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Mo-va-on	  :	  Fluctua-ons	  in	  Par-cle	  Mul-plicity	  	  

•  QCD	  phase	  transi.on	  can	  manifest	  itself	  by	  characteris.c	  behavior	  of	  several	  
observables	  which	  may	  vary	  drama.cally	  from	  one	  event	  to	  the	  other.	  

	  
•  Mul.plici.es,	  Average	  transverse	  momenta,	  par.cle	  ra.os	  and	  conserved	  quan..es	  are	  

basic	  fluctua.on	  measures.	  	  

•  Fluctua.ons	  are	  usually	  characterized	  by	  scaled	  variances.	  	  
	  
•  Dynamical	  fluctua.ons	  (other	  than	  the	  sta.s.cal	  fluctua.on	  and	  fluctua.on	  in	  the	  

number	  of	  par.cipants)	  may	  provide	  insights	  on	  the	  intrinsic	  mechanisms	  of	  the	  par.cle	  
produc.on.	  	  

Multiplicity fluctuations studied 
in WA98, NA49, CERES, 
PHENIX,PHOBOS, NA61 
experiments …. 
 
This work is the First time study at 
LHC …. 

Scaled variance can be defined as: 

< Nch >=
Nch∑
n

Var(Nch ) =σ ch
2 =< Nch

2 > − < Nch >
2

Where,	  
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P(n) = Γ(n+ kNBD )
Γ(n+1)Γ(kNBD )

(µ / kNBD )
n

(1+µ / kNBD )
n+kNBD

where,µ =< Nch >

σ 2 = µ +µ 2 / kNBD

 Charge particle multiplicity distributions 
 can be described by negative binomial : 

Scaled variance can be defined as: 

ωch =1+
µ
kNBD

Definitions  

ωch =
σ 2

µ

µà Mean, 
σ2 à Variance 
of the charged particle 
multiplicity distributions. 

Distribution-parameters 
are connected to 
fluctuations : 

µ 

σ 
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•  Variance is directly related to isothermal compressibility (kT) of the 
system formed in heavy ion collisions.. 

σ N
2 =

kBT < N >2

V
kT

Clear signature of the critical behaviour is possible to observe 
by looking  for the expected power law scaling of kT : 

kT∞
T −TC
TC

#

$
%

&

'
(

−γ

∞ε−γ

 <N> : mean multiplicity 
 kB :  Boltzmann’s 
constant. 

 γ : critical exponent 
for kT 

kT is expected to increase by at least an order of magnitude close to the 
QCD critical point. 

We	  can	  es-mate	  the	  value	  of	  kT	  from	  measurement	  of	  scaled	  variance.	  

Mo-va-on	  :	  Fluctua-ons	  in	  Par-cle	  Mul-plicity	  	  
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Mo-va-on	  :	  Fluctua-ons	  in	  Par-cle	  Mul-plicity	  	  

•  Model	  calcula-ons	  with	  Colour	  Glass	  Condensate	  (CGC)	  ini-al	  energy	  
distribu-ons	  have	  shown	  that	  ,experimental	  mul-plicity	  distribu-ons	  from	  d
+Au	  collisions	  at	  RHIC,	  are	  beaer	  explained	  if	  mul-plicity	  fluctua-ons	  are	  
included.	  	  	  

	  	  	  	  (Ref	  :	  Adrian	  Dumitru	  and	  Yasushi	  Nara,Phys.	  Rev.	  C	  85,	  034907	  (2012))	  
	  

•  Various	  moments	  of	  the	  eccentricity	  of	  the	  collision	  zone	  in	  nucleus-‐nucleus	  
collisions	  may	  be	  affected	  by	  mul-plicity	  fluctua-ons	  in	  NN	  collisions.	  

	  	  	  	  	  (Ref:	  A.	  Chaudhuri,	  Phys.	  Rev.	  C	  87,	  034908)	  
	  

•  Entropy,	  and	  in	  turn,	  mul-plicity	  fluctuate	  from	  event	  by	  event	  due	  to	  
hydrodynamic	  evolu-on	  of	  the	  system.	  	  

	  	  	  	  	  	  (Ref	  :	  T.Hirano,	  QM	  2014,	  Nuclear	  Physics	  A	  931	  (2014)	  c831).	  	  
	  	  	  	  	  Thus,	  measurement	  of	  mul-plicity	  fluctua-on	  is	  very	  important.	  

Maitreyee	  Mukherjee	  

5	  

ALICE-‐India	  Mee-ng	  



MULTIPLICITY FLUCTUATIONS 

Statistical Fluctuations 
(have direct impact on 
Other measured 
quantities.) 

Fluctuations having 
Dynamical Origin 
(of Physics interest) 

•  Choice of Centrality 
•  Fluctuations in Npart 

•  Effect of limited acceptance of detector 

MAIN SOURCES 

Prescription : Minimize statistical contributions as much as possible. 
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ANALYSIS FLOW-CHART 

Minimum bias Events 

Vertex-Selection 

Centrality selection 

Track selection 

Results from Multiplicity Distributions 

Proper efficiency and contamination corrections 

Statistical Error Estimation with proper efficiency corrections 

Systematic effect Study 

Corrected final results for fluctuations 

Centrality binwidth corrections of the results 
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	  	  	  ALICE	  DATA	  ANALYSIS	  :	  CUTS	  USED	  
	  	  	  	  (LHC	  10h	  pass2	  AOD086)(~14M	  events)	  

Event	  cuts	  used	  :	  	  
Trigger:	  Minimum	  bias	  trigger	  (kMB)	  
Vertex	  cut:	  (Vx,	  Vy,	  Vz)	  <	  (0.3,	  0.3,	  10)cm	  	  	  
Centrality	  es-mator:	  VOM	  
AliCentrality	  class	  used	  for	  centrality	  informa-on	  	  
	  
Track-‐cuts	  used	  :	  
Hybrid-‐track	  cuts	  (n	  272)	  
TPC-‐Only	  track-‐cuts	  (n	  128)	  
DCAxy	  <	  2.4	  cm	  
DCAz	  <	  3.2	  cm	  
Number	  of	  clusters	  >	  80	  
Χ2/ndf	  <	  4	  
Acceptance:	  	  
•	  	  	  	  -‐0.8	  <	  eta	  <	  0.8	  	  
•	  	  	  	  0.2	  GeV/c	  <	  pt	  <	  2	  GeV/c	  	  
	  

MC Analysis : With 
LHC 11a10a bis_AOD090 
~1.8M events 
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Centrality Selection 
•  Multiplicity distributions are centrality dependent 
•  Multiplicity fluctuations need to be estimated for narrow bins in 

centrality to avoid centrality bin width effects. 
•  Need good centrality resolution for the estimator ALICE Collaboration: 

PRC 88 (2013) 

•  Vzero amplitude (V0A+V0C) provide the best centrality resolution and 
has been used for centrality determination in the present work. 
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Centrality Binwidth Effect 

•  It	  is	  evident	  that	  for	  centrality	  from	  0%	  to	  40%,	  one	  needs	  to	  take	  0.5%	  
centrality	  bin,	  and	  from	  40%	  and	  beyond,	  1%	  centrality	  bin	  width	  is	  fine.	  

•  The	  final	  results	  will	  be	  shown	  for	  5%	  bins	  throughout	  –	  aver	  bin	  width	  
correc-ons.	  

X = ∑i
k niXi

∑i
k ni

=∑i
k wiXi

Centrality is 
selected  
here from V0-
Amp 
(AliCentrality 
class) 

Centrality (%)
0 10 20 30 40 50 60

ch
ω
1

2

3

4

5

6 1% bin width

0.5% bin width

0.25% bin width

 = 2.76 TeVNNsPb-Pb 
c < 2.0 GeV/

T
p0.2 < 

 < 0.8η-0.8 < 

uncorrected

no stat. errors

Arises	  due	  to	  non-‐uniformity	  in	  charge-‐par-cle	  distribu-ons.	  
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Data	  clean-‐up	  
Several	  things	  tried.	  Almost	  all	  run	  
numbers	  have	  a	  few	  uncorrelated	  
events.	  So	  it	  is	  very	  difficult	  to	  
cleanup	  the	  data.	  

~400K	  events	  

0.014% uncorrelated  
events 

Run number-by-run number 
analysis done. 
Only 13 runs taken having 
no outliers. 

Investigation done how 
it affects the final 
result. 

=>	  Down	  to	  Npart~50,	  cleaned	  and	  
ALL	  events	  give	  same	  results	  
=>	  Decision:	  Results	  are	  shown	  down	  to	  
Npart~50.	  

Difference ~ 0.5-1%. Added as  
systematics. 
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Correction for detector-inefficiency  

! = !"#$%&!!"!!""#$%#&!!"#$%&!!"#$!!"#$%"&!!"#$%&'()
!"#$%&!!"!!""!!"#$%"&!!"#$%&'() !

!

Detector 
Efficiency 

For ALL charged particles, efficiency ~ 80%. 
 
But for ALICE, ε is not a constant, rather has a non-flat pT-dependence. 

To correct for local efficiency-effects, equations used are : 

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

m

∑ < n(xi )>
ε(xi )i=1

m

∑

F2 =
< n(xi )(n(x j )−δxix j )>

ε(xi )ε(x j )j=i

m

∑
i=1

m

∑

 σN
2 = F2 + F1 – F1

2  

•  Efficiency-factors include contamination 
effect too. 

•  Transverse-momentum binning used : 
(0.2,0.3,0.4,0.5,0.6,0.8,1.0,1.2,1.6,2.0) 
GeV/c 
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Systematic error : sources 

Sources	  of	  errors	   	  	  	  	  Mean	  (μ)	   	  	  	  	  Sigma	  (σ)	   Scaled	  Variance	  	  	  
(ωch)	  

Diff.	  Track-‐cuts	   	  	  	  	  	  	  	  3.5-‐4.8%	   	  	  	  	  	  	  3.8-‐6%	   	  	  	  	  	  4-‐7.5%	  

MC-‐closure	   	  	  	  	  	  	  	  ~0.01%	   	  	  	  	  	  	  ~0.7%	   ~1.4%	  

Diff	  vertex-‐cuts	   	  	  	  	  	  	  0.1-‐0.5%	   	  	  	  	  	  	  	  ~0.5%	   	  	  	  	  0.1-‐0.8%	  

Removal	  of	  Vx,Vy	  
cuts	  

	  	  	  	  	  	  ~0.10%	   	  	  	  	  	  	  ~0.20%	   	  	  	  	  	  ~0.5%	  

Mag.	  Polarity	  
(posi.ve)	  

	  	  	  	  	  	  	  0.1-‐0.5%	   	  	  	  	  	  0.1-‐0.7%	   	  	  	  	  0.1-‐0.8%	  

Mag	  polarity	  (neg)	   	  	  	  	  	  	  	  0.1-‐0.7%	   	  	  	  	  	  	  	  0.5-‐1%	   	  	  	  	  0.8-‐1.5%	  

Data	  cleanup	   	  	  	  	  	  	  	  0.1-‐0.5%	   	  	  	  	  	  	  	  0.3-‐0.8%	   	  	  	  	  0.9-‐1.5%	  

DCAxy	   	  	  	  	  	  	  	  0.5-‐0.9%	   	  	  	  	  	  	  	  0.8-‐1.2%	   	  	  	  	  1.3-‐1.6%	  

DCAz	   	  	  	  	  	  	  	  0.4-‐0.9%	   	  	  	  	  	  	  	  0.7-‐1%	   	  	  	  	  1.2-‐1.7%	  

	  	  	  	  	  	  	  	  Total	   	  	  	  	  ~3.5-‐5%	   	  	  	  	  	  	  ~4-‐6%	   	  	  	  	  	  	  ~6-‐8%	  

Overall	  systema-c	  added	  to	  mean,	  sigma	  and	  scaled	  variance	  :	  5%,	  6%	  and	  8%.	  
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FINAL RESULTS (changes after preliminary) 

〉partN〈
0 50 100 150 200 250 300 350 400 450
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 = 2.76 TeVNNsPb-Pb 
c < 2.0 GeV/

T
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 < 0.8η-0.8 < 

〉partN〈
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Figure	  for	  Paper	  

Figure	  for	  Paper	  
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FINAL RESULTS (changes after preliminary) 
Figure	  for	  Paper	  

〉partN〈
0 50 100 150 200 250 300 350 400 450

ch
ω

1

2

3

4

5

6

7

Systematic uncertainties

 = 2.76 TeVNNsPb-Pb 
c < 2.0 GeV/

T
p0.2 < 

 < 0.8η-0.8 < 

Scaled	  variance	  decreases	  slowly	  from	  peripheral	  to	  central	  collisions.	  
Value	  of	  the	  scaled	  variance	  vary	  within	  ~2.5	  to	  4.	  
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Acceptance-effect study 

Theoretical estimation assumes: there is no significant correlations present over the 
acceptance-range. 
 
Advantage of using this formula: We can know value of the observable at any 
η, by only knowing µacc. 
 
Estimation using the formula has been superimposed here. 
Observation : Calculation matches the results within systematics. 

(PHENIX collaboration, arxiv : 0805.1521) 

Estimation: 
 
ωacc=1+facc(ωch-1), where,  
 facc  = µacc/µch 
 

Figure
	  for	  Pa

per	  
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 Study with different transverse-momentum ranges 

Estimation: 
 
ωpT=1+fpt(ωref-1), where,  
 fpt  = µpt/µref 
 

(PHENIX	  collabora.on,	  arxiv	  :	  0805.1521)	  

No significant pT-dependent dynamical fluctuations have been observed. 
 
Advantage of using this formula: We can know value of the observable at any 
pT, by only knowing µpt. 
 
Estimation using the formula has been superimposed here. 
Observation : Calculation matches the results within systematics. 

Figure
	  for	  Pa

per	  
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Comparison with Models 

Cent-‐selec-on	  for	  
blue	  and	  black	  
points	  

•  Blue	  and	  black	  points	  :	  Centrality	  selected	  from	  
primary	  charge-‐par-cle	  distribu-on	  within	  2.8<η<5.1	  
and	  -‐3.7<η<-‐1.7.	  	  	  

•  Red	  points	  :	  Centrality	  is	  selected	  from	  AliCentrality	  
class.	  

Neither	  HIJING,	  nor	  AMPT-‐SM	  can	  describe	  the	  trend	  from	  data,	  though	  
the	  results	  from	  the	  models	  are	  of	  comparable	  values	  as	  from	  data.	  

Figure	  for	  Paper	  
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 Comparison with results from lower energies 

 Analysis done with same acceptance-ranges as PHENIX-experiment. 
 
 Observation : Mean is much higher in ALICE than PHENIX. 
 Scaled variance is higher in ALICE, following almost same trend as PHENIX. 
 
Possible explanations : Because of larger multiplicity, initial state fluctuation  
increases. Also, the correlations coming from resonance decays may affect 
the result..(Ref : G.V.Danilov and E.V.Shuryak (arxiv : nucl-th/9908027)). 

Figure	  for	  Paper	  

Maitreyee	  Mukherjee	  

19	  

ALICE-‐India	  Mee-ng	  



Es-ma-on	  of	  Npart-‐fluctua-on:	  

ωch	  =	  ωn	  +	  <n>	  ωNpart	  

Phys.	  Reports	  2001	  
H.	  Heiselberg	  

•  Volume	  fluctua.on	  or	  fluctua.on	  in	  Npart	  directly	  affects	  the	  measured	  charged	  
par.cle	  fluctua.ons.	  	  

	  

•  By	  choosing	  narrow	  bins	  in	  centrality,	  fluctua.on	  in	  Npart	  has	  been	  minimized.	  In	  
our	  case,	  fluctua.on	  in	  Npart	  is	  close	  to	  unity.	  	  

<n>	  	  is	  mean	  mul.plicity	  of	  hadrons	  from	  a	  
nucleon-‐nucleon	  source.	  
ωNpart	  	  	  is	  fluctua.on	  in	  Npart.	  

	  

ωch	  	  is	  strongly	  dependent	  on	  fluctua.on	  in	  
number	  of	  par.cipants.	  	  

>part<N
50 100 150 200 250 300 350 400 450

pa
rt

Nω

1−

0.5−

0

0.5

1

1.5

2

2.5

3

3.5

Uncorrected result (5% centrality bin)
Binwidth-corrected result (corrected with 1% bin)

 = 2.76 TeVNNsPb-Pb 
c < 2.0 GeV/

T
p0.2 < 

 < 0.8η-0.8 < 
HIJING
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Mean changes 
within 1% 
mostly at the 
edges. 
 
Sigma 
changes 
within 1-3%. 
 
Scaled 
variance 
varies within 
3-6%. 
 

 Resolution effect ? 

Number	  of	  events	  at	  same	  centrality	  
are	  not	  same…..	  
Probably	  should	  be	  tried	  in	  some	  
different	  way,	  if	  this	  effect	  has	  to	  be	  
included.	  
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Paper Proposal: 

Title: 
     Charge particle multiplicity fluctuations in Pb-Pb 
     collisions at \sqrt s_{NN} = 2.76 TeV in ALICE 
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ARC members : Stefan Thomas Heckel, Alis Rodriguez Manso 
 
Suggested IRC members : will be decided by the conveners 
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BACK-UP SLIDES 
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Systema-c	  Errors	  :	  Mean	  
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Systema-c	  Errors	  :	  Sigma	  
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Systema-c	  Errors	  :	  Scaled	  Variance	  
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ISSUES WITH THE ANALYSIS : Discussion on possible biases 

Worry :The centrality selection biases the multiplicity distributions 
and constrains the possible fluctuations. 

Prescription : To select centrality using ZDC, so that we can fix Npart. 

Results are from 
data and 
bw-corrected. 
 
Resolution of 
ZDC poor. 
Volume fluctuation 
is very high 
in this case. 
 
No MC available. 
Efficiecy-correction 
not possible. 
 
Decided not to use 
ZDC for this 
Analysis. 
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Trial for Data cleanup of uncorrelated events using <V0-Multiplicity> 

0-5% centrality considered 

Considering	  run	  no’s	  
for	  which	  <V0>	  <=18300	  

Considering	  run	  no’s	  
for	  which	  <V0>	  >18300	  

~3.9M	  events	  

~9.4M	  events	  

Still not cleaned-up !!! 

Run numbers 

Left 

Right 
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Trial for cleanup of uncorrelated events using <Nch> 

 µ = 1825 
 σ = 7.149 

Excluding run no’s  
for which <Nch> > µ±σ 

~12M	  events	  

0-5% centrality considered 

Still not cleaned-up !!! 

Run numbers 
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Comments:	  
Almost	  all	  run	  numbers	  have	  a	  few	  uncorrelated	  events.	  So	  it	  is	  very	  difficult	  to	  
cleanup	  the	  data.	  

It	  is	  then	  obviously	  wise	  to	  do	  run	  	  number-‐by-‐run	  number	  analysis	  and	  remove	  	  
all	  the	  run	  numbers	  that	  are	  responsible	  for	  the	  uncorrelated	  events.	  
	  

So,	  we	  	  take	  only	  13	  runs	  (~400K	  events)	  which	  have	  no	  outliers.	  
	  
This	  has	  been	  taken	  only	  to	  verify	  whether	  there	  be	  any	  effect	  on	  
The	  final	  result	  if	  only	  cleaned-‐up	  sample	  is	  used..	  

~400K	  events	   Cleanup done considering 
only 13 run numbers, 
i.e, ~400K events. 
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Comparison between cleaned events (~400K) and ALL events 
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=>	  Down	  to	  Npart~50,	  cleaned	  and	  
ALL	  events	  give	  same	  results	  
	  
We	  can	  show	  results	  from	  cleaned	  event	  
all	  throughout	  or	  if	  we	  take	  ALL	  events	  –	  
then	  we	  show	  from	  Npart>50.	  
	  
=>	  For	  today:	  Results	  are	  shown	  from	  
central	  to	  peripheral,	  down	  to	  Npart~50.	  
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 MC-results from Variable transverse momentum-bin study 
    with proper efficiency and contamination correction 

Efficiency factors : 

centrality (in 1% bins)0 10 20 30 40 50 60 70 80 90
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 Transverse-momentum binning used : (0.2,0.3,0.4,0.5,0.6,0.8,1.0,1.2,1.6,2.0) GeV/c 
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•  Sta-s-cal	  errors	  have	  been	  es-mated	  using	  delta	  theorem,	  with	  the	  
use	  of	  raw	  moments	  and	  factorial	  moments.	  	  

•  Proper	  efficiency	  correc-on	  for	  the	  factorial	  moments	  done.	  
•  Covariance-‐term	  has	  been	  included	  during	  	  sta-s-cal	  error	  

es-ma-on.	  

Eff	  Eff	  
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Discussion on possible biases 

Mean, sigma and scaled variance 
matches  well even if we use 
different eta-window. 
 
Centrality selection using 
multiplicity from a different  
eta-window does not bias the 
final result. 
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