
第四届量⼦场论及其应⽤研讨会    2024.11.19

Celestial Block for  
Hadron Colliders

Hongyi Ruan 
Peking University

 1

Based on works with Hao Chen and Hua Xing Zhu 



Outline

• Collider Physics Aspects 

Definition and Motivation 

Results and Factorizations 

• Formal Theory Aspects 

Celestial Conformal Symmetry 

Celestial Block Decomposition on the Celestial  
Sphere along with the Collider Axis 

Hadronic Energy-Energy Correlator

 2



electron-positron colliders
[Basham, Brown, Ellis and Love, 1978] 

introduced energy-energy correlation 

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

Energy Flow Operators and EEC
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This nice operator definition of the energy flow  
allows an alternative definition of EEC and its  
generalization:

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

: measurement operator Source with total momentum q=(Q, 0, 0, 0)

The energy flow operator is defined  
as an integral along a light ray in the  
future null infinity. In the free theory, it can  
be expressed as
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Hadronic EEC

Hadronic EEC is defined as:  

with dependence on three angles:     ,    ,    . 

The collision axis breaks spherical symmetry 
down to axial symmetry, rendering the final 
result considerably more complex, yet 
providing additional insights.

increased information via symmetry breaking
•             SYM："Hydrogen Atom" 

EEC:  NLO [Belitsky, Hohenegger, Korchemsky,  
     Sokatchev, Zhiboedov, 2014] 

            NNLO [Henn, Sokatchev, Yan, Zhiboedov, 2019] 

E3C:  LO, Collinear [Chen, Luo, Moult, Yang, Zhang, Zhu, 2019] 

            LO  [Yan, Zhang, 2022] 

E4C:  LO, Collinear [Chicherin, Moult, Sokatchev, Yan, Yunyue, 2024] 

• QCD in electron-positron colliders: "Metal Atom" 

EEC:   LO [Basham, Brown, Ellis, Love, 1978] 

           NLO [Dixon, Luo, Shtabovenko, Yang, Zhu, 2018] 

E3C: LO, Collinear [Chen, Luo, Moult, Yang, Zhang, Zhu, 2019] 

• QCD in hadron colliders: "Zeeman effect" 

TEEC:  Back-to-Back [Gao, Li, Moult, Zhu, 2019; 2023] 

HEEC: LO, Full angle [Chen, Ruan, Zhu, forthcoming]
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An interference effect arises between inter-
mediate gluons in the squeezed limit, a pheno-
menon observed in QCD but absent in           
SYM. [Chen, Luo, Moult, Yang, Zhang, Zhu, 2019]

Collinear limit and back-to-back limit, well 
understood in the EEC of          colliders

What remains to be uncovered?

opposite coplanar limit, well understood as the 
back-to-back limit in the TEEC of pp colliders

art from [Gao, Li, Moult, Zhu, 2023]

The Regge limit, 
characterized by a large 
rapidity difference (      ) 
between the two detectors, 
remains unexplored in the 
context of energy correlators.



Hadronic EEC Results
for pure gluon scattering

Color-ordered amplitude from spinor-helicity 
formalism: [Parke, Taylor 1986]; [Elvang, Huang, 2014]

Using the color decomposition formula, the full 
5-gluon tree amplitude can be expressed as:

The averaged squared amplitude can also be 
expressed in a compact form
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The LO HEEC for gluon scattering can then be 
expressed as

The final result spans over three pages; thus, 
we only present its main structure：  

We utilize variables that facilitate comparison with 
experimental data: the rapidity sum    and difference 
      of the two detectors, along with their azimuthal 
angle separation    . The functions                     
represent distinct and highly intricate rational 
expressions.



Plots & Limit Factorizations
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Plots & Limit Factorizations
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Conformal and Lorentz Symmetry
From 4D Minkowski to Celestial Sphere

First noticed by Dirac: 

that is, Lorentz transformations in 4d Minkowski 
spacetime can be described as global transformations 
(Möbius transformations) in a 2d complex plane. 

More generally, we have the following correspondence: 

Lorentz Transformation

Dilation

Translation

SCT (Inv+Trans+Inv)

We consider Lorentz transformations on the celestial sphere 
via embedding formalism [Chen, Moult, Sandor, Zhu, 2022] :

Poincaré Symmetry:  
Open for Further Discussion During Q&A

art from [Chen, Moult, Sandor, Zhu, 2022] 



Celestial Block
Solving the Casimir Equation

Lorentz Invariant: 

Utilizing the fact that Lorentz Transformations act on the 
celestial sphere as Conformal Transformations, the result 
depends on the cross-ratios:
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However, the correspondence is disrupted by the energies of the initial gluons, 
necessitating the inclusion of an additional variable：



Celestial Block
Solving the Casimir Equation

restore Lorentz symmetry light-ray transform

Casimir Operator:

Acting on correlators：

The differential operator is simplest to write in the coordinates          defined by

extra term compared to 2d conformal block

In Mellin space,                                                      satisfies:
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The solution is:



Celestial Block Decomposition
Applied to the Result of the HEEC

terms non-vanishing in the large 
ω limit:  

at most  

expanded by the 2d conformal 
block 

twist-2

twist-4 higher twist
light-ray OPE [Hofman, Maldacena, 2008[: 
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twist

Generalization of the energy flow operator 

[Kravchuk, Simmons-Duffin, 2018]



Contributing Operators
Chew-Frautschi  Plot

In contrast, the Chew-Frautschi plot for 
the squeezed EEEC in QCD is:
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Celestial Block Dependence
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A Window to Twist-4 Operators



Summary
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• For hadron colliders, we investigate the full-angle dependent energy-energy correlators, 
achieving: 

The first leading-order (LO) analytical result in pure gluon scatterings. 

Factorization formalisms in several limits, with the exception of the Regge limit. 

• From a formal theoretical perspective: 

We compute the celestial block, which serves as a tool to parameterize EECs with 
respect to various scattering processes in hadron colliders. 

This celestial block decomposition is applied to our previous results, providing an 
independent consistency check. 

• Potential directions for further research: 

Exploring the Regge limit in the context of energy  

Investigating the properties of twist-4 operators.
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