
Event-by-Event Fluctuations

� What are E-by-E fluctuations?

� Fluctuations in a thermal system

� What can be and is being measured?

� Some results and their interpretation



Phase diagram

Z. Fodor et al., PLB



How to study

� Characterize the system

� Spectra, collective expansion (QGP)

� Response functions (fluctuations) (QGP, Matter )

� Probe the system

� Photons and di-leptons (QGP, chiral)

� Charmonium (QGP)

� Jets (QGP)



Particle Spectra



Particle Ratios
(Chemical equilibrium)

K. Redlich et al.



Statistical approach

Au+Au

(STAR)  



The mother of all thermal spectra



COBE

Fluctuations at the level of 10-5  !!!



Event-by-Event fluctuations

Number of events

Observable <O>



Event-by-Event fluctuations

Old idea: distinct event classes After several experiments (NA49, STAR...)

GAUSSIANS

Physics is in the WIDTH of the Gaussian!



Event-by-Event

 The physics is in the width

 E-by-E measures 
 2-particle correlations

<x2>

<x>



Susceptibilities
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Fluctuations and correlations
(A. Bialas and v.k.)
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Event-by-Event averages:

Inclusive averages:
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Event-by-Event fluctuations
measure many particle correlations



Fluctuations in thermal system 
example: charge fluctuations
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Fluctuations of rare particles

Consider: F 2
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Equilibrium: Pn , eq.
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Charge conservation needs to be taken into account explicitly: Canonical treatment
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U1 for Poisson statistics



Towards real life

p

dN/dp
Remember ideal gas:
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Fluctuations: X n p Y n p Z n p

Global fluctuations are due to 
“local” fluctuations of the particle 

numbers 
in each momentum bin! 



Towards real life II
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Basic Correlator

Basic correlator: lnm , o p , q p q nm p q n o q
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Fluctuations of ratios
Most intensive observables are ratios:

pt
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Statistical background

Finite number statistics:
subtract/divide/remove....  statistical background
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All we need is ....

«
¬ , ­ p , q

Or: one-particle and two-particle inclusive densities



Pt - Fluctuations
Related to energy fluctuations:

Landau, Vol. 5: 

But many other sources as well

Need excitation function

Entropy

T,EBEAM

® E 2 ¯ T 2 C V



Pt-fluctuations
CERES, nucl-ex/0305002

iso-scalar

iso-vector

40 GeV

130 GeV



pt-fluctuations
Are we missing the boat?

T

entropy

Tc

“ideal gas”

“ideal gas”

Beam-Energy

Φ(pt)

Ec

RHICSPS
0



Charge Fluctuations
Poisson (classical ideal gas): ° N 2 ± N 2 ² N 2 ³ N

´ Q 2 µ Q2 ¶ Q 2 · q 2 N 2 ¶ N 2 · q 2 ´ N 2 · q 2 N

Square of charge enters!!

Charge Fluctuations:

Hadrons: Quarks:
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 Fluctuations are sensitive to
 fractional charges

 of quarks!!!!



Charge Fluctuations
(Asakawa et al, Jeon et al.)
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Need to get rid of  particle number (N) dependence to be sensitive to 
fractional charges
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Charge fluctuations, correlators and 
Balance functions
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Balance function:
(Bass et al.)
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Charge Fluctuations 
Exp. Data

Phenix, PRL STAR

Centrality

Resonance gas 
(is probably somewhat higher, M. Doering)
Constituent quarks? (Bialas)

Charge conservation



Charge Fluctuations

STAR



Pt-fluctuations

iso-scalar

iso-vector

Iso-vector pt fluctuations are related to charge fluctuations!



Balance Functions
STAR

trend consistent with charge fluctuations

clusters of constituent quarks?
(Bialas)



Equilibrium?

K. Redlich et al.



Statistical approach

Au+Au

(STAR)  



Who has ordered that??
(Becatini et al)

Proton Proton

also: e+e-



Matter or not?

V0

V0

V0
V0

MatterIndividual collisions



Do we have Matter?

p+p

p+p

P+p

p+p

Ú

A Û A

Ü Ú

p Û p
Look at observables which are phase space suppressed in p+p

Example: Omega production

Strangeness conservation 
over small volume

Strangeness conservation
over LARGE volume



Strangeness equilibrium at SPS ?

V0

V0

V0V0

NA57

Redlich et al.



Strangeness equilibrium at RHIC ?
(A. Majumder)

Need to measure 5 OMEGAS per event!!!! 



 2-particle correlations are misleading
(A. Majumder)

Ý N 2Þ N grand canonical???

NO! many binomials make a Poisson!

N

P(N)

0 1 2

Either 0 or 1 Omega from 
each sub-domain



No U(1) 
conservation

}Factor 2

Equilibrium at SIS-energies (2  GeV)



Summary

ß Fluctuations measure response of system

ß Event-by-event fluctuations simple measure 2 particle 
correlations

ß Fluctuations:

à  Do we see the fractional charges? 

à Understand slight increase of trans. mom. fluctuations

ß Equilibrium: Have we generated matter?

ß Fluctuations are NEW approach. 

ß All we need are the 2-particle correlation functions


