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Experiment

Experimentally this means event by event analysis of data
> Very precise determination of collision centrality

> Good understanding of acceptance and resolution



Thermal Model

- Statistical ensembles are equivalent under the thermodynamic limit

- @Grand canonical ensemble often sufficient
- Canonical effects only become important when only few particles are

produced
- Quantum statistics effects are generally small (10% for pions)

But: all this changes when one is interested in multiplicity fluctuations
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Canonical Ensemble
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Very fast convergence to
asymptotic values for a
neutral sytem !
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Quantum effects can be quite large,
even in a neutral system!
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> No practical analytical solution is known
> Only in Boltzmann approximation is an analytical reduction of integrals possible

> heavily oscilating integrand makes numerical evaluation expensive

A.Kerénen, F.Becattini, Phys.Rev. C 65 (2002) 044901 10



the state we are interested in :

number of all states with £, Q P, and N
number of all states

with normalization :

). P number of all states with E, Q P
number of all states

and finally our distribution :
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Central Limit Theorem Expansion
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Detection Probability

multiplicity of particle k in this channel

branching ratio of resonance | into c_k particles k
number of detected particles

corrected branching ratio
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(again)
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,Uncorrelated detection” P_(n,N) = q"(1—¢)""
n!/(N—n)!
Distribution of detected particles P(n) = Y P, (N)P,(n,N)
N=n
with scaled variance w, =1—qg + quw,,

This would be exact only in (Boltzmann) GCE and CE.
Valid for any type of distribution.
Transfroms Poissonians into Poissonians.

Certainly only a approximation, if particles are correlated in momentum
space.
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Data is well described by our MCE model !

However :

There should be energy fluctuations !
How good is acceptance scaling in MCE ?
How would flow change our results ?
What about chemical non-equillibrium ?
Phase transition ?

What about clusters ?
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=

Scaled Variance

inite-VoelumerGorrectiong s

Gram Charlier Expansion
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Comparison is half hearted,
since different particle tables
were used!

Microscopic correlator
method and Central limit
theorem expansion agree
,on the dot®. (same table!)
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Microscopic correlaor (GCE and CE)
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GCE correlator
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<(ANk)2>: Zl<Anp,kAnq’l> 2
P9, > _<(ANI<) >
<Nk>:z<np,k> W

V.Begun, M.Gorenstein, O.Zozulya, Phys.Rev. C 72 (2005) 014909 >



Microscopic Correlator

Branching ration of channel r of

=] (Z p* 1] A?i,r)NR r resonance R
o .
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s Psadoerintensive

Reservoir, CE or MCE
GCE is defined as a small

. subsystem of a large reservoir

Variance is an extensive quantity,

N
2 2 2 2 2
D"=(N")—(N) ¢;<Nk>—<Nk> but not additive

M M
D’=([AN[»=>.>(AN,AN,) Correlators vanish only in GC
k=1 [I=1
, , Hence scaled variance is not
0= (N)=(N) intensive, since different in
(N) different ensembles, but

pseudo intensive
F.Becattini, L.Ferroni, T.Gabbriellini, Phys.Rev. C 72 (2005) 064904
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