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Lots of recent interest in energy correlators....

Contributions from Quark Matter 2025!
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Energy–energy correlators (EEC)

e+

e−

χO

Moult, Zhu, JHEP 08 (2018) 160

● One of the first infrared-safe event shapes in QCD: 

Dates back to late ‘70s

● Weight pairs of particles by their energies

● Less sensitivity to non-perturbative 

(= low energy) physics

Definition of the EEC:

Basham, Brown, Ellis, Love, Phys.Rev.Lett. 41 (1978) 1585, 

Basham, Brown, Ellis, Love, Phys.Lett.B 85 (1979) 297-299
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Energy–energy correlators (EEC)

e+

e−

χO

Moult, Zhu, JHEP 08 (2018) 160

● “Inclusive” observable

● Sum over all produced particles

● Compared to jets: no jet algorithm

● Less sensitivity to non-perturbative hadronization

● Momentum-sum rule for fragmentation functions:

⇒ Possible to focus on other parts of the process
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Different limits of energy correlators
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Collinear region: Jet physics
Back-to-back region:

● Transverse-momentum dependent 

parton distributions

Bossi et al., PoS LHCP2024 (2025) 228

Talk by Beatrice Lian-Gilman on Wednesday

Measured as a function of the angle θ between the particle pair:

Different regions allow us to probe different physics!

Devereaux et al., 2303.08143 [hep-ph]
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Back-to-back limit: χ ≈ 180°

● y-axis: large momentum p1 − p2 

● x-axis: small momentum p1 + p2 
● Sensitive to the small transverse momentum of the 

partons in hadrons!
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Leads to the transverse-momentum 

dependent (TMD) factorization 

⇒ Can be computed at high precision 
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Small-x physics and saturation

● Back-to-back region also sensitive to gluon saturation

● What is gluon saturation?

● High energies (small x): gluon distribution dominates

● Rapid growth tamed by gluon recombination effects 

(= non-linear effects in QCD)

● Gives rise to saturation scale Qs 

● Saturation effects important when momentum ≃ Qs 

● Difficult to detect — important to find observables 

sensitive to saturation

● Energy correlators a promising observable!
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Transverse energy–energy correlators (TEEC)

A

Gao et al., Phys.Rev.Lett. 123 (2019) 6, 062001

● Generalization of the EEC

● Weight by the transverse energy

● More suitable for hadronic colliders where 

there is no spherical symmetry

(compare to            )

● Measured in terms of the azimuthal angle φ 

Ali, Pietarinen, Stirling, Phys.Lett.B 141 (1984) 447-454
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RHIC: Vector-boson tagged TEEC

Kang, Lee, JP, Zhao, Zhou, 2410.02747 [hep-ph]
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TMD computation in the back-to-back limit (τ ≪ 1)

Study nuclear effects with the nuclear suppression factor
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RHIC: Vector-boson tagged TEEC

Kang, Kao, Li, JP, 2504.00069 [hep-ph]
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Largest effect at small τ = sensitivity to small momenta ≃  saturation scale
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EIC: Electron–hadron TEEC

Li, Vitev, Zhu, JHEP 11 (2020) 051
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EIC: Electron–hadron TEEC
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Bhattacharya, Kang, Padilla, JP, 2504.10475 [hep-ph]

Kang, JP, Zhao, Zhou, Phys.Rev.D 109 (2024) 9, 094012

Back-to-back limit: use combined approach from TMD 

factorization and small x to study saturation effects

Polarized protons: also possible to study the Sivers asymmetry

● Small x: corresponds to an odderon interaction
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RHIC and EIC: Hadron–hadron or dijet TEEC

Ali, Li, Wang, Xing, Eur.Phys.J.C 80 (2020) 12, 1096Dijets at HERA:

Back-to-back limit: golden channel for saturation?
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EIC: Nucleon energy correlators

Instead of looking at pairs of particles:

Look at correlations with the target hadron

● θ = angle with respect to the target beam

● Target region: fracture functions instead of 

fragmentation functions

● Phenomenology similar to the back-to-back TEEC

Liu, Zhu, Phys.Rev.Lett. 130 (2023) 9, 9

Cao, Liu, Zhu, Phys.Rev.D 107 (2023) 11, 114008

Liu, Liu, Pan, Yuan, Zhu, Phys.Rev.Lett. 130 (2023) 18, 18

Chen, Ma, Tong, JHEP 08 (2024) 227

Mäntysaari, Tawabutr, Tong, 2503.20157 [hep-ph]
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Summary

● Energy correlators are a promising class of observables for understanding QCD and the hadronic 

structure

● Lots of renewed interest in the recent years!

● Less sensitivity on hadronization: possible to focus on different parts of the process

● Different kinematic regions ⇒ Probe different physics

● Back-to-back region especially interesting for disentangling the 3D partonic structure of hadrons

● Energy correlators can be studied for many different processes in both RHIC and EIC

● Plenty of things to do in both theory and experiment
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