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Introduction to generalised parton distributions (GPDs)

Unpolarized GPDs: Muller et al.,1994; Ji, 1996; Radyushkin, 1997
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The moments of GPDs in the forward limit can give different terms in the spin sum-rule:

do™ % fd_rx(Hq.g{x, 0,0)+ E, (x,00)), Ji,1996

— The latest lattice result of total gluon helicity (A ) is 46(9)% of the proton
} J E { spin. (The first work implementing renormalization, the conversion

| ; ﬁ factor from RI/MOM scheme to~  scheme was calculated upto 3 )
s/ ;e Zhao, Pang, etc, 2512.24315




Introduction to generalised parton distributions (GPDs)

Unpolarized GPDs: Muller et al.,1994; Ji, 1996; Radyushkin, 1997
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The moments of GPDs in the forward limit can give different terms in the spin sum-rule:
- % fd_rx(anq{x, 0,0+ E,,(x,0,0)), JI,'] 996

“GPDs contain information about how the usual PDFs (the forward matrix elements) are distributed
in position space”. M. Burkardt, 2002

“GPD carry information about the spatial distribution of forces experienced by quarks and gluons
Inside hadrons™. M. Polyakov, 2002 2



Studies of exclusive production of dijet in QCD context

In collinear factorisation framework:

Braun and Ivanov, 2005 (First paper discussing this process using collinear factorisation (unpol GPDs))

Chall et al., 2026 (Recent paper with phenomenology at HERA kinematics)

In small-x framework:
Altinoluk et al., 2015 Hatta,Xiao,Yuan, 2016 Mantysaari,Mueller,Schenke,2019

Boussarie et al., 2019

In factorisation/GTMD framework:
Bartels et al., 1996 Boer, Setyadi, 2021,2023

Linek et al., 2024

As a probe of gluon orbital angular momentum (OAM):
Ji,Yuan,Zhao, 2017 Bhattacharya,Boussarie,Hatta, 2022,2025



Exclusive production of dijet: kinematics

— back-to back frame: Quark dijet production (LO):

QCD channel
(sensitive to GPDs)

2 -4 2

24+ 24 2-

QED/Primakoff channel

(sensitive to EFFs)




Exclusive production of dijet: kinematics

— back-to back frame: Gluon dijet production (LO):
1 ; g p

< & ‘

g2, €2

Due to charge conjugation symmetry, only
valence quark GPDs contribute to gluon dijet
production.

For gluon dijet production, the QED channel
starts from NLO.




Analytical results: quark dijet production
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Contribution from unpolarized GPDs

Contribution from helicity GPDs



Analytical results: quark dijet production
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10 diagrams
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Radyushkin, 1999
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Analytical results: quark dijet production
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Compared to the QED channel in DDVCS, the QED channel in exclusive dijet production has more
complicated charge structures, which results in nontrivial cancellation or enhancement between diagrams
depending on the outgoing jet type.



Analytical results: gluon dijet production
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Analytical results: gluon dijet production
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Only C-odd combination of quark GPDs survives under convolution.

The CFFs are sensitive to quark GPDs at  # |, due to two independent hard scales.
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Numerical results with HERA kinematics
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Chall et al., 2026; Goloskokov, Kroll, 2007; Abramowicz et al., 2016 (ZEUS)
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The QCD contribution dominates at HERA
energies.

At smaller value of |, the invariant mass of
dijet system gets larger, the contribution from
gluon radiation ( ~ configuration) becomes
more important.

Bartels, Jung, Wusthoff, 1999
Boussarie et al., 2019 1



Numerical results with EIC kinematics

5 GeV x 41 GeV

do 3t different EIC kinematics
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Numerical results with EIC kinematics

5 GeV x 41 GeV
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The effect of

The gluon dijet production becomes more significant at larger

GPDs.
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Numerical results with EIC kinematics
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For small values of 2, jet reconstruction becomes difficult (pileup of particles from different jets).

As ? gets larger, the contribution from QED channel becomes more significant, one of the reasons is
2 2
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Numerical results with EIC kinematics

5 GeV x 41 GeV 10 GeV x 100 GeV 18 GeV x 275 GeV
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The observable — receives sizable contributions from the QED channel, especially for the lower panels.

( ) 3 . from Lorentz covariance.



Summary and outlook

In this work, we consider LO factorisation of exclusive production of dijet. The
phenomenology analyses are made at HERA kinematics, such process is also
found to be promising in probing GPDs at the future EIC.

Our work includes hadronization effects (not discussed here), the related
phenomenology analyses are realized within PARTONS and EpIC framework.

The exclusive electroproduction of quark dijets also receives contributions from
the elusive transversity GPDs at leading order. The detailed study of polarization
effects (both for beam and target) is in progress.
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Distribution in z at EIC kinematics

5 GeV x 41 GeV

Z—‘Z’ at EIC kinematics

10 GeV x 100 GeV

s QCD ¢ Full (u+d+s+c

QCD g Full

= QED q Full (u+d+s+c

)
)
QCD q Cut (u+d+s+c)
QCD g Cut

)

- QED g Cut (u+d+s+c

\—__/
Integration range:
2 [1100] 2 [-15,-001] 2 2 [150] 72 [0,2 ], [0,2 ], [0.01,0.95].

The asymmetry with respect to
become significant at the endpoint region of z.

= 0.5 indicates the contributions from valence quark GPDs




Distribution
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at EIC kinematics
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LO evolution of gluon GPDs

From evolution of gluon GPDs (0504030):
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LO evolution of gluon GPDs

Gluon-in-gluon channel (denoted by superscript “gg”, ={ , , }):
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LO evolution of gluon GPDs

Gluon-in-gluon channel (denoted by superscript “gg”, ={ , , }):
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The r.h.s. and the first derivative of it with respect to x are continuous at



LO evolution of gluon GPDs

Gluon-in-gluon channel (denoted by superscript “gg”, ={ , , }):
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