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Fireball shape in rapidity fluctuates 

𝑎0

𝑎1
𝑎2

here  dN/dy ≡ 𝜌event 𝑦
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𝜌event 𝑦 = 𝜌(𝑦) 1 + 𝑎0 + 𝑎1

𝑦

𝑌
+ ⋯

In other words

𝑎1 is an event-by-event rapidity asymmetry

𝑎0 is rapidity independent fluctuation of fireball as a whole 

single particle distribution  
in an event  (neglecting 
statistical fluctuations)

average single 
particle distribution 

𝑌 - measurement is from −𝑌 to 𝑌

multiplicity distribution

e.g. asymmetry in the number of left- and right-going constituents (nucleons, quarks, 
diquarks, etc.)
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𝜌event 𝑦 = 𝜌(𝑦) 1 +  
𝑖=0

𝑎𝑖𝑇𝑖(𝑦/𝑌)

Long-range rapidity correlations

𝐶2 𝑦1, 𝑦2

𝜌(𝑦1) 𝜌(𝑦2)
=  

𝑖,𝑘
𝑎𝑖𝑎𝑘 𝑇𝑖(𝑦1/𝑌)𝑇𝑘(𝑦2/𝑌)

𝐶2 𝑦1, 𝑦2

𝜌(𝑦1) 𝜌(𝑦2)
~ 𝑎0

2 + 𝑎1
2

𝑦1𝑦2

𝑌2
+ ⋯

orthogonal polynomials

5

AB, D. Teaney,
PRC 87 (2013) 024906



6

New approach, fluctuating width, 𝑝(𝜎)
M.Barej, AB, 
PRC 108 (2023) 014907



7

Two-particle correlation 
and second factorial cumulant

And analogously for higher-order correlation functions
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Examples of studied width distributions

lognormal

i.e., truncated
normal
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Results (examples)
Results for truncated normal 𝑝(𝜎)
look similar to lognormal

Universality for small fluctuations (see paper for general arguments)
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Cumulants are driven by two-particle correlation

𝜅4 = 𝑁 + 7  𝐶2 + 6  𝐶3 +  𝐶4

 𝐶1 = 𝑁
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Symmetric vs. asymmetric rapidity bins (example)

Comparing experimental data points from different rapidity bins is 
misleading 
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STAR data vs. baryon conservation and excluded volume

𝜅4/𝜅2

Rapidity shape fluctuations might help 

V.Vovchenko, V.Koch, C.Shen, PRC 105, 014904 (2022)
P.Braun-Munzinger, B.Friman, K.Redlich, A.Rustamov, J.Stachel, NPA 1008 (2021) 122141
AB, V.Koch, V.Skokov, PRC 87 (2013) 1, 014901
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Conclusions

Long-range rapidity density fluctuations introduce correlations

Contribution to cumulants and factorial cumulants

Universal behavior for small fluctuations

Driven by two-particle correlations

Might be important



Backup
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V.Vovchenko, O.Savchuk, R.V. Poberezhnyuk, 
M.I. Gorenstein, V.Koch, PLB 811, 135868 (2020)

M.Barej, AB, PRC 107 (2023) 3, 034914

Cumulants with baryon conservation vs. cumulants without baryon 
conservation 

Advertisement
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STAR Collaboration

kindly read 𝜅4/𝜅2

kindly read 𝐶4/𝐶1

PRL 128 (2022) 20, 202303
PRC 104 (2021) 2, 024902
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 𝐶𝑖 =
𝑑𝑖

𝑑𝑧𝑖
ln  

𝑛
𝑃(𝑛)𝑧𝑛

|𝑧=1

factorial
cumulant

𝜅𝑖 =
𝑑𝑖

𝑑𝑡𝑖
ln  

𝑛
𝑃(𝑛)𝑒𝑡𝑛

|𝑡=0
cumulant

Factorial cumulants vs cumulants

cumulants naturally appear 
in statistical physics

ln(𝑍) = ln  

𝑖

𝑒−𝛽 𝐸𝑖−𝜇𝑁𝑖

Poisson 
 𝐶𝑖 = 0, 𝜅𝑖 = 𝑛
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 𝐶𝑘 =
𝑑𝑘

𝑑𝑧𝑘
ln  

𝑛
𝑃(𝑛)𝑧𝑛

|𝑧=1

Factorial cumulants – example

𝑃(𝑛𝐶)

Poisson

 𝐶2 ≠ 0

𝑚 particle cluster

𝑚

 𝐶2,3,…,𝑚 ≠ 0

 𝐶𝑘 = 0, 𝑘 > 𝑚 𝐶𝑘 = 0, 𝑘 > 2

factorial
cumulants


