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Executive summary

• Experiments — steady progress
• Deeply Virtual Compton Scattering (DVCS): many observables

measured in a wide kinematics range
• Deeply Virtual Meson Production (DVMP)
• timelike DVCS, double DVCS (soon?)

• Theory — healthy and fine
• factorization theorems; subleading twists; hard scattering

coefficients, evolution kernels etc. known up to NNLO (recent
developments: [Braun, Manashov, Moch, Strohmeier])

• Phenomenology and fits — limping behind!
• latest global fits don’t even use proper full LO evolution
• [PARTONS], [CNF], [D. Müller, K.K., M. Čuić]
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The Method
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Two models

1 “Physical” GPD (and CFF) model

2 Neural network parametrization of CFFs
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Modelling sea quark and gluon GPDs

• Instead of considering momentum fraction dependence
H(x , . . .)

• . . . it is convenient to make a transform into complementary
space of conformal moments j :

Hq
j (ξ, t) ≡

Γ(3/2)Γ(j+1)

2j+1Γ(j+3/2)

∫ 1

−1
dx ξj C

3/2
j (x/ξ)Hq(x , ξ, t)

• C
3/2
j (x) — Gegenbauer polynomials

• Hj is expanded in SO(3) partial waves and parametrized

• full QCD Q2 evolution to NLO
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Modelling valence quark GPDs

• Hybrid models at LO

• Sea quarks and gluons modelled like just described (conformal
moments + SO(3) partial wave expansion + Q2 evolution).

• Valence quarks model (ignoring Q2 evolution):

ImH(ξ, t) = π

[
4

9
Huval(ξ, ξ, t) +

1

9
Hdval(ξ, ξ, t) +

2

9
Hsea(ξ, ξ, t)

]

H(x , x , t) = n r 2α
(

2x

1 + x

)−α(t)(1− x

1 + x

)b 1(
1− 1−x

1+x
t

M2

)p .

• Fixed: n (from PDFs), α(t) (eff. Regge), p (counting rules)

αval(t) = 0.43 + 0.85 t/GeV2 (ρ, ω)
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Networks constrained by dispersion relations

......

......

......

......

xB t

ImH ∆Im E

• Only imaginary part of CFFs and one subtraction constant
∆(t) are parametrized by neural nets

• Real parts are then fixed by dispersion relations

Krešimir Kumerički Recent results in GPDs Transversity 2022 8 / 32



Introduction Method DVCS results DVMP results Gepard

DVCS results
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Example: CLAS cross-sections

•
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• χ2/npts = 1032.0/1014 for dσ and 936.1/1012 for ∆σ
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Extraction of 6 (out of 8) CFFs

[M. Čuić, K.K., A. Schäfer, ’20], from JLab data
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Prediction of large-x JLab DVCS data

• [Hall A ’22]
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Neutron DVCS
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Hall A neutron DVCS measurement

• [Benali et al. ’20], DVCS off a deuterium target:

• Idea: combine proton and neutron DVCS data using isospin
symmetry and get separate results for up and down quark
contributions to CFFs
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Including the neutron DVCS data

• Separate model for each flavor: H → Hu, Hd , etc.
• Flavored models: fKM (“physical”), fNNDR (neural nets +
dispersion relations)
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Separating flavored CFFs

• Contributions of u and d quarks to CFF H are cleanly
separated [M. Čuić, K.K., and A. Schäfer, PRL ’20]
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DVMP results

Krešimir Kumerički Recent results in GPDs Transversity 2022 17 / 32



Introduction Method DVCS results DVMP results Gepard

First NLO DIS+DVCS+DVMP small-x global fit

First global fits to DIS+DVCS+DVMP HERA collider data
[Lautenschlager, Müller, Schäfer ‘13, unpublished!]:
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(Normalizations of experimental DVMP datasets treated as fitting parameters.)
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New NLO DIS+DVCS+DVMP small-x global fit

• hard scattering amplitude corrected in the meantime [Duplančić,

Müller, Passek-K. ’17]

• [M. Čuić, K.K. ’22], revisiting DIS+DVCS+DVMP fit, preliminary
results

• NLO DIS+DVCS+DVMP fit to HERA collider data
(excluding t-dependent DVMP data) χ2/nd.o.f = 254.3/231

• For comparison, in the following, we also show
• LO fits
• fits without DVMP data
• fits without DVCS data
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DIS F2 data description
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• May seem trivial, but not all popular GPD models describe
DIS
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DVCS data description
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DVMP data description

• Things we can learn from fits:
• Effects of NLO corrections
• Universality of GPD shape — separately from DVCS and

DVMP
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Quarks vs Gluons: DIS
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Quarks vs Gluons: DVCS
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Krešimir Kumerički Recent results in GPDs Transversity 2022 24 / 32



Introduction Method DVCS results DVMP results Gepard

DVCS vs. DVMP

• Gluon GPD contributes to DVMP already at LO (at input
scale)
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Quarks vs Gluons: DVMP
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GPD skewness

• GPD ”skewness”: ratio of GPD to the corresponding PDF

r =
H(x , η = x)

q(x)

• Conformal (Shuvaev) values, with GPDs completely specified
by PDFs:

rQuark ≈ 1.65 , rGluon ≈ 1.0 .
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GPD skewness at LO and NLO
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• Universal GPD structure emerges at NLO!

Krešimir Kumerički Recent results in GPDs Transversity 2022 28 / 32



Introduction Method DVCS results DVMP results Gepard

Tomography

• Resulting sea quark and gluon distributions H(x , b⃗⊥):
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• (large-x part is still very model dependent)
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Gepard - public code for GPD analysis
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Gepard - publications

• Aiming for full reproducibility of results.
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The End
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