
Energy Correlators:  
from Colliders to the Celestial Sphere and Back

朱华星

北京⼤学

1

07-02-2026

BES实验物理研讨会



Some history
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EEC: Correlation of energy deposition between two detector at an angle χ
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The era of precision 
physics at the LHC

Remarkable agility in 
experimental 

realization

The innate human 
quest for deeper 
theoretical insight
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Nothing is as powerful as an idea whose time has come.

The innate human 
quest for deeper 
theoretical insight

The era of precision 
physics at the LHC

Remarkable agility in 
experimental 

realization

Victor Hugo
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The journey began with a fundamental quest to understand detector operators
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The journey began with a fundamental quest to understand detector operators

BES-III spectrometer



“Jets and quantum field theory” 

8

Sveshnikov, Tkachov, 1996 

“a systematic description of jet-related features of hadronic final 
state in high energy physics can be achieved in a QFT-compatible 

manner within the so-called formalism of C-algebra” C is for calorimetric 

flow of energy
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The birth of conformal collider physics
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Hofman, Maldacena, 2008
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h |E(n)| i � 0

Trivial in QCD,

not so in CFT and Gravity

UV

IR

Conformal collider bound

a, c

Belitsky, Hohenegger, Korchemsky, Sokatchev, Zhiboedov, 2013
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EEC = h |E(n1)E(n2)| i

=

Z
h⌦|JTTJ |⌦i

Open the door for exploiting the 
remarkable data for 4-pt function of CFT

ANALYTIC!

Henn, Sokatchev, Yan, Zhiboedov, 2019



Dual view on energy flow measurement
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particle language operator language
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Hard

Jet 
Substructure

Dixon, Moult, HXZ, 2019

Chen, Moult, Zhang, HXZ, 2020

LL -> NNLL

Dual view of

energy correlators
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Hofman, Maldacena, 2008

Kologlu, Kravchuk, Simmons-Duffin, Zhiboedov, 2019



The quest for precision
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Jaarsma, Li, Moult, Watlewijn, HXZ, 2025
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From celestial sphere back to reality

Slide from Ian Moult, QCD@LHC 2025



Imaging of emerging and 
intrinsic scales
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One-point energy flux
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JL

energy operator

light transform

Kravchuk, Simmons-Duffin, 2018

Chen, Moult, HXZ, 2021

Caron-Huot, Kologlu, Kravchuk, Meltzer, 
Simmons-Duffin, 2022

Gromov, Levkovich-Maslyuk, Sizov, 2015
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 ̄�µ1Dµ2 · · ·DµJ 

Art from Quantum Spectral CurveThe horizontal position determines measurement,

the vertical position determines Q scaling



From multiplicity to DGLAP trajectory
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JL=-1, multiplicities

Bolzoni, Kniehl, Kotikov, 2012

Chang, Chen, Simmons-Duffin, HXZ, 2025

DGLAP tra
jectory



From DGLAP to the full Riemann Surface

16

<latexit sha1_base64="gjYD8KQ6ypvw49DAvTcj9Bt0pSU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL0E8RDQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5mfuuJayNi9YjjhPsRHSgRCkbRSg+3vbteseSW3TnIKvEyUoIM9V7xq9uPWRpxhUxSYzqem6A/oRoFk3xa6KaGJ5SN6IB3LFU04safzE+dkjOr9EkYa1sKyVz9PTGhkTHjKLCdEcWhWfZm4n9eJ8Xw2p8IlaTIFVssClNJMCazv0lfaM5Qji2hTAt7K2FDqilDm07BhuAtv7xKmhdlr1Ku3F+WqrUsjjycwCmcgwdXUIUa1KEBDAbwDK/w5kjnxXl3PhatOSebOYY/cD5/APPZjZ4=</latexit>

JL

energy operator

Gromov, Levkovich-Maslyuk, Sizov, 2015
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 ̄�µ1Dµ2 · · ·DµJ 

Art from Quantum Spectral Curve LHC simulation data
Chang, Chen, Simmons-Duffin, talk at 2026, Beijing



The scale of confinement from energy correlator
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pre-confinement
post- 

confinement

Komiske, Moult, Thaler, HXZ, 2022
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a probe of 
“confinement” 

scale
Angular resolution helps!



RG flow in QCD
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fermion

scalar

<latexit sha1_base64="r3CTXlr9+aKga2sGwVzFoOMPca4=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCG0tSpLoRCiJ0WcE+oAllMp20QycPZiZCCQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Gbqdx6okCwK79Ukpm6AhyHzGcFKS33zCPdTh2CObjN0jc6R4wtMUjtLq1nfLFsVawa0TOyclCFHs29+OYOIJAENFeFYyp5txcpNsVCMcJqVnETSGJMxHtKepiEOqHTT2Q8ZOtXKAPmR0BUqNFN/T6Q4kHISeLozwGokF72p+J/XS5R/5aYsjBNFQzJf5CccqQhNA0EDJihRfKIJJoLpWxEZYZ2C0rGVdAj24svLpF2t2LVK7e6iXG/kcRThGE7gDGy4hDo0oAktIPAIz/AKb8aT8WK8Gx/z1oKRzxzCHxifP/fbln4=</latexit>

aE = �1

2

<latexit sha1_base64="lOMD9q3PPSAd7rMmzR9p0dTCNio=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIiJBjBPOAZA29k0kyZHZ2mZlVwpL/8OJBEa/+izf/xkmyB00saCiquunuCmLBtXHdb2dldW19YzO3ld/e2d3bLxwcNnSUKMrqNBKRagWomeCS1Q03grVixTAMBGsGo5up33xkSvNI3ptxzPwQB5L3OUVjpQfsph2KgtxOyDXxuoWiW3JnIMvEy0gRMtS6ha9OL6JJyKShArVue25s/BSV4VSwSb6TaBYjHeGAtS2VGDLtp7OrJ+TUKj3Sj5QtachM/T2RYqj1OAxsZ4hmqBe9qfif105M/8pPuYwTwySdL+ongpiITCMgPa4YNWJsCVLF7a2EDlEhNTaovA3BW3x5mTTOS165VL67KFaqWRw5OIYTOAMPLqECVahBHSgoeIZXeHOenBfn3fmYt6442cwR/IHz+QPK/ZFu</latexit>

aE = 1

Riembau, Son, 2025

Hofman, Maldacena, 2008

Monte Carlo of PT 
PHOKHARA

χ

He, Xing, Yang, HXZ, 
2025
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Energy correlators shed new light on strong 
coupling measurement

19

Rethinking jet substructure 
in terms of energy correlators

Chen, Moult, Zhang, HXZ, 2020


In the first order approximation,

scaling in angle depends αs

Heroic efforts to calculate γ(J)
Moch, Vermaseren, Vogt, 2004

Moch, Ruijl, Ueda, Vermaseren, Vogt, 2017

+ on going work

remove complex non-
perturbative corr. by ratio



Strong coupling from energy correlators
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4%. Most precise alphas 
from jet substructure!

approx NNLL: Chen, Gao, Li, Xu, Zhang, HXZ, 2023

Many directions to improve: 
Loops, non-perturbative, matching



The scale of chiral symmetry breaking
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Bazavov et.al., 1111.1710

Collins, 1992

What is the scale of chiral symmetry breaking? 
How is it different from confinement scale? 

How can we probe it?

Is it possible to 
probe the scale of 
chiral symmetry 
breaking at zero 

temperature?
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Fragmentation energy correlators
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sT: quark transverse spin

Tij: spin transfer matrix

h: transversity

H: FEC Collins function
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Pure collinear factorization formula

No Sudakov logs!

No need to define jet!

Cao, Yu, Yuan, Zhang, HXZ, 2025Deep inelastic scattering



Decomposition of polarization functions
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+ longitudinal polarization, power corrections, etc
Modulation effects generated by non-perturbative 

coupling of transversity and Collins

Structure determines by symmetry

follow from Diehl, Sapeta, 2005

Cao, Yu, Yuan, Zhang, HXZ, 2025
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Decomposition of polarization functions
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violate parity
cos(ϕ − ϕs)



 effect may damp with 
different scale to 

χSB
ΛQCD

Asymmetry from Collins 
effect at small angle Perturbation calculable

Imaging the chiral breaking scale ?

26

Confinement energy scale, 
around 𝒪(ΛQCD)Plateau distribution in 

the free hadron region
Perturbation calculable

preliminarypreliminary

Unpolarized only With Collins effects

Interesting to compare the confinement scale and CSB scale
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Cao, Liu, Yu, Yuan, Yuan, Zhang, HXZ, in progress



The quest for precision
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	 	 Electron-Positron Alliance Collaboration, 2511.00149



The Recycle Frontier
• Comparison of data from 1981, 1993, 2025


• Archived ALEPH data from 1994, reanalysis 
at 2025


• ALEPH tracking detector, reproduce 
published thrust data


• Track function for EEC

28

Chang, Procura, Thaler, Waalewijn, 2013 
 Chen, Moult, Zhang, HXZ, 2020



Various scaling in EEC 
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pre-confinement

post-confinement
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Lee, Pathak, Stewart, Sun, 2024; Chen, Monni, Xu, HXZ, 2024; 
Liu, Vogelsang, Yuan, HXZ, 2024; Barata, Kang, Lopez, 
Penttala, 2024; Lee, Stewart, 2025; Chang, Chen, Liu, 
Simmons-Duffin, Yuan, HXZ, 2025; Guo, Yuan, Zhao, 2025; 
Kang, Metz, Pitonyak, Zhang, 2025

All published in PRL



Determine  from post-confinement plateauαs

30 Chen, Liu, Wang, Xing, Yang, HXZ, in progress

Preliminary

Log running of the plateau height predicted by perturbation theory



Take home message

1. Energy correlators are a rare example where formal theory, collider 
phenomenology, and experiments are finding common ground


2. Energy correlators provide an new way to image emergent and intrinsic 
scales


3. Energy correlators provide a common language to discuss diverse 
phenomena
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