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Collider Physics

Theory Experiment
Observable

• Experimentally viable

• Easy to calculate 

• Have clean theoretical understanding



Event Shapes

Event shapes

Event shape variable and jet rates: infrared and collinear safe continuos 
measures of the energy and momentum flow of hadrons in the final state

The candle example: thrust in e+e- collisions

Pencil like events: Planar events:

Jet observables

! Event shape variables & jet-rates are IRC safe observables
which describe the energy and momentum flow of final state events

THE standard example: Thrust in e+e− collisions
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Pencil-like event: τ ≡ 1 − T # 1 Planar event: T $ 2/3
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• Amplitude Side

• Correlator Side

Definition and kinematics

Relation to Feynman integral

Celestial conformal symmetry

Conformal block decomposition on the celestial sphere

2

Collinear Triple Energy Correlation
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Imf t animals teté annihilation toé

p g g
example Thrust Farhi1977

T my III
pencillike T I

spherical T I

 annihilatione+e−

pencil-like distribution (more) spherical distributionvs

+ hadronization

Example: Thrust
[Farhi, 1977]

T = max
~n

P
i |~n · ~pi|
Q
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pencil-like

spherical

T ⇠ 1
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Energy-energy correlator
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[Basham, Brown, Ellis and Love, 1978]
introduced energy-energy correlation

which characterizes the correlation of two energy detectors at spatial infinity (celestial sphere).

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

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

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

i
<latexit sha1_base64="jRHTtsFLHmvBanTHK/d2AM46F10=">AAACU3icbVBPS8MwHE3r1Dmdbnr0EhyCBxmtCnocevE4wf2Brow0TbewtI1JOlbKPodX/VAe/CxeTLse3OYPAo/3+/PynscZlcqyvg1zp7K7t189qB0e1Y9PGs3TvowTgUkPxywWQw9JwmhEeooqRoZcEBR6jAy82VPeH8yJkDSOXlXKiRuiSUQDipHSlDsqLmSC+EtIx42W1baKgtvALkELlNUdNw1r5Mc4CUmkMENSOrbFlZshoShmZFkbJZJwhGdoQhwNIxQS6WaF5hJeasaHQSz0ixQs2L8bGQqlTENPT4ZITeVmLyf/6zmJCh7cjEY8USTCK6EgYVDFMI8A+lQQrFiqAcKC6r9CPEUCYaWDWlPJbwsZyDUnGZ+mkuJ10vHnlMvC4DWU80mJFrZdml6sXOuM7c1Et0H/pm3ftm9e7lqdxzLtKjgHF+AK2OAedMAz6IIewOANvIMP8Gl8GT+maVZWo6ZR7pyBtTLrv6gZta4=</latexit>

j
<latexit sha1_base64="56vDQbYhocxzZVHwhLDWEnNkUNc=">AAACU3icbVC7TsMwFHVCgVIotDCyWFRIDKhKChKMFSyMRaIPKY0qx3FaU+eB7VSNon4HK3wUA9/CgpNmIC1XsnR07uP4HCdiVEjD+Nb0ncru3n71oHZ4VD8+aTRPByKMOSZ9HLKQjxwkCKMB6UsqGRlFnCDfYWTozB+z/nBBuKBh8CKTiNg+mgbUoxhJRdnj/ELKibuCr5NGy2gbecFtYBagBYrqTZqaMXZDHPskkJghISzTiKSdIi4pZmRVG8eCRAjP0ZRYCgbIJ8JOc80VvFSMC72QqxdImLN/N1LkC5H4jpr0kZyJzV5G/tezYund2ykNoliSAK+FvJhBGcIsAuhSTrBkiQIIc6r+CvEMcYSlCqqkkt3mwhMlJ2k0SwTFZdJyFzQSucFrKBbTAi1NszC9XLtWGZubiW6DQadt3rQ7z7et7kORdhWcgwtwBUxwB7rgCfRAH2DwBt7BB/jUvrQfXdcr61FdK3bOQKn0+i+p/LWv</latexit>

Energy Correlation  
on the celestial sphere

Spin Correlation  
on the plane (2D Ising)

Boltzmann factor
e��H
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differential cross section
d�
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Probability Distribution

Weighting Factor

eigenvalues of spineigenvalues of energy

Familiar concept in statistical mechanics!



Energy Flow Operator
“Perturbative”  vs  “Non-perturbative”

E(~n)
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A calorimeter only detects particles flowing along direction    , and weight with its 
energy    , e.g. 

~n
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The radiation power passing the detector 
(located at      ) at time    isR~n
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• Integrate    to get the total received energy


• Detector is effectively located at infinity
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Z 1

0
dt niT

0i(t, R~n)
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non-perturbative definition

[Korchemsky, Sterman, 1999; 
 Hofman, Maldacena, 2008; 
 Bauer, Fleming, Lee, Sterman, 2008; …]



Energy Flow Operator
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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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dz
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Z
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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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• For free theory, we can use mode expansion [see, e.g. Bauer, Fleming, Lee and Sterman, 2008]
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r!1
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0
dt ~niT

0i(t, r~n)
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so they are equivalent when acting on asymptotic Fock state.

E(~n) = lim
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Z 1

0
dt ~niT

0i(t, r~n)
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• The energy flow operator is a non-local operator 
defined on a light-ray located at future null infinity

• Equivalent form in lightcone coordinate
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• This is an example of light-ray operators.



Energy Correlators
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Energy correlators are correlation function of multiple energy flow operators inside 
some non-vacuum states Looks like a correlation function  

in a fictitious 2D field theory on S2
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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
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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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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
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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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number of di↵erent directions. For generic angles, the EEC has been computed at next-to-
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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.
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Light-ray operators lie in the future of all local sources
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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
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EEC exhibits Sudakov double logarithms, whose all orders logarithmic structure is described
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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

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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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
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+
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� 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.
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of local operators 

Energy radiation fall with inverse square law, r2
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More general light-ray operators
twist

O(~n) = lim
r!1

r
��J

Z 1

0
dt O

µ1...µJ (t, r~n)n̄µ1 . . . n̄µJ

<latexit sha1_base64="tYU3h/dEXlzLMJo504+uj197rXk="></latexit>

Lesson from CFT : O(x, z) = O
µ1µ2...µn(x)zµ1zµ2 . . . zµn

<latexit sha1_base64="NAzr7RXN36yRgmm7/FiiScxYqzc="></latexit>

hO(0, z1)O(x, z2)i =
(z1 · z2 � 2 z1·xz2·x

x2 )J

(x2)�
<latexit sha1_base64="Eow/RRDYFYI0dugImox0n7iYQKY="></latexit>

send    to null infinityx
(x+ ! +1)

<latexit sha1_base64="DJgrRDdqAEaDtqJVeh7t2eIePM8="></latexit> ⇠ (x+)J��
<latexit sha1_base64="owAhyDnvg5i9qgGx8S4nR/xqBu4="></latexit>



Light-ray Operators
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0
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Energy flow operator

light transform

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
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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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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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More general light-ray operators
twist

O(~n) = lim
r!1

r
��J

Z 1

0
dt O

µ1...µJ (t, r~n)n̄µ1 . . . n̄µJ

<latexit sha1_base64="tYU3h/dEXlzLMJo504+uj197rXk="></latexit>

In other contexts of physics, light-ray operators are not 
necessarily at null infinity—they can live on any light-ray.

�1nµ
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Light-ray Operators
In CFT, different configurations are related by conformal transformation.

[Hofman and Maldecena, 2008; Kravchuk, Simmons-Duffin, 2018]
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One of the simplest observables from the theoretical perspective is the Energy-Energy
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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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where it is given by
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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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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
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Conformal  

Transformation

y+ = � 1

x+

y� = x� � x2

x+

y =
x
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[see Kologlu, Kravchuk, Simmons-Duffin and Zhiboedov, 2019]
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In embedding space formalism, they correspond to different gauge fixing.

Don’t need to deal with taking limit in this case



AdS/CFT Correspondence
CFT AdS

light-ray operator

strong coupling weak coupling

Tµ⌫
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stress tensor insertion metric perturbation
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gravitational shockwave

shockwave (flat space version)
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localized on the null plane

energy correlators propagation through shockwaves

[Hofman, Maldacena, 2008]In strong coupling limit, energy correlations are uniform distributions.



Spacetime Symmetry

• Dimension = J � 1
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r!1

r
��J
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0
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µ1...µJ (t, r~n)n̄µ1 . . . n̄µJ
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−(Δ − J) −1 +Δ

• Collinear Spin = 1��
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Boost quantum number
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homogeneous• Transverse Spin = transverse spin of the local operator

Little group that fixes a light-ray in future null infinity consists of
translations, collinear boost, transverse rotations, dilatation

Poincare group part

• Momentum = 0  (invariant under translations)



Light-ray OPE

Local Operator OPE

O1(x1)
<latexit sha1_base64="qtmXtC0/82gbmmywS+peXEzd7Pw="></latexit>

O2(x2)
<latexit sha1_base64="5B3woMPNUv2QyQ2zkPwTsqYuhLs="></latexit> X

O(x1)
<latexit sha1_base64="E9x3SK0BFtBQR+Y8CfotZ1hllhw="></latexit>

⇠<latexit sha1_base64="oynmRemzszchbgqvI8W3TMyfRDU=">AAACV3icbVDLTsJAFJ1WRcQHoEs3E4mJC0NaNNEl0Y1LTOSRACHT6RQmTB+ZOyU0DV/iVj+Kr9Fp6ULAm0xycu7jzDlOJDgoy1ob5sHhUem4fFI5PTu/qNbqlz0IY0lZl4YilAOHABM8YF3FlWCDSDLiO4L1nflr1u8vmAQeBh8qidjYJ9OAe5wSpalJrTrKb6SSuasRcH9Sa1hNKy+8D+wCNFBRnUndsEZuSGOfBYoKAjC0rUiNUyIVp4KtKqMYWETonEzZUMOA+AzGaa66wreacbEXSv0ChXP270ZKfIDEd/SkT9QMdnsZ+V9vGCvveZzyIIoVC+hGyIsFViHOYsAul4wqkWhAqOT6r5jOiCRU6bC2VLLbEjzYcpJGswQ43SaH7oJHkBu8x7CYFmhp24Xp5ca1ztjeTXQf9FpN+6HZen9stF+KtMvoGt2gO2SjJ9RGb6iDuoiiGH2iL/RtrI0fs2SWN6OmUexcoa0y67+Zp7cP</latexit>

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]

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
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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.
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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
+
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� 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
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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
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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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+
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Short distance scaling behavior is determined 
by local Operator Product Expansion (OPE).

Small angle behavior is controlled by the OPE of these light-ray operators. 

“local OPE on the celestial sphere” [Komiske, Moult, Thaler, Zhu, in preparation]

liquid helium critical behavior

EEC collinear limit



Light-ray OPE
Symmetry and Power Counting

Expansion parameter     is dimensionless, the dimensions simply add up.✓
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Here Ei and Ej are the energies of final-state partons i and j in the center-of-mass frame,
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Here Ei and Ej are the energies of final-state partons i and j in the center-of-mass frame,
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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]
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where it is given by
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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

⌃(z) =
1

2
C(↵s) z

�N=4
J (↵s) , (1.4)
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Recall that the dimension of a light-ray operator is  J − 1  is the collinear spin of the local operatorJ

EE
<latexit sha1_base64="5IihpXCrvInM1o/1UUxw07rVjG8="></latexit>

Example: in         OPE, J1 = J2 = 1 ) J = 3
<latexit sha1_base64="ACm1Bl5B0gOb0LRo0362gV1R9H4="></latexit>

different from local OPE:             operator is absent in the         OPETT
<latexit sha1_base64="T9/Pmrcx2GVQae1nN4c5r4TuABY=">AAACXXicbVFNSwJBGB63LDMzrUOHLkMSdAjZtaCOUgQdLfwCFZmdndXB2Q/mnRVl8R90rf/Wqb/SrO6h1V4YeHjez+cZOxQclGl+54y9/fzBYeGoeFw6KZ9WqmddCCJJWYcGIpB9mwAT3GcdxZVg/VAy4tmC9ezZc5LvzZkEHvhttQzZyCMTn7ucEqWp93Z7XKmZdXMdeBdYKaihNFrjau5l6AQ08pivqCAAA8sM1SgmUnEq2Ko4jICFhM7IhA009InHYBSvT13ha8042A2kfr7Ca/ZvR0w8gKVn60qPqCls5xLyv9wgUu7jKOZ+GCnm080iNxJYBTjRjR0uGVViqQGhkutbMZ0SSajS7mS2JLMluJBREofTJXCaJQfOnIewFniLYT5J0cKyUtGLjerMINCeTZmz0sZb2zbvgm6jbt3VG2/3teZT+gUFdImu0A2y0ANqolfUQh1EkYs+0Cf6yv0YeaNklDelRi7tOUeZMC5+AQYTuIs=</latexit>

J = 3
<latexit sha1_base64="PAVrkkdfRG7cqQUu0oUZrkM0b4M="></latexit>



Light-ray OPE

E(~n1) E(~n2) ⇠
X

i

ci ✓
⌧i�4

Oi(~n2)
<latexit sha1_base64="vrq0J6B1rHqdMfbwXffBHdS65hE="></latexit>

Light-ray OPE

Symmetry and Power Counting

~n
<latexit sha1_base64="Q0I0atOybR3tY4l8lbnrswo3hWA="></latexit>

~n
<latexit sha1_base64="Q0I0atOybR3tY4l8lbnrswo3hWA="></latexit>

Lorentz group is equivalent to the conformal group on the celestial sphere.

~n · ~K
<latexit sha1_base64="VqTjT8OEo5SbJN34hS5ijldllA8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRV0GXRjeCmgn1AE8pkMmmHTiZhZlIoISs3/oobF4q49Rvc+TdO0iy09cDAmXPu5d57vJhRqSzr26isrK6tb1Q3a1vbO7t75v5BV0aJwKSDIxaJvockYZSTjqKKkX4sCAo9Rnre5Cb3e1MiJI34g5rFxA3RiNOAYqS0NDSPnSnBKc8c7EcKFh8nRGrsBeldlg3NutWwCsBlYpekDkq0h+aX40c4CQlXmCEpB7YVKzdFQlHMSFZzEklihCdoRAaachQS6abFGRk81YoPg0joxxUs1N8dKQqlnIWersxXlIteLv7nDRIVXLkp5XGiCMfzQUHCoIpgngn0qSBYsZkmCAuqd4V4jATCSidX0yHYiycvk26zYZ83mvcX9dZ1GUcVHIETcAZscAla4Ba0QQdg8AiewSt4M56MF+Pd+JiXVoyy5xD8gfH5Azi5mZo=</latexit>

boost along ~n
<latexit sha1_base64="t6ITXccc2sAODe40a/SS0U1+aps=">AAACTXicbVDLSsNAFJ3UR2t9tbp0M1gEF1ISFXRZdOOygn1AGspkMmmHTiZhZhIaQj/CrX6Uaz/EnYiTNAvbemDgcO69c+85bsSoVKb5aVS2tnd2q7W9+v7B4dFxo3nSl2EsMOnhkIVi6CJJGOWkp6hiZBgJggKXkYE7e8zrg4QISUP+otKIOAGacOpTjJSWBqOE4Iwvxo2W2TYLwE1ilaQFSnTHTcMceSGOA8IVZkhK2zIj5WRIKIoZWdRHsSQRwjM0IbamHAVEOllx7wJeaMWDfij04woW6t+JDAVSpoGrOwOkpnK9lov/1exY+fdORnkUK8LxcpEfM6hCmJuHHhUEK5ZqgrCg+laIp0ggrHREK1vyv4X05YqTLJqmkuJV0fYSGsnC4BWUyaRkc8sqTc+XrnXG1nqim6R/3bZu2tfPt63OQ5l2DZyBc3AJLHAHOuAJdEEPYDADr+ANvBsfxpfxbfwsWytGOXMKVlCp/gLGI7U5</latexit>

dilation w.r.t. ~n<latexit sha1_base64="t6ITXccc2sAODe40a/SS0U1+aps=">AAACTXicbVDLSsNAFJ3UR2t9tbp0M1gEF1ISFXRZdOOygn1AGspkMmmHTiZhZhIaQj/CrX6Uaz/EnYiTNAvbemDgcO69c+85bsSoVKb5aVS2tnd2q7W9+v7B4dFxo3nSl2EsMOnhkIVi6CJJGOWkp6hiZBgJggKXkYE7e8zrg4QISUP+otKIOAGacOpTjJSWBqOE4Iwvxo2W2TYLwE1ilaQFSnTHTcMceSGOA8IVZkhK2zIj5WRIKIoZWdRHsSQRwjM0IbamHAVEOllx7wJeaMWDfij04woW6t+JDAVSpoGrOwOkpnK9lov/1exY+fdORnkUK8LxcpEfM6hCmJuHHhUEK5ZqgrCg+laIp0ggrHREK1vyv4X05YqTLJqmkuJV0fYSGsnC4BWUyaRkc8sqTc+XrnXG1nqim6R/3bZu2tfPt63OQ5l2DZyBc3AJLHAHOuAJdEEPYDADr+ANvBsfxpfxbfwsWytGOXMKVlCp/gLGI7U5</latexit>

2 S2
<latexit sha1_base64="HLE+DHiE5jD/S4Hl19nT4KUmgno=">AAACTXicbVDLSsNAFJ3UR2t9tbp0M1gEF1KSKuiy6MZlRfuANJbJdNIOnUzCzKQ0hH6EW/0o136IOxEnaRamemDgcO69c+85bsioVKb5YZQ2Nre2y5Wd6u7e/sFhrX7Uk0EkMOnigAVi4CJJGOWkq6hiZBAKgnyXkb47u0vr/TkRkgb8ScUhcXw04dSjGCkt9YeUw8fn1qjWMJtmBviXWDlpgBydUd0wh+MARz7hCjMkpW2ZoXISJBTFjCyrw0iSEOEZmhBbU458Ip0ku3cJz7Qyhl4g9OMKZurviQT5Usa+qzt9pKZyvZaK/9XsSHk3TkJ5GCnC8WqRFzGoApiah2MqCFYs1gRhQfWtEE+RQFjpiApb0r+F9GTBSRJOY0lxUbTHcxrKzOAFlPNJzhaWlZterFzrjK31RP+SXqtpXTZbD1eN9m2edgWcgFNwDixwDdrgHnRAF2AwAy/gFbwZ78an8WV8r1pLRj5zDAoolX8AR7C0bw==</latexit>

celestial 
dimension�

<latexit sha1_base64="JQcAzWaAuoYAXQfxggm9zL/KhUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJLajyA=</latexit> ~n · ~J
<latexit sha1_base64="DtzlJ/L0Yg75wrGtXITkjNbTfRI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRV0GXRjbiqYB/QhDKZTNqhk0mYmRRKyMqNv+LGhSJu/QZ3/o2TNAttPTBw5px7ufceL2ZUKsv6Niorq2vrG9XN2tb2zu6euX/QlVEiMOngiEWi7yFJGOWko6hipB8LgkKPkZ43ucn93pQISSP+oGYxcUM04jSgGCktDc1jZ0pwyjMH+5GCxccJkRp7QXqXZUOzbjWsAnCZ2CWpgxLtofnl+BFOQsIVZkjKgW3Fyk2RUBQzktWcRJIY4QkakYGmHIVEumlxRgZPteLDIBL6cQUL9XdHikIpZ6GnK/MV5aKXi/95g0QFV25KeZwowvF8UJAwqCKYZwJ9KghWbKYJwoLqXSEeI4Gw0snVdAj24snLpNts2OeN5v1FvXVdxlEFR+AEnAEbXIIWuAVt0AEYPIJn8ArejCfjxXg3PualFaPsOQR/YHz+ADczmZk=</latexit>

rotation w.r.t.~n<latexit sha1_base64="t6ITXccc2sAODe40a/SS0U1+aps=">AAACTXicbVDLSsNAFJ3UR2t9tbp0M1gEF1ISFXRZdOOygn1AGspkMmmHTiZhZhIaQj/CrX6Uaz/EnYiTNAvbemDgcO69c+85bsSoVKb5aVS2tnd2q7W9+v7B4dFxo3nSl2EsMOnhkIVi6CJJGOWkp6hiZBgJggKXkYE7e8zrg4QISUP+otKIOAGacOpTjJSWBqOE4Iwvxo2W2TYLwE1ilaQFSnTHTcMceSGOA8IVZkhK2zIj5WRIKIoZWdRHsSQRwjM0IbamHAVEOllx7wJeaMWDfij04woW6t+JDAVSpoGrOwOkpnK9lov/1exY+fdORnkUK8LxcpEfM6hCmJuHHhUEK5ZqgrCg+laIp0ggrHREK1vyv4X05YqTLJqmkuJV0fYSGsnC4BWUyaRkc8sqTc+XrnXG1nqim6R/3bZu2tfPt63OQ5l2DZyBc3AJLHAHOuAJdEEPYDADr+ANvBsfxpfxbfwsWytGOXMKVlCp/gLGI7U5</latexit>

2 S2
<latexit sha1_base64="HLE+DHiE5jD/S4Hl19nT4KUmgno=">AAACTXicbVDLSsNAFJ3UR2t9tbp0M1gEF1KSKuiy6MZlRfuANJbJdNIOnUzCzKQ0hH6EW/0o136IOxEnaRamemDgcO69c+85bsioVKb5YZQ2Nre2y5Wd6u7e/sFhrX7Uk0EkMOnigAVi4CJJGOWkq6hiZBAKgnyXkb47u0vr/TkRkgb8ScUhcXw04dSjGCkt9YeUw8fn1qjWMJtmBviXWDlpgBydUd0wh+MARz7hCjMkpW2ZoXISJBTFjCyrw0iSEOEZmhBbU458Ip0ku3cJz7Qyhl4g9OMKZurviQT5Usa+qzt9pKZyvZaK/9XsSHk3TkJ5GCnC8WqRFzGoApiah2MqCFYs1gRhQfWtEE+RQFjpiApb0r+F9GTBSRJOY0lxUbTHcxrKzOAFlPNJzhaWlZterFzrjK31RP+SXqtpXTZbD1eN9m2edgWcgFNwDixwDdrgHnRAF2AwAy/gFbwZ78an8WV8r1pLRj5zDAoolX8AR7C0bw==</latexit>

rotation along ~n
<latexit sha1_base64="t6ITXccc2sAODe40a/SS0U1+aps=">AAACTXicbVDLSsNAFJ3UR2t9tbp0M1gEF1ISFXRZdOOygn1AGspkMmmHTiZhZhIaQj/CrX6Uaz/EnYiTNAvbemDgcO69c+85bsSoVKb5aVS2tnd2q7W9+v7B4dFxo3nSl2EsMOnhkIVi6CJJGOWkp6hiZBgJggKXkYE7e8zrg4QISUP+otKIOAGacOpTjJSWBqOE4Iwvxo2W2TYLwE1ilaQFSnTHTcMceSGOA8IVZkhK2zIj5WRIKIoZWdRHsSQRwjM0IbamHAVEOllx7wJeaMWDfij04woW6t+JDAVSpoGrOwOkpnK9lov/1exY+fdORnkUK8LxcpEfM6hCmJuHHhUEK5ZqgrCg+laIp0ggrHREK1vyv4X05YqTLJqmkuJV0fYSGsnC4BWUyaRkc8sqTc+XrnXG1nqim6R/3bZu2tfPt63OQ5l2DZyBc3AJLHAHOuAJdEEPYDADr+ANvBsfxpfxbfwsWytGOXMKVlCp/gLGI7U5</latexit>

transverse 
spin j

<latexit sha1_base64="sezUAcifLCsPU4ANWRbU4nmBeg4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmpWyd1Wu1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANJPjPI=</latexit>

Angle     plays the role of length on the celestial sphere✓
<latexit sha1_base64="pfVDoWoiJTbS/7V3bTP8Bpujsnk=">AAACYXicbVHLSsNAFJ3GZ31WXboZLIILKYkKuhRFcFnBVqEtMpncNKOTB3NviiX0H9zqn7n2R5y2WRj1wsDh3Oc542daIbnuZ81ZWFxaXlmtr61vbG5tN3Z2u5jmRkJHpjo1j75A0CqBDinS8JgZELGv4cF/uZ7mH0ZgUKXJPY0zGMRimKhQSUGW6vYpAhJPjabbcmfB/wKvBE1WRvtpp3bTD1KZx5CQ1AKx57kZDQphSEkNk7V+jpAJ+SKG0LMwETHgoJidO+GHlgl4mBr7EuIz9mdHIWLEcezbylhQhL9zU/K/XC+n8GJQqCTLCRI5XxTmmlPKp9p5oAxI0mMLhDTK3splJIyQZB2qbJnONhhiRUmRRWNUskr2gpHKcCbwmONoWKJXzytFv85VVwah9SyCYGKN937b/Bd0T1reaevk7qx5eVV+wSrbZwfsiHnsnF2yW9ZmHSbZM3tj7+yj9uXUnYazOy91amXPHquEs/8NJzG6fQ==</latexit>

power counting on     is related to celestial dimension (boost quantum number)  ✓
<latexit sha1_base64="pfVDoWoiJTbS/7V3bTP8Bpujsnk=">AAACYXicbVHLSsNAFJ3GZ31WXboZLIILKYkKuhRFcFnBVqEtMpncNKOTB3NviiX0H9zqn7n2R5y2WRj1wsDh3Oc542daIbnuZ81ZWFxaXlmtr61vbG5tN3Z2u5jmRkJHpjo1j75A0CqBDinS8JgZELGv4cF/uZ7mH0ZgUKXJPY0zGMRimKhQSUGW6vYpAhJPjabbcmfB/wKvBE1WRvtpp3bTD1KZx5CQ1AKx57kZDQphSEkNk7V+jpAJ+SKG0LMwETHgoJidO+GHlgl4mBr7EuIz9mdHIWLEcezbylhQhL9zU/K/XC+n8GJQqCTLCRI5XxTmmlPKp9p5oAxI0mMLhDTK3splJIyQZB2qbJnONhhiRUmRRWNUskr2gpHKcCbwmONoWKJXzytFv85VVwah9SyCYGKN937b/Bd0T1reaevk7qx5eVV+wSrbZwfsiHnsnF2yW9ZmHSbZM3tj7+yj9uXUnYazOy91amXPHquEs/8NJzG6fQ==</latexit>

[Hofman, Maldacena, 2008]

collinear spin (1 − 4) (1 − 4)+ = (1 − Δi)+(τi − 4)

twist ⌧i ⌘
<latexit sha1_base64="8pQigStCOhxElDQOJhyexGNcXyo="></latexit>

dim �i �
<latexit sha1_base64="W5+zv7yYJruAht1IX4cADon/P6Q="></latexit>

spin (Ji = 3)
<latexit sha1_base64="fhGksixh0MTlZKhOSfCKF5iNtpw="></latexit>



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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n
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where it is given by
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=

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
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Light-ray OPE

Small angle scaling is dominated by the leading twist operators. 

Light-ray OPE in CFT is rigorous and convergent.  [Kologlu, Kravchuk, Simmons-Duffin, Zhiboedov, 2019]
[Chang, Kologlu, Kravchuk, Simmons-Duffin, Zhiboedov, 2020]

In QCD, things are less understood, but the leading power contribution is. [HC, Moult, Zhu, 2020]



Polchinski: There is a lot of QCD data, can you see this (scaling behavior) there? 


Maldacena: People do not do this. I haven’t figured out why they don’t. I think they just 
haven’t thought about this. I was talking to people who did this calculation of two-point 
function at LEP, computing alpha_s and so on, and they focused mostly on the large 
angles. But they didn’t study the small angles. And I asked him whether they had a good 
reason for not studying the small angles and they said well we didn’t know the 
resummation formula, didn’t study it.  



EEC with CMS Open Data
[Komiske, Moult, Thaler, Zhu, in preparation]

Packaged in “MIT Open Data”, provided by Jesse Thaler and Patrick Komiske 

Nice scaling behavior in perturbative regime 



Application in QCD



Leading Twist Operators in QCD
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related to twist-2 Anom. Dim. 

Confirms the general analysis: (1) spin-3 operator, (2) correct scaling behavior

Wilson coefficient
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3-point Energy Correlator

In the collinear limit, EEEC configuration can be approximated by a triangle.
[HC, Luo, Moult, Yang, Zhang, Zhu, 2019]

Moduli space of triangle shape
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in the collinear limit

Parameterized in terms of 

(1) the longest side2

(2) a complex number
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Squeezed Limit
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Squeezed limit physically corresponds to bringing two detectors very close.
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All-order EEEC, ∏ = °0.4

Squeezed limit encodes spin correlation information and the 
Leading Power resummation is done. [HC, Moult, Zhu, 2020]

[Karlberg, Salam, Scyboz, Verheyen, 2021]

When collinear spin correlation is included 
in the PanScales family of parton showers, 
our resummed result provides validation of 
shower results.



Squeezed Limit
from light-ray OPE
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fixed order result needs to be resummed ! 

This correctly reproduces the previous fixed order squeezed limit results.



RG evolution
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LL Results for Squeezed Limit
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More Structures…
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+
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>

LP

NLP

NNLP

NNNLP

�z3z̄ 2F1 (3, 2, 6, z)
<latexit sha1_base64="yhD3TXSJWDMKVt9isx0MBEZiTVw="></latexit>

g(z, z̄) /
<latexit sha1_base64="F+L8baSx2rIArZ/LuMqXEXYtULg=">AAAB/HicbVDLSgMxFM3UV62v0S7dDC1CRSkzdaHLohuXFewDOkPJpJk2NJOEJCNMh/oV7t24UMStH+Kuf2P6WGj1wIXDOfdy7z2hoERp151aubX1jc2t/HZhZ3dv/8A+PGopnkiEm4hTLjshVJgShpuaaIo7QmIYhxS3w9HNzG8/YKkIZ/c6FTiI4YCRiCCojdSzi4PK+NwPoczGk1NfSC4079llt+rO4fwl3pKU6yX/7GlaTxs9+8vvc5TEmGlEoVJdzxU6yKDUBFE8KfiJwgKiERzgrqEMxlgF2fz4iXNilL4TcWmKaWeu/pzIYKxUGoemM4Z6qFa9mfif1010dBVkhIlEY4YWi6KEOpo7syScPpEYaZoaApEk5lYHDaGESJu8CiYEb/Xlv6RVq3oX1dqdSeMaLJAHx6AEKsADl6AObkEDNAECKXgGr+DNerRerHfrY9Gas5YzRfAL1uc3y/+X2Q==</latexit>

z1
<latexit sha1_base64="WisF78HUTUO85PiKDP4rI5hquy0="></latexit>

z2
<latexit sha1_base64="0AfE0nadZpCkbtwxsvBuWwP2CFQ="></latexit>

z3
<latexit sha1_base64="OyqqC1pqki3GiI8H32nZ6GuAJBM="></latexit>

n̄
<latexit sha1_base64="8R0wlOsv01OZJXSVY1OfUuLs1es="></latexit>

For simplicity, tagging final state quarks

z1 · z2 ! 0
<latexit sha1_base64="9FpJ16X60gM1xlUzlO2EPMVGqM4=">AAAB+nicbVC7TsMwFHV4lvJKQWJhsaiQmKqkDDBWZWFsJfqQmihyHLe16tiR7YDa0E9hYQAhxMYn8AVsLHwL7mOAliNd6eice3XvPWHCqNKO82WtrK6tb2zmtvLbO7t7+3bhoKlEKjFpYMGEbIdIEUY5aWiqGWknkqA4ZKQVDq4mfuuWSEUFv9HDhPgx6nHapRhpIwV2YRS4Ho6EhqOg7GkBncAuOiVnCrhM3DkpVo7q3/St+lEL7E8vEjiNCdeYIaU6rpNoP0NSU8zIOO+liiQID1CPdAzlKCbKz6anj+GpUSLYFdIU13Cq/p7IUKzUMA5NZ4x0Xy16E/E/r5Pq7qWfUZ6kmnA8W9RNGTQvTnKAEZUEazY0BGFJza0Q95FEWJu08iYEd/HlZdIsl9zzUrlu0qiCGXLgGJyAM+CCC1AB16AGGgCDO/AAnsCzdW89Wi/W66x1xZrPHII/sN5/AM94lsA=</latexit>

Squeezed limit:

Expanding the full result:

g(u, v) ⌘
<latexit sha1_base64="J3fW3z/FMZKY9GnWeGnjC6ZG8uE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQQcJuFPQY9OIxgnlAdgmzk95kyOzsOo9ACPkNLx4U8erPePNvnCR70MSChqKqm+6uMOVMadf9dnJr6xubW/ntws7u3v5B8fCoqRIjKTRowhPZDokCzgQ0NNMc2qkEEoccWuHwbua3RiAVS8SjHqcQxKQvWMQo0Vby+2VzMTr34cmwUbdYcivuHHiVeBkpoQz1bvHL7yXUxCA05USpjuemOpgQqRnlMC34RkFK6JD0oWOpIDGoYDK/eYrPrNLDUSJtCY3n6u+JCYmVGseh7YyJHqhlbyb+53WMjm6CCROp0SDoYlFkONYJngWAe0wC1XxsCaGS2VsxHRBJqLYxFWwI3vLLq6RZrXiXlerDVal2m8WRRyfoFJWRh65RDd2jOmogilL0jF7Rm2OcF+fd+Vi05pxs5hj9gfP5A27dkUs=</latexit>

cos 2�
<latexit sha1_base64="rtsOQYo6YA72roiYFJmEdrQlNPg="></latexit>

cos 3�
<latexit sha1_base64="ezHZKfZJ33Ltgm0I5Xd4HNnXulc="></latexit>

cos 4�
<latexit sha1_base64="iWNkUrIbcZbIuoFtcfxB3Y7hvQE="></latexit>

cos 5�
<latexit sha1_base64="mMFNtbRzfbZo+ufUS/v4MMEhB4Y="></latexit>

highest transverse spin series

higher power expansion

Conformal Symmetry 
on the Celestial Sphere

Block Structure

[HC, Moult, Sandor, Zhu, forthcoming]



Summary

• Light-ray operators play an important role in collider physics. 


• Light-ray OPE, organized as twist expansion, governs the small angle 
scaling behavior.


• As an application in QCD, light-ray OPE correctly predicts the perturbative 
3-point energy correlator in the squeezed limit and nicely organizes the RG.

Thanks!


