
Status of the Gepard code
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Factorization of DVCS −→ GPDs

• [Collins et al. ’98] DVCS

GPD
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• CFFs are convolution:
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• Ha(x , η, t,Q2
0 ) — Generalized parton distribution (GPD)
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Modelling GPDs in conformal moment space

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

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

Hq
j (η, . . .) ≡ Γ(3/2)Γ(j+1)

2j+1Γ(j+3/2)

∫ 1

−1
dx ηj C

3/2
j (x/η)Hq(x , η, . . .)

• They are analogous to Mellin moments in DIS: x j → C
3/2
j (x)

• C
3/2
j (x) — Gegenbauer polynomials
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CFFs as Mellin-Barnes integral

H(ξ, t,Q2) =
1

2i

∫ c+i∞

c−i∞
dj ξ−j−1

[
i + tan

(
πj

2

)]

× T j(Q
2/µ2, αs(µ)) H j(ξ, t, µ

2) .

• Evolution of GPDs:

H j(η, t, µ) =
∑

k

E jk(µ, µ0; η) Hk(η, t, µ0) ,

• Tj and Ejk known to (N)NLO

• ∑
k is infinite → resummation leads to second Mellin-Barnes

integral
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Advantages of conformal space

1 The evolution equations are most simple: There is no mixing
among moments at LO, and in special (CS) scheme not even
at NLO

2 Powerful analytic methods of complex j plane are available
(similar to complex angular momentum of Regge theory)

3 Stable and fast computer code for evolution and fitting

4 Moments are equal to matrix elements of local operators and
are thus directly accessible on the lattice
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Disadvantages of conformal space

1 Difficult conversion between x-space and j-space. E.g. [Müller

and Schäfer ’05] toy model:

Htoy(x , η) =
1

1− αθ(−η ≤ x)
1

η

(
x + η

1 + η

)1−α

Htoy
j (η) ∝ (1 + j − α)(2 + j − α)
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2 Need complex-analytic continuation of functions used for
modelling. How to work with numerical models, neural nets?
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Gepard∗ software

∗
Not to be confused with biology software (GEnome PAir Rapid Dotter)
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Gepard — features

• Gepard implements [Belitsky, Müller et al.] DVCS formulas for all
measured DVCS observables
• Implemented GPD/CFF models

• Goloskokov-Kroll (GK)
• K.K. and D. Müller (KM)
• Neural networks

• Fitting procedures
• MINUIT least-squares fitting
• Neural networks (PyBrain and TensorFlow (experimental))

• interactive work possible (jupyter notebooks)
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GeParD — interactive example 1/7
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GeParD — interactive example 2/7
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GeParD — interactive example 3/7

• Two “fitters” are implemented: Minuit and Neural network
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GeParD — interactive example 4/7
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GeParD — interactive example 5/7

Krešimir Kumerički Status of the Gepard code Joint . . . QCD. . . workshop, 2021 14 / 28



Introduction to conformal space framework Software Checks and benchmarks

GeParD — interactive example 6/7
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GeParD — interactive example 7/7
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Code rewrite

Code is presently in the transition from this:

to this:
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GPD/CFF server
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GPD/CFF server

• Gepard code itself is on github.com, but not public yet

Krešimir Kumerički Status of the Gepard code Joint . . . QCD. . . workshop, 2021 19 / 28



Introduction to conformal space framework Software Checks and benchmarks

Checks and benchmarks
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Testing evolution
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Testing evolution
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Testing evolution

Krešimir Kumerički Status of the Gepard code Joint . . . QCD. . . workshop, 2021 21 / 28



Introduction to conformal space framework Software Checks and benchmarks

Checking evolution in forward limit

• Comparison to QCD-Pegasus PDF evolution software [A. Vogt

‘04]
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Checking LO evolution

• Comparison to GPD evolution software [Vinnikov ‘06]

• Maximal relative discrepancy: 2 %.
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Gepard vs PARTONS, cross-section

• BM = [Belitsky & Müller], GV = [Guichon & Vanderhaeghen]
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• 100 kinematical points:
• Gepard (python): 24 seconds
• PARTONS (C++, XML driven): 9 seconds
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Gepard vs PARTONS, beam spin asymmetry

• BM = [Belitsky & Müller], GV = [Guichon & Vanderhaeghen]
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Comparison of popular models

• GK = [Goloskokov & Kroll]

• KM = [K.K. & Müller]

• MILOU = DVCS MC generator, model by [Freund & McDermott]
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Outlook

• Implementation of DVMP — work in progress

• Going from hybrid to full conformal-space GPD model —
work in progress

• All the components for the NLO analysis are available — work
in progress
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The End
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