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Outline

e Dijet production in the TMD formalism

e Dijet production at EIC beyond TMDs: CGC formalism

e Dijet production at EIC in the CGC at NLO

e Connections to the LHC (very brief)



Dijet and dihadron production: TMD formalism
The Weizsacker-Williams gluon TMD

Bomhof, Mulders, Pijlman (2006)

c Dominguez, Marquet, Xiao, Yuan (2011)
/ Dominguez, Qiu, Xiao, Yuan (2011)
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Dijet and dihadron production: TMD formalism

Forward dihadron azimuthal correlations and gluon saturation

Weizsacker-Williams TMD > Dihadron suppression
at small-x back-to-back peak
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Dijet and dihadron production: TMD formalism

Forward dijet azimuthal asymmetries and linearly pol WW gluon TMD

Ratio of linearly polarized to Dijet azimuthal asymmetries
unpolarized gluon WW - in momentum imbalance
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Dijet production
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A comprehensive numerical study of the TMD/CGC
correspondence

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



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

Dijet production beyond TMDs

Computation in the CGC: Wilson Lines For more on CGC see Alex’s talk on

, , Tuesday.
Dominguez, Marquet, Xiao, Yuan (2011)
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Amplitude (modulo leptonic part): Dijet cross-section in the CGC will
contain dipoles and quadrupole:
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Dijet production beyond TMDs
CGC, improved TMD and TMD frameworks
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Dijet production beyond TMDs

The TMD and improved TMD limit as an expansion
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Dijet production beyond TMDs
Differential yield: TMD, ITMD and CGC R. Boussarie, H. Mintysaari,

FS, B. Schenke (2021)
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Dijet production beyond TMDs

Q2 and P, dependence of genuine saturation R. Boussarie, H. Mantysaari,
FS, B. Schenke (2021)

At exactly back-to-back k; =~ O the ratio of CGC/TMD is sensitive to genuine twists
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Dijet production beyond TMDs

Momentum imbalance elliptic anisotropies: R. Boussarie, H. Méntysaari,
TMD vs ITMD vs CGC FS, B. Schenke (2021)
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Dijet production beyond TMDs

Momentum imbalance quadrangular anisotropies:
TMD vs ITMD vs CGC

2

R. Boussarie, H. Mantysaari,
FS, B. Schenke (2021)
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Dijet production in the CGC
at NLO

Rapidity factorization and NLO impact factor

P. Caucal, FS, and R. Venugopalan. 2108.06347
(Submitted to JHEP)
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Dijet production in the CGC at NLO

Rapidity (slow gluon) divergences and JIMWLK factorization
P. Caucal, FS, and R. Venugopalan (2021)

g
q—|- — 37ij+
Gluon emissions NLO
(perturbative) Impact factor
+ +
Gluon emissions Af - fo
(perturbative)
logarithmically e
enhanced
Renormalized
sources
""""""""""""""""""""""""""""""" TTTTTTTToTETossmssssEes ia JIMWLK T
Ao = g (via ) A0+ — 5Pt
/C Sources
(non-perturbative)
A ,
Pa Pa
P~ T T Pt
. 2 #f Zf . .
e Terms proportional to asIn o cancel, only asln | survive and factorize:
0 0
< f » JIMWLK LL Hamiltonian
dONLQ ~ (g In | = 01,0
<0
e Slow gluon radiation asIn (Z—) can be large in resummed by redefining distribution of sources:
0

Waolpal = Wa, [p/4]

15



Dijet production in the CGC at NLO

Cancellation of divergences of UV divergences
P. Caucal, FS, and R. Venugopalan (2021)
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e UV finite, no need for counter-terms at this order in PT.

e Overall IR divergence is left in sum of virtual diagrams, and soft divergence left in V3.
Both cancel with real emissions.
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Dijet production in the CGC at NLO

Infrared and collinear safety
P. Caucal, FS, and R. Venugopalan (2021)
Collinear non-slow divergences

e Implement a jet algorithm* (small cone)
excluding slow gluon divergence

Phase space for collinear dzg e d2 Cog.r 1
non-slow gluon (2m)2—= C2 |
q9,

Small-cone condition:

e Collinear divergence cancels against IR divergence left
in virtual contributions

Soft divergence
e Remaining soft divergence cancel between vertex correction after SW, and cross term real

gluon emission after SW

V3
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Connections to the LHC

Dijet production in ultra-peripheral collisions

A+A—-~v+A—=q+X

e 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 In principle...

included in CGC)? Take real photon ( Q% — 0) limit in

hadronic part of dijet production in DIS
How large are NLO corrections?

In practice, this requires work!
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Outlook

e Couple our partonic cross-sections to event generators

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

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

. . Xiao, Yuan, Zhou (2017)
Match to TMD factorization at NLO del Castillo, Echevarria, Makris, Scimemi (2020)

Hentschinski (2021)
Is the ITMD framework valid at NLO?

e Numerical implementation of dijet production at NLO

Promoting saturation physics to a precision science

e Ultra-peripheral collisions at the LHC

Size of higher genuine saturation corrections

UPCs at NLO in the CGC
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Dijet production beyond TMDs
CGC, improved TMD and TMD frameworks

Boussarie, Mehtar-Tani (2020)

Pair of Wilson lines as transverse gauge link
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Dijet production in the CGC at NLO

Real and virtual emissions

Real emission diagrams (loop opens in DA and closes in the CCA)

o S e =T

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

Self-energy contributions
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Vertex contributions

X—p P
V*W
<43 <
V1

p—
-«

V2

>
7*@

V3




Dijet production in the CGC at NLO

An example of structure of LO vs NLO amplitudes
P. Caucal, FS, and R. Venugopalan (2021)
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