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Energy-energy correlators

Energy-energy correlators(EEC) have recently emerged as excellent jet substructure
observables for studying the space-time structure of the jet shower. [PrL 130 (2023)5, 051901
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EEC in vacuum and medium

In vacuum, the EEC presents a clear separation between
the perturbative and non-perturbative regions

A smooth power law behavior in perturbative region

Medium-induced emissions lead to significant enhancement

at large angle relative to vacuum splittings
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Patrick V, et al. Phys.Rev.Lett. 130 (2023) 5, 051901



LBT and CoLBT-hydro model

Linear Boltzmann Transport model (LBT):
p10f1 = — /dPQdPBdP4(.f1f2 — f3f4) | M12_s34|° (27T)454(Z p") + inelastic
LO pQCD " High-Twist

Medium response: Recoil and Negative partons

CoLBT-hydro model:
Hard parton: LBT

Soft parton: CLVisc

Parton hadronization + Hydro response
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Effect of medium modification of EEC

PRL 132 (2024) 1, 011901
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Transverse momentum transfer: q, ~ HUp

Energy transfer to the medium: 0F ~ ,u,z)/ T
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EEC of y-jet in Pb+Pb collisions

PRL 132 (2024) 1, 011901
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Enhancement at large angle

No cut of p%:

Suppression at small angle
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Sensitive to up,

K=02-4 p? >1GeV/c: Similar but enhancement reduced

| p ;f >2GeV/c: No enhancement expect K=4



EEC of single jet in Pb+Pb collisions at CMS

EECs of single inclusive jets in Heavy-lon Collisions.

CMS, arXiv:2503.19993
1.70 nb” PbPb (5.02 TeV) + 302 pb™' pp (5.02 TeV)

:CMS Preliminary 120 < jet p. < 140 GeV + Large ang Ie:
1 5 anti-k. R = 0.4
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Ar
CMS results shows significant enhancement at both small and large angle.
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https://arxiv.org/abs/2503.19993

Jet p; selection bias

In vacuum, the EEC presents a clear separation between the perturbative and non-perturbative region
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Energy loss :
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The peak of EEC from initial AA jet should shift to smal
Leading to enhancement of ratio AA to pp at small ang
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Quark and gluonjet EEC

The EEC inside the gluon jet always has a broad distribution and peak is shifted to large angle

arXiv:2502.11406
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Gluon has more color charge than quark, leading to more splitting.
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Dependence of EEC on collision energy

Flavor dependence of jet EEC should lead to a colliding energy dependence of
single inclusive jet EEC with same jet p.
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Flavor dependence injet p; selection bias

When we consider the effect of jet p, selection bias, we should also take
account in the flavor dependence of EEC.

arXiv:2502.11406
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Medium effect on flavor dependence

arXiv:2502.11406
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Effect of gluonjet fraction on EEC

Greater energy loss experienced by gluon jets compared to quark jets also reduces the
fraction of gluon jets in the final state in A+A collisions relative to p+p collisions.

arxXiv:2502.11406
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As the fraction of gluon jets decreases, the overall
distribution shifts toward smaller angles.

10% change in the gluon jet fraction almost leads
to a 10% variation in the EEC distribution at small
angles.

With JEWEL: pJ" € (120 - 140)GeV/c

Gluon jet fraction: 66%(pp) -> 64.5%(AA)

Only contribute to 6% of the enhancement
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Medium effects on EEC

> 90%
Jet energy loss A B

QGP Medium Modification | — ft selection bias

\ J The EEC peak

+ < 1 O% of PbPb shifts
N

Jun-Xing Sheng

to small angle

gluon-jet fraction decrease (

Flavor dependence of EEC
" Y.

EEC(AT)pppp

Small angle enhancement
EEC FECQryy

PbPb pp

Zhong Yang (Vanderbilt University) EEC workshop (CCNU Wuhan)



Effect of hadronization on EEC

The small angle corresponds to free hadron.

Should small-angle EEC help us distinguish

different hadronization model?

Zhong Yang (Vanderbilt University)

mized EEC
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Lund string and cluster model

Lund string hadronization

PYTHIA

HERWIG
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In pp collisions, we can’t see the clear dependence of EEC
on hadronization model (Lund and )
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Effect of parton shower algorithm on EEC
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EEC can probe different parton shower in both AA and pp collisions

Zhong Yang (Vanderbilt University) EEC workshop (CCNU Wuhan)



Effect of parton shower algorithm on EEC

(), is the minimum value for high-virtuality parton undergoes vacuum splittings. It controls the
scale at which partons begin to hadronize.
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(), affects EEC distribution in both pp and AA collisions. It significantly affects the
ratio distribution, leading to an enhancement at small angles.
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Prediction of jet’'s EEC for ALICE
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Summary

o Medium effects contribute significantly to the EEC, which can help probe
the short-distance structure of the QGP medium. (Jet quenching, medium
response, and medium-induced emissions)

o Jet's EEC exhibits a clear dependence on the initial parton flavor, providing
insights into the EEC ratio differences between AA and pp collisions.

o The EEC shows potential for distinguishing between different hadronization
models, though further validation is needed.

o EEC can help us examine different parton shower mechanisms and is
useful for determining parameters in parton shower algorithms.
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Lund string and cluster model

Lund string hadronization

PYTHIA
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