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Energy Energy Correlators
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Energy Energy Correlators

O Different angles probe physics at different scales
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Energy Energy Correlators
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Eneroy Energy Correlators
oY oY Real World:
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Scaling behavior by light-ray OPE

Chang, Chen, XL, Simmons-Duffin, Yuan, Zhu, PRL 136 (2026) 8, 081903

Approach using dihadron picture see: Lee, Stewart, PRL 2026
Kang, et al., PRL 2026
Guo, et al., PRL 2026
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Scaling behavior by light-ray OPE

Scaling under Dimension
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Scaling behavior by light-ray OPE

Scaling under Dimension,
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Two Step Matching: 1. onto hadronic operators

—Apgg =2 6] —Ap =2
%(nl)%(nz) — ZAJL\/Z L(]:DI;Z,JL(nZ) — AO CO @152,—6 +

JL,%% — —6 JL

O Light-ray OPE in the small { limit with a
hadron EFT ((boost)-Chiral? ), in the free
hadron regime, assume zero hadron mass

O Equate the Lorentz dimension and Lorentz S 6
spin on both sides of the expansion. Keep

the dimension unchanged, All @ﬁf’h have

the same A; = — 2

O Both A; and Oy can be calculated within
the hadron EFT
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Two Step Matching: 2. onto QCD partonic operators
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O Match onto quark/gluon operators
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Scaling behavior by light-ray OPE
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Phenomenology
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Phenomenology

Precision budget:

O N3LO + NNLL for e"e™, N3LO adapted from hadron leptonic production e, xing, Yang, zhu PRL 2025
O NLO + NNLL for pp, NLO by hacking FMNLQO C.Liu, X. Shen, B. Zhou, and J. Gao, JHEP 2023

O NNLO + NNLL for pp in principle achievable = Czakon, etal., 2025; NNLOJET group, 2025
O N3LO + NNLL for ep in pinrcipleu achievable Dong, Fang, Gao, Li, Shao, Zhu,Zhu, 2603.29673

O N3LL needs 4-loop splitting function, now known for space-like non-singlet

Gehrmann, Manteuffel, Sotnikov, Yang, 2604.09534
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Ratio to PYTHIAS

Phenomenology

Experiment status:

O CMS, ALICE, STAR
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O All measure EEC and the data
cover the post-confinement
region

O Not directly the height of the
FEC/QQ?, less sensitive to

quantum scaling currently
O Linear fit
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Phenomenology

CMS, ALICE, STAR
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O Overall good agreement with NLO + NNLL @ LHC
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Phenomenology

CMS, ALICE, STAR

O qa, extraction study using
Pythia pseudo-data
O Vary a, while fitting the
NP parameters (height)
O ~ *5 % precision in o
extraction, better than

other jet-substructure
approaches
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Phenomenology

Experiment status:
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O Mainly old data, do not
cover the post-confinement
region

O Extrapolation
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Phenomenology
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Phenomenology
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Phenomenology
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Conclusion

O Quantum scaling behavior of the post-confinement
FEC governed by DGLAP J =5

O Realizing N3LO+NNLL for eTe~and NLO+NNLL

for pp, finding good agreement with current data
and Pythia

O Similar Idea applicable to EIC, (EEC or NEEC)

O Further pushing the theory precision and possible a,
extraction in the future Thanks



