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Event-by-Event Multiplicity Fluctuations in  
Pb-Pb Collisions at CERN-LHC Energies 

Abstract 
We present a study of event-by-event multiplicity fluctuations of the produced charged particles in Pb-Pb collisions at √sNN = 2.76 TeV at 
the CERN LHC. The multiplicity fluctuations are expressed in terms of scaled variance ωch. Volume fluctuations play an important role 
when measuring the multiplicity fluctuations, and thus ωch is measured in narrow centrality bins. The results are presented as a function of 
centrality, and compared to calculations from event generators.   
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Introduction 
•  Event-by-event fluctuations of thermodynamic quantities are 

basic tools for understanding particle production mechanisms 
and for probing the QCD phase transition [1]. 

•  A large number of particles in each Pb-Pb collision at the LHC 
makes event-by-event fluctuation studies possible. 

•  Measurements at vanishing µB like at LHC energies set the scale 
of  theoretical calculations, i.e, lattice calculations, etc. 

•  Fluctuations of the multiplicity of produced charged particles is 
one of the basic fluctuation measurements, which may affect all 
other fluctuation measurements [2]. 

•  In order to extract the dynamical part of the fluctuations,  
     the statistical part has to be well understood.  
   
  Multiplicity fluctuations are usually characterized by the scaled  
  variance of the multiplicity distributions, defined as 
                                                            
                                                            
                                                           where µ and σ2 are the  
                                                           mean and variance of the  
                                                           multiplicity distribution,  
                                                           respectively. 

ωch =
σ 2
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ALICE Detector 

The detectors used for this analysis are : 
Ø  ITS (Inner Tracking System) : for vertex 

selection and tracking. 
Ø  TPC (Time Projection Chamber) : for 

tracking (within -0.8<η<0.8), for 
0.2<pT<2.0  GeV/c. 

Ø   V0 : for centrality selection; located at      
  2.8<η<5.1 and -3.7<η<-1.7  

	  
	  

	  

                                                                  Analysis strategy: 
Minimization of statistical components of multiplicity fluctuations 

•  Centrality selection : Narrow centrality bins are important for fluctuation studies. 
•  Centrality bin-width correction: The centrality bin-width effect is caused by non-uniformity  
   of charged-particle distributions. This needs to be corrected by:  

where the index i runs over each multiplicity bin, Xi are various          
moments for the i-th bin, and ni is the number of events in the i-th                        
multiplicity bin. 

X =
niXii∑
nii∑

Results 

ωch as a function of centrality, using three different bin 
sizes, is shown. The results are not bin-width corrected, 
this is to show the bin-width effect on the observable. 
The final results  (Figs 1-4) are bin-width corrected with 
0.5%-wide bins in 0-40% central collisions and 1%-
wide bins for more peripheral events. 

•  Volume fluctuations : 
 ωch is strongly dependent on fluctuations in Npart. 
 Event generator (HIJING) results are presented  
 here, using 1%  and  0.5% -wide bins. 
 Fluctuations in Npart are smaller than the total  
        fluctuations. 

Teff
ebye

	  
	  

	  

                Correction for detector efficiency   
•  Within the pT range for the analysis,  0.2<pT<2.0 GeV/c, the 

tracking efficiency (ε) is not flat with pT. 
•  In order to take care of the local efficiency effects, in each 

centrality bin, tracks are counted in pT  bins 
{0.2,0.3,0.4,0.5,0.6,0.8,1.2,1.6,2.0}.  

•  At the same time, ε has been evaluated in each pT bin. The 
corrected factorial moments are evaluated as : 

F1 = < N(xi )>=
i=1

m

∑ < n(xi )>
ε(xi )i=1

m

∑ Corrected mean, where m denotes the  
number of pT bins, i denotes each pT bin.  

F2 =
< n(xi )(n(x j )−δxix j )>

ε(xi )ε(x j )j=i

m

∑
i=1

m

∑
                                                                                       Corrected σ , 
where all the correlation terms between all the pT bins 
have been considered to evaluate the second factorial  
moment F2.  
From the  corrected µ  and σ , we get the corrected value for the 
scaled variance. 
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profile histogram for a better representative view.197

The map gives a quantitative view of the temperature198

fluctuations in the available phase space. For majority199

of the bins, the fluctuations are observed to be close to200

zero. At the same time, the map clearly shows several hot201

spots as well as cold zones. These zones may have their202

origin from the extreme regions of phase space which ex-203

isted during the early stages of the reaction. This may204

indicate that the observed fluctuations are remnants of205

the initial energy density fluctuations and are not washed206

out even till the freeze-out stage. The amount of these207

fluctuations are similar to those from hydrodynamic cal-208

culations at τ ∼12 fm. Thus within the present theretical209

framework, we can make a correspondence to the early210

stage of the collision through the hydro calculations. Fur-211

thermore, these fluctuation maps can form the basis of212

power spectrum analysis [6–8].213

In case of CMBR studies of the Big Bang, there is only214

one event, whereas in case of heavy-ion collision exper-215

iments, one has access to very large number of events.216

This can be used as an advantage in order to gain ac-217

cess to the primordial state. Event-by-event fluctua-218

tions within a narrow centrality event class is sensitive219

to the changes of the state of the matter, and give addi-220

tional thermodynamic information. For example, event-221

by-event temperature fluctuations are related to the heat222

capacity (Cv) of the system [10–16]:223

C−1
v = (∆T ebye

eff /⟨T ebye
eff ⟩)2, (2)

where T ebye
eff is the effective temperature, obtained on224

an event-by-event basis. At LHC energies, central Pb-225

Pb collisions produce large number of particles in each226

event, which makes the event-by-event analysis of sev-227

eral observables within the reach of the experiments. We228

have constructed pT distributions of charged pions in229

each event for a large number of AMPT events corre-230

sponding to 0-5% centrality. The pT spectrum for each231

event is fitted with Maxwell-Boltzmann function to ob-232

tain T ebye
eff . The distribution of T ebye

eff , fitted with a Gaus-233

sian distribution, is shown in Fig. 5, which gives the mean234

and sigma as 182 MeV and 14.6 MeV respectively, which235

yields Cv = 155.4 for the system at freeze-out. This236

method opens up a new avenue for accessing the thermo-237

dynamic parameters.238

We discuss the following effects which can affect tem-239

perature fluctuations:240

Mean pT: Similar fluctuation maps may be constructed241

from fluctuation of mean transverse momentum (⟨pT⟩) of242

pion spectra. However, ⟨pT⟩ may not be a good measure243

of the temperature [12].244

Event plane orientation: Event plane orientation is245

necessary for studying bin to bin fluctuations, especially246

for non-central collisions. For the present study, AMPT247

events are event plane oriented.248

Flow effect: Fourier decomposition of the momentum249

distribution in transverse plane yields a φ–independent,250
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FIG. 5. (Color online). Event-by-event distribution of T ebye
eff

for pions within central rapidity and full azimuth for central
Pb-Pb collisions at

√
sNN = 2.76 TeV using AMPT model.

axially symmetric radial flow component and a φ–251

dependent part containing the anisotropic flow coeffi-252

cients. For most central collisions and within a nar-253

row centrality bin, radial flow remains similar for all the254

events and the anisotropic flow components do not affect255

the slope of the pT distribution.256

Final state effects: Final state effects, such as res-257

onance decay, hadronic rescattering tend to make the258

pT spectra softer, mostly below 0.5 GeV. For this rea-259

son, the fit range is chosen to be 0.5 GeV to 1.0 GeV.260

Finite multiplicity effect: Pb-Pb collisions at LHC en-261

ergies produce a large number of particles which are ad-262

equate for event-by-event studies. The number bins in263

constructing the map should not be too large as to avoid264

the empty bin effect.265

Number of y–φ bins: The limitation of choosing the266

number of bins is constrained by detector resolutions of267

experiments. This is tested the by choosing several y–268

φ bins (16×16, 16×24 and 16×36). The bin to bin tem-269

perature fluctuations reamin within 1.3% to 1.9%.270

Event averaging: Map making involves constructing271

pT spectrum in a given y–φ bin by including particles272

from a large number of events. As the final spectrum is273

event averaged, the averaging does not affect the deter-274

mination of slope parameters.275

Species dependence: As the particle production mech-276

anism of baryons, mesons and strange particles are dif-277

ferent, species dependence of temperature fluctuations278

may provide extra information of their freeze-out hyper-279

surfaces. If the origin of the temperature fluctuations are280

solely due to initial state fluctuations, this will be evident281

in the species dependence of temperature fluctuations.282

Viscosity effect: Viscosity tends to dilute the fluctua-283

tions. The SM version of AMPT includes the effect of284

viscosity (η/s ∼ 0.15 at T=436 MeV [26, 29]). Analysis285

using viscous hydrodynamic model is in progress.286

In conclusion, we have shown that temperature fluctu-287

ation maps, similar to the ones in CMBR experiments,288

offer a novel way of representing data from heavy-ion col-289
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Figs 1-3 show the µ, σ and ωch as a function 
of Npart. (Statistical uncertainties are 
calculated with the Delta theorem [4] and 
are within the data points.). µ and σ increase 
with increasing centrality. We observe a 
weakly decreasing trend for ωch from 
peripheral to central collisions. 

Fig 4 shows the comparison of data with 
results from HIJING and AMPT string 
melting models. Whereas the ωch values 
from data decrease from peripheral to 
central collisions, the trend observed in 
the models is different.   

Ø  A detailed event-by-event study of fluctuations in the multiplicity of  
    charged  particles has been carried out using data from ALICE. 
Ø Volume fluctuations i.e, ωNpart are close to unity. 
Ø Multiplicity fluctuations are presented as a function of centrality. It is  
    seen that  ωch decreases from peripheral to central collisions, 
    with a value significantly larger than unity. 
Ø Results are compared to HIJING and AMPT event generators. 
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