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Task 3- Gluon TMDs at small-x 

in CPHT we have been working on Task 3 

we are there 



Dilute-dense 2-to-2 processes 
Forward dijets in dilute-dense hadronic collisions

ŝ = (p + k)2

t̂ = (p2 � p)2

û = (p1 � p)2

Incoming partons’ energy fractions:

x1 = 1p
s
(|p1t |ey1 + |p2t |ey2)

x2 = 1p
s
(|p1t |e�y1 + |p2t |e�y2)

y1,y2�0�! x1 ⇠ 1

x2 ⌧ 1

Gluon’s transverse momentum (p1t , p2t imbalance):

|kt |2 = |p1t + p2t |2 = |p1t |2 + |p2t |2 + 2|p1t ||p2t | cos ��
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•  large-x projectile (proton) on small-x target (proton or nucleus) 

so-called “dilute-dense” kinematics 

hk1ti ⇠ ⇤QCD hk2ti ⇠ Qs(x2)

Qs(x2) � ⇤QCD

|p1t|, |p2t| � Qs however, |kt| can be small or large 



Improved TMD factorization 
•  This formalism, made for two-scale processes, emerges from CGC 

calculations after neglecting O(QS/Pt) terms (so-called genuine higher-
twist corrections) where Pt is the hard scale 

•  It resums (QS/kt)n and (kt/Pt)n terms, where kt is the semi-hard scale, and 
therefore encompasses other frameworks that account for either, but not 
both 

•  From the TMD perspective, the improvement is the matching to BFKL at 
high kt, due to the additional resummation of the (kt/Pt)n terms (so-called 
kinematical higher-twist corrections) 

•  From the BFKL/HEF/kt-factorization perspective, the improvement is the 
matching to TMD factorization at low kt due to the additional 
resummation of the (QS/kt)n terms (leading-twist saturation corrections)  



The ITMD factorization formula Improved TMD factorization

The final formula
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K (i)

gg⇤!qq

1

2Nc

(t
2
+u

2
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Modified Mandelstam variables:

I s̄ = (x2pA + p)
2, t̄ = (x2pA � p1)

2, ū = (x2pA � p2)
2

Recovery of the on-shell limit:

I lim|kt |!0(s̄ � ŝ) = 0, lim|kt |!0(t̄ � t̂) = 0, lim|kt |!0(ū � û) = 0
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and their associated hard matrix elements 

several gluon TMDs 
for the small-x target 

standard collinear pdf 
for the large-x projectile 

�(i)
ag!cd(x2, k

2
t )

•  research directions explored so far: 

- study the quality of that approximation compared to the full CGC calculation 
- establish (I)TMD factorization for processes sensitive to linearly-polarized gluons 
- establish (I)TMD factorization for 2-to-3 processes 
- establish (I)TMD factorization for 2-to-2 processes at NLO 



2-to-3 processes 
•      to start with, since the photon simplifies things 

Photoproduction of three jets in the CGC: gluon TMDs and dilute limit 
T. Altinoluk, R. Boussarie, C. Marquet and P. Taels, JHEP 07 (2020) 143. 

linearly-polarized gluon TMD unpolarized gluon TMD 

TMD formula and HEF formula obtained in 

•  The TMD formula involves linearly-polarized gluons: 

�A ! trijets +X

<latexit sha1_base64="QBz4FvBqFT6KwN9SuoDFJ9HrDGI=">AAACB3icbVDLSgMxFM3UV62vUZeCBIsgCGVGKrqsunFZwT6gM5RMmraxycyQ3BHL0J0bf8WNC0Xc+gvu/BvTdhbaeiBwOOdebs4JYsE1OM63lVtYXFpeya8W1tY3Nrfs7Z26jhJFWY1GIlLNgGgmeMhqwEGwZqwYkYFgjWBwNfYb90xpHoW3MIyZL0kv5F1OCRipbe97PSIlwRceRNiTQfSQguJ3DPQIH+Nm2y46JWcCPE/cjBRRhmrb/vI6EU0kC4EKonXLdWLwU6KAU8FGBS/RLCZ0QHqsZWhIJNN+OskxwodG6eBupMwLAU/U3xspkVoPZWAmJYG+nvXG4n9eK4HuuZ/yME6AhXR6qJsIbDKPS8EdrhgFMTSEUMXNXzHtE0UomOoKpgR3NvI8qZ+U3HLp9KZcrFxmdeTRHjpAR8hFZ6iCrlEV1RBFj+gZvaI368l6sd6tj+lozsp2dtEfWJ8/FduY0A==</latexit>

that makes obtaining the ITMD matrix elements more difficult 



On the CGC/ITMD comparison 
•  for massless 2-to-2 processes, the relationship between the 

various frameworks is understood 

|p1t|, |p2t| � |kt|, Qs

|p1t|, |p2t| � Qs

|p1t|, |p2t|, |kt| � Qs

TMD regime BFKL regime 

ITMD 

CGC 

+ (QS/kt)n + (kt/Pt)n 

+ (QS/Pt)n 

•  we can compare them numerically 



for the    final state 

Genuine higher-twist corrections 
for instance, one can look at the genuine-twist corrections, which 
start to matter when the jet transverse momenta get closer to Qs 

Comparison of improved TMD and CGC frameworks in forward quark dijet 
production 
H. Fujii, C. Marquet and K. Watanabe, 2006.16279[hep-ph] 

gA ! qq̄ +X
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(d)
p
s = 5.02TeV, |pt| = 5GeV, y = 3

Qs(ĉ = 2.5) = 1.55GeV
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