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Jet quenching is one of the most powerfull hard probe to investigate QGP: parton 
energy loss, medium response.  

Jet substructure gives insight into the microscopic modification.

Heavy-ion collisions: Quark Gluon Plasma

Xin-Nian Wang, M.Gyulassy, PRL68(1992)1480
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Jet substructure:  Energy-Energy Correlator                                                                                                               

Scaling:      Different time scales of jet evolution imprinted in different angular scales 

Simplicity: Soft contribution power suppressed by energy weight: no need for groomings 

Control:    Well understood pp baseline, medium modifications perturbatively calculable

fig from Ananya Rai



cEEC in pp collisions
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charge weighted Energy-Energy Correlator:                                                                                                  

fig Andrew Tamis

charge correlations modified by jet quenching?



6
fig Andrew Tamis

opposite-charge correlations 
are observed to be stronger 
than the like-charge 
correlations. 

B. E. Aboona et al. (STAR), Phys. Rev. Lett. 135, 111901 (2025), arXiv:2502.15925

charge weighted Energy-Energy Correlator:                                                                                                  

charged weighted  EEC：component
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1. cEEC/EEC ratio could characterizes the degree of charge 
correlations, (-1,1) , 0  an infinite thermal bath, like-charge and 
opposite-charge pairs are equal

2. from the large-RL toward small-RL, opposite-charge correlations
strengthens relative to like-charge correlations.

charge correlations:  cEEC/EEC

large-RL                          small-RL

charge weighted Energy-Energy Correlator:                                                                                                  



jet quenching model: SHELL
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collisional energy loss:   Hard Thermal Loop

radiative  energy  loss:   Higher Twist

medium   response:   Hybrid Approach

                                                                                            

                                                                                            

Xiao-feng Guo , Xin-Nian Wang  Phys. Rev. Lett. 85 (2000) 3591-3594
Ben-Wei Zhang , Xin-Nian Wang  Phys. Rev. Lett. 93 (2004) 072301
A. Majumder, Phys.Rev. D85(2012)014023
W.T. Deng and X.N Wang, Phys.Rev.C 81(2010)024902
R. B. Neufeld Phys. Rev. D 83, 065012 (2011), arXiv:1011.4979                                                                                             
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1. charge-weighted distribution of gluon-initiated jets 
lies closer to zero than quark-initiated jets.

2. their behavior of AA/pp ratios resembles the 
previously reported modification of the inclusive EEC.

3.in the small-RL region around R ≈ 0.02, we observe 
a characteristic V-shaped modification pattern.

cEEC in AA collisions

V-shaped
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charged weighted  EEC in PbPb collisions:                                                                                                  

1. opposite-charge component exhibits a stronger 
enhancement in the transition and small RL 
region compared to the like-charge part;

2. V-shaped modification structure at the small RL 
is found exclusively in the opposite-charge 
component.

charged weighted  EEC：component



11

Energy-Energy Correlator:                                                                                                  

charged weighted  EEC：component
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charged weighted  EEC in PbPb collisions:                                                                                                  

1. in pp the number of opposite-charge pairs 
exceeds that of like-charge pairs across the 
entire RL range;

2. in AA the RL distributions of both types of 
hadron pairs shift toward larger RL;

3. the modification of opposite-charge pairs is 
slightly weaker than like-charge pairs.

charged weighted  EEC：component
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charged weighted  EEC in PbPb collisions:                                                                                                  

1. average energy weight of opposite-charge 
pairs is significantly larger than that of like-
charge pairs; 

2. the opposite-charge pairs exhibit a stronger 
enhancement at small RL compared to like-
charge pairs;

3. characteristic V-shaped modification
pattern emerges in the opposite-charge.

charged weighted  EEC：component
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charged weighted  EEC in PbPb collisions:                                                                                                  

1. quark jets exhibit a quicker opposite-charge 
de-correlations at large RL, largest opposite-
charge correlations at small RL;

2. The different modification patterns of quark 
jets from gluon jets in the charge-weighted 
EEC are canceled out;

3. V-shaped medium modification observed  
at the same RL position, independent of the 
jet initiator flavor.

charge correlations:  cEEC/EEC
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charged weighted  EEC in PbPb collisions:                                                                                                  

1. the overall behaviors of the survival and 
fall-down cases are qualitatively similar;

2.  at large RL, the fall-down contribution 
induces a more rapid decorrelations;

3. enhancement of the charge correlations 
in the transition and small-RL region is 
unrelated to selection bias.

charge correlations:  cEEC/EEC



1. The behavior of AA/pp ratios(cEEC) of quark/gluon resembles the 
previously reported modification of the inclusive EEC;
2. opposite-charge component exhibits a stronger enhancement, V-
shaped modification structure at the small RL is found exclusively in the 
opposite-charge component;
3. quark jets exhibit a quicker opposite-charge de-correlations at large RL, 
largest opposite-charge correlations at small RL;
4. Jet quenching enhances opposite-charge correlations at small angles 
while reducing it at large angles, resulting in a steeper RL dependence, a 
rapid de-correlated behavior with the increasing RL.

Summary
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Thank you for your attantion !
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backup：SHELL  model
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