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Experimental access (example: DVCS)

Deeply Virtual Compton
Scattering channel of photon

electroproduction.

∆ = P2 − P1 , t = ∆2 < 0

Q2 = −q2
1 > 0

P =
1
2

(P1 + P2) , ξ = − ∆+

2P+

Compton Form Factors: (Belitsky et al., 2002)

F
(
ξ, t,Q2) =

ˆ 1

−1
dx C

(
x , ξ, αS (µF ) ,

Q

µF

)
F (x , ξ, t, µF ) , (1)

where F ∈
{
H, E , H̃, Ẽ , ...

}
is a Generalized Parton Distribution.
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Nucleon imaging

• Correlation of the longitudinal momentum and the transverse position
of the partons inside the hadron.

• Probability density (Fourier transform of GPD): (Burkardt, 2000)

q
(
x , ~b⊥

)
=

ˆ
d2 ~∆⊥

(2π)2 e−i
~b⊥· ~∆⊥ Hq

(
x , 0,− ~∆⊥

2)
. (2)

Figure: Hadron tomography.
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Theoretical constraints on GPDs

Main properties: (Diehl, 2003)
• Support: x , ξ ∈ [−1, 1].

• Polynomiality:
ˆ 1

−1
dx xm H (x , ξ, t) = Polynomial in ξ . (3)

I From Lorentz invariance.

• Positivity:

Hq (x , ξ, t) ≤

√
q

(
x − ξ
1− ξ

)
q

(
x + ξ

1 + ξ

)
. (4)

I Cauchy-Schwarz theorem in Hilbert space.
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From Dyson-Schwinger equations to GPDs

Dyson-Schwinger
equations

-1= -1+

(Maris and Roberts, 1997)

Quark Propagator
S (p)

↓ ↓

Bethe-Salpeter
equation (2-body
bound-state)

Γ = Γ

(Eichmann, 2009)

Bethe-Salpeter
amplitude

( ↓ ↓ )
Faddeev equation

(3-body
bound-state)

Φ = Φ
ΓΓ̄ Faddeev

amplitude
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From Dyson-Schwinger equations to GPDs

↓ ↓

Hadronic Fock
space Ψ

(
k+, ~k⊥,P

)
∝
ˆ

dk− Tr
[
γ+γ5 χ (k,P)

]
Lightcone

Wavefunction Ψ

↓ ↓

Overlap of LCWF

(Mezrag, 2015)

Generalized
Parton

Distribution
H (x , ξ, t)
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Double Distribution (DD)

• Overlap representation: positivity fulfilled!

• DGLAP region only: |x | > |ξ|. Need ERBL to complete
polynomiality.

• Model fulfills Lorentz invariance:

I Double distribution f (β, α) (1CDD): (Belitsky et al., 2001)

H (x , ξ) = x

ˆ
|α|+|β|≤1

dβ dα f (β, α) δ (x − β − αξ) .

I Exists and is unique (up to an ambiguity on β = 0 axis).
I Reconstruct GPD everywhere.

(Moutarde, 2015)
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Inverse Radon Transform

Problem
Find f (β, α) on rhombus {|α|+ |β| ≤ 1} such that

H (x , ξ)|DGLAP = x

ˆ
dβ dα f (β, α) δ (x − β − αξ) .
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Computing GPDs

• Keep it simple.
• Do no reinvent the wheel.

I Modularity.

(Berthou et al., 2016)
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From GPDs to observables
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PARTONS team: multidisciplinary and international!
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Summary

• Dyson-Schwinger model for GPDs in progress:

I Inverse Radon Transform to reconstruct the GPD in the entire physical
domain.

I Move from pion to proton.

• PARTONS project near release:

I Validation and testing!
I Next step: incorporate ab initio GPD model when ready!

• Thank you!

I Any questions?
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Additional slides

Form factors for the pion

(Mezrag, 2015)
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Additional slides

Quark Dyson-Schwinger equation (Gap Equation)

• Quark Propagator:

S (p)−1 = A
(
p2) (i γ · p + M

(
p2)) , (5)

with M
(
p2
)
the dynamical mass of the quark.

• Quark Gap equation (represented in Page 8):

S (p)−1 = Z2 (i γ · p + mb) (6)

+ Z1

ˆ Λ d4q

(2π)4 g2 Dµν (p − q)
λa

2
γµ S (q)

λa

2
Γν (q, p) . (7)

• Truncation for the Vertex. Example (Rainbow-Ladder truncation):

ΓRL
µ (q, p) = γµ . (8)

• Must choose a (phenomenological) model for the Gluon Propagator in the
infra-red (ultra-violet domain reproduces perturbative QCD). Example of
effective interaction (Maris-Tandy):

GMT
IR

(
k2) =

4π2

ω6 D k2e−
k2
ω2 . (9)
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Additional slides

Dynamical mass for the quark

Figure: Dynamical mass M function of
√
p2 (in GeV). Numerical resolution of

the Quark Dyson-Schwinger equation on the real axis. In blue (solid line), the
positive Nambu solution displays dynamical mass generation: large
constituent-quark mass at small momenta, small current-quark mass at large
momenta. In red (dashed), solution with no mass generated; in green (dots),
negative Nambu solution.
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