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Using the simulation data coming from the DCM, we have studied the behavior of Number of events as a function of impact parameter b
and the number of charged particles N, for light and heavy nuclei at different energies. We have seen that for light nuclei, the number of
charged particles N, could be used to fix the centrality. But for heavy nuclei we have got strong initial energy and mass dependences
therefore the results for impact parameter b and the number of charged particles N, differ. So for heavy nuclei, a number of charged particles
N.n could not be use to fix the centrality.

Wcnone3ys nanuble MmoaenupoBanus 1o JlyOHenckoit KackamHoit Mopnemun OBUIO pacCMOTPEHO TOBEICHHE 4YHCIa COOBITHH B
3aBHCUMOCTH OT (DYHKIIMH IMapaMeTpa CTOJKHOBCHHS b W YHCIIA 3apsDKEHHBIX YacTHIl Ny, UL JIETKUX H TSOHKEIBIX SIEp MPU Pa3InIHBIX
SHEeprusix. BupHo, 4to i Jerkux sifep, YUcio 3apsHDKEHHBIX 4acTULl Ngn MOXKHO MCIOJIB30BaTh JJIs ONpesesieHus] HeHTpaibHoCcTH. Ho 1utst
TSDKEIBIX SIICP, T/IC MBI MMEEM OYCHBb OOJBIIYI0 Maccy W OOJNBIIYI0 HAYAIBHYIO SHEPTUI0 3aBUCHMOCTH PE3yJIbTaTOB I Mapamerpa
CTOJIKHOBEHHUS b U Yucna 3apsHKeHHBIX 4acTHL Ng, oTiMdaroTcs. Takum o0pa3zoM, AJS TSOKEIBIX Aep YUCIO 3apsDKEHHBIX YacThl Ny, He
MOJKET OBITh UCITIOJIB30BAHO AJIS ONpeNesICHUS LIEHTPAIbHOCTH.

Yiingiil vo agir ionlari toqqusmalarinda miixtolif enerjilordo Dubna Kaskad Modelindon istifado edorok hadisslorin say1 tosir parametri
b-nin ve yiiklii zarrociklorin say1 Ng, funksiyas: kimi asililigini yronilib. Goriiniir ki, yiingiil niiveler iigiin yiiklii zerraciklorin sayr Ngp
morkozlogsmoyinin milayyen etmok olar. Ancaq agir niiveler {iciin biz giiclii ilk enerjiys vo boyiik kiitloye malik oldudumuz halda parametri
b-i va yiikli zarraciklarin say1 Ngy tesirlorin asililigt farqlenir. Belaliklo agir niivaler {iciin yiikli zarraciklarin say1 Ng, markozlogsmayinin
toyin etmak ligiin istifads edilo bilmoz.

1. INTRODUCTION Dubna Cascade Model (DCM) is the most popular model. It
To fix the baryon density of nuclear matter, the centrality  is an approach based on simulation (Monte-Carlo techniques)
experiments are usually used. It is considered as best tool to  and applied to situation where multiple scattering is
reach the Quark Gluon Phase (QGP) [1] of nuclear matter  important. In the simplest approach it is assumed [7-12] that
under extreme conditions. Studying the different due to the interaction of a projectile hadron with one of the
characteristics of events as a function of the centrality [2] in  target nucleons the creation of a new particle takes place. The
JINR (Dubna), CERN (Geneva), BNL (New-York), and SIS  participating target nucleon accepts momentum and begins to
(Darmstadt) could give new information about the properties move in the nucleus. All moving (cascade) particles can
of nuclear matter which could appear under extreme interact with other nuclear nucleons to produce new particles
conditions. On the other hand the centrality of collisions or suffer elastic rescattering. Therefore, cascade reproduction
cannot be defined directly in the experiment. In different of moving particles is assumed. The interactions between
experiments the values of the centrality are defined [3-5] as a  cascade particles are omitted as a rule. The process continues
number of identified protons, projectiles' and targets' until all moving particles either leave the nucleus or are
fragments, slow particles, all particles, as the energy flow of  absorbed. In the case of (A+A) collisions, it is assumed that
the particles with emission angles © =0° or with © =90°. cascade particles can interact with projectile and target
Apparently, it is not simple to compare quantitatively the nucleons. Due to analysis fast particles and correlations
results on centrality-dependences obtained in literature while  between slow and fast particles DCM [13] was recognized as
on the other hand the definition of centrality could the best model applied in the intermediate energy physics
significantly influence the final results. May be this is a  [14].
reason, why we could not get a clear signal on new phases of
strongly interacting matter, though a lot of interesting 3. RESULTS FROM CENTRAL EXPERIMENTS
information has been given in those experiments. During last In paper [15] the results from BNL experiment E910 on
several years some results of the central experiments are  pion production and stopping in proton-Be, Cu, and Au
discussed which demonstrate the point of regime change and  collisions as a function of centrality at a beam momentum of
saturation on the behavior of some characteristics of the 18 GeV/c are presented. The centrality of the collisions is
events as a function of the centrality [6]. It is supposed that  characterized using the measured number of «grey» tracks,
these phenomena could be connected with fundamental N, and a derived quantity v, the number of inelastic
properties of the strongly interacting mater and could reflect  nucleon-nucleon scatterings suffered by the projectile during

the changes of its states (phases). the collision. In Fig. 1, the values of average multiplicity for
n” -mesons (<n” multiplicity>) as a function of Ny, and v is
2. DUBNA CASCADE MODEL plotted for the three different targets. One can observe that <

Among the host of models which are proposed to explain 7~ multiplicity> increases approximately proportionally to
the general features of relativistic nucleus-nucleus collisions, N, and v for all three targets at small values of Nge, or v
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and saturates with increasing Ny, and v in the region of
more high values of Ng., and v. Fig. 2 is a plot of
multiplicity of grey particles - N,—dependences verses < Nj, >
average multiplicity of b-particles for different reactions
taken from [16]. One can see that the values of < N, >
increase with N, in the region of the values of N,< 8. Than
the values of the < N, > saturate in the region N, >8 as well
as in Ref[17].
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Fig.1l. The average multiplicity of the m~ -mesons produced in
proton-Be, Cu, and Au collisions as a function of centrality
at a beam momentum of 18 GeV/c. Solid line demonstrates
the results coming from the WN-model [15].
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Fig.2. N, —dependences of < N, > for different reactions [16]

The main results of these central experiments are: The
regime change has been observed: at some values of
centrality (as critical phenomena); for hadrons-nucleus,
nucleus-nucleus and even in ultra relativistic heavy ion
collisions; in the energy ranges from SIS energy up to RHIC;
almost for all particles; after the point of regime change,
saturation is observed; the existing simple models cannot
explain the effect. If the regime change takes place
unambiguously two times, this would surely be the most
direct experimental evidence seen to observe the QCD
critical point and phase transition. But the central
experiments could not confirm it. One of its reasons may be
the incorrect definition of the centrality. So it is very
important to study the connections between the different
methods for fixing the centrality and looking for the new
possibilities to fix the centrality especially in heavy ion
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collisions where the formation of QGP is expected. The main
goal of our paper is to study the connections between
different methods offered to fix the centrality and search for
new methods to fix the centrality.

4. METHOD

To reach our goal, we use the simulation data coming
from the DCM. DCM is usually used for a chosen variable to
fix centrality. It is supposed that its values have to increase
linearly with a number of colliding nucleons or baryon
density of the nuclear matter. The simplest mechanism that
could give this dependence is the cascade approach. So, we
have used DCM to simulate events at different energies and
mass colliding hadrons and nuclei. This code [18] is written
by F.G. Geregy and J.J. Musulmanbekov and was modified
by S.Yu. Shmakov and V.V. Uzhinskii in 1993. The DCM is
used for calculation of nucleus-nucleus inelastic interactions
at energies up to 20 A GeV.We considered the following
reactions: He+tHe; C+C; Aut+Au at the energies; 1; 6; 12; 18
A GeV/c for 200 events. Two variables were used to fix the
centrality: a) impact factor b, which could not be define
experimentally; b) charged particles N, , which could be
defined experimentally.

5. DUBNA CASCADE MODEL RESULTS
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Fig.3. The b and N, dependences of normalized event numbers for
He+He interactions coming from DCM
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Fig.4. The b and N, dependences of normalized event numbers for
C+C interactions coming from DCM

diiiash s kianidd

LT
&
urml-i =)
3 @ ¢ g @
i L -]
.qﬂm] . . B &
r=] -~ - -
= | - * 8
%“mmi s B & &
umi
oooe
]
* T T
o 2 4 [l ] -l
b
AusAy at
" o 1GeVic
O BGeVic
9 12GeVic
LT # 18 Gelic
01354
- bpwmed B2 O
1 = [}
; = & a9 ]
[T ]
3 & 5 g 8 8 ® ®
LooeT4
(- - - T - T -
D04
[ 0 " =

Fig.5. The b and N, dependences of normalized event numbers for
Au+Au- interactions coming from DCM.

6. DISCUSSION

The behavior of the normalized event number dN/db as a
function of b and the dN/dN, as a function of N, for
He+He reactions at different initial energies are shown in
fig.3. One can see that the behavior of the impact parameter
distributions don’t depend on the energy of the colliding
nuclei for most central (b=0), central and semi central
collisions (0 < b <3). We can see some mass dependence for
the peripheral collisions (b>3). We can also say that there are
2 regions on the behavior of the dN/db as a function of the b.
In first region b < 3, the values of dN/db greater than in
region with b > 3.The behavior of the event number as a
function of N, has the stronger energy dependences. We can
say that at energies equal and great than 6 GeV we can find
some analogies between the behavior of the distribution of
the events as a function of the b and Ng,. It means in these
cases the N, could be use to fix the centrality instead of b .In
fig. 4 ,the behavior of the normalized event number as a
function of b and N, for CC reactions at different energies
is shown. There is some energy dependence for the behavior
of dN/db as a function of the b in the region of momentum
great that 12 AGeV/c. For these reactions there are 3 regions
on the behavior of the N as a function of the b: b=0 most
central collisions; 0< b <5 central and semi central collisions
and b>5 peripheral collisions. So one can say that with
increasing the mass of the colliding particles, DCM give
some energy dependence for the behavior event number as a
function of b. Again we can say that the behavior of the event
number as a function of Ng has the stronger energy
dependences. The fluctuation in the behavior of the event
number as a function of N, increase and it is very difficult to
find some analogies between the behavior of the distribution
of the events as a function of the b and N¢,. So it means that it
will be very difficult to use the last to fix the centrality
instead of b. The same result we can get for the heavy ion
collisions. For Au+Au reactions at different energies the b
and N¢, dependences of normalized event number dN/db and
dN/dNg, are shown in the Fig.5. We can see the strong
dependence for the behavior of event numbers as a function
of the impact parameter b. This picture also indicates
different regions for the behavior of event numbers as a
function of the
b but N¢, has strong energy dependence. We cannot find any
analogy for the behavior of the distributions with b and Ngj, .
It means that for heavy nuclear interactions N, i not good
variable to fix the centrality.

7. CONCLUSION

The behavior of the normalized event number as a function of
impact parameter b and charged particles N, for He+He,
C+C and Au+Au reactions at different initial energies
coming from DCM are point that for the light nuclei charged
particles N¢, could be used to fix the centrality. For heavy
nuclei we have got strong initial energy and mass
dependences and the results for impact factor b and charged
particles N¢, differ. So in this case charged particles N,
could not be use to fix the centrality.
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