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Motivation 

B. I. Abelev et al,  Phys. Rev. Lett. 103, 092301 (2009) 

            Particle Ratio Fluctuations 
 Related to strangeness and baryon 

number fluctuations 

 Look for non-monotonic behavior of 
the fluctuations near critical point  

 

            Charge Balance Function 
 Sensitive to the charge formation 

time and relative diffusion 

 A probe for charge production 
mechanism  
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K/ π fluctuation 



Observable - Fluctuations  
Our observable is νdyn,Kπ, which measures how 

correlated the event-by-event distributions are 

 

 

 

NA49 uses σdyn 

 

 

With enough statistics and large denominator 
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 (K++K-)/(π++π-) 

 

 STAR results are calculated 
via νdyn,Kπ using the most 
central events (0 - 5%) 

 

 STAR data show no 
significant energy 
dependence 

 

 There appears to be a 
disagreement between 
STAR and NA49 results 
below 19.6 GeV 

 

 The UrQMD model shows 
little energy dependence 
and over-predicts the 
fluctuations 

K/π Fluctuations 
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NA49:   C. Alt et al. Phys. Rev. C 79, 044910 (2009) 

STAR:   Terence Tarnowsky,SQM 2011 



 (p+   )/(π++π-) 

 

 STAR results are calculated 
via νdyn,pπ using the most 
central events (0 – 5%) 

 

 STAR results show a smooth 
decrease with decreasing 
incident energy 

 

 There is good agreement 
between STAR and NA49 
results 

 

 The UrQMD model agrees 
with the data at low energy, 
but changes sign at high 
energy 

p/π Fluctuations 
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NA49:   C. Alt et al. Phys. Rev. C 79, 044910 (2009) 

STAR:   Terence Tarnowsky,SQM 2011 



 (p+   )/(K++K-) 

 

 STAR results are calculated 
via νdyn,pK  using the most 
central events (0 - 5%) 

 

 STAR results decrease 
smoothly with decreasing 
incident energy 

 

 The seems to be 
disagreement between 
STAR and NA49 results at 
7.7 GeV 

 

 The UrQMD model over-
predicts the fluctuations 
and changes sign at high 
energy 

p/K Fluctuations 
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NA49:   T. Anticic, et al  arXiv:1101.3250v2  [nucl-ex] 

STAR:   Terence Tarnowsky,SQM 2011 



Scaling properties of fluctuation 

Phys. Rev. C 81, 034910 (2010) 
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Poisson scaling 

Particle number scaling 

NK scaling 

Nπ scaling 

Geometric scaling 



 Scale STAR results by actual number 
of particles used by STAR in the νdyn 

calculations 

 

 The energy dependence of p/π and 
p/K fluctuation can’t be explained 
by simple multiplicity scaling 
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Scaling Properties of Fluctuations 



 STAR results are 
calculated via νdyn 

 

 K+/π- is strongly negative 
due to decays, possible 
candidate is 

 

 

 

 K+/π+ is also negative, 
needs further study to 
investigate the origin 

 

 UrQMD qualitatively 
agrees with the data 

Charge Dependent K/π Fluctuation 
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*(892)K K   



 STAR results are calculated 
via νdyn 

 

 Both same and opposite 
sign fluctuations are 
negative 

 

 Unstable particle decays 
like Δ might introduce more 
correlations for opposite 
signs 

 

 UrQMD over-predicts the 
fluctuations 

Charge Dependent p/π Fluctuation 
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 STAR results are 
calculated via νdyn 

 

 Both same and opposite 
sign fluctuations are 
negative 

 

 Disagreement between 
STAR and NA49 p/K+ 
results 

Charge Dependent p/K Fluctuations 
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NA49:   T. Anticic, et al  arXiv:1101.3250v2  [nucl-ex] 



Observable – Balance Function 

 The balance function is a conditional probability that a 
particle a in the bin p1 will be accompanied by a particle b 
of opposite charge in the bin p2 

 

 

 It can be written as 

 

 

 The width of balance function is calculated via weighted 
average  
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Balance Function 

• Most central (0-5%) events 
only 

 

• Shuffled events are created 
by shuffling charges in a 
given each event 

• Data are narrower 
than shuffled events 
at all energies 
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Weighted Average 
 Most central (0-5%) events only 

 

 Remove lowest bin when 
calculating <Δη> to reduce 
HBT/Coulomb effects 

 

 Both data and UrQMD show a 
smooth decrease with increasing 
collision energy, indicating 
stronger correlations at small Δη  

 

 Shuffled event widths also 
change with energy due to 
acceptance  

 

 Balance function width is 
sensitive to flow and breakup 
temperature 
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W Parameter 
 200 GeV central (0-5%) events 

 

 Plot <Δη> and W v.s. |η| acceptance  

 

 Data and shuffled events show different |η| 
acceptance dependence 

 

 W parameter shows a strong acceptance 
dependence 
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midrapidity 

forward 

rapidity 

W Parameter 
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 The NA49 results agree well with 
STAR (|η|<0.7) at low energies 

 

 Data show a smooth increase of 
W with increasing beam energy, 
which is consistent with the 
<Δη> results 

 

 UrQMD reproduces the observed 
trend in W but predicts a much 
smaller value of W, 
corresponding to a much larger 
width 

NA49 
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NA49:   C. Alt et al. Phys. Rev. C 76, 024914 (2007) 



 Particle Ratio Fluctuations 

 K/π fluctuations show no energy dependence, while p/π and p/K 
fluctuations show a smooth decrease with energy. Overall, no non-
monotonic behavior with energy is observed 

 

 Simple multiplicity scaling doesn’t hold for p/π and p/K fluctuation 

 

 Opposite sign fluctuations are more negative due to resonance decay 
contribution 

 

 

 Balance Function 
 Balance functions for Δη narrow at higher collision energies, which is 

related to delayed hadronization 

 

 The W parameter has a trivial acceptance dependence 

 

Summary 
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Back Up 
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UrQMD Model 
 Hadronic  transport model that 

include resonance/unstable 
particle decay 

 

 Could stabilize one or more 
particle types from decay 

 

 UrQMD does not include weak 
interactions thus no weak decays 
of particles 

 

 By default the system would 
interact for 200 fm/c 
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Sum-sign fluctuation 

 Original  default setting (200 fm/c) 

 

 No Λ    stablize all Λ 

 

 No K*  stablize K* 

 

 No φ   stablize φ   

7 GeV 
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Blast Wave Model 

STAR 
parameterization 

(STAR,PRC,72,14904(2005)) 

 

Local charge 
conservation  
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 S. Schlichting and S. Pratt 
Phys. Rev. C 83, 014913 (2011) 



�  Extract the initial separation of 
balancing charges at time of 
freeze out by fitting the observed 
charge balance functions 
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Blast Wave Model 
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�  The narrowing of balance 
function at central collision can’t 
be explained by changing of 
kinetic freeze-out temperature 
and collective flow alone 

 S. Schlichting and S. Pratt 
Phys. Rev. C 83, 014913 (2011) 

 S. Schlichting and S. Pratt 
Phys. Rev. C 83, 014913 (2011) 




