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Previous studies at small-x
Two observables: back-to-back dihadrons, and dijet azimuthal correlations

Dihadron back-to-
back suppression Gluon saturation
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Beyond the TMD factorization

Previous studies: 

Goal:

Observables: 

Azimuthal correlations of back-to-back dijet/dihadron within the 
TMD factorization 

Inclusive dijet/dihadron production for both e-p and e-Au (at EIC)

Assess the role of kinematic power corrections and genuine saturation. 
How large are these corrections?

CGC computation (Gaussian quadrupole + rcBK evolution). 
Compare to TMD and iTMD framework

Approach:

Study cross-section (including azimuthal anisotropies) 
at and beyond the back-to-back limit
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At leading order in the CGC EFT and the (i)TMD factorization

Inclusive diparton production in DIS

TMD factorization: for (almost) back-to-back partons 
( )Δ⊥ ≪ P⊥

Diparton cross-section in the CGC

Color structure containing dipole and quadrupole correlators.
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Improved TMD framework (resums kinematic power corrections ):Δ⊥/P⊥

Misses higher operators which are suppressed by powers of  and  
(genuine saturation corrections)

Qs /P⊥ Qs /Δ⊥

Weizsäcker-Williams 
(WW) gluon TMD
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Numerical results for differential yield (transverse virtual photon pol)

Improved TMD framework provides 
excellent agreement with CGC

TMD framework provides good agreement 
for back-to-back jets Δ⊥ ≲ P⊥

Improved TMD framework shows 
significant deviations at low Δ⊥

Genuine higher twist contributions

Impact on back-to-back dihadrons in 
e-Au collisions
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Inclusive diparton production in DIS



Numerical results for azimuthal anisotropy (transverse virtual photon pol)
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Kinematic power corrections contribute to 
 and might be necessary for the proper 
extraction of linearly polarized TMD

v2

iTMD improves agreement with CGC 
computation of v2 Deviations from iTMD and CGC signal 

the possibility to access genuine 
saturation effects

<latexit sha1_base64="OejrKJJ4uApnopKXCd3DIXnAhVE="></latexit>

Q2
s,Au ⇡ 3Q2

s,p

*See back-up slides for longitudinal

<latexit sha1_base64="R0hLHJJnUY6DAzykbI2uhIv057U="></latexit>

v2 ⌘ 1

N0

Z 2⇡

0
d�P?�? cos(2�P?�?)

1

S?

d�

d2P?d2�?

H. Mäntysaari, N. Mueller, FS, B. Schenke. 1912.05586

6

and work in progress with Boussarie, Mäntysaari, Schenke

Inclusive diparton production in DIS
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Summary

• From partons to hadrons/jets

MC sampler of partonic cross-section 
Fragmentation/hadronization 
Jet reconstruction 

Dumitru, Skokov, Ullrich. 1809.02615
Zheng, Aschenauer, Lee, Xiao. 1403.2413 

Within the TMD factorization:

Outlook

• Include NLO contributions

Sudakov and soft gluon resummation 
Mueller, Xiao, Yuan. 1308.2993, 2010.10744 

Impact factor 
Roy, Venugopalan. (for dijet+photon) 1911.04530 
Iancu, Mullian. (dijet in pA) 2009.11930

• Genuine saturation could be observable even in back-to-back jets for 
sufficiently large  (large nucleus at EIC)Q2

s

• Good quantitative agreement between CGC and iTMD at broad range 
of kinematics for small Q2

s

• Proper extraction of linearly polarized WW gluon TMD from azimuthal 
dijet correlations will need to account for correlations due to 
kinematic twists in the iTMD framework
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Small-x JIMWLK at NLO 
Balistky, Chirlli. 1309.7644 
Kovner, Lublinky, Mulian. 1310.0378
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Collinear pQCD: quark initiated vs gluon initiated

QCD Compton scattering

~ quark PDF

Photon-gluon fusion

~ gluon PDF
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Image source: H1Zeus
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LO diagram in CGC
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CGC EFT and Multiple scattering

Dense gluon field needs resummation of multiple gluon interactionsAcl ⇠ 1/g
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At leading order in the CGC EFT
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Improved TMD framework provides 
excellent agreement with CGC

TMD framework provides good agreement 
for back-to-back jets Δ⊥ ≲ P⊥

Improved TMD framework shows 
significant deviations at low Δ⊥
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Impact on back-to-back dihadrons in 
e-Au collisions
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Numerical results for azimuthal anisotropy (longitudinal virtual photon pol)

Gold nucleus  ~ larger Q2
s

Deviations from iTMD and CGC signal 
the possibility to access genuine 

saturation effects

<latexit sha1_base64="OejrKJJ4uApnopKXCd3DIXnAhVE="></latexit>

Q2
s,Au ⇡ 3Q2

s,p

<latexit sha1_base64="R0hLHJJnUY6DAzykbI2uhIv057U="></latexit>

v2 ⌘ 1

N0

Z 2⇡

0
d�P?�? cos(2�P?�?)

1

S?

d�

d2P?d2�?

H. Mäntysaari, N. Mueller, FS, B. Schenke. 1912.05586
and work in progress with Boussarie, Mäntysaari, Schenke
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Kinematic power corrections contribute to 
 and might be necessary to the proper 
extraction of linearly polarized TMD

v2

iTMD improves agreement with CGC 
computation of v2
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Back-up:  and  phase spaceP⊥ Δ⊥
The differential yield TMD, iTMD and CGC (longitudinal photon pol)

TMD vs CGC Improved TMD vs CGC

-9.5

-9

-8.5

-8.5

-8

-8

-7.5

-7.5
-7

-6.5

0   0.75 1.5 2.25 3   3.75

0.75

1.5 

2.25

3   

3.75

10-9

10-8

10-7

10-6

-9.5

-9

-8.5

-8.5

-8

-8

-7.5

-7.5
-7

-6.5

0   0.75 1.5 2.25 3   3.75

0.75

1.5 

2.25

3   

3.75

10-9

10-8

10-7

10-6

<latexit sha1_base64="cwyd4WUjp6YTpb7F7WXzuTztm4M="></latexit>

Q2 = 10 GeV2

e-
p

e-
Au



Back-up: TMD factorization
In coordinate space the diparton production amplitude in the CGC is given by

Small dipole size expansion r⊥ ≪ b⊥
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Thus cross-section can be written as

Hard-factor:

Weizsäcker-Williams gluon TMD at small-x:
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Back-up: improved TMD factorization
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Back-up: diparton production in DIS at NLO in the CGC
Evolution and impact factor

Real diagrams

�⇤

�⇤

+3 others

Virtual diagrams

+ 8 others

Cross section at NLO has 
 contributions32 ( = 4 × 4 + 8 × 2)

LO NLO

impact factor  
(not log enhanced)

log enhanced 
(part of LLx JIMWLK)

d� = d�(0) + ↵sd�
(1) +O(↵2

s)
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Dijet studies include LLx JIMWLK/
BK+Gaussian, but miss the impact factor

Computing impact factor for diparton production 
will provide more theoretical predictive power 
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