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beyond TMDs
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• Dijet production in the TMD formalism 
 

• Dijet production at EIC beyond TMDs: CGC formalism 
 

• Dijet production at EIC in the CGC at NLO 
 

• Connections to the LHC (very brief)
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Dijet and dihadron production: TMD formalism
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Forward dihadron azimuthal correlations and gluon saturation

Dihadron suppression 
back-to-back peak

Zheng, Aschenauer, Lee, Xiao (2014) 

4

Typical momentum transfer from 
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Dijet and dihadron production: TMD formalism

Weizsäcker-Williams TMD 
at small-x

For lepton-jet correlations, see Ben’s talk.

For more on EIC physics, see Heikki’s talk on Wednesday.



Dijet azimuthal asymmetries 
in momentum imbalance

Dumitru, Skokov, Ullrich (2018)
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Forward dijet azimuthal asymmetries and linearly pol WW gluon TMD

Dijet and dihadron production: TMD formalism
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Dijet production 
beyond TMDs
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A comprehensive numerical study of the TMD/CGC 
correspondence

 
R. Boussarie, H. Mäntysaari, FS, and B. Schenke. 2106.11301 (JHEP09(2021)178) 

 

https://doi.org/10.1007/JHEP09(2021)178


Dijet cross-section in the CGC will 
contain dipoles and quadrupole:

Computation in the CGC: Wilson Lines
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Dense gluon field  needs resummation of 
multiple gluon interactions

Acl ∼ 1/g

Dijet production beyond TMDs
For more on CGC see Alex’s talk on 

Tuesday.



CGC, improved TMD and TMD frameworks
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Dijet production beyond TMDs

<latexit sha1_base64="OlrVM04I2gn+Igr8Tmw2KnREqAw="></latexit>

V (x?)V
†(y?) = P exp

"
�ig

Z x?

y?

dz? · Ã?(z?)
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= 1 + ig r? · Ã?(z?) + . . .

Dominguez, Marquet, Xiao, Yuan (2011)

Altinoluk, Boussarie, Kotko (2019)

Improved TMD

TMD

CGC

e

e

p

q

q̄

)
X

e

e

q

q̄

)
X

p

<latexit sha1_base64="fHVG8zpI3d3v1UzBpfoATukKu+A="></latexit>r? = x? � y?

Boussarie, Mehtar-Tani (2020)



9

The TMD and improved TMD limit as an expansion

Weizsäcker-
Williams gluon TMDHard factor
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s Gold nucleus  ~ larger Q2
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Differential yield: TMD, ITMD and CGC
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 and  dependence of genuine saturationQ2 P⊥
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Rapidity factorization and NLO impact factor
P. Caucal, FS, and R. Venugopalan. 2108.06347 






•  Slow gluon radiation                  can be large in resummed by redefining distribution of sources:
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JIMWLK LL Hamiltonian
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NLO

P. Caucal, FS, and R. Venugopalan (2021)

Dijet production in the CGC at NLO
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Cancellation of divergences of UV divergences

•UV divergences cancel among self energies 
contributions (before SW and crossing SW)

•UV divergence cancel in vertex contribution 
before SW and self energy contribution after SW 

�⇤

V1

•UV finite diagrams
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•UV finite, no need for counter-terms at this order in PT.


•Overall IR divergence is left in sum of virtual diagrams, and soft divergence left in V3.  
Both cancel with real emissions.

Dijet production in the CGC at NLO

P. Caucal, FS, and R. Venugopalan (2021)



Collinear non-slow divergences

Soft divergence

•Remaining soft divergence cancel between vertex correction after SW, and cross term real 
gluon emission after SW
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Infrared and collinear safety 

• Implement a jet algorithm* (small cone) 
excluding slow gluon divergence
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Dijet production in the CGC at NLO
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Connections to the LHC
Dijet production in ultra-peripheral collisions
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• Studied within the Improved TMD formalism in 
Kotko, Kutak, Sapeta, Stasto, Strikman (2017)

What are the size of genuine saturation 
corrections (not accounted in ITMD but 
included in CGC)?

How large are NLO corrections?

In principle…

In practice, this requires work!



Outlook
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• Couple our partonic cross-sections to event generators

• Investigate dijet production at NLO in the back-to-back limit

Match to TMD factorization at NLO

• Numerical implementation of dijet production at NLO

Promoting saturation physics to a precision science

How much of the kinematic power and genuine saturation 
corrections survives in the actual observable?

• Ultra-peripheral collisions at the LHC

Is the ITMD framework valid at NLO?

Xiao, Yuan, Zhou (2017)

Hentschinski (2021)

Size of higher genuine saturation corrections

UPCs at NLO in the CGC

del Castillo, Echevarria, Makris, Scimemi (2020)

https://inspirehep.net/authors/1042032


Back-up slides
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CGC, improved TMD and TMD frameworks
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Dijet production beyond TMDs
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dz? · Ã?(z?) + . . .

<latexit sha1_base64="E8U9oeSjIEJxREqqW8Y6o3CpMII="></latexit>

= 1 + ig r? · Ã?(z?) + . . .
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Real emission diagrams (loop opens in DA and closes in the CCA)

Virtual emission (loop open and closes in DA or CCA)

Self-energy contributions Vertex contributions
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Real and virtual emissions
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Dijet production in the CGC at NLO
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