


A6mnoB O.B. u ap. E1-97-342
H3yueHHe OQHOYACTHYHBIX KOPPESISLUMIT B COBLITHSX C MOIHBIM Pa3BAIOM SEp

INpuBeneHs! HOBBIE 3KCTIEPHMEHTANLHBIE JAaHHEIE O MOBEJEHHH OXHOYACTHYHHIX JABYMEPHBIX KOppe-
JAUMOHHBIX (hyHKUME R B 3aBUCHMOCTH OT YMCJa HCMYLIEHHBIX H3 AAep HYKIOHOB O H OT Macchl sapa
CHapana Ap. PaccMOTpeHBI B3aHMOEHCTBHS T -Me30HOB (npu ummnyascax 40 I'sB/c), nporonos, snep d,

*He n 1%C ¢ aapoM yriepona' (npu uMnynecax 4,2 A I'sB/c). 3naueHus R 6bUIH nonydeHsl OTAENBHO

118 T -ME30HOB H /U1 NpoToHOB. IIpM 3TOM HOPMHpPOBKa R MpOHM3BOAMNACh TakuM o6pa3oM, 4TO
~1 £ R< 1. 3uayenue R =0 COOTBETCTBYET CJIy4aro OTCYTCTBHS Koppesauuii. O6HapyXeHO, YTO TONBKO
B cirydae cnaboix koppersumii (IRl < 0,30) umeer MecTo 3aBUCHMOCTB 3HadeHHH R ot Q u or A

Yeranosneno, 4o B 0CHOBHOM (0k0110 90 % clydaes) aTH KOppensLUMH CBA3AHEI C NEPEMEHHOM P, U MMEIOT

HENUHEHHBI XapakTep — B 3aBUCHMOCTH OT 3HAYeHHH BEJMYMHBI () BBIACAAIOTCA 061aCTH ¢ pasHBIM
NOBEACHHEM 3aBHCHMOCTH R oT (), T.e. HMeeTcd CMeHa pPeXHMOB B MOBEACHHHM (yHKuMH R ot Q.

OnpefiesieHs! rpaHnyHEIe 3Havenns @ = Q" COOTBETCTBYIOUIMX MEPEXONOB U3 OMHOMN 0BIaCTH 3ABHCHMOCTH
R ot Q B apyryro. 3aMeucHO, YTO C YBETHYEHHEM Ap KOppesiilHK c1abeloT U B 2¢C-p3aumoneiicTaisx
OHH CTaHOBATCS MHHMMaTbHBIMH. OnOHOBpeMEHHO OOHapyXeHO, YTO C oOcJabneHHeM KOppensuHit
B ofnactu Q 2 Q* (obnacTb MONHOTO pa3Bana SAEp) MEHSETCH H XapakTep 3aBUCHMOCTH R ot Q.

PaGota Brinonuena B JlaGoparopuu BHICOKHX aHeprmit OMAH.

Coobuienne OGbEIHHEHHOrO HHCTHTYTA AAEPHBIX HccienoBanuil. IyGua, 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< 1.
The value of R =0 corresponds to the case of the absence of correlations. It has been found that the Q-
and Ap-dcpcndcncc 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 Q= Q", corresponding to the transitions from one
dependence region to another, are determined. The correlations weaken with increasing A and they
become minimum in '2CC interactions. Simultaneously with weakening the correlations in the region
of large 0 > Q°, the character of the Q-dependence of R changes.

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

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

respectively ) are studied in papers [1]. In this experiment, the vari-
able @ 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]. 2 The results , obtained in these
papers , confirm our assumption that a boundary value of Q* for @)
exists (1ts 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 Q > .1 ).” We could determine the values of Q@* at which there
are quahtatlve 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 7~ -
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 smgle-partlcle
correlation functions is investigated in this paper. .

2 Correlation function

The single- pa.rtlcle 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, 2z ) for the
variables z, z were calculated by the followmg formula : : ~

" R(z,2) = (Bxz — BxE2)/(0(z)0(2)),

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

'In detail using the variable @ , see paper [1]
*For this, the groups of events with

Q>12%3;..

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

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

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

- Ezz=(1/N) 2?212}121 Nijziz; | ‘
Bz =(1/N)Ti, N
| . Bz=(1/N)£2, Nj'z;- % N
o(z) = (Eaz® — (E2))',0(2) = (B2* = (B2))'/?
Ba? = (1/N) £, Nia?, Bz = (1/N YT Ny

N—Z;‘E = N,],N, zJ IN,J,N =i, N,]

Durmg the constructlon of, the two- d1men51onal dlStI‘lbuthIlS for the
chosen variables , the- 1ntervals B correspondlng to them were d1v1ded
into 40 sublntervals . : SRTIE

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 n+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/ ¢( for methodical details see [9]) . The avail-
able statistical material was separated into the groups of events with
the following values of Q:

Q2TLE%Q5 (1),

The values of R were determined for 7T - 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 %. '

In these formulae : Nij s the number of fpvgr;ti'cles h1tt1ng an (i, ])

We considered the following correlation functions R( p,0 ), R(p,pt)
R(p,y),R(p,8),R(8,p:),R(6,5),R(8,5°), R(pe,y) R(p, ).
R(y,B°) , where :

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

- @ - emitted angles in the les ’ :

. - p¢ - transverse momenta,

- y - rapidities in the lcs. :

B° - orders of cumulativity ( here 8° = (E-pr) / my , E is the total
energy (in the lcs), py is the longitudinal momentum (in the lcs) and
my is the nucleon mass ). S '

The correlations between p; and p; for 7~ - mesons , produéed in
dC interactions at 1.7 -and 4.2 GeV/c per nucleon , were studied in
paper [10]. The dependerice 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:nucle_a.r 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 quahtatlvely new phenomena in
interactions of relativistic nuclei. .

© In our experiment , in all cases the parameters 3°,6 y were chosen
in the intervals : ’
0<ﬁ°<30<0<180°and —2<y<35.

The parameters p and p; in pC,dC, 4H eC, 12C' C interactions ‘were
chosen from the intervals : : S

O<p<10GeVn0<pt<4GeV

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

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

4 The results of the experlment and dlscussmn

The values of R at dlfferent Q for different pairs’' were. obtalned using
the method described above. In all , the Q-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 @Q - 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 * ) + 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
in-tables 1 .and 2. The cases from thesecond group are denoted by
dashes.::The absolute values of R depending on @ for this group of
.data.arc shown in figures 1-5'( the curves are hand-drawn ). 4 From
the data in“tables 1-2 , one can see-the followmg TR s
¢ - the.(Q-dependence of R is not.observed in 71 % cases (of 100, group
[ of data), and the function R respec tlvely depen(ls on’ Q (gr oup IT of
data) in 29 Y% casos | e BT RSP
© - 1n- 90 %.cases of g g)loup I tho Q- (lep(’nden( ¢ ()f I? 18 mamly (lu(' to
the leld])l(‘p[. el SECETRTRNVE I PRIV NN R ‘
- in group I, the values of IR f01 nuc l(‘us nuc l(’us interactions (R .44)
are lager than those for pion -nucleus interactions: (R -4). (Ri=a).
- the data from group I also point to the independence of the be-
haviour of projectile mass (4,) in nucleus-nucleus interactions.

3We do not present the measured errors of b but take them into accomit‘in our conclusions.

o *We do not present the data on. a). 7~ C interactions and want to note. thal lhore is atweak
Q dependence of R(0,p:) , R(pt,y) and the change of regimes in the dependences at Q =3 —1for
protons in these interactions. The values of @ for the point of changing the regimeé agree well'with
the obtained values at these points in papers [1-3] for #~C interactions ; b) the values of-R(p, J%)
depending on Q in pC interactions (for 7~- mesons and protons) and dC’ interactions (for protons)
For these casés , the values of R(p, 8%) decrease with incréasing Q. In"so doing . this dependence
has a linear character for 77 - mesons and almost a logarithmic, character for protons ; ¢} the values
of R(p,,ﬂo) as in this case the behaviour of R versus Q for pC , dC and *HeC interactions is similar
to those shown in figs. 3-5. For '2CC - interactions , the behaviour of R(p¢, %) as a fuuctlon of Q
is a line with ”break” in its character. L f

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

- in. 75 % cases , the @-dependence of R has a nonlinear chdractm
_l.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 valies of . Q = ()*
corresponding to the transition from one region to another. The val-
ues of Q* for different events ( separately for 77 - 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 columns III and
Y).. These: values of Q* mainly coincide with those obtained in. pre-
vious papers [1-3] and used for event.selection with TDN. Thus.. we
have that the correlatlon analysis also confirns that events with TDN
qudhtatlvely differ from "usual”: events and- it is nec essary to use con-
dition (1) for. th‘elr separation. Here , it should be noted that a visual
determination of the values of @* do not allow one to speak of correct
value‘s.‘_ 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 qudhtdtlvelv uew properties (see paper [1]).. In particulay;

from the analysis results pl(‘sontod in the above figures , it has been
found that S ‘ :
- 82 % of cases fl()lll ;,10111) II th(‘ I? < () 3 ‘xw(\nk correlations
related fo the var fable pr and (1(‘1)(\11(1111&, on nmmly, take place |

- in all the considered cases , a strong change of the form, of the
Q~dependence-of | R | and the:values of | R | on A, is observed.
For example | th(‘A(.‘()III(‘LLtl()Il.S decrease with increasing A, and they
become mininum in "C'C interactions ( this result agrees well with
the conclusions of paper [11]).: The ‘character of the () - dependence of
| R | dlS() (hdllg(‘S simultancously with- wedkonmg the correlatlons in-
the 1og1011 ‘of large ) ( TDN region ) ThlS dependence is a hne w1th,

“break” for pC , dC interactions , it is of the step-by-step form for..
"HeC interactions and the "zigzag” form for CC 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
32845 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
increasing the multiplicity fluctuation . These observations support
the conclusmns 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 thlnk that the

"zigzag” form 'in events with' the total dlsmtegratlon of nuclei can be

connected with the density ﬂuctuatlons of nuclear matter at large Q.
‘Under these experlmental condltlons , Wwe observed a strong Q-Y

dependénce of the mean values of the' Kinetic" energy of 77~ mesons
in 12CC' interactions in the region Q > Q* 'of the total disiritegration
of nuclei. The present results show that this is possrbly due to the fluc-
tuations of nuclear density in events with the total d1s1ntegratlon of
nuclei. It has already been concluded [13] the transparency" of nuclear
matter in ”CC” decreases 51gn1ﬁcantly In the authors’ opinion , it tes-

tifies of a hlgh baryon density reached in the 1nvest1gated interactions.

We assume that at our energles they are mixed states correspondlng
to different ~degrees of freedom ,'as well as quark gluon degrees of
freedom; a

- for’ protons the behaviours'of’ R(H,pt) (ﬁg 4) and R(p:, ) (fig. 5)>
versus' Q are’ ‘similar and dlffer from the behav1our of the Q depen—’,

dence of R(p, p;) ( fig. 3). & K
-'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 Rogochevskly.

O.V. for his help’ and also Academ1c1an A M Baldln for his permanent
attentlon to work

Table 1. For #~ - mesons
Type 7~ C | pC dC [*HeC | 2CC
of events. |.. ) . _
. R(p, 9) -035(-0491-0.52 | -0.49 | - 0.48
Rip,p) | 033 | 0.62 | 052 | 0.49 | 0.50
R(p,y) | 058 | 0.67 | 0.71 | 0.70 | 0.69
Bp, A% | 020 | - 022 [-0.19
R(6,p:) |.-0.07 - - - -
R(9,y) -0.88 | -0.93 | -0.92 | -0.91 | -0.90
R(6,8% | 0.72 | 083 | 0.78 | 0.19 | 0.78 |
R(p:,y) | 0.15 - - - -
R(p:, %) | 0.26 | 031 | 0.42 | 043 | 0.45
Ry, ﬂo) -0.61 | -0.79 | -0.73 | -0.73 | -0.71
_Table 2. For protons
Type = C| pC dC [*HeC | CC|
of events | '
R(p,0) | -0.30 | 0.67 | 0.68 | -0.63 | -0.63
R(p,p:) | 0.70 - - - -
R(p,y) | 0.51 | 0.97 | 0.96 | 0.93 | 0.93
R(p, ,30) -0.20 - -0.85 |+-0.80 | -0.78
1 ROp) | - | - | - - -
R(0,y) | 0.88 | -0.80 | 0.81| -0.80 | -0.82
R(9, ﬂo) 0.91 | 0.90 |.0.90 | 0.92 | 0.93
R(ptv y) - - - - N
R(p., ] 0.0 | - 5 . -
R(y, ,30) -0.94 1-0.94 {-0.95 | -0.94 | -0.94
7




Table 3. qundary Y@lues of .,le Q*d v

Type | protons = | #~- mesons
of events : * v ‘
Q* | from Q-dependenceof | - . @* | from Q-dependence of
7 C 3-4% .. . R(0,pi). R Y A
3-4% ~ R(p,y) - = - k
pC 3-4 R(0,p:) b ' -
34 T R(Pt’ y) ] ) h : L - ;l 10_
34 " R(p,p) E , . i [ 3
34 - R(Pt,ﬂ ) 3 : - fir C
dC - ' 3-5 R(0, p.) ‘ -2
5-6* R(pz,y) 2 34 - R(pi,y) -1 e
' 5-6* R(p, pt) - - 1 10 -
THeC 4-6* R(0,p:) 3-4 “ R(0,p:) =3[
- 3-6* R(pe,y) 3-4 H(p:,y) [ : . 10 F
4-6* R(P,Pt) - - ‘ . o a0 by oy g by - '
4-6* | R(p:, B°) - . - 2 4 6 - 2 4 ]
Bee 5-6* R(0,p)) . 6% : . R(8,pe) ] . Q ' ’ Q0
10-11% . : L ©9-10* -
5-6* . Rpi,y) 4-1* s Ripny) -1
9-10% 5| - L 9-10* | 10 F
5-6* R(p,p:) - - - t i
8-9* . ’ : ; +
5-6* _ R(p,p) B e !
9-10* | - V : ? i g
10"k oE o cC
:llllllﬂllllllll' b_lllllllllllll‘lllll'll‘l
2 . 4 6 - 8 2.5 5 7510 125

Q ' Q

Fig. 1. Q—dependencg of | R(ﬂ,pt) [ for n— - mesons. |

** The cases of coincidence of the values of @* from the data in fig. 1-5 with the
values obtaned in [1-3] are noted.
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