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Energy/particle flux is a useful tool to understand microscopic/underlying physics.

Rutherford Experiment CMB

LHC collisions



Energy Flux in Particle Physics and  Field Theory

E(~n) = lim
r!1

r2
Z 1

0
dt ~niT

0i(t, r~n)
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Energy detector is a light-ray operator.

Penrose diagram
3

light-ray operators ~ (non-local) operators on a light ray

[Sveshnikov, Tkachov, 1995; 
Hofman, Maldacena, 2008; 
Kravchuk, Simmons-Duffin, 2018]
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E(~n)|Xi =
X

i2X

Ei�(p̂i � ~n)|Xi [Sterman, 1975]
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E(~n) measures energy flux along specific angles:

50 Years of Energy Flux in QCD
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E(~n) measures energy flux along specific angles:

Particles

Fields/Operators



Energy-energy correlator (EEC)

[Basham, Brown, Ellis and Love, 1978]

Energy-energy correlation measures the correlation 
of two energy detectors at spatial infinity E(~n1)
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One of the simplest observables from the theoretical perspective is the Energy-Energy

Correlator (EEC), defined as [2, 3]

d�

dz
=

X

i,j

Z
d�

EiEj

Q2
�

✓
z �

1 � cos �ij

2

◆
. (1.1)

Here Ei and Ej are the energies of final-state partons i and j in the center-of-mass frame,

and their angular separation is �ij . d� is the product of the squared matrix element and the

phase-space measure. The EEC can also be defined in terms of correlation function of ANEC

operators [4–7]

E(~n) =

1Z

0

dt lim
r!1

r
2
n
i
T0i(t, r~n) , (1.2)

where it is given by

d�

dz
=

hOE(~n1)E(~n2)O†
i

hOO†i
, (1.3)

for some source operator O. This provides a connection between event shape observables and

correlation functions of ANEC operators allowing the study of event shapes to profit from

recent developments in the study of ANEC operators, and conversely, the EEC provide a

concrete situation for studying the behavior of ANEC operators.

There has recently been significant progress in the understanding of the EEC from a

number of di↵erent directions. For generic angles, the EEC has been computed at next-to-

leading order (NLO) in QCD [8, 9] for both an e
+
e
� source, and Higgs decaying to gluons,

and up to NNLO in N = 4 SYM [7, 10]. It has also been computed numerically in QCD at

NNLO [11, 12].

There has also been progress in understanding the singularities of the EEC, which occur as

z ! 0 (the collinear limit) and z ! 1 (the back-to-back limit). In the back-to-back limit, the

EEC exhibits Sudakov double logarithms, whose all orders logarithmic structure is described

by a factorization formula [13, 14]. In the z ! 0 limit, which will be studied in this paper,

the EEC exhibits single collinear logarithms, originally studied at leading logarithmic order

in [15–19]. Formulas describing the behavior of the EEC in the collinear limit were recently

derived in [20] for a generic field theory, and in [21–24] for the particular case of a CFT. This

limit is of theoretical interest for studying the OPE structure of non-local operators, and of

phenomenological interest as a jet substructure observable.

The two-point correlator is particularly simple since it depends on a single variable, z.

Indeed, in a conformal field theory (CFT), its behavior in the collinear limit is fixed to be a

power law

⌃(z) =
1

2
C(↵s) z

�N=4
J (↵s) , (1.4)
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EEC and its multi-point generalization 

are correlation functions of light-ray operators

hO0(�q)|E(~n1)E(~n2) . . .|O(q)i
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see animation https://indico.fis.ucm.es/event/20/contributions/545/attachments/356/640/EEC_visualization.mp4

EEC is a weighted cross section. 

Each event contributes a distribution to the ensemble average.

https://indico.fis.ucm.es/event/20/contributions/545/attachments/356/640/EEC_visualization.mp4
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Most precise  measurement 
from jet substructure

αs Perturbative scaling behavior 
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Simmons-Duffin, Alexander Zhiboedov, Gregory 
Korchemsky, HC, Kyle Lee…]

EEC inside jets @ CMS

[2402.13864]

+Wen Chen, Jun Gao and Zhen Xu

[2307.07510]

(sorry for the limited space)
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Yibei Li

HuaXing ZhuIan Moult Wouter Waalewijn

Max Jaarsma

Hannah Bossi Yu-Chen Chen

Jingyu Zhang Yi Chen

Yen-Jie Lee
[2505.11828] [theory paper, to appear]

+ Innocenti, 
Badea, Baty, 
Maggi, 
McGinn +

Track EEC from LEP Data

(sorry for the 
limited space)
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QCD transition QGP effect Top quark decay

in the collinear limit

see [2503.19993]
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perturbative

see discussion with CMS Open Data 
[Komiske, Moult, Thaler, Zhu, 2022]
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• Perturbative factorization


• Post-confinement/free hadron region


• Pre-confinement/perturbative region: power corrections
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[Dixon, Moult, Zhu, 2019]

EEC exhibits collinear universality in pQCD, described by the factorization formula

convolution in momentum fraction  x

Hard functionJet function

As a correlation function of light-ray operators, 
collinear limit has the interpretation of light-ray OPE.

I +

One of the simplest observables from the theoretical perspective is the Energy-Energy

Correlator (EEC), defined as [2, 3]
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Here Ei and Ej are the energies of final-state partons i and j in the center-of-mass frame,

and their angular separation is �ij . d� is the product of the squared matrix element and the

phase-space measure. The EEC can also be defined in terms of correlation function of ANEC

operators [4–7]
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for some source operator O. This provides a connection between event shape observables and

correlation functions of ANEC operators allowing the study of event shapes to profit from

recent developments in the study of ANEC operators, and conversely, the EEC provide a

concrete situation for studying the behavior of ANEC operators.

There has recently been significant progress in the understanding of the EEC from a

number of di↵erent directions. For generic angles, the EEC has been computed at next-to-

leading order (NLO) in QCD [8, 9] for both an e
+
e
� source, and Higgs decaying to gluons,

and up to NNLO in N = 4 SYM [7, 10]. It has also been computed numerically in QCD at

NNLO [11, 12].

There has also been progress in understanding the singularities of the EEC, which occur as

z ! 0 (the collinear limit) and z ! 1 (the back-to-back limit). In the back-to-back limit, the

EEC exhibits Sudakov double logarithms, whose all orders logarithmic structure is described

by a factorization formula [13, 14]. In the z ! 0 limit, which will be studied in this paper,

the EEC exhibits single collinear logarithms, originally studied at leading logarithmic order

in [15–19]. Formulas describing the behavior of the EEC in the collinear limit were recently

derived in [20] for a generic field theory, and in [21–24] for the particular case of a CFT. This

limit is of theoretical interest for studying the OPE structure of non-local operators, and of

phenomenological interest as a jet substructure observable.

The two-point correlator is particularly simple since it depends on a single variable, z.

Indeed, in a conformal field theory (CFT), its behavior in the collinear limit is fixed to be a

power law
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One of the simplest observables from the theoretical perspective is the Energy-Energy

Correlator (EEC), defined as [2, 3]
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Here Ei and Ej are the energies of final-state partons i and j in the center-of-mass frame,

and their angular separation is �ij . d� is the product of the squared matrix element and the

phase-space measure. The EEC can also be defined in terms of correlation function of ANEC

operators [4–7]

E(~n) =

1Z

0

dt lim
r!1

r
2
n
i
T0i(t, r~n) , (1.2)

where it is given by

d�

dz
=

hOE(~n1)E(~n2)O†
i

hOO†i
, (1.3)

for some source operator O. This provides a connection between event shape observables and

correlation functions of ANEC operators allowing the study of event shapes to profit from

recent developments in the study of ANEC operators, and conversely, the EEC provide a

concrete situation for studying the behavior of ANEC operators.

There has recently been significant progress in the understanding of the EEC from a

number of di↵erent directions. For generic angles, the EEC has been computed at next-to-

leading order (NLO) in QCD [8, 9] for both an e
+
e
� source, and Higgs decaying to gluons,

and up to NNLO in N = 4 SYM [7, 10]. It has also been computed numerically in QCD at

NNLO [11, 12].

There has also been progress in understanding the singularities of the EEC, which occur as

z ! 0 (the collinear limit) and z ! 1 (the back-to-back limit). In the back-to-back limit, the

EEC exhibits Sudakov double logarithms, whose all orders logarithmic structure is described

by a factorization formula [13, 14]. In the z ! 0 limit, which will be studied in this paper,

the EEC exhibits single collinear logarithms, originally studied at leading logarithmic order

in [15–19]. Formulas describing the behavior of the EEC in the collinear limit were recently

derived in [20] for a generic field theory, and in [21–24] for the particular case of a CFT. This

limit is of theoretical interest for studying the OPE structure of non-local operators, and of

phenomenological interest as a jet substructure observable.

The two-point correlator is particularly simple since it depends on a single variable, z.

Indeed, in a conformal field theory (CFT), its behavior in the collinear limit is fixed to be a

power law

⌃(z) =
1

2
C(↵s) z

�N=4
J (↵s) , (1.4)
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• Lorentz Symmetry

• RG invariance

• Dimensional Analysis
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Short distance scaling behavior 
is determined by local OPE.

Small angle behavior is controlled by 
the OPE of light-ray operators. 
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Here Ei and Ej are the energies of final-state partons i and j in the center-of-mass frame,

and their angular separation is �ij . d� is the product of the squared matrix element and the

phase-space measure. The EEC can also be defined in terms of correlation function of ANEC
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for some source operator O. This provides a connection between event shape observables and

correlation functions of ANEC operators allowing the study of event shapes to profit from

recent developments in the study of ANEC operators, and conversely, the EEC provide a

concrete situation for studying the behavior of ANEC operators.

There has recently been significant progress in the understanding of the EEC from a

number of di↵erent directions. For generic angles, the EEC has been computed at next-to-

leading order (NLO) in QCD [8, 9] for both an e
+
e
� source, and Higgs decaying to gluons,

and up to NNLO in N = 4 SYM [7, 10]. It has also been computed numerically in QCD at

NNLO [11, 12].

There has also been progress in understanding the singularities of the EEC, which occur as

z ! 0 (the collinear limit) and z ! 1 (the back-to-back limit). In the back-to-back limit, the

EEC exhibits Sudakov double logarithms, whose all orders logarithmic structure is described

by a factorization formula [13, 14]. In the z ! 0 limit, which will be studied in this paper,

the EEC exhibits single collinear logarithms, originally studied at leading logarithmic order

in [15–19]. Formulas describing the behavior of the EEC in the collinear limit were recently

derived in [20] for a generic field theory, and in [21–24] for the particular case of a CFT. This

limit is of theoretical interest for studying the OPE structure of non-local operators, and of

phenomenological interest as a jet substructure observable.

The two-point correlator is particularly simple since it depends on a single variable, z.

Indeed, in a conformal field theory (CFT), its behavior in the collinear limit is fixed to be a

power law
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for some source operator O. This provides a connection between event shape observables and

correlation functions of ANEC operators allowing the study of event shapes to profit from

recent developments in the study of ANEC operators, and conversely, the EEC provide a

concrete situation for studying the behavior of ANEC operators.
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the EEC exhibits single collinear logarithms, originally studied at leading logarithmic order

in [15–19]. Formulas describing the behavior of the EEC in the collinear limit were recently

derived in [20] for a generic field theory, and in [21–24] for the particular case of a CFT. This
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“local OPE on the celestial sphere” 20

Euclidean distance OPE
is determined by operator dimension

Lightcone OPE
is controlled by twist expansion

Light-ray OPE is a fixed-spin 
twist expansion in CFT
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spin-3 light-ray operators

[Hofman, Maldacena, 2008; Kologlu, 
Kravchuk, Simmons-Duffin, Zhiboedov, 2019]



Leading-Twist (DGLAP) Operators in QCD

21

For unpolarized cases, there are only two kinds of twist-2 operators in QCD

O
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X

s

Z
d3p

(2⇡)32E
�(2)(p̂� ~n) EJ�1(b†~p,sb~p,s + d†~p,sd~p,s)
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Physics Interpretation

[in free theory]

Measuring
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EJ�1

Not IR-safe measurement
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2J
 ̄�+(iD+)J�1 
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energy detector

[Hofman, Maldacena, 2008; Kologlu, 
Kravchuk, Simmons-Duffin, Zhiboedov, 2019]

dim. of light-ray operators
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perturbative QCD factorization
[Dixon, Moult, Zhu, 2019; HC 2023]

pQCD is classically conformal, 
running coupling breaks the 
conformal symmetry at quantum level



Post-confinement regime/free hadron regime
[Chang, HC, Liu, Simmons-Duffin, Yuan, Zhu, 2507.15923]




E(~n1)
<latexit sha1_base64="BtY8xWZS+oIA3ro4NfSgm59dgSw="></latexit>

E(~n2)
<latexit sha1_base64="jv7FVcovmVLcyZCQ4uVUF0fY16I="></latexit>

✓
<latexit sha1_base64="t6zs92G3RWrKy19ZhOsT5nCZkgM="></latexit>

Adapted from [2505.11828]

[Basham, Brown, Ellis and Love, 1978]

d⌃

dz
=

X

i,j

Z
d�

EiEj

Q2
�

✓
z � 1� cos ✓ij

2

◆

<latexit sha1_base64="LUeSQixqGuZsKUAWeAV5Y4iAFDA="></latexit>

<latexit sha1_base64="xM/AvgJi+KuoqTD9ytEwCBg+q+4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2PRi8cKpi20oWy203bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omDjVHHwey1i3QmZACgU+CpTQSjSwKJTQDEe3U7/5CNqIWD3gOIEgYgMl+oIztJLfeQJk3XLFrboz0GXi5aRCctS75a9OL+ZpBAq5ZMa0PTfBIGMaBZcwKXVSAwnjIzaAtqWKRWCCbHbshJ5YpUf7sbalkM7U3xMZi4wZR6HtjBgOzaI3Ff/z2in2r4NMqCRFUHy+qJ9KijGdfk57QgNHObaEcS3srZQPmWYcbT4lG4K3+PIyaZxVvcvqxf15pXaTx1EkR+SYnBKPXJEauSN14hNOBHkmr+TNUc6L8+58zFsLTj5zSP7A+fwB676Oxg==</latexit>

⇣

<latexit sha1_base64="xM/AvgJi+KuoqTD9ytEwCBg+q+4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2PRi8cKpi20oWy203bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omDjVHHwey1i3QmZACgU+CpTQSjSwKJTQDEe3U7/5CNqIWD3gOIEgYgMl+oIztJLfeQJk3XLFrboz0GXi5aRCctS75a9OL+ZpBAq5ZMa0PTfBIGMaBZcwKXVSAwnjIzaAtqWKRWCCbHbshJ5YpUf7sbalkM7U3xMZi4wZR6HtjBgOzaI3Ff/z2in2r4NMqCRFUHy+qJ9KijGdfk57QgNHObaEcS3srZQPmWYcbT4lG4K3+PIyaZxVvcvqxf15pXaTx1EkR+SYnBKPXJEauSN14hNOBHkmr+TNUc6L8+58zFsLTj5zSP7A+fwB676Oxg==</latexit>

⇣

)c (GeV/LR〉T
ch jetp〈

1 10

)-1 )c
 ((

G
eV

/
EE

C
Σ × 〉

Tch
 je

t
p〈/〉

Tch
 je

t
p〈

ln

0.1

0.2

0.3

0.4

0.5

0.6

0.7

)c (GeV/LR〉T
ch jetp〈

1 10

Th
eo

ry
 / 

D
at

a

0.6

0.8

1

1.2

1.4

T
ch jetp

c(20, 40) GeV/
c(40, 60) GeV/
c(60, 80) GeV/

Transition region
cPeak = 2.39 GeV/

c0.17 GeV/±

Hadron region

LR×A
Pertubative region

pQCD

 = 5.02 TeVsALICE   pp 
| < 0.5

jet
η = 0.4, |R charged-particle jets, TkAnti-

c > 1.0 GeV/
T, track
p

0

)c (GeV/LR〉T
ch jetp〈

1 10

)-1 )c
 ((

G
eV

/
EE

C
Σ × 〉

Tch
 je

t
p〈/〉

Tch
 je

t
p〈

ln

0.1

0.2

0.3

0.4

0.5

0.6

0.7

)c (GeV/LR〉T
ch jetp〈

1 10

Th
eo

ry
 / 

D
at

a

0.6

0.8

1

1.2

1.4

T
ch jetp

c(20, 40) GeV/
c(40, 60) GeV/
c(60, 80) GeV/

Transition region
cPeak = 2.39 GeV/

c0.17 GeV/±

Hadron region

LR×A
Pertubative region

pQCD

 = 5.02 TeVsALICE   pp 
| < 0.5

jet
η = 0.4, |R charged-particle jets, TkAnti-

c > 1.0 GeV/
T, track
p

0

[2409.12687]

change variable
<latexit sha1_base64="ZvwnaHW/eMGFrYHyCQfrYtZDzeQ=">AAAB+HicbZDJSgNBEIZ74hbjklGPXhqD4CnMiNsx6MVjBLNAZgg9nZqkSc9Cd42QhDyJFw+KePVRvPk2dpI5aOIPDR9/VdFVf5BKodFxvq3C2vrG5lZxu7Szu7dftg8OmzrJFIcGT2Si2gHTIEUMDRQooZ0qYFEgoRUM72b11hMoLZL4EUcp+BHrxyIUnKGxunbZwwEg8zCh3thA1644VWcuugpuDhWSq961v7xewrMIYuSSad1xnRT9CVMouIRpycs0pIwPWR86BmMWgfYn88Wn9NQ4PRomyrwY6dz9PTFhkdajKDCdEcOBXq7NzP9qnQzDG38i4jRDiPniozCT1Jw5S4H2hAKOcmSAcSXMrpQPmGIcTVYlE4K7fPIqNM+r7lX18uGiUrvN4yiSY3JCzohLrkmN3JM6aRBOMvJMXsmbNbZerHfrY9FasPKZI/JH1ucPw5uTLA==</latexit>

✓ ! ⇣

<latexit sha1_base64="RnyzIg4Iy64zhhoBANN9EcBOI5Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2Z1lplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo1hwZXUul2wAxIEUMDBUpoJxpYFEhoBaPbqd96Am2Eih9wnIAfsUEsQsEZWqnZxSEg65UrbtWdgS4TLycVkqPeK391+4qnEcTIJTOm47kJ+hnTKLiESambGkgYH7EBdCyNWQTGz2bXTuiJVfo0VNpWjHSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPYzEScpQszni8JUUlR0+jrtCw0c5dgSxrWwt1I+ZJpxtAGVbAje4svLpHlW9S6rF/fnldpNHkeRHJFjcko8ckVq5I7USYNw8kieySt5c5Tz4rw7H/PWgpPPHJI/cD5/AKc3jzI=</latexit>

✓

collinear EEC @ LHC full-range EEC @ LEP

Goal: theoretical explanation for this prefactor

26



E(~n1)
<latexit sha1_base64="BtY8xWZS+oIA3ro4NfSgm59dgSw="></latexit>

E(~n2)
<latexit sha1_base64="jv7FVcovmVLcyZCQ4uVUF0fY16I="></latexit>

✓
<latexit sha1_base64="t6zs92G3RWrKy19ZhOsT5nCZkgM="></latexit>

Adapted from [2505.11828]

[Basham, Brown, Ellis and Love, 1978]

d⌃

dz
=

X

i,j

Z
d�

EiEj

Q2
�

✓
z � 1� cos ✓ij

2

◆

<latexit sha1_base64="LUeSQixqGuZsKUAWeAV5Y4iAFDA="></latexit>

<latexit sha1_base64="xM/AvgJi+KuoqTD9ytEwCBg+q+4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2PRi8cKpi20oWy203bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omDjVHHwey1i3QmZACgU+CpTQSjSwKJTQDEe3U7/5CNqIWD3gOIEgYgMl+oIztJLfeQJk3XLFrboz0GXi5aRCctS75a9OL+ZpBAq5ZMa0PTfBIGMaBZcwKXVSAwnjIzaAtqWKRWCCbHbshJ5YpUf7sbalkM7U3xMZi4wZR6HtjBgOzaI3Ff/z2in2r4NMqCRFUHy+qJ9KijGdfk57QgNHObaEcS3srZQPmWYcbT4lG4K3+PIyaZxVvcvqxf15pXaTx1EkR+SYnBKPXJEauSN14hNOBHkmr+TNUc6L8+58zFsLTj5zSP7A+fwB676Oxg==</latexit>

⇣

<latexit sha1_base64="xM/AvgJi+KuoqTD9ytEwCBg+q+4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0nEr2PRi8cKpi20oWy203bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omDjVHHwey1i3QmZACgU+CpTQSjSwKJTQDEe3U7/5CNqIWD3gOIEgYgMl+oIztJLfeQJk3XLFrboz0GXi5aRCctS75a9OL+ZpBAq5ZMa0PTfBIGMaBZcwKXVSAwnjIzaAtqWKRWCCbHbshJ5YpUf7sbalkM7U3xMZi4wZR6HtjBgOzaI3Ff/z2in2r4NMqCRFUHy+qJ9KijGdfk57QgNHObaEcS3srZQPmWYcbT4lG4K3+PIyaZxVvcvqxf15pXaTx1EkR+SYnBKPXJEauSN14hNOBHkmr+TNUc6L8+58zFsLTj5zSP7A+fwB676Oxg==</latexit>

⇣

)c (GeV/LR〉T
ch jetp〈

1 10

)-1 )c
 ((

G
eV

/
EE

C
Σ × 〉

Tch
 je

t
p〈/〉

Tch
 je

t
p〈

ln

0.1

0.2

0.3

0.4

0.5

0.6

0.7

)c (GeV/LR〉T
ch jetp〈

1 10

Th
eo

ry
 / 

D
at

a

0.6

0.8

1

1.2

1.4

T
ch jetp

c(20, 40) GeV/
c(40, 60) GeV/
c(60, 80) GeV/

Transition region
cPeak = 2.39 GeV/

c0.17 GeV/±

Hadron region

LR×A
Pertubative region

pQCD

 = 5.02 TeVsALICE   pp 
| < 0.5

jet
η = 0.4, |R charged-particle jets, TkAnti-

c > 1.0 GeV/
T, track
p

0

)c (GeV/LR〉T
ch jetp〈

1 10

)-1 )c
 ((

G
eV

/
EE

C
Σ × 〉

Tch
 je

t
p〈/〉

Tch
 je

t
p〈

ln

0.1

0.2

0.3

0.4

0.5

0.6

0.7

)c (GeV/LR〉T
ch jetp〈

1 10

Th
eo

ry
 / 

D
at

a

0.6

0.8

1

1.2

1.4

T
ch jetp

c(20, 40) GeV/
c(40, 60) GeV/
c(60, 80) GeV/

Transition region
cPeak = 2.39 GeV/

c0.17 GeV/±

Hadron region

LR×A
Pertubative region

pQCD

 = 5.02 TeVsALICE   pp 
| < 0.5

jet
η = 0.4, |R charged-particle jets, TkAnti-

c > 1.0 GeV/
T, track
p

0

[2409.12687]

change variable
<latexit sha1_base64="ZvwnaHW/eMGFrYHyCQfrYtZDzeQ=">AAAB+HicbZDJSgNBEIZ74hbjklGPXhqD4CnMiNsx6MVjBLNAZgg9nZqkSc9Cd42QhDyJFw+KePVRvPk2dpI5aOIPDR9/VdFVf5BKodFxvq3C2vrG5lZxu7Szu7dftg8OmzrJFIcGT2Si2gHTIEUMDRQooZ0qYFEgoRUM72b11hMoLZL4EUcp+BHrxyIUnKGxunbZwwEg8zCh3thA1644VWcuugpuDhWSq961v7xewrMIYuSSad1xnRT9CVMouIRpycs0pIwPWR86BmMWgfYn88Wn9NQ4PRomyrwY6dz9PTFhkdajKDCdEcOBXq7NzP9qnQzDG38i4jRDiPniozCT1Jw5S4H2hAKOcmSAcSXMrpQPmGIcTVYlE4K7fPIqNM+r7lX18uGiUrvN4yiSY3JCzohLrkmN3JM6aRBOMvJMXsmbNbZerHfrY9FasPKZI/JH1ucPw5uTLA==</latexit>

✓ ! ⇣

<latexit sha1_base64="RnyzIg4Iy64zhhoBANN9EcBOI5Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2Z1lplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo1hwZXUul2wAxIEUMDBUpoJxpYFEhoBaPbqd96Am2Eih9wnIAfsUEsQsEZWqnZxSEg65UrbtWdgS4TLycVkqPeK391+4qnEcTIJTOm47kJ+hnTKLiESambGkgYH7EBdCyNWQTGz2bXTuiJVfo0VNpWjHSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPYzEScpQszni8JUUlR0+jrtCw0c5dgSxrWwt1I+ZJpxtAGVbAje4svLpHlW9S6rF/fnldpNHkeRHJFjcko8ckVq5I7USYNw8kieySt5c5Tz4rw7H/PWgpPPHJI/cD5/AKc3jzI=</latexit>

✓

collinear EEC @ LHC full-range EEC @ LEP

Goal: theoretical explanation for this prefactor

If you are familiar with Bjorken scaling and violation, 
this is a parallel story — classical + quantum scaling!
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Light-ray OPE in Post-confinement  Region
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Post-confinement region — free hadron approx.
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<latexit sha1_base64="9lexjUl0Ba4kBZg+828/I9AAJx8=">AAACFXicbVDLSsNAFJ3UV62vqCtxM1iEirQk1qoboejGZQX7gDaUyWTSDp08mJmIJQQ/wy9wq1/gTty69gP8D6dpFrZ6YOBwzr1zLscOGRXSML603MLi0vJKfrWwtr6xuaVv77REEHFMmjhgAe/YSBBGfdKUVDLSCTlBns1I2x5dT/z2PeGCBv6dHIfE8tDApy7FSCqpr+/FvfSTmBMngbXkslwqV8vVY/OorxeNipEC/iVmRoogQ6Ovf/ecAEce8SVmSIiuaYTSihGXFDOSFHqRICHCIzQgXUV95BFhxWl6Ag+V4kA34Or5Eqbq740YeUKMPVtNekgOxbw3Ef/zupF0L6yY+mEkiY+nQW7EoAzgpA/oUE6wZGNFEOZU3QrxEHGEpWptJuVheqrqxZxv4S9pnVTMs0rt9rRYv8oayoN9cABKwATnoA5uQAM0AQaP4Bm8gFftSXvT3rWP6WhOy3Z2wQy0zx+anp33</latexit>

5 = �(�3� 3 + 1)
<latexit sha1_base64="EnJ1Ar38kQXD5T6ptwx6gk8us9k=">AAACFnicbVDLSsNAFJ3UV62vqDvdDBahIpakWHUjFN24rGAf0IYymU7q0MkkzEzEEgJ+hl/gVr/Anbh16wf4H07TLGzrHQYO59x7z+W4IaNSWda3kVtYXFpeya8W1tY3NrfM7Z2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzh9VhvPRAhacDv1Cgkjo8GnHoUI6WpnrkXd9MlscsiksBKclk9KdnH+h31zKJVttKC88DOQBFkVe+ZP91+gCOfcIUZkrJjW6FyYiQUxYwkhW4kSYjwEA1IR0OOfCKdOLVP4KFm+tALhP5cwZT9OxEjX8qR7+pOH6l7OauNyf+0TqS8CyemPIwU4Xhi5EUMqgCOA4F9KghWbKQBwoLqWyG+RwJhpWObcnmcnKpzsWdTmAfNStk+K1dvT4u1qyyhPNgHB6AEbHAOauAG1EEDYPAEXsAreDOejXfjw/ictOaMbGYXTJXx9Qt2RJ5t</latexit>

2 = 5� (1 + 1 + 1)

29



Operator Spectrum (Chew-Frautschi Plot)

collinear plateau

�� 2 = �1� JL

J = ��L + 1
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<latexit sha1_base64="hq4nVbyOVtSoBvYkiSmA2azYv7Q=">AAACEnicbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoWRXBZwT6gDWUynbZDJ5MwMxFL7F/4BW71C9yJW3/AD/A/nLRZ9OGBC4dz7uUejh9xprTj/Fi5peWV1bX8emFjc2t7x97dq6kwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH9ykfv2RSsVC8aCHEfUC3BOsywjWRmrbB60A6z7BPLkdTdG2XXRKzhhokbgZKUKGStv+bXVCEgdUaMKxUk3XibSXYKkZ4XRUaMWKRpgMcI82DRU4oMpLxvlH6NgoHdQNpRmh0VidvkhwoNQw8M1mGlHNe6n4n9eMdffKS5iIYk0FmTzqxhzpEKVloA6TlGg+NAQTyUxWRPpYYqJNZTNfniZRTS/ufAuLpHZaci9K5/dnxfJ11lAeDuEITsCFSyjDHVSgCgSe4RXe4N16sT6sT+trspqzspt9mIH1/QfOWp7t</latexit>

EE
<latexit sha1_base64="35TncqlQqlvJN3IK/Z09+RYLdC0=">AAACBXicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSyK4LKCfUA7lEyaaUMzyZBkxDJ07Re41S9wJ279Dj/A/zDTzsK2HggczrmXe3KCmDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNLRNFaJ1ILlUrwJpyJmjdMMNpK1YURwGnzWB4k/nNR6o0k+LBjGLqR7gvWMgINlZqdyJsBgTz9HbcLZXdijsBWiReTsqQo9Yt/XR6kiQRFYZwrHXbc2Pjp1gZRjgdFzuJpjEmQ9ynbUsFjqj200nkMTq2Sg+FUtknDJqofzdSHGk9igI7mUXU814m/ue1ExNe+SkTcWKoINNDYcKRkSj7P+oxRYnhI0swUcxmRWSAFSbGtjRz5Wka1fbizbewSBqnFe+icn5/Vq5e5w0V4BCO4AQ8uIQq3EEN6kBAwgu8wpvz7Lw7H87ndHTJyXcOYAbO1y9hSJnb</latexit>

E<latexit sha1_base64="35TncqlQqlvJN3IK/Z09+RYLdC0=">AAACBXicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSyK4LKCfUA7lEyaaUMzyZBkxDJ07Re41S9wJ279Dj/A/zDTzsK2HggczrmXe3KCmDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNLRNFaJ1ILlUrwJpyJmjdMMNpK1YURwGnzWB4k/nNR6o0k+LBjGLqR7gvWMgINlZqdyJsBgTz9HbcLZXdijsBWiReTsqQo9Yt/XR6kiQRFYZwrHXbc2Pjp1gZRjgdFzuJpjEmQ9ynbUsFjqj200nkMTq2Sg+FUtknDJqofzdSHGk9igI7mUXU814m/ue1ExNe+SkTcWKoINNDYcKRkSj7P+oxRYnhI0swUcxmRWSAFSbGtjRz5Wka1fbizbewSBqnFe+icn5/Vq5e5w0V4BCO4AQ8uIQq3EEN6kBAwgu8wpvz7Lw7H87ndHTJyXcOYAbO1y9hSJnb</latexit>

E

30

<latexit sha1_base64="9lexjUl0Ba4kBZg+828/I9AAJx8=">AAACFXicbVDLSsNAFJ3UV62vqCtxM1iEirQk1qoboejGZQX7gDaUyWTSDp08mJmIJQQ/wy9wq1/gTty69gP8D6dpFrZ6YOBwzr1zLscOGRXSML603MLi0vJKfrWwtr6xuaVv77REEHFMmjhgAe/YSBBGfdKUVDLSCTlBns1I2x5dT/z2PeGCBv6dHIfE8tDApy7FSCqpr+/FvfSTmBMngbXkslwqV8vVY/OorxeNipEC/iVmRoogQ6Ovf/ecAEce8SVmSIiuaYTSihGXFDOSFHqRICHCIzQgXUV95BFhxWl6Ag+V4kA34Or5Eqbq740YeUKMPVtNekgOxbw3Ef/zupF0L6yY+mEkiY+nQW7EoAzgpA/oUE6wZGNFEOZU3QrxEHGEpWptJuVheqrqxZxv4S9pnVTMs0rt9rRYv8oayoN9cABKwATnoA5uQAM0AQaP4Bm8gFftSXvT3rWP6WhOy3Z2wQy0zx+anp33</latexit>

5 = �(�3� 3 + 1)



Magic of CF plots (Classical)

detector matching

collinear plateau

�� 2 = �1� JL

J = ��L + 1
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<latexit sha1_base64="hq4nVbyOVtSoBvYkiSmA2azYv7Q=">AAACEnicbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoWRXBZwT6gDWUynbZDJ5MwMxFL7F/4BW71C9yJW3/AD/A/nLRZ9OGBC4dz7uUejh9xprTj/Fi5peWV1bX8emFjc2t7x97dq6kwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH9ykfv2RSsVC8aCHEfUC3BOsywjWRmrbB60A6z7BPLkdTdG2XXRKzhhokbgZKUKGStv+bXVCEgdUaMKxUk3XibSXYKkZ4XRUaMWKRpgMcI82DRU4oMpLxvlH6NgoHdQNpRmh0VidvkhwoNQw8M1mGlHNe6n4n9eMdffKS5iIYk0FmTzqxhzpEKVloA6TlGg+NAQTyUxWRPpYYqJNZTNfniZRTS/ufAuLpHZaci9K5/dnxfJ11lAeDuEITsCFSyjDHVSgCgSe4RXe4N16sT6sT+trspqzspt9mIH1/QfOWp7t</latexit>

EE
<latexit sha1_base64="35TncqlQqlvJN3IK/Z09+RYLdC0=">AAACBXicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSyK4LKCfUA7lEyaaUMzyZBkxDJ07Re41S9wJ279Dj/A/zDTzsK2HggczrmXe3KCmDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNLRNFaJ1ILlUrwJpyJmjdMMNpK1YURwGnzWB4k/nNR6o0k+LBjGLqR7gvWMgINlZqdyJsBgTz9HbcLZXdijsBWiReTsqQo9Yt/XR6kiQRFYZwrHXbc2Pjp1gZRjgdFzuJpjEmQ9ynbUsFjqj200nkMTq2Sg+FUtknDJqofzdSHGk9igI7mUXU814m/ue1ExNe+SkTcWKoINNDYcKRkSj7P+oxRYnhI0swUcxmRWSAFSbGtjRz5Wka1fbizbewSBqnFe+icn5/Vq5e5w0V4BCO4AQ8uIQq3EEN6kBAwgu8wpvz7Lw7H87ndHTJyXcOYAbO1y9hSJnb</latexit>

E<latexit sha1_base64="35TncqlQqlvJN3IK/Z09+RYLdC0=">AAACBXicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSyK4LKCfUA7lEyaaUMzyZBkxDJ07Re41S9wJ279Dj/A/zDTzsK2HggczrmXe3KCmDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNLRNFaJ1ILlUrwJpyJmjdMMNpK1YURwGnzWB4k/nNR6o0k+LBjGLqR7gvWMgINlZqdyJsBgTz9HbcLZXdijsBWiReTsqQo9Yt/XR6kiQRFYZwrHXbc2Pjp1gZRjgdFzuJpjEmQ9ynbUsFjqj200nkMTq2Sg+FUtknDJqofzdSHGk9igI7mUXU814m/ue1ExNe+SkTcWKoINNDYcKRkSj7P+oxRYnhI0swUcxmRWSAFSbGtjRz5Wka1fbizbewSBqnFe+icn5/Vq5e5w0V4BCO4AQ8uIQq3EEN6kBAwgu8wpvz7Lw7H87ndHTJyXcOYAbO1y9hSJnb</latexit>

E

<latexit sha1_base64="04OTX4A1NEYWhXePcK2IVpW624Y=">AAACGnicbVDJSgNBFOyJW4zbqEdBGoPgxTAT3I7BePDgIQGzQCaGnk4nadKz0P1GEoa5+Rl+gVf9Am/i1Ysf4H/YWQ4msaChqHrFe11uKLgCy/o2UkvLK6tr6fXMxubW9o65u1dVQSQpq9BABLLuEsUE91kFOAhWDyUjnitYze0XR37tkUnFA/8ehiFreqTr8w6nBLTUMg8dxT3s3OlEm7RiB9gA4nLxJkke4tN80jKzVs4aAy8Se0qyaIpSy/xx2gGNPOYDFUSphm2F0IyJBE4FSzJOpFhIaJ90WUNTn3hMNePxPxJ8rJU27gRSPx/wWP2biImn1NBz9aRHoKfmvZH4n9eIoHPVjLkfRsB8OlnUiQSGAI9KwW0uGQUx1IRQyfWtmPaIJBR0dTNbBpNTdS/2fAuLpJrP2Re58/JZtnA9bSiNDtAROkE2ukQFdItKqIIoekIv6BW9Gc/Gu/FhfE5GU8Y0s49mYHz9Ai8hobY=</latexit>

⇠ ⇤�2
QCD

<latexit sha1_base64="3neiuH4IS1ilqCaPC1RlwkHbaLw=">AAACGXicbVDJSgNBFOxxjXGLehShMQie4kxwOwbjwYOHBMwC2ejp6Uma9Cx0v5GEYU5+hl/gVb/Am3j15Af4H3aWg0ksaCiqXvFelx0KrsA0v42l5ZXVtfXURnpza3tnN7O3X1VBJCmr0EAEsm4TxQT3WQU4CFYPJSOeLVjN7hdHfu2RScUD/wGGIWt5pOtzl1MCWupkjsrtPD5r3uuEQzpxE9gA4nLxNknacT7pZLJmzhwDLxJrSrJoilIn89N0Ahp5zAcqiFINywyhFRMJnAqWpJuRYiGhfdJlDU194jHVisffSPCJVhzsBlI/H/BY/ZuIiafU0LP1pEegp+a9kfif14jAvW7F3A8jYD6dLHIjgSHAo06wwyWjIIaaECq5vhXTHpGEgm5uZstgcqruxZpvYZFU8znrMndRPs8WbqYNpdAhOkanyEJXqIDuUAlVEEVP6AW9ojfj2Xg3PozPyeiSMc0coBkYX7+7TKDq</latexit>

Q2/⇤2
QCD

classical scaling 31

𝜇−1 Λ𝑄𝐶𝐷−1UV

<latexit sha1_base64="EnJ1Ar38kQXD5T6ptwx6gk8us9k=">AAACFnicbVDLSsNAFJ3UV62vqDvdDBahIpakWHUjFN24rGAf0IYymU7q0MkkzEzEEgJ+hl/gVr/Anbh16wf4H07TLGzrHQYO59x7z+W4IaNSWda3kVtYXFpeya8W1tY3NrfM7Z2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzh9VhvPRAhacDv1Cgkjo8GnHoUI6WpnrkXd9MlscsiksBKclk9KdnH+h31zKJVttKC88DOQBFkVe+ZP91+gCOfcIUZkrJjW6FyYiQUxYwkhW4kSYjwEA1IR0OOfCKdOLVP4KFm+tALhP5cwZT9OxEjX8qR7+pOH6l7OauNyf+0TqS8CyemPIwU4Xhi5EUMqgCOA4F9KghWbKQBwoLqWyG+RwJhpWObcnmcnKpzsWdTmAfNStk+K1dvT4u1qyyhPNgHB6AEbHAOauAG1EEDYPAEXsAreDOejXfjw/ictOaMbGYXTJXx9Qt2RJ5t</latexit>

2 = 5� (1 + 1 + 1)



Verification of Classical Scaling

32
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<latexit sha1_base64="6qX0bou2xpfQJlIid0ClcbuUviY=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VoNyUpvpZFN+6sYB/QhDKZTNqhkwczE7GE/Ief4Re41S8QXIgrwc9wkmZhWw8MHM65d+7hOBGjQhrGh1ZaWV1b3yhvVra2d3b39P2DrghjjkkHhyzkfQcJwmhAOpJKRvoRJ8h3GOk5k+vM7z0QLmgY3MtpRGwfjQLqUYykkoZ608r/SDhxU2j5SI4xYsltWmsadWgJ6i+IhlEf6lWjYeSAy8QsSBUUaA/1b8sNceyTQGKGhBiYRiTtBHFJMSNpxYoFiRCeoBEZKBognwg7yXOl8EQpLvRCrl4gYa7+3UiQL8TUd9RkFlQsepn4nzeIpXdpJzSIYkkCPDvkxQzKEGZFQZdygiWbKoIwpyorxGPEEZaqzrkrj7OoqhdzsYVl0m02zPPG2d1ptXVVNFQGR+AY1IAJLkAL3IA26AAMnsALeAVv2rP2rn1qX7PRklbsHII5aD+/64mokg==</latexit>

O(20) ⇠ O(2000)

<latexit sha1_base64="oqXCExdsUXlJLiroVCaWhuyZzE8="></latexit>

O(2⇥ 10�3) ⇠ O(3⇥ 10�3)

(small) anomalous scaling remains



Magic of CF plots (Quantum)

detector matching

collinear plateau

�� 2 = �1� JL

J = ��L + 1
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<latexit sha1_base64="hq4nVbyOVtSoBvYkiSmA2azYv7Q=">AAACEnicbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoWRXBZwT6gDWUynbZDJ5MwMxFL7F/4BW71C9yJW3/AD/A/nLRZ9OGBC4dz7uUejh9xprTj/Fi5peWV1bX8emFjc2t7x97dq6kwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH9ykfv2RSsVC8aCHEfUC3BOsywjWRmrbB60A6z7BPLkdTdG2XXRKzhhokbgZKUKGStv+bXVCEgdUaMKxUk3XibSXYKkZ4XRUaMWKRpgMcI82DRU4oMpLxvlH6NgoHdQNpRmh0VidvkhwoNQw8M1mGlHNe6n4n9eMdffKS5iIYk0FmTzqxhzpEKVloA6TlGg+NAQTyUxWRPpYYqJNZTNfniZRTS/ufAuLpHZaci9K5/dnxfJ11lAeDuEITsCFSyjDHVSgCgSe4RXe4N16sT6sT+trspqzspt9mIH1/QfOWp7t</latexit>

EE
<latexit sha1_base64="35TncqlQqlvJN3IK/Z09+RYLdC0=">AAACBXicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSyK4LKCfUA7lEyaaUMzyZBkxDJ07Re41S9wJ279Dj/A/zDTzsK2HggczrmXe3KCmDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNLRNFaJ1ILlUrwJpyJmjdMMNpK1YURwGnzWB4k/nNR6o0k+LBjGLqR7gvWMgINlZqdyJsBgTz9HbcLZXdijsBWiReTsqQo9Yt/XR6kiQRFYZwrHXbc2Pjp1gZRjgdFzuJpjEmQ9ynbUsFjqj200nkMTq2Sg+FUtknDJqofzdSHGk9igI7mUXU814m/ue1ExNe+SkTcWKoINNDYcKRkSj7P+oxRYnhI0swUcxmRWSAFSbGtjRz5Wka1fbizbewSBqnFe+icn5/Vq5e5w0V4BCO4AQ8uIQq3EEN6kBAwgu8wpvz7Lw7H87ndHTJyXcOYAbO1y9hSJnb</latexit>

E<latexit sha1_base64="35TncqlQqlvJN3IK/Z09+RYLdC0=">AAACBXicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSyK4LKCfUA7lEyaaUMzyZBkxDJ07Re41S9wJ279Dj/A/zDTzsK2HggczrmXe3KCmDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNLRNFaJ1ILlUrwJpyJmjdMMNpK1YURwGnzWB4k/nNR6o0k+LBjGLqR7gvWMgINlZqdyJsBgTz9HbcLZXdijsBWiReTsqQo9Yt/XR6kiQRFYZwrHXbc2Pjp1gZRjgdFzuJpjEmQ9ynbUsFjqj200nkMTq2Sg+FUtknDJqofzdSHGk9igI7mUXU814m/ue1ExNe+SkTcWKoINNDYcKRkSj7P+oxRYnhI0swUcxmRWSAFSbGtjRz5Wka1fbizbewSBqnFe+icn5/Vq5e5w0V4BCO4AQ8uIQq3EEN6kBAwgu8wpvz7Lw7H87ndHTJyXcOYAbO1y9hSJnb</latexit>

E

scaling violation (spin )J = 5

33



Comparison with Pythia Simulation

34
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<latexit sha1_base64="Nmaqqa5ErtkT941NRkLrAWMU8Uk=">AAACD3icbVDLSsNAFJ3UV62vaJduBovgqiRi1Y1QdCOuKtgHtKFMppN26GQSZm6kIfQj/AK3+gXuxK2f4Af4H04fC1s9cOFwzr3cw/FjwTU4zpeVW1ldW9/Ibxa2tnd29+z9g4aOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf3gz8ZuPTGkeyQdIY+aFpC95wCkBI3Xt4t1VBXeAjSDDKpGSy/64a5ecsjMF/kvcOSmhOWpd+7vTi2gSMglUEK3brhODlxEFnAo2LnQSzWJCh6TP2oZKEjLtZdPwY3xslB4OImVGAp6qvy8yEmqdhr7ZDAkM9LI3Ef/z2gkEl17GZZwAk3T2KEgEhghPmsA9rhgFkRpCqOImK6YDoggF09fCl9EsqunFXW7hL2mclt3zcuX+rFS9njeUR4foCJ0gF12gKrpFNVRHFKXoGb2gV+vJerPerY/Zas6a3xTRAqzPH1kmnP8=</latexit>

J = 5 running

Fit 500 GeV (orange) curves and predict other curves using scale evolution.



Adding more terms
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LHC jets in Pythia
Fit 500 GeV (orange) curves and predict other curves using scale evolution.
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“Running” Plateau and Running Coupling
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Dihadron Fragmentation Picture
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The same physics can be understood with dihadron fragmentation 
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also see [Lee, Stewart, 2507.11495; Kang, Metz, Pitonyak, Zhang, 2507.17444; 
Herrmann, Kang, Penttala, Zhang, 2507.17704; Guo, Yuan, Zhao, 2507.15820]
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Perturbative Region: Power Corrections
[HC, Pier Monni, Zhen Xu, Hua Xing Zhu, 2406.06668]
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Light-ray OPE for Leading Power Correction

Previous studies on hadronization effects of EEC show universal feature 
in the collinear limit

In the perturbative region, we expect
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Fragmentation model: Basham, Brown, Ellis, Love, 1979;

Soft gluon approximation: Korchemsky and Sterman, 1999;

Renormalon analysis: Schindler, Stewart, Sun, 2023

Understanding the  scaling from the light-ray OPE (controlled by twist expansion)θ
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Perturbative QCD Hadronization effects

dim=1
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Leading Power Correction on CF Plot
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Scale Violation and Comparison to MC

42

This can also be extended to N-point 
projective energy correlators (ENCs).
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hadron-level and parton level result 


2. Strip off classical behavior



Collinear EEC on CF Plot
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Adding Next-to-leading power parametrization
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Collinear Factorization Formula
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~JN

Different expansions of jet function
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Thanks!

Summary
Collinear factorization and scale evolution for 
energy-energy correlator

• perturbative region ( )


• post-confinement region ( )

J ≤ 3

J ≥ 5

Unified picture of light-ray OPE and collinear 
factorization

• Light-ray OPE: manifest symmetry properties


• Collinear factorization: intuitive


