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Abstract
Event-by-event measurements play a crucial role in understanding the high-energy nuclear interaction dynamics and the properties of hot and 
dense medium. Fluctuations of the event-wise average transverse momentum are related to event-by-event fluctuations of the size and entropy of 
the initial source. In this poster, we present the first multi-particle cumulant of 𝒑𝑻 correlations and its variance, skewness, and kurtosis as a 
function of event centrality for Au + Au collisions in 𝒔𝑵𝑵 = 19.6, 27, 39, 54.4 GeV at high statistics from the first and second phase of RHIC Beam 
Energy Scan. These results are useful to constrain QGP initial conditions and its fluctuations across different collision energies.
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1. The energy dependence in the measured correlators is 
observed: the higher the collision energy, the stronger the 
correlation.

2. All order of the correlators are seen decreased more and 
more slowly as a function of the collision centrality.

3. The results are useful to further understand initial 
conditions  and EbE fluctuations across different collision 
energies.

References
[1] G. Aad, E. Aakvaag, B. Abbott, et al (ATLAS Collaboration), PRL 133, 252301 (2024)
[2] S. Pratt, E. Sangaline, P. Sorensen, and H. Wang, PRL 114, 202301 (2015)
[3] ALICE Collaboration, PLB  849, 138412 (2024)
[4] L. Zhang, J. Chen, and C. Zhang, PRC 111, 024911 (2025)
[5] J. Adam, L. Adamczyk, J. R. Adams et al. (STAR Collaboration), PRC 99, 044918 (2019)
[6] S. Bhatta, C. Zhang, and J. Jia, PRC 105, 024904 (2022)          

1. With increasing charge-multiplicity the normalized correlators of variance 

and skewness decrease in magnitudes. 

2.        Slight energy dependence is also observed.

1. Values of correlators of variance, skewness and kurtosis increase towards 

peripheral collisions.

2. Slight energy dependence is observed in peripheral collisions.

Normalized correlators as function of 𝑵𝒄𝒉 across collision energies  

Motivation

⊳Probe for the possible existence of critical point of QCD phase 
transition [1]. 
⊳Related to the entropy of the initial source presumably deposited 
early in the collision before thermalization takes place, mainly through 
interactions of QGP [2,3]. 
⊳Bulk observables of hadronic matter are affected by nuclear 
structure in collisions [4]. 

Observables in Cumulant Method [5,6]

𝝎: track reconstruction efficiency.  [𝒑𝑻]: EbE mean transverse momentum.  … :  average over event ensemble.

STAR Detector and Datasets

The STAR detector 
enables a broad range of 
physics measurements.

Correlators as function of 𝑵𝒄𝒉 and centrality across collision energies  

Variance:

Skewness:

Kurtosis:

Summary

Collision Events 
number

year

54.4 GeV 765 M 2017

39 GeV 105 M 2010

27 GeV 389 M 2018

19.6 GeV 423 M 2019


