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Toward precision CGC: inclusive DIS 
NLO BK/JIMWLK evolution equations 

Kovner, Lublinsky, Mulian (2013) 

Balitsky, Chirilli (2007)

NLO corrections to structure functions 
Beuf, Lappi, Paatelainen (2022) 

Beuf (2017)

NLO corrections to SIDIS 
Bergabo, JJM (2023, 2024) 

Caucal, Ferrand, Salazar (2024)

NLO corrections to dihadron/dijets (+) 
Bergabo, JJM (2022, 2023) 

Iancu, Mulian (2023) 

Caucal, Salazar, Schenke, Stebel, Venugopalan (2023), Caucal, Salazar, Schenke, Venugopalan (2022) 

Taels, Altinoluk, Beuf, Marquet (2022), Taels (2023) 

Caucal, Salazar, Venugopalan (2021) 

Ayala, Hentschinski, JJM, Tejeda-Yeomans (2016,2017),…………



9

Toward precision CGC: exclusive/diffractive DIS 

NLO corrections to diffractive structure functions 
Beuf, Hanninen, Lappi, Mulian, Mantyssari (2022) 

……………………..

NLO corrections to diffractive dihadron/dijets (+) 
Boussarie, Grabovsky, Szymanowski, Wallon (2016) 

Iancu, Mueller, Triantafyllopoulos (2021, 2022) 

Fucilla, Grabovsky, Li, Szymanowski, Wallon (2023) 

…………………….

NLO corrections to exclusive light/heavy vector meson production (+) 
Boussarie, Grabovsky, Ivanov, Szymanowski, Wallon (2016) 

Mantyssari, Penttala (2021, 2022) 

……………………
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divergences 
• Ultraviolet: 
 

Real corrections are UV finite 
 

UV divergences cancel among virtual corrections  
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• Soft: 

divergences 
 

Soft divergences cancel between real and virtual corrections 
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Divergences
•Ultraviolet 

real corrections are UV finite 
UV divergences cancel among virtual diagrams

•Soft 
soft divergences cancel Soft 
soft divergences cancel between real and virtual diagrams real and virtual diagrams

•Collinear 
collinear divergences are absorbed into fragmentation functions 

•Rapidity 
Rapidity divergences are absorbed into JIMWLK evolution of dipoles and quadrupoles

<latexit sha1_base64="S4UJ6n8hKxcmN/WeBvSXkFvTnnc="></latexit>
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Back to back limit: deep connections to physics of TMDs, Sudakov effect,….
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Dihadron/dijets kinematics at EIC 

Larger kinematic phase space  
than dihadrons

Fig courtesy of Xiaoxuan Chu

Sudakov can be avoided(?)

Zheng, Aschenauer,Lee,Xiao, arXiv:1403.2413
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SIDIS at small x: NLO corrections  
F. Bergabo, JJM, JHEP 01 (2023) 095, and arXiv:2401.06259 

Caucal, Ferrand, Salazar, arXiv:2401.01934
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LO:  
integrate over final state antiquark

Forward rapidity
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phenomenology: need to consider hadronization of any of the 3 partons

consider hadronization of the gluon
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Gluon production
integrate out both quark and antiquark finite Nc corrections included 

F. Bergabo, JJM, arXiv:2024.0000
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Gluon hadronizing
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this can be combined with quark hadronizing contributions
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so far: SIDIS for longitudinal photons 
work on transverse photons is almost complete (see also Caucal, Salazar, arXiv:2401.01934)
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Summary I
QCD at high energy 
  dense hadron/nucleus: gluon saturation, strong color fields - CGC 

  strong hints from RHIC, LHC,…, to be probed precisely at EIC 

  toward precision: NLO, sub-eikonal corrections, … 

  CGC is limited to small x (low pt) 

How good is eikonal approximation? 
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collinear factorization                                          CGC               
                  GSV, PLB603 (2004) 173-183 DHJ, NPA765 (2006) 57-70                          

which kinematics are we in?

Single inclusive pion production in pp at RHIC
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soft (eikonal) limit:

full amplitude:
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photon production: both small and large x

before hard scattering after hard scattering
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pQCD limit (large x: gluon PDF X partonic cross section):

V = U = 1
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Summary II

• EIC will have a large arm in x 

• EIC will be able to probe the small x - large x transition region 

• significant progress in relating various approaches 

• need a unifying framework!


