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The large number of produced secondaries observed in reamt ion experiments (and still
larger multiplicities expected to come from the LHC expearnts) allows to study different as-
pects of dynamics of hadronization process on event-bptdvasis. Among them the experi-
mentally measured multiplicity fluctuations are espegiatiportant as a potential source of in-
formation on the strongly interacting system formed in soalisions. Most of studies of such
processes use a statistical approach based on the Boltz@ibha (BG) statistics. However, con-
ditions for the use of BG approach are usually not fully medunh reactions and one encounters
some inherent problems arising from the smallness of tHisiool system and from its rapid evo-
lution (the spatial configuration of the system are far framfarm and global equilibrium is not
established). Nevertheless, one can still use simplesstati approach provided it is based on the
nonextensive extension of the BG statistics with a new adtit nonextensivity parameter In
this extension, usually called Tsallis statistics, part@mgaccounts summarily for all dynamical
factors resulting in violation of assumptions of BG statist It characterizes itself by power-law
form of basic distribution (see [T.S. Bir6 (ed.), Eur. Phys.A 40(3)(2009)] for recent review
on this subject; foq — 1 the usual BG approach with the usual exponential disidbatis re-
covered). In this presentation we shortly review the mastréesting results of our studies (done
using nonextensive statistics) of the recently observedtuations of multiplicity in heavy ion
collisions.
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Because statistical models are the most useful tools for investigationseredifiphenomeno-
logical aspects of multiparticle production processes, the natural questeonan ask is whether
they can also accommodate phenomena of fluctuations which are more andisitdesin heavy
ion collisions [1]. The answer is positive provided such models are l@sadnextensive statistics
with a new, additional to the temperatuFe parameteq accounting for such fluctuations, usually
understood as fluctuations of the temperafuf@] (among other things, see [3] for the collection
of the most recent mini-reviews on different aspects of nonextenpweach).

To demonstrate the usefulness and importance of nonextensive apprioac studying mul-
tiplicity fluctuations let us remind the following observation (discussed in [5]}4,Whenever in
some procesBl independent particles with energié8; . nn-1} follow the exponential (Boltz-
mann) joint probability distribution

.....

g({E1..n}) = exp( ZE.>, A=(E) (1)

and satisfy condltlorzI oE <EL zN“ E;, then the corresponding multiplicity has a Poisso-
nian distribution,
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However, when Boltmann distribution (1) is replaced by Tsallis distributiom{&nergies,
E g +1-N
(B =1 ZRE] T ©

then, for energieg& satisfying the same condition as before, the corresponding multiplicity distri-
bution is equal to the well-known negative-binomial (NB) distribution,
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for whichVar(N) = £ [1— (1-g)§] = (N) + (q— 1)(N)2 Notice that forg — 1 one hak — o
andP(N) becomes a Poisson distribution whereasgffes 2 one hak — 1 andP(N) becomes the
so called geometrical distribution. It should be stressed that already we[@lave demonstrated
that, indeed, observed single particle energy distributibfts), follow Tsallis form with parameter
g coinciding with that obtained from the corresponding NB multiplicity distributié{®). In this
way parameteq occurs as some unifying factor connecting two different experimentairirdtion,
f(E) andP(N).

When dealing with heavy ion collisions one encounters situation where ot afmucleus
participates actively in the collision (usually it is given by the number of nundemarticipating in
the collision,Np). The remain part acts as spectators. However, in such situation orexpeact
that there exists some energy transfer taking place between those twaysasteown in [1, 5] this
can be accounted for by replacing temperature Egs. (3) and (4) by soneffective temperature
Tett = To+ (q— 1) Tvisc WhereTo = (T) andTyisc is parameter describing details of such energy
transfer [5]. As demonstrated in [1] the use of the notiomf allows to observe thatar(N)/(N)
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and (N) are mutually connected, see Fig. 1aTdfs depends om, the dependencéar(N)/(N)

on the number of participaniép is connected to the dependencej on Np. Accounting for the
fluctuations of accessible energy one getsdhat = Var(T)/(T)2 = (1—&)/Cy whereCy is heat
capacity and ~ Np/A is parameter depending on the size of the hadronizing source. As one can
see in Fig. 1la this is experimentally observed dependence. The se@nglexdeals with the fact
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Figure 1: Examples of obtained results [1]a) Squares were obtained from the experimentally measured
Var(N)/(N) versusNp dependence whereas circles from {h versusNp dependence. The solid line
shows our the dependence®mf 1 versusNp obtained from our considerations [1(b) Scaled variance of
the multiplicity distribution of negatively charged patés produced in p+p, semicentral C+C, semicentral
Si+Si, and Pb+Pb collisions as function of the fraction afleans participating in the collisioiNp /A. The
experimental data of NA49 are compared with our predictigee Fig. 4 of [1] for details in what concerns
references and values of parameters).

that NA49 data (see [1] for details) show thédr(N)/(N) changes rather strongly witke. For
peripheral collisions (i.e., for smallp) one observes marked deviationdr(N)/(N) from unity,
see Fig. 1b. Notice that ifN) is linear inNp thenVar(N)/(N) is constant (this is also the case if
one neglects the possible fluctuations of the full energy accessibleddugtion of secondaries).
Therefore the experimental fact thaar(N)/(N) decreases with increasiiNg indicatesnonlinear
dependence dfN) on the number of participantép.

We argue [1] that the observed system size dependenqgédsofiue to the finiteness of the
hadronizing sourceg(= 1 corresponds to an infinite, thermalized source with a fixed temperature,
whereag] > 1 corresponds to a finite source in which both the temperature and enatyate).
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