
Kenji Morita 

Effects of Momentum Cuts on 
Cumulants of Conserved Charges 

Kenji Morita 

(YITP, Kyoto) 

w/ Frithjof Karsch and Krzysztof Redlich 

Ref) F.Karsch, KM, K.Redlich, arXiv:1508.02614 

5 Nov. 2015 

Fluctuations Workshop@EMMI, GSI 

1 



Kenji Morita (YITP, Kyoto) 

Contents / Questions 

1. What causes kinematic momentum cuts 
dependence of cumulants? 
 Fluctuations in an ideal pion gas 

2. What is the role of the above mechanism in a 
multi-component system? 
 Results of M/s2 and ks2 in HRG 

3. Can we compare theory and data with 
kinematic cuts? 
 Scaling relation btw. pt cut and finite V 

Caveat : All in equilibrium regime 
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Electric Charge Fluctuations 

 Pion mp~T :  Bose statistics 

 

 

 

 

 
 

 

= Multicomponent Boltzmann gas pressure with  

mass km, charge k, and degeneracy kn-4 
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p+ p- 

P. Braun-Munzinger et al., NPA’12 
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Number (c1) 
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Same m/T(=3) 

Mass : change in pt 
spectrum shape 
Temperature : effective cut 
 
Only quantitative difference 
btw Boltzmann and Bose 
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Low pt Cut Effects on Cumulants 
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Low pt Cut Effects on Cumulant Ratios 
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Substantial decrease from ptmin=0 to ptmin = 0.2 (STAR) or 0.3 (PHENIX) GeV 
 
Look like c3/c1 ~ c4/c2 ? 
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Electric Charge Cumulants 

Leading order : Skellam distribution 

k>1 : all positive contribution 

Higher n : larger contribution from higher k terms 

Momentum cut effects through 

General property for small mQ/T ( < 1% accuracy for mQ@RHIC) 
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Independent of momentum cut 
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Pseudorapidity Cut 
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Effects of expansion 
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Boost-invariant  + Transverse Gaussian + Linear flow 
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High p Cut Effects on Cumulant Ratios 
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M/s2 in HRG 
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M = (p, r, etc) + (strange mesons) + (baryons) + (hyperons) 

< 0 (mQ < 0) > 0 (mS > 0) > 0 (mB > 0) > 0 (mB-(1~3)mS > 0) 

Negative meson contribution 
is reduced by pt cut 

Total M can be non-monotonic 
in ptmin 
s2 simply decreases 
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M/s2 in HRG : STAR vs PHENIX 
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ks2 in HRG 
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Net-S, K Cumulant Ratios 
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Finite Size and Low pt cut 
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Pion gas in a finite (L3) box 
Periodic boundary condition 
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Answers for Questions 
1. What causes kinematic momentum cuts dependence of 

cumulant ratios? 

 Quantum statistics for net electric charge 

2. What is the role of the above mechanism in a multi-
component system? 

 Different m and charge of hadrons produce non-
trivial cut dependence of M/s2 and ks2 in HRG, 
partly explaining difference btw. STAR and PHENIX 

3. Can we compare theory and data with kinematic cuts? 

 Yes, finite V effect in LQCD is comparable with STAR 
low pt cut 
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Backup 
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Finite Size and Low pt cut 
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Pion gas in a finite (L3) box 
Periodic boundary condition 
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Skellam distribution 

 Poisson-Poisson        Boltzmann Statistics 
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Effects of momentum cuts through b and b 

Do not affect the property of P(N) and 
Cumulant ratios 
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Charge Chemical Potential 
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