change of regimes
in the Q-dependences of R. The boundary values of O = 0", corresponding to the transitions from one
dependence region to another, are determined. The correlations weaken with increasing Ap’ and they
become minimum in '>CC interactions. Simultaneously with weakening the correlations in the region
of large 0 > @, the character of the Q-dependence of R changes.

The investigation has been performed at the Laboratory of High Energies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 1997
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