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The landscape of Quantum Field Theory
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The landscape of QCD

Approaching the full 
landscape of QCD from 
perturbative domain

Aschenauer et al., arXiv:1708.01527

Philosophy: As we approach non-perturbative dynamics, it is 
useful to formulate the problems of QCD in a way that quarks 
and gluons D.O.F. are not manifest
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Regge trajectory: hadrons and partons

J = αM2 + α0

M2 ↔ Δ

DGLAP branch 
twist operators

ψ̄γ
μ ∂ν ψ

BFKL branch

The dimension of DGLAP operators govern evolution PDFs and FFs.

Understanding the both the DGLAP and BFKL branch is a central task of perturbative QCD, and might 

shed light on non-perturbative dynamics of QCD.
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Reformulating QCD measurements using energy correlators
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Energy correlators for jets at the LHC
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Energy correlators as N-point correlation function on celestial sphere

DGLAP

singularity

Sudakov

singularity

Scattering in momentum 
eigenstate

Measurement in boost 
eigenstate

Why conformal symmetry?

1. Lorentz symmetry as a conformal symmetry on the celestial sphere.


2. Classical (massless) QCD lagrangian is conformal invariant!

energy flow operator
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Lorentz transformation and conformal transformation on celestial sphere
Lorentz group = SL(2,C)/Z2

Boost in the z direction becomes dilation around the north pole Scaling behavior of small angle correlation determined 
by conformal symmetry on the celestial sphere

9

x
x

<latexit sha1_base64="7AlaKjzjkRoOsKLnBtSiz4LKDVA=">AAAB/XicbVDLSsNAFJ3UV62v+ti5GSxC3ZREirosiuCygn1AE8JketMOnUzCzKRQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Vt+9vKrayurW/kNwtb2zu7e8X9g6aKU0mhQWMey3ZAFHAmoKGZ5tBOJJAo4NAKBjcTvzUEqVgsHvQoAS8iPcFCRok2kl88wplLCce347I7BIqF75xhv1iyK/YUeJk4c1JCc9T94pfbjWkagdCUE6U6jp1oLyNSM8phXHBTBQmhA9KDjqGCRKC8bHr9GJ8apYvDWJoSGk/V3xMZiZQaRYHpjIjuq0VvIv7ndVIdXnkZE0mqQdDZojDlWMd4EgXuMglU85EhhEpmbsW0TySh2gRWMCE4iy8vk+Z5xbmoVO+rpdr1PI48OkYnqIwcdIlq6A7VUQNR9Iie0St6s56sF+vd+pi15qz5zCH6A+vzBw0Zk64=</latexit>

E(~n1)

<latexit sha1_base64="2S1P71jgVUs/T56JvqTu8FK4CdQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KUoi6LIrisYB/QlDKZ3rRDJ5MwMynUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee/yYM6Ud59taWV1b39jMbeW3d3b39u2Dw4aKEkmhTiMeyZZPFHAmoK6Z5tCKJZDQ59D0hzdTvzkCqVgkHvQ4hk5I+oIFjBJtpK59jFOPEo5vJ0VvBBSLbvkcd+2CU3JmwMvEzUgBZah17S+vF9EkBKEpJ0q1XSfWnZRIzSiHSd5LFMSEDkkf2oYKEoLqpLPrJ/jMKD0cRNKU0Him/p5ISajUOPRNZ0j0QC16U/E/r53o4KqTMhEnGgSdLwoSjnWEp1HgHpNANR8bQqhk5lZMB0QSqk1geROCu/jyMmmUS+5FqXJfKVSvszhy6ASdoiJy0SWqojtUQ3VE0SN6Rq/ozXqyXqx362PeumJlM0foD6zPHw6fk68=</latexit>

E(~n2)
<latexit sha1_base64="gdA5yLhSlSIZxS9dObI0CRbsucY=">AAACB3icbVDNS8MwHE3n15xfVY+CBIfgabRjqMehF48T3AespaRZuoUlaUlSYZTevPivePGgiFf/BW/+N2ZbBd18EHh57/cjeS9MGFXacb6s0srq2vpGebOytb2zu2fvH3RUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDcfXU797T6SisbjTk4T4HA0FjShG2kiBfewxyoPMGyGdiTyoQ0/H8Ofm5oFddWrODHCZuAWpggKtwP70BjFOOREaM6RU33US7WdIaooZySteqkiC8BgNSd9QgThRfjbLkcNTowxgFEtzhIYz9fdGhrhSEx6aSY70SC16U/E/r5/q6NLPqEhSTQSePxSlDJqs01LggEqCNZsYgrCk5q8Qj5BEWJvqKqYEdzHyMunUa+55rXHbqDavijrK4AicgDPgggvQBDegBdoAgwfwBF7Aq/VoPVtv1vt8tGQVO4fgD6yPbxOkmXM=</latexit>

lim
n̂2!n̂1



Energy flow operator

E(~n) = lim
r!1

r2
Z 1

0
dt ~niT

0i(t, r~n)
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E(~n)|pi = p0�(2)(p̂� n̂)|pi

Tkachov, 1995

The energy flow operator measures the energy deposition on a detector at direction ⃗n

i0

i+

i�
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E(~n) =
Z 1

�1
d(n · x) lim

n̄·x!1
(n̄ · x)2n̄µn̄⌫Tµ⌫(x)
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The energy flow operator (ANEC) also found important 
application in black hole physics and quantum information!



General lightray operator
<latexit sha1_base64="GO930uw56vJJk7RIgnJNaRKMWoI="></latexit>

OJ�1,��1(~n) =

Z 1

�1
d(n · x) lim

n̄·x!1
(n̄ · x)��J

n̄µ1 · · · n̄µJO
µ1···µJ

�,J (x)

local twist operator of 
dimension  and spin JΔ

lightray operator living on 
the celestial sphere

Hofman, Maldacena 08; Kologlu, Kravchuk, Simmons-Duffin, Zhiboedov, 19

determined by bulk 
dimension

determined by celestial 
dimension
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At twist 2 the relevant unpolarized operators are

CFT picture receives controllable logarithmic corrections in QCD
Dixon, Moult, HXZ, 2019
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Scaling is one of the most profound phenomena in physics
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NOT REAL MEASUREMENT

time Komiske, Moult, Thaler, HXZ, 2022

Perturbative quark/gluon splitting

QCD cascade: large angle correlation 
resulted from early time interaction

EEC in CMS opendata

Scaling behavior determines by 
lightray OPE (modulo logarithmic 

running effect)



Real measurement from CMS
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https://cds.cern.ch/record/2866560, 2023

First ever measurement of the time evolution of quark/gluon to hadrons fragmentation!



Projected N-point energy correlator

15

<latexit sha1_base64="SSKM1DYBha6ev9jRHED84qmvG4c=">AAAB7nicbVA9SwNBEJ2NXzF+RS1tFoNgFe9CUMugjYVFFPMByRn2NnvJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeX4suDaO841yK6tr6xv5zcLW9s7uXnH/oKmjRFHWoJGIVNsnmgkuWcNwI1g7VoyEvmAtf3Q99VtPTGkeyQczjpkXkoHkAafEWKl137t9rJxVe8WSU3ZmwMvEzUgJMtR7xa9uP6JJyKShgmjdcZ3YeClRhlPBJoVuollM6IgMWMdSSUKmvXR27gSfWKWPg0jZkgbP1N8TKQm1Hoe+7QyJGepFbyr+53USE1x6KZdxYpik80VBIrCJ8PR33OeKUSPGlhCquL0V0yFRhBqbUMGG4C6+vEyalbJ7Xq7eVUu1qyyOPBzBMZyCCxdQgxuoQwMojOAZXuENxegFvaOPeWsOZTOH8Afo8wcHXY65</latexit>

R2
L/4

Lots of uncertainties cancelled 
after the ratio
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⇠ (RL)�J=4(↵)

(RL)�J=3(↵)

Ratio of projected three-point energy 
correlator over EEC

H. Chen, Moult, X.Y. Zhang, HXZ, 2020

W. Chen, J. Gao, Y. Li, Z. Xu, X.Y. Zhang, HXZ, 2023 

Sensitive to  !αs



Precision  measurement from CMSαs
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https://cds.cern.ch/record/2866560, 2023



Energy correlator and gluon transverse spin 
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How light-ray operator 
insertion rotate on the 

celestial sphere 
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One-loop perturbation theory calculation:

H. Chen, M.X. Luo, Moult, T.Z. Yang, X.Y. Zhang, HXZ, 2019

Interpretation in terms of 
gluon spin interference

H. Chen, Moult, HXZ, 2021

Spin interference from energy correlators
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First all-order analytic results with spin 
correlation in the scaling limit

H. Chen, Moult, HXZ, 2021

Explicitly verified by a Monte Carlo simulation 
incorporating spin interference

Open the door for spin probes of new physics 
at the LHC

Karlberg, Salam, Scyboz, Verheyen, 2022

RG evolution for spin interference
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But Lorentz symmetry has a more profound implication than JUST rotation and scaling



Three-point energy correlator in the weak coupling limit
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Weak coupling limit
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Resemble a conformal 4-pt correlation function

QCD is more complicated and structurally the same

H. Chen, M.X. Luo, Moult, T.Z. Yang, X.Y. Zhang, HXZ, 2019

Scaling limit:
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u ! 0

z ! 0



Power expansion in the scaling limit

22

All order expansion in angle in the weak coupling limit

�z3z̄
<latexit sha1_base64="i+qbfFl+ZNXUuonqlpADYz7spmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyVpBT0WvXisYD+giWWz3bRLN5uwuxHa0L/hxYMiXv0z3vw3btMctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe3449u533miUrFIPOhJTL0QDwULGMHaSO7F9LGOXB/LdDrrlyt21c6AVomTkwrkaPbLX+4gIklIhSYcK9Vz7Fh7KZaaEU5nJTdRNMZkjIe0Z6jAIVVemt08Q2dGGaAgkqaERpn6eyLFoVKT0DedIdYjtezNxf+8XqKDay9lIk40FWSxKEg40hGaB4AGTFKi+cQQTCQztyIywhITbWIqmRCc5ZdXSbtWderV2v1lpXGTx1GEEziFc3DgChpwB01oAYEYnuEV3qzEerHerY9Fa8HKZ47hD6zPH3cakVE=</latexit>

�zz̄3
<latexit sha1_base64="LjlbeVTzeLXDc6xbvrvjyLZFHEg=">AAAB83icbVDLSgNBEOz1mcRX1KOXwSB4MewmBz0GvXiMYB6YXcPsZDYZMju7zMyKyZLfEMSDIl7Ff/Hm1+jkcdDEgoaiqpvuLj/mTGnb/rKWlldW19Yz2dzG5tb2Tn53r66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNv38x9ht3VCoWiWs9iKkX4q5gASNYG8k9GSLXxzIdjm7L7XzBLtoToEXizEihko0fbz7uv6vt/KfbiUgSUqEJx0q1HDvWXoqlZoTTUc5NFI0x6eMubRkqcEiVl05uHqEjo3RQEElTQqOJ+nsixaFSg9A3nSHWPTXvjcX/vFaigzMvZSJONBVkuihIONIRGgeAOkxSovnAEEwkM7ci0sMSE21iypkQnPmXF0m9VHTKxdKVSeMcpsjAARzCMThwChW4hCrUgEAMD/AML1ZiPVmv1tu0dcmazezDH1jvP5gLlR8=</latexit>

+
39

10
z2z̄2

<latexit sha1_base64="Nz38PrcIvI58qgZc3L2aXybv/hU=">AAACBHicbVC7SgNBFJ2NrxhfqxYiaQaDIAhhd1MYu6CNZQTzgOwmzE5mkyGzD2ZmhWTZwsZfsbFQxNZvEDttbP0MJ49CowcuHM65l3vvcSNGhTSMdy2zsLi0vJJdza2tb2xu6ds7dRHGHJMaDlnImy4ShNGA1CSVjDQjTpDvMtJwB+djv3FNuKBhcCWHEXF81AuoRzGSSuro+WPb4wgnpdM0MY101Lag7SKejNK21dELRtGYAP4l5owUKuXP172Pr/1qR3+zuyGOfRJIzJAQLdOIpJMgLilmJM3ZsSARwgPUIy1FA+QT4SSTJ1J4qJQu9EKuKpBwov6cSJAvxNB3VaePZF/Me2PxP68VS6/sJDSIYkkCPF3kxQzKEI4TgV3KCZZsqAjCnKpbIe4jFYpUueVUCOb8y39J3SqapaJ1qdI4A1NkQR4cgCNgghNQARegCmoAgxtwBx7Ao3ar3WtP2vO0NaPNZnbBL2gv3/vmm28=</latexit>

�z4z̄
<latexit sha1_base64="1PHDCr5TVKNeYFY60IFyIM/PRA0=">AAAB83icbVDLSgNBEOz1mcRX1KOXwSB4MexGQY9BLx4jmAdm1zA7mU2GzM4uM7NisuQ3BPGgiFfxX7z5NTp5HDSxoKGo6qa7y485U9q2v6yFxaXlldVMNre2vrG5ld/eqakokYRWScQj2fCxopwJWtVMc9qIJcWhz2nd712M/PodlYpF4lr3Y+qFuCNYwAjWRnKPBrcnyPWxTAfDVr5gF+0x0DxxpqRQzsaPNx/335VW/tNtRyQJqdCEY6Wajh1rL8VSM8LpMOcmisaY9HCHNg0VOKTKS8c3D9GBUdooiKQpodFY/T2R4lCpfuibzhDrrpr1RuJ/XjPRwZmXMhEnmgoyWRQkHOkIjQJAbSYp0bxvCCaSmVsR6WKJiTYx5UwIzuzL86RWKjrHxdKVSeMcJsjAHuzDIThwCmW4hApUgUAMD/AML1ZiPVmv1tukdcGazuzCH1jvP5fZlSA=</latexit>

�zz̄4
<latexit sha1_base64="rH7/X35cl926iTya+GpqZ8RXhRw=">AAAB83icbVDLSgNBEOz1mcRX1KOXwSB4MexGQY9BLx4jmAdm1zA7mU2GzM4uM7NisuQ3BPGgiFfxX7z5NTp5HDSxoKGo6qa7y485U9q2v6yFxaXlldVMNre2vrG5ld/eqakokYRWScQj2fCxopwJWtVMc9qIJcWhz2nd712M/PodlYpF4lr3Y+qFuCNYwAjWRnKPBsj1sUwHw9uTVr5gF+0x0DxxpqRQzsaPNx/335VW/tNtRyQJqdCEY6Wajh1rL8VSM8LpMOcmisaY9HCHNg0VOKTKS8c3D9GBUdooiKQpodFY/T2R4lCpfuibzhDrrpr1RuJ/XjPRwZmXMhEnmgoyWRQkHOkIjQJAbSYp0bxvCCaSmVsR6WKJiTYx5UwIzuzL86RWKjrHxdKVSeMcJsjAHuzDIThwCmW4hApUgUAMD/AML1ZiPVmv1tukdcGazuzCH1jvP5mPlSA=</latexit>

+
39

20
z2z̄3

<latexit sha1_base64="gdwozhHIcomnN8fvGv1u78UfCws=">AAACBHicbVC7SgNBFJ2NrxhfqxYiaQaDIAhhd1MYu6CNZQTzgOwmzE5mkyGzD2ZmhWTZwsZfsbFQxNZvEDttbP0MJ49CowcuHM65l3vvcSNGhTSMdy2zsLi0vJJdza2tb2xu6ds7dRHGHJMaDlnImy4ShNGA1CSVjDQjTpDvMtJwB+djv3FNuKBhcCWHEXF81AuoRzGSSuro+WPb4wgnpdM0sYx01Lag7SKejNJ2qaMXjKIxAfxLzBkpVMqfr3sfX/vVjv5md0Mc+ySQmCEhWqYRSSdBXFLMSJqzY0EihAeoR1qKBsgnwkkmT6TwUCld6IVcVSDhRP05kSBfiKHvqk4fyb6Y98bif14rll7ZSWgQxZIEeLrIixmUIRwnAruUEyzZUBGEOVW3QtxHKhSpcsupEMz5l/+SulU0S0XrUqVxBqbIgjw4AEfABCegAi5AFdQABjfgDjyAR+1Wu9eetOdpa0abzeyCX9BevgH+/Ztx</latexit>

+
39

20
z3z̄2

<latexit sha1_base64="yxKdAkVBosJVU3zXcvpypbZ5q/w=">AAACBHicbVC7SgNBFJ2NrxhfqxYiaQaDIAhhd1MYu6CNZQTzgOwmzE5mkyGzD2ZmhWTZwsZfsbFQxNZvEDttbP0MJ49CowcuHM65l3vvcSNGhTSMdy2zsLi0vJJdza2tb2xu6ds7dRHGHJMaDlnImy4ShNGA1CSVjDQjTpDvMtJwB+djv3FNuKBhcCWHEXF81AuoRzGSSuro+WPb4wgnpdM0sYx01C5B20U8GaVtq6MXjKIxAfxLzBkpVMqfr3sfX/vVjv5md0Mc+ySQmCEhWqYRSSdBXFLMSJqzY0EihAeoR1qKBsgnwkkmT6TwUCld6IVcVSDhRP05kSBfiKHvqk4fyb6Y98bif14rll7ZSWgQxZIEeLrIixmUIRwnAruUEyzZUBGEOVW3QtxHKhSpcsupEMz5l/+SulU0S0XrUqVxBqbIgjw4AEfABCegAi5AFdQABjfgDjyAR+1Wu9eetOdpa0abzeyCX9BevgH/B5tx</latexit>

�6

7
z5z̄

<latexit sha1_base64="ckYUVUQnMfQFzspJHxZzTHPKtec=">AAAB/3icbVDLSsNAFJ3UV62vqKCIm8EiuLEkFW2XRTcuK9gHtLFMppM6dDIJMxOhjVn4K25cKOLWvxB3unHrZzh9LLT1wIXDOfdy7z1uyKhUlvVhpGZm5+YX0ouZpeWV1TVzfaMqg0hgUsEBC0TdRZIwyklFUcVIPRQE+S4jNbd7NvBrN0RIGvBL1QuJ46MOpx7FSGmpZW4dNj2BcHySxIWkf3XcdJGI+0nLzFo5awg4TewxyZaKX2/bn9875Zb53mwHOPIJV5ghKRu2FSonRkJRzEiSaUaShAh3UYc0NOXIJ9KJh/cncF8rbegFQhdXcKj+noiRL2XPd3Wnj9S1nPQG4n9eI1Je0YkpDyNFOB4t8iIGVQAHYcA2FQQr1tMEYUH1rRBfI52H0pFldAj25MvTpJrP2Ue5/IVO4xSMkAa7YA8cABsUQAmcgzKoAAxuwT14BE/GnfFgPBsvo9aUMZ7ZBH9gvP4AiF6aMg==</latexit>

+
229

140
z4z̄2

<latexit sha1_base64="SJ9HeSfVStsdcpyh/rNPDYSb4Mk=">AAACBXicbVDLSsNAFJ3UV62vqAsRXQSLIAgliQXrrujGZQX7gDYtk+mkHTqZhJmJ0IZs3Pgrblwo4tZfEHe6cetnOH0stPXAhcM593LvPW5IiZCm+aGl5uYXFpfSy5mV1bX1DX1zqyKCiCNcRgENeM2FAlPCcFkSSXEt5Bj6LsVVt3cx9Ks3mAsSsGvZD7Hjww4jHkFQKqml7x83PA5RbNtnSWzlzWTQzDdcyONB0rRbetbMmSMYs8SakGyx8PW28/m9W2rp7412gCIfM4koFKJumaF0YsglQRQnmUYkcAhRD3ZwXVEGfSycePRFYhwqpW14AVfFpDFSf0/E0Bei77uq04eyK6a9ofifV4+kV3BiwsJIYobGi7yIGjIwhpEYbcIxkrSvCEScqFsN1IUqFamCy6gQrOmXZ0nFzlknOftKpXEOxkiDPXAAjoAFTkERXIISKAMEbsE9eARP2p32oD1rL+PWlDaZ2QZ/oL3+AJNOm8A=</latexit>

�211

140
z3z̄3

<latexit sha1_base64="xvU4eo2vb+UoDysNliQk4rlkNtM=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwcawkwimDNpYRjAPyCZhdjIbh8w+mJkVkmUbG3/FxkIRW39B7LSx9TOcPApNPHDhcM693HuPE3ImlWV9GKm5+YXFpfRyZmV1bX3D3NyqyiAShFZIwANRd7CknPm0opjitB4Kij2H05rTOx/6tRsqJAv8K9UPadPDXZ+5jGClpba5f2y7ApM4j1ASoxMrGbQKtoNFPEhahbaZtXLWCHCWoAnJlopfbzuf37vltvludwISedRXhGMpG8gKVTPGQjHCaZKxI0lDTHq4Sxua+tijshmPvkjgoVY60A2ELl/Bkfp7IsaelH3P0Z0eVtdy2huK/3mNSLnFZsz8MFLUJ+NFbsShCuAwEthhghLF+5pgIpi+FZJrrFNROriMDgFNvzxLqvkcKuTylzqNMzBGGuyBA3AEEDgFJXAByqACCLgF9+ARPBl3xoPxbLyMW1PGZGYb/IHx+gOIPJu5</latexit>

+
229

140
z2z̄4

<latexit sha1_base64="rkFYmr2XS1gYEXFjld32mwbVguc=">AAACBXicbVDLSsNAFJ3UV62vqAsRXQSLIAgliQXrrujGZQX7gDYtk+mkHTqZhJmJ0IZs3Pgrblwo4tZfEHe6cetnOH0stPXAhcM593LvPW5IiZCm+aGl5uYXFpfSy5mV1bX1DX1zqyKCiCNcRgENeM2FAlPCcFkSSXEt5Bj6LsVVt3cx9Ks3mAsSsGvZD7Hjww4jHkFQKqml7x83PA5RbNtnSWzlzWTQtBsu5PEgaeZbetbMmSMYs8SakGyx8PW28/m9W2rp7412gCIfM4koFKJumaF0YsglQRQnmUYkcAhRD3ZwXVEGfSycePRFYhwqpW14AVfFpDFSf0/E0Bei77uq04eyK6a9ofifV4+kV3BiwsJIYobGi7yIGjIwhpEYbcIxkrSvCEScqFsN1IUqFamCy6gQrOmXZ0nFzlknOftKpXEOxkiDPXAAjoAFTkERXIISKAMEbsE9eARP2p32oD1rL+PWlDaZ2QZ/oL3+AJM8m8A=</latexit>

�6

7
zz̄5

<latexit sha1_base64="S8dO0TwygLMdfkRMitbBWabpxxc=">AAAB/3icbVDLSsNAFJ3UV62vqKCIm8EiuLEkFW2XRTcuK9gHtLFMppM6dDIJMxOhjVn4K25cKOLWvxB3unHrZzh9LLT1wIXDOfdy7z1uyKhUlvVhpGZm5+YX0ouZpeWV1TVzfaMqg0hgUsEBC0TdRZIwyklFUcVIPRQE+S4jNbd7NvBrN0RIGvBL1QuJ46MOpx7FSGmpZW4dNj2BcHySxIWk33SRiPvJ1XHLzFo5awg4TewxyZaKX2/bn9875Zb53mwHOPIJV5ghKRu2FSonRkJRzEiSaUaShAh3UYc0NOXIJ9KJh/cncF8rbegFQhdXcKj+noiRL2XPd3Wnj9S1nPQG4n9eI1Je0YkpDyNFOB4t8iIGVQAHYcA2FQQr1tMEYUH1rRBfI52H0pFldAj25MvTpJrP2Ue5/IVO4xSMkAa7YA8cABsUQAmcgzKoAAxuwT14BE/GnfFgPBsvo9aUMZ7ZBH9gvP4Ail+aMg==</latexit>

�5

7
z6z̄

<latexit sha1_base64="4N8Se7J4ayaSSaXMi8FRfU2S884=">AAAB/3icbVDLSsNAFJ3UV62vqKCIm8EiuLEkFW2XRTcuK9gHtLFMppM6dDIJMxOhjVn4K25cKOLWvxB3unHrZzh9LLT1wIXDOfdy7z1uyKhUlvVhpGZm5+YX0ouZpeWV1TVzfaMqg0hgUsEBC0TdRZIwyklFUcVIPRQE+S4jNbd7NvBrN0RIGvBL1QuJ46MOpx7FSGmpZW4dNj2BcHycxIWkf3XSdJGI+0nLzFo5awg4TewxyZaKX2/bn9875Zb53mwHOPIJV5ghKRu2FSonRkJRzEiSaUaShAh3UYc0NOXIJ9KJh/cncF8rbegFQhdXcKj+noiRL2XPd3Wnj9S1nPQG4n9eI1Je0YkpDyNFOB4t8iIGVQAHYcA2FQQr1tMEYUH1rRBfI52H0pFldAj25MvTpJrP2Ue5/IVO4xSMkAa7YA8cABsUQAmcgzKoAAxuwT14BE/GnfFgPBsvo9aUMZ7ZBH9gvP4AiFeaMg==</latexit>

�5

7
zz̄6

<latexit sha1_base64="w1Gl2tW7PfdAIXLWy6aGbS2wAAc=">AAAB/3icbVDLSsNAFJ3UV62vqKCIm8EiuLEkFW2XRTcuK9gHtLFMppM6dDIJMxOhjVn4K25cKOLWvxB3unHrZzh9LLT1wIXDOfdy7z1uyKhUlvVhpGZm5+YX0ouZpeWV1TVzfaMqg0hgUsEBC0TdRZIwyklFUcVIPRQE+S4jNbd7NvBrN0RIGvBL1QuJ46MOpx7FSGmpZW4dNj2BcHycxIWk33SRiPvJ1UnLzFo5awg4TewxyZaKX2/bn9875Zb53mwHOPIJV5ghKRu2FSonRkJRzEiSaUaShAh3UYc0NOXIJ9KJh/cncF8rbegFQhdXcKj+noiRL2XPd3Wnj9S1nPQG4n9eI1Je0YkpDyNFOB4t8iIGVQAHYcA2FQQr1tMEYUH1rRBfI52H0pFldAj25MvTpJrP2Ue5/IVO4xSMkAa7YA8cABsUQAmcgzKoAAxuwT14BE/GnfFgPBsvo9aUMZ7ZBH9gvP4AilGaMg==</latexit>

+
207

140
z5z̄2

<latexit sha1_base64="eB/0ur92TjW35ReCRhla9qbx/98=">AAACBXicbVDLSsNAFJ3UV62vqAsRXQSLIAgliUq7LLpxWcE+oE3LZDpph04mYWYitCEbN/6KGxeKuPUXxJ1u3PoZTh8LbT1w4XDOvdx7jxtSIqRpfmipufmFxaX0cmZldW19Q9/cqogg4giXUUADXnOhwJQwXJZEUlwLOYa+S3HV7V0M/eoN5oIE7Fr2Q+z4sMOIRxCUSmrp+8cNj0MU22Y+ia1TMxk0zxou5PEgadotPWvmzBGMWWJNSLZY+Hrb+fzeLbX090Y7QJGPmUQUClG3zFA6MeSSIIqTTCMSOISoBzu4riiDPhZOPPoiMQ6V0ja8gKti0hipvydi6AvR913V6UPZFdPeUPzPq0fSKzgxYWEkMUPjRV5EDRkYw0iMNuEYSdpXBCJO1K0G6kKVilTBZVQI1vTLs6Ri56yTnH2l0jgHY6TBHjgAR8ACeVAEl6AEygCBW3APHsGTdqc9aM/ay7g1pU1mtsEfaK8/joGbvQ==</latexit>

+
207

140
z2z̄5

<latexit sha1_base64="Dyy71BpacUmnQY086Kjgfss3itU=">AAACBXicbVDLSsNAFJ3UV62vqAsRXQSLIAgliUq7LLpxWcE+oE3LZDpph04mYWYitCEbN/6KGxeKuPUXxJ1u3PoZTh8LbT1w4XDOvdx7jxtSIqRpfmipufmFxaX0cmZldW19Q9/cqogg4giXUUADXnOhwJQwXJZEUlwLOYa+S3HV7V0M/eoN5oIE7Fr2Q+z4sMOIRxCUSmrp+8cNj0MU22Y+ia1TMxk07YYLeTxImmctPWvmzBGMWWJNSLZY+Hrb+fzeLbX090Y7QJGPmUQUClG3zFA6MeSSIIqTTCMSOISoBzu4riiDPhZOPPoiMQ6V0ja8gKti0hipvydi6AvR913V6UPZFdPeUPzPq0fSKzgxYWEkMUPjRV5EDRkYw0iMNuEYSdpXBCJO1K0G6kKVilTBZVQI1vTLs6Ri56yTnH2l0jgHY6TBHjgAR8ACeVAEl6AEygCBW3APHsGTdqc9aM/ay7g1pU1mtsEfaK8/jmabvQ==</latexit>

�233

140
z4z̄3

<latexit sha1_base64="mhr1Wmls5EAAqM+V/b4cu8YnOS4=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwcawmw2YMmhjGcE8IJuE2clsMmT2wcyskCzb2PgrNhaK2PoLYqeNrZ/h5FFo4oELh3Pu5d57nJBRIQ3jQ0stLC4tr6RXM2vrG5tb+vZOVQQRx6SCAxbwuoMEYdQnFUklI/WQE+Q5jNSc/sXIr90QLmjgX8tBSJoe6vrUpRhJJbX1w1Pb5QjHectKYrNgJMNWwXYQj4dJy2rrWSNnjAHniTkl2VLx623v83u/3Nbf7U6AI4/4EjMkRMM0QtmMEZcUM5Jk7EiQEOE+6pKGoj7yiGjG4y8SeKyUDnQDrsqXcKz+noiRJ8TAc1Snh2RPzHoj8T+vEUm32IypH0aS+HiyyI0YlAEcRQI7lBMs2UARhDlVt0LcQyoVqYLLqBDM2ZfnSTWfM61c/kqlcQ4mSIMDcAROgAnOQAlcgjKoAAxuwT14BE/anfagPWsvk9aUNp3ZBX+gvf4AkCObvg==</latexit>

�233

140
z3z̄4

<latexit sha1_base64="09cg9t8I+ywImj2KO0LNVXpRviM=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwcawmw2YMmhjGcE8IJuE2clsMmT2wcyskCzb2PgrNhaK2PoLYqeNrZ/h5FFo4oELh3Pu5d57nJBRIQ3jQ0stLC4tr6RXM2vrG5tb+vZOVQQRx6SCAxbwuoMEYdQnFUklI/WQE+Q5jNSc/sXIr90QLmjgX8tBSJoe6vrUpRhJJbX1w1Pb5QjHectKYrNgJMOWZTuIx8OkVWjrWSNnjAHniTkl2VLx623v83u/3Nbf7U6AI4/4EjMkRMM0QtmMEZcUM5Jk7EiQEOE+6pKGoj7yiGjG4y8SeKyUDnQDrsqXcKz+noiRJ8TAc1Snh2RPzHoj8T+vEUm32IypH0aS+HiyyI0YlAEcRQI7lBMs2UARhDlVt0LcQyoVqYLLqBDM2ZfnSTWfM61c/kqlcQ4mSIMDcAROgAnOQAlcgjKoAAxuwT14BE/anfagPWsvk9aUNp3ZBX+gvf4AkBqbvg==</latexit>

· · ·<latexit sha1_base64="HizBLF/eww/NXksVAtI5HCWfU4M=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWAQrMJuLLQRgzaWEcwFkiXMzs4mY2ZnlpmzQgh5BxsLRWwsfBR7G/FtnFwKTfxh4OP/z2HOOWEquAHP+3ZyS8srq2v5dXdjc2t7p7C7Vzcq05TVqBJKN0NimOCS1YCDYM1UM5KEgjXC/tU4b9wzbbiStzBIWZCQruQxpwSsVW/TSIHpFIpeyZsIL4I/g+LFh3uevn251U7hsx0pmiVMAhXEmJbvpRAMiQZOBRu57cywlNA+6bKWRUkSZoLhZNoRPrJOhGOl7ZOAJ+7vjiFJjBkkoa1MCPTMfDY2/8taGcRnwZDLNAMm6fSjOBMYFB6vjiOuGQUxsECo5nZWTHtEEwr2QK49gj+/8iLUyyX/pFS+8YqVSzRVHh2gQ3SMfHSKKugaVVENUXSHHtATenaU8+i8OK/T0pwz69lHf+S8/wAPO5Jw</latexit>· · ·<latexit sha1_base64="HizBLF/eww/NXksVAtI5HCWfU4M=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWAQrMJuLLQRgzaWEcwFkiXMzs4mY2ZnlpmzQgh5BxsLRWwsfBR7G/FtnFwKTfxh4OP/z2HOOWEquAHP+3ZyS8srq2v5dXdjc2t7p7C7Vzcq05TVqBJKN0NimOCS1YCDYM1UM5KEgjXC/tU4b9wzbbiStzBIWZCQruQxpwSsVW/TSIHpFIpeyZsIL4I/g+LFh3uevn251U7hsx0pmiVMAhXEmJbvpRAMiQZOBRu57cywlNA+6bKWRUkSZoLhZNoRPrJOhGOl7ZOAJ+7vjiFJjBkkoa1MCPTMfDY2/8taGcRnwZDLNAMm6fSjOBMYFB6vjiOuGQUxsECo5nZWTHtEEwr2QK49gj+/8iLUyyX/pFS+8YqVSzRVHh2gQ3SMfHSKKugaVVENUXSHHtATenaU8+i8OK/T0pwz69lHf+S8/wAPO5Jw</latexit> · · ·<latexit sha1_base64="HizBLF/eww/NXksVAtI5HCWfU4M=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWAQrMJuLLQRgzaWEcwFkiXMzs4mY2ZnlpmzQgh5BxsLRWwsfBR7G/FtnFwKTfxh4OP/z2HOOWEquAHP+3ZyS8srq2v5dXdjc2t7p7C7Vzcq05TVqBJKN0NimOCS1YCDYM1UM5KEgjXC/tU4b9wzbbiStzBIWZCQruQxpwSsVW/TSIHpFIpeyZsIL4I/g+LFh3uevn251U7hsx0pmiVMAhXEmJbvpRAMiQZOBRu57cywlNA+6bKWRUkSZoLhZNoRPrJOhGOl7ZOAJ+7vjiFJjBkkoa1MCPTMfDY2/8taGcRnwZDLNAMm6fSjOBMYFB6vjiOuGQUxsECo5nZWTHtEEwr2QK49gj+/8iLUyyX/pFS+8YqVSzRVHh2gQ3SMfHSKKugaVVENUXSHHtATenaU8+i8OK/T0pwz69lHf+S8/wAPO5Jw</latexit>

<latexit sha1_base64="tOjq4Q/GUELTG/lln0PJ5GlhoPE=">AAAB73icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0cIiYGMZ0XxAcoS9zVyyZG/v3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisY3Uz91hNoI2L1gOME/IgNlAgFZ2ildheHgKx33ytX3Ko7A10mXk4qJEe9V/7q9mOeRqCQS2ZMx3MT9DOmUXAJk1I3NZAwPmID6FiqWATGz2b3TuiJVfo0jLUthXSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPIzoZIUQfH5ojCVFGM6fZ72hQaOcmwJ41rYWykfMs042ohKNgRv8eVl0jyrehdV9+68UrvO4yiSI3JMTolHLkmN3JI6aRBOJHkmr+TNeXRenHfnY95acPKZQ/IHzucPAIKP7A==</latexit>

✓S

<latexit sha1_base64="NlmBPIxhcxOgLUjp9VZkDtBkWok=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgxbAbFD14CHjxGNE8IFnD7KQ3GTL7cKY3EJZ8hxcPinj1Y7z5N06SPWhiQUNR1U13lxdLodG2v63cyura+kZ+s7C1vbO7V9w/aOgoURzqPJKRanlMgxQh1FGghFasgAWehKY3vJn6zREoLaLwAccxuAHrh8IXnKGR3A4OAFn3/jE9q0y6xZJdtmegy8TJSIlkqHWLX51exJMAQuSSad127BjdlCkUXMKk0Ek0xIwPWR/ahoYsAO2ms6Mn9MQoPepHylSIdKb+nkhZoPU48ExnwHCgF72p+J/XTtC/clMRxglCyOeL/ERSjOg0AdoTCjjKsSGMK2FupXzAFONociqYEJzFl5dJo1J2Lsr23Xmpep3FkSdH5JicEodckiq5JTVSJ5w8kWfySt6skfVivVsf89aclc0ckj+wPn8AYvqR0w==</latexit>

✓�2
S

<latexit sha1_base64="mEi5Mfvk5MZryt+OzS21bKDqjLQ=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0cIiYGMZ0XxA7gx7m02yZG/v2J0TwpG/YWOhiK1/xs5/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KRzdTv/XEtRGxesBxwoOIDpToC0bRSr6PQ460e/+YuZNuueJW3RnIMvFyUoEc9W75y+/FLI24QiapMR3PTTDIqEbBJJ+U/NTwhLIRHfCOpYpG3ATZ7OYJObFKj/RjbUshmam/JzIaGTOOQtsZURyaRW8q/ud1UuxfBZlQSYpcsfmifioJxmQaAOkJzRnKsSWUaWFvJWxINWVoYyrZELzFl5dJ86zqXVTdu/NK7TqPowhHcAyn4MEl1OAW6tAABgk8wyu8Oanz4rw7H/PWgpPPHMIfOJ8/8lyRmg==</latexit>

✓0S
<latexit sha1_base64="hD6yW3SAXOgFjcdOlymNV6bnh6E=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswl1QtLAI2FhGNB+QO8PeZpMs2ds7dueEcORv2FgoYuufsfPfuEmu0MQHA4/3ZpiZFyZSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbofUcCkUb6BAyduJ5jQKJW+Fo5up33ri2ohYPeA44UFEB0r0BaNoJd/HIUfavX/MqpNuqexW3BnIMvFyUoYc9W7py+/FLI24QiapMR3PTTDIqEbBJJ8U/dTwhLIRHfCOpYpG3ATZ7OYJObVKj/RjbUshmam/JzIaGTOOQtsZURyaRW8q/ud1UuxfBZlQSYpcsfmifioJxmQaAOkJzRnKsSWUaWFvJWxINWVoYyraELzFl5dJs1rxLiru3Xm5dp3HUYBjOIEz8OASanALdWgAgwSe4RXenNR5cd6dj3nripPPHMEfOJ8/9WaRnA==</latexit>

✓2S
<latexit sha1_base64="Tug4f05uOQ8ODHIWVctoksv8TdY=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0cIiYGMZ0XxA7gx7m02yZG/v2J0TwpG/YWOhiK1/xs5/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KRzdTv/XEtRGxesBxwoOIDpToC0bRSr6PQ460e/+YnU+65YpbdWcgy8TLSQVy1LvlL78XszTiCpmkxnQ8N8EgoxoFk3xS8lPDE8pGdMA7lioacRNks5sn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XSbF/FWRCJSlyxeaL+qkkGJNpAKQnNGcox5ZQpoW9lbAh1ZShjalkQ/AWX14mzbOqd1F1784rtes8jiIcwTGcggeXUINbqEMDGCTwDK/w5qTOi/PufMxbC04+cwh/4Hz+APhwkZ4=</latexit>

✓4S

highest transverse spin series

<latexit sha1_base64="e/kggxrLQM+qbIugpzWjC6MkeVs=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSFEUXLgpuXFawF2hCmUxO2qGTCzMToYSCG1/FjQtF3PoS7nwbp2kW2npg4OP/z5kz83sJZ1JZ1rdRWlldW98ob1a2tnd298z9g46MU0GhTWMei55HJHAWQVsxxaGXCCChx6HrjW9mfvcBhGRxdK8mCbghGUYsYJQoLQ3Mo8zJL8kE+FOsWdYa2ElG7Gw6MKtW3coLL4NdQBUV1RqYX44f0zSESFFOpOzbVqLcjAjFKIdpxUklJISOyRD6GiMSgnSzfP0Un2rFx0Es9IkUztXfExkJpZyEnu4MiRrJRW8m/uf1UxVcuRmLklRBROeLgpRjFeNZINhnAqjiEw2ECqbfiumICEKVjq2iQ7AXv7wMnUbdvqhbd+fV5nURRxkdoxNUQza6RE10i1qojSh6RM/oFb0ZT8aL8W58zFtLRjFziP6U8fkDZ7WXVA==</latexit>

cos(2�)
<latexit sha1_base64="BjZSa+SNVWxiDjTXgCp9kYM91V4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSSEUXLgpuXFawF2hCmUxO2qGTCzMToYSCG1/FjQtF3PoS7nwbp2kW2npg4OP/z5kz83sJZ1JZ1rdRWlldW98ob1a2tnd298z9g46MU0GhTWMei55HJHAWQVsxxaGXCCChx6HrjW9mfvcBhGRxdK8mCbghGUYsYJQoLQ3Mo8zJL8kE+FOsWdYa2ElG7Gw6MKtW3coLL4NdQBUV1RqYX44f0zSESFFOpOzbVqLcjAjFKIdpxUklJISOyRD6GiMSgnSzfP0Un2rFx0Es9IkUztXfExkJpZyEnu4MiRrJRW8m/uf1UxVcuRmLklRBROeLgpRjFeNZINhnAqjiEw2ECqbfiumICEKVjq2iQ7AXv7wMnfO6fVG37hrV5nURRxkdoxNUQza6RE10i1qojSh6RM/oFb0ZT8aL8W58zFtLRjFziP6U8fkDasuXVg==</latexit>

cos(4�)

<latexit sha1_base64="DbWO4umVCv3pPnBom5/bP8iFOGw=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiLeFi4IblxXsBZpQJpOTdujkwsxEKCHgxldx40IRt76EO9/GaZuFth4Y+Pj/c+bM/F7CmVSW9W2UlpZXVtfK65WNza3tHXN3ry3jVFBo0ZjHousRCZxF0FJMcegmAkjoceh4o5uJ33kAIVkc3atxAm5IBhELGCVKS33zIHOml2QC/BxrlrUL7CRDdpL3zapVt6aFF8EuoIqKavbNL8ePaRpCpCgnUvZsK1FuRoRilENecVIJCaEjMoCexoiEIN1suj7Hx1rxcRALfSKFp+rviYyEUo5DT3eGRA3lvDcR//N6qQqu3IxFSaogorNFQcqxivEkEOwzAVTxsQZCBdNvxXRIBKFKx1bRIdjzX16E9mndPq9bd2fVxnURRxkdoiNUQza6RA10i5qohSh6RM/oFb0ZT8aL8W58zFpLRjGzj/6U8fkDbeGXWA==</latexit>

cos(6�)
<latexit sha1_base64="Zr3C+JBbW9TKQB3sFEgi/NJ6YhA=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiGIXLgpuXFawF2hCmUxO2qGTCzMToYSCG1/FjQtF3PoS7nwbp2kW2npg4OP/z5kz83sJZ1JZ1rdRWlldW98ob1a2tnd298z9g46MU0GhTWMei55HJHAWQVsxxaGXCCChx6HrjW9mfvcBhGRxdK8mCbghGUYsYJQoLQ3Mo8zJL8kE+FOsWdYa2ElG7Gw6MKtW3coLL4NdQBUV1RqYX44f0zSESFFOpOzbVqLcjAjFKIdpxUklJISOyRD6GiMSgnSzfP0Un2rFx0Es9IkUztXfExkJpZyEnu4MiRrJRW8m/uf1UxU03IxFSaogovNFQcqxivEsEOwzAVTxiQZCBdNvxXREBKFKx1bRIdiLX16GznndvqxbdxfV5nURRxkdoxNUQza6Qk10i1qojSh6RM/oFb0ZT8aL8W58zFtLRjFziP6U8fkDcPeXWg==</latexit>

cos(8�)

Remarkably simple structure that calls for a better organization of the expansion
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<latexit sha1_base64="vLGmlHjpQVypvCDbOG95jxG9os4=">AAACAHicbVDJSgNBEO1xjXGLevDgpTEInsKMBPUiBL14jGgWyIyhp1NJmvQsdNcIcZiLv+LFgyJe/Qxv/o2d5aCJDwoe71VRVc+PpdBo29/WwuLS8spqbi2/vrG5tV3Y2a3rKFEcajySkWr6TIMUIdRQoIRmrIAFvoSGP7ga+Y0HUFpE4R0OY/AC1gtFV3CGRmoX9h/pBXWxD8jatxTuU0HduC+ydqFol+wx6DxxpqRIpqi2C19uJ+JJACFyybRuOXaMXsoUCi4hy7uJhpjxAetBy9CQBaC9dPxARo+M0qHdSJkKkY7V3xMpC7QeBr7pDBj29aw3Ev/zWgl2z71UhHGCEPLJom4iKUZ0lAbtCAUc5dAQxpUwt1LeZ4pxNJnlTQjO7MvzpH5Sck5L5ZtysXI5jSNHDsghOSYOOSMVck2qpEY4ycgzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8AXkElbY=</latexit>

z = ✓Se
i�

<latexit sha1_base64="If86aMrTSDxAt4MhzhuOU38HA5c=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBCUxGU3CdFjUBCPEUwiZOMyO5mYIbMPZnrFZMlHePFXvHhQxKsHb/6Nk8dBowUNRVU33V1eJLgCy/oy5uYXFpeWUyvp1bX1jc3M1nZdhbGkrEZDEcprjygmeMBqwEGw60gy4nuCNbze2chv3DGpeBhcQT9iLZ/cBrzDKQEtuZncER7cFLHjEYkH2MFu4dy1D4r5Qr6cHxziHHaA3UPSNak5dDNZy7TGwH+JPSVZNEXVzXw67ZDGPguACqJU07YiaCVEAqeCDdNOrFhEaI/csqamAfGZaiXjp4Z4Xytt3AmlrgDwWP05kRBfqb7v6U6fQFfNeiPxP68ZQ+eklfAgioEFdLKoEwsMIR4lhNtcMgqirwmhkutbMe0SSSjoHNM6BHv25b+kXjDtslm6LGUrp9M4UmgX7aEDZKNjVEEXqIpqiKIH9IRe0KvxaDwbb8b7pHXOmM7soF8wPr4BQhianQ==</latexit>

�z3z̄ 2F1(3, 2, 6, z) + h.c.



Two-dimensional conformal block expansion

23

non-relativistic spherical harmonic expansion

Celestial expansion using conformal block

H. Chen, Moult, Sandor, HXZ, 2022

Chang, Simmons-Duffin, 2022

Dolan, Osborn



Energy correlators for jets at the EIC/EICC

24



ep and nucleon structure

25

• Structure function 
measurement: PDFs(x)


• SIDIS:


• TMD


• spin


• How can we utilize the 
forward information and 
what does it probes?

???



The nucleon EEC

26

Energy weighted correlation of forward hadron with beam
<latexit sha1_base64="X/s1g4Pwdu5KyR0XlRUeoGjjJXE="></latexit>

fEEC(x, ✓) =

Z 1

�1

dy�

2⇡
eixp

+y� �+

2
hP | ̄(0)E(✓) (y�)|P i

Insertion of energy flow operator between lightcone separated field

Naturally generalize to N energy flow operator insertion

Compare with
<latexit sha1_base64="aEvd98rE26b4PN2LP4aWmQPBwRI="></latexit>

fq(x) =

Z 1

�1

dy�

2⇡
eixp

+y� �+

2
hP | ̄(0) (y�)|P icollinear PDF:

TMD PDF:

<latexit sha1_base64="W3hdoRvReZcZx8OW5LG7+piNtkU="></latexit>

fq(x) =

Z 1

�1

dy�

2⇡
eixp

+y� �+

2
hP | ̄(0) (y?, y�)|P i

Gauge link is suppressed for brevity 

What can we learn from the nucleon EEC?

X.H. Liu, HXZ, 2022



Modified DGLAP evolution

27

X.H. Liu, HXZ, 2022

H.T. Cao, Liu, HXZ, 2023

<latexit sha1_base64="sOrzjKWC+XPP49DUG7NDQFZW4pU="></latexit>

d

d lnµ2
fi,EEC(N, ln

Q✓

uµ
) =

X

j

Z
d⇠ ⇠N�1Pij(⇠)fj,EEC(N, ln

Q✓

⇠uµ
)

Bjorken scaling and scaling 
violation, not in Q evolution 
but in angle!



Probing gluon saturation

28

H.Y. Liu, X.H. Liu, J.C. Pan, F. Yuan, HXZ, 2023



Energy correlators for jets at the CEPC/FCC-ee

29



Sudakov logarithms in EEC

30

Double logarithmic series in perturbation 
theory





Emergent Sudakov peak structure

Similar structure appears in many different 
contexts: Sudakov form factor, threshold 
resummation, TMD resummation, …

EEC(χ) = αsL2 + α2
s L4 + α3

s L6 + ⋯
<latexit sha1_base64="37EPEIG7gOwmgnXdSM/k2jXUGc4=">AAACFnicbVDLSgNBEJyNrxhfqx69DAYhIobdENSLEPTiwUME84BsCLOT2WTI7Owy0yuEJV/hxV/x4kERr+LNv3HyOGhiQUNR1U13lx8LrsFxvq3M0vLK6lp2PbexubW9Y+/u1XWUKMpqNBKRavpEM8ElqwEHwZqxYiT0BWv4g+ux33hgSvNI3sMwZu2Q9CQPOCVgpI59eosvsSekKRZAAXuBIjR18Qn2aKQ92uejtDTCnuK9Phx37LxTdCbAi8SdkTyaodqxv7xuRJOQSaCCaN1ynRjaKVHAqWCjnJdoFhM6ID3WMlSSkOl2OnlrhI+M0sVBpExJwBP190RKQq2HoW86QwJ9Pe+Nxf+8VgLBRTvlMk6ASTpdFCQCQ4THGeEuV4yCGBpCqOLmVkz7xAQDJsmcCcGdf3mR1EtF96xYvivnK1ezOLLoAB2iAnLROaqgG1RFNUTRI3pGr+jNerJerHfrY9qasWYz++gPrM8fKn+djg==</latexit>

L = ln

✓
1 + cos�

2

◆

Resummation in SCET
EEC(χ) = HJ2S

moment of TMD fragmentation function
TMD soft function



Novel method for Sudakov resummation in EEC

31

H. Chen, X.N. Zhou, HXZ, 2023

EEC can be written as a four point Wightman correlation function

<latexit sha1_base64="qzbCWrDe0JgMfcz56xnwn4P1Z/o="></latexit>

u =
x2
12x

2
34

x2
13x

2
24

= zz̄ , v =
x2
23x

2
14

x2
13x

2
24

= (1� z)(1� z̄)

Double lightcone limit: u → 0 , v → 0 (z → 0 , z̄ → 1)
<latexit sha1_base64="pI7weiMAqMjRoFcSI0i3bFW8s94="></latexit>

one loop =


�1

4
log u log v + 0 · log(uv) + · · ·

�
�


1

4
(u+ v) log u log v +

1

2
(u log u+ v log v) + · · ·

�
+ · · · ,

two loop =


1

16
log2 u log2 v + 0 · log u log v log(uv) + · · ·

�
+


1

8
(u+ v) log2 u log2 v

+
3

16
log u log v(u log u+ v log v) +

1

8
log u log v(v log u+ u log v) + · · ·

�
+ · · · ,

three loop =


� 1

96
log3 u log3 v + 0 · log2 u log2 v log(uv) + · · ·

�
�


1

48
(u+ v) log3 u log3 v

+
1

24
log2 u log2 v(u log u+ v log v) +

1

48
log2 u log2 v(v log u+ u log v) + · · ·

�
+ · · · .



Origin of Sudakov double logarithms

32

Logarithmic divergence in u->0: anomalous dimension of 


Logarithmic divergence in v->0: sum over infinite number of 

𝒪Δ,l

𝒪Δ,l

    collinear divergence


    soft divergence

⇔
⇔

H. Chen, X.N. Zhou, HXZ, 2023
<latexit sha1_base64="0t2+WrxVim2r9peKUmUYQcljWqg="></latexit>

hJµ(x1)T
⇢�(x2)T

�(x4)J
µ(x3)i

S-channel OPEx1

x2 x3

x4

<latexit sha1_base64="uomxLfW+TA8wt8P2OOU+QBA0fY8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinoseOnNCtYW0lI22027dJMNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePRqVasZbTEmlOwE1XIqYt1Cg5J1EcxoFkreD8e3Mbz9xbYSKH3CS8F5Eh7EIBaNoJf+un3WRphdETvvlilt15yCrxMtJBXI0++Wv7kCxNOIxMkmN8T03wV5GNQom+bTUTQ1PKBvTIfctjWnETS+bnzwlZ1YZkFBpWzGSufp7IqORMZMosJ0RxZFZ9mbif56fYnjTy0ScpMhjtlgUppKgIrP/yUBozlBOLKFMC3srYSOqKUObUsmG4C2/vEoeL6veVbV2X6vUG3kcRTiBUzgHD66hDg1oQgsYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx/ROpD7</latexit>

O⌧,l

<latexit sha1_base64="M8WbwEdRA/A+VcN7XYXoRDFYj4U="></latexit>X

⌧,l
truncated in τ, 
but infinite in l

<latexit sha1_base64="D+cWAD47F7fxRcD/5Gou13Qx7Dw="></latexit>

=
X

⌧,l

a⌧,lG�,l(x1, x2, x3, x4)

partial wave decomposition of 4-pt function

4-pt conformal block

<latexit sha1_base64="q45QmUUo0hC2uEdgOg3moa6vzHw=">AAACJnicbZDLSgMxFIYz9VbrbdSlm2ARWih1phQVpFAUxGUFe4FOHTJp2oZmLiQZaRn6NG58FTcuKiLufBTT6Sxs6w+BL/85h+T8TsCokIbxraXW1jc2t9LbmZ3dvf0D/fCoIfyQY1LHPvN5y0GCMOqRuqSSkVbACXIdRprO8HZWbz4TLqjvPcpxQDou6nu0RzGSyrL1ytC2HCIRzI3ysAJHT1F8PS9NoFWwS3e2mUuMAlyEazjK23rWKBqx4CqYCWRBopqtT62uj0OXeBIzJETbNALZiRCXFDMyyVihIAHCQ9QnbYUeconoRPGaE3imnC7s+VwdT8LY/TsRIVeIseuoThfJgViuzcz/au1Q9q46EfWCUBIPzx/qhQxKH84yg13KCZZsrABhTtVfIR4gjrBUyWZUCObyyqvQKBXNi2L5oZyt3iRxpMEJOAU5YIJLUAX3oAbqAIMX8Aam4EN71d61T+1r3prSkpljsCDt5xcY8qHa</latexit>

k�(x) = x�/2
2F1(�/2,�/2,�;x)

<latexit sha1_base64="RKEebyaur8dB3w2r1vbArscFmCg="></latexit>

G�,`(u, v) =
zz̄

z̄ � z
[k��`�2(z)k�+`(z̄)� (z $ z̄)]



role of analyticity in spin
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Lightray 
OPE

Back-to-back EEC

Bulk OPE

<latexit sha1_base64="w2ZQa8ZMF9ZPuxJo9S0bENPpU5M="></latexit>

C⌧G�,l(z, z̄) = J2
⌧,lG�,l(z, z̄)

<latexit sha1_base64="vZ/hVAPz1gtDy20B5e367fhM4SQ=">AAACLXicbZDLSsNAFIYnXmu9VV26GSxCi1qSUtSNUNSFuKpgL9DEMJlO2qGTSZiZCCXkhdz4KiK4qIhbX8PpZaFtDwx8/P85nDm/FzEqlWkOjaXlldW19cxGdnNre2c3t7ffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkabXvxn5zWciJA35oxpExAlQl1OfYqS05OZu793EVig+tQlj6VMZXsHCCOEJtH2B8NhMk3JaXCzDM2gV3VzeLJnjgvNgTSEPplVzc+92J8RxQLjCDEnZtsxIOQkSimJG0qwdSxIh3Edd0tbIUUCkk4yvTeGxVjrQD4V+XMGx+nciQYGUg8DTnQFSPTnrjcRFXjtW/qWTUB7FinA8WeTHDKoQjqKDHSoIVmygAWFB9V8h7iGdhtIBZ3UI1uzJ89Aol6zzUuWhkq9eT+PIgENwBArAAhegCu5ADdQBBi/gDQzBp/FqfBhfxvekdcmYzhyAf2X8/AInfqY9</latexit>

J2
⌧,` = (`+

⌧

2
)(`+

⌧

2
� 1)

Infinite spin summation: Casimir equation

Analyticity in spin plays crucial role in understanding small angle and large angle expansion!



Resummation of EEC in N=4 SYM
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<latexit sha1_base64="k5xVA6leqZzQrDMkd4/S5DLw5IY="></latexit>

EEC(y) ⇠
1X

n=1

2n�1X

m=0

↵n
s

✓
cn,m

logm y

y
+ dn,m logm y

◆

NLL: <latexit sha1_base64="QIcsS2KqFwIj3YJe/cOlyxG3yhw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZDUI9BLx4jmAcmS5id9CZDZmfXmVkhhPyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqHSPJb3ZpSgH9G+5CFn1FjpIer08ZGU5Xm5Wyi6JXcGsky8jBQhQ61b+Or0YpZGKA0TVOu25ybGH1NlOBM4yXdSjQllQ9rHtqWSRqj98eziCTm1So+EsbIlDZmpvyfGNNJ6FAW2M6JmoBe9qfif105NeOWPuUxSg5LNF4WpICYm0/dJjytkRowsoUxxeythA6ooMzakvA3BW3x5mTTKJe+iVLmrFKvXWRw5OIYTOAMPLqEKt1CDOjCQ8Ayv8OZo58V5dz7mrStONnMEf+B8/gBUOZAM</latexit>

m � 2n� 2

<latexit sha1_base64="+lojhuZFqhunV8hjnXeOYU8fVbI="></latexit>

EEC(y) = �aLye�
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<latexit sha1_base64="z0yAsKxmGorR+pRRbI7G3eretXI="></latexit>

erf(z) =
2p
⇡

Z z

0
e�t2dt

“

“

”

”

<latexit sha1_base64="Fn2s/1d8X+2v1z1tuYHNHdbpAhE=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQklKUTdCwU2XFewDmlAm00k7dDITZiZCCAE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89Qcyo0o7zba2srq1vbJa2yts7u3v79sFhR4lEYtLGggnZC5AijHLS1lQz0oslQVHASDeY3E797gORigp+r9OY+BEacRpSjLSRBvZxCm+gF0qEMxdeQA8L5eExzbNaPrArTtWZAS4TtyAVUKA1sL+8ocBJRLjGDCnVd51Y+xmSmmJG8rKXKBIjPEEj0jeUo4goP5v9kMMzowxhKKQpruFM/T2RoUipNApMZ4T0WC16U/E/r5/o8NrPKI8TTTieLwoTBrWA00DgkEqCNUsNQVhScyvEY2QC0Sa2sgnBXXx5mXRqVfeyWr+rVxrNIo4SOAGn4By44Ao0QBO0QBtg8AiewSt4s56sF+vd+pi3rljFzBH4A+vzByGYlps=</latexit>

y =
1 + cos�

2

H. Chen, X.N. Zhou, HXZ, 2023

Results disagree with a previous calculation 
based on factorization ansatz in SCET !

I. Moult, G. Vita, K. Yan, 2020



Summary
• Resurgence of interests in EEC and its generalization inspired by conformal 

collider physics


• Remarkably  rich QCD dynamics can be probed by EECs


• Scaling behavior in jet evolution and real time hadronization


• Spinning gluon effects in jet substructure


• Celestial block expansion of multiple-point EEC


• Scaling in DIS through angular correlation


• Probing Gluon saturation


• Theory: back-to-back expansion in EEC at e+e- through local OPE
35

LHC/e+e-

LHC/e+e-

EIC/EICC



https://indico.mitp.uni-mainz.de/event/358/
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Thank you very much for your attention!


