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Abstract

We calculate large mass diphoton exclusive photoproduction in the framework of collinear
QCD factorization at next to leading order in αs and at leading twist. Collinear diver-
gences of the coefficient function are absorbed by the evolution of the generalized parton
distributions (GPDs). This result enlarges the existing factorization proofs to 2→ 3 pro-
cesses, opening new reactions to a trustable extraction of GPDs.

Copyright O. Grocholski et al.
This work is licensed under the Creative Commons
Attribution 4.0 International License.
Published by the SciPost Foundation.

Received 30-07-2021
Accepted 21-03-2022
Published 12-07-2022

Check for
updates

doi:10.21468/SciPostPhysProc.8.078

1 Introduction

Exclusive hard processes such as deeply virtual Compton scattering (DVCS) have been demon-
strated to open a window on the tomography of nucleons. After a first rich crop of experimental
data [1], it becomes clear [2] that trustable information on the quark and gluon 3−dimensional
content of hadrons needs to gather experimental data from a set of reactions not restricted
to the simplest ones (spacelike, timelike or double DVCS on the one hand, exclusive meson
electroproduction on the other hand). After a Born order study [3, 4] which demonstrated
its phenomenological interest, we thus studied, at next to leading order (NLO) in the QCD
coupling constant αs, the photoproduction of a large mass diphoton on a nucleon target

γ(q,ε) + N(p1, s1)→ γ(q1,ε1) + γ(q2,ε2) + N ′(p2, s2) , (1)

in the kinematical domain suitable to a factorization of generalized parton distributions (GPDs)
and a hard amplitude, namely large invariant diphoton squared mass M2

γγ = (q1 + q2)2 and
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small momentum transfer −t = −(p2 − p1)2 � Q2 between the initial and final nucleons.
This reaction, which superficially looks like timelike Compton scattering (TCS) [5–8] with
the dilepton replaced by a diphoton, has a much different structure since the hard amplitude
assumed to factorize from the GPDs describes a 2→ 3 process, contrarily to the usual reactions
where the coefficient function describes a 2 → 2 process. However, there is yet no all order
proof of QCD collinear factorization at leading twist for such processes.

This NLO study is the first step toward the derivation of collinear factorization of the am-
plitude of this process. We use dimensional regularization as the main tool of our proof.

2 LO results

Figure 1: The general form of the LO diagram. As described in the text, to simplify
computations we first consider a diagram with 3 incoming photons, and use after-
wards the appropriate substitutions.

Let us first outline the results of the LO study for photoproduction [3] and electroproduc-
tion [4]. Due to charge parity constraint, the contributing GPDs at any order in αs are the
charge-odd quark GPDs (which are not accessed by DVCS) and there is no gluon GPD contri-
bution. The leading order hard vector and axial amplitudes are straightforwardly calculated
from the 6 diagrams obtained from Fig. 1 with various permutations. Their structure is very
peculiar since they are proportional to δ(x ± ξ), the skewness parameter ξ being related to
Lorentz invariants in a similar way as in the TCS kinematics: ξ= τ/(2−τ)with τ= M2

γγ/s. To
reduce the number of analyzed diagrams, we consider a process with 3 photons with momenta
(k1, k2, k3) and sum over all possible permutations. The vector part of the hard amplitude cor-
responding to a given permutation reads

Tr
�

iM0
1,2,3 /p

�

= ie3
q

1
2(x + ξ)pk1 + i0

1
−2(x − ξ)pk3 + i0

Tr
�

/ε3(−/k3)/ε2/k1/ε1/p
�

, (2)

leading after summing the permutations to:

∑

perm.

Tr
�

iM0
1,2,3/p

�

= 4
ie3

q

sαᾱ
Im
� 1

x + ξ− i0
1

x − ξ+ i0

�

× (3)

�

(α− ᾱ)
�

~ε∗ t(q1) ~ε∗ t(q2)
��

~pt ~εt(q)
�

−
�

~pt ~ε∗ t(q1)
��

~εt(q) ~ε∗ t(q2)
�

+
�

~pt ~ε∗ t(q2)
��

~εt(q) ~ε∗ t(q1)
�

�

,

where α= 1− ᾱ= u′
u′+t ′ , with t ′ = (q1 − q)2 = t −M2

γγ − u′.
The axial LO amplitude corresponding to a given permutation of photons reads:

Tr
�

iM0
1,2,3γ

5
/p
�

= ie3
q

1
2(x + ξ)pk1 + i0

1
−2(x − ξ)pk3 + i0

Tr
�

/ε3(−/k3)/ε2/k1/ε1γ
5
/p
�

. (4)
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After summation over all permutations of photons we get:

∑

perm.

Tr
�

iM0
1,2,3γ

5
/p
�

= −2e3
qs−2 Im

� 1
x + ξ− i0

1
x − ξ− i0

�

×

�1
α

Tr
�

/ε(q)/q/ε∗(q2)/q1/ε
∗(q1)γ

5
/p
�

+
1
ᾱ

Tr
�

/ε(q)/q/ε∗(q2)/q1/ε
∗(q1)γ

5
/p
�

�

.

(5)

The detailed phenomenological study performed in [4] and exemplified in Fig. 2 showed that
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Figure 2: The M2
γγ dependence of the LO cross-section for the process γp→ γγp′ at

s = 20 (resp. 100, resp 106) GeV2 : full (resp. dashed, resp. dash-dotted) curve.
The highest energy curve is multiplied by 105.

the cross-section is dominated by the contribution of vector GPDs, and that the cross-sections
are large enough for a promising phenomenological study in quasi real photoproduction at
electron machines, mostly at medium energy because of the zero contribution of gluons and
sea-quarks.

3 The NLO amplitude

3.1 Toward a factorization proof of the amplitude

As emphasized above, no factorization proof exists for any exclusive process with a genuine
2→ 3 hard amplitude. The first step in establishing such a proof consists in a careful analysis
of first order QCD corrections to the Born amplitude. The calculation of such corrections
necessarily introduces divergent integrals which we choose to calculate using dimensional
regularization. Meanwhile, a consistent NLO calculation of the whole amplitude also needs
to take into account the difference between bare and renormalized GPDs. The signature of
collinear factorization at this order is the fact that the divergent part of the coefficient function
convoluted with the bare GPD leads to a renormalized GPD which obeys the known QCD
evolution equations. This is the way we proceed.

3.2 Analysis of the divergent parts in the NLO amplitude

This is not the place to write down the technical details of our calculation which will be shortly
submitted for publication. The calculation of the NLO diagrams such as those of Fig. 3 is
straightforward and takes profit from the usual tools developed for similar QCD calculations.
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Figure 3: Some NLO diagrams.

Our calculation of the divergent part of the vector amplitude yields:

∑
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~εt(q) ~ε∗ t(q1)
�

�

×

Im
�

1
x − ξ+ i0

1
x + ξ− i0

�

3+
x + ξ
ξ

log
� 1

2ξ

�

ξ− x − i0
�

�

−
x − ξ
ξ

log
� 1

2ξ

�

ξ+ x − i0
�

�

��

.

(6)
To prove factorization at this order, we check that

∫ 1

−1

d y Kqq(y, x)Im
� 1

y + ξ− i0
1

y − ξ+ i0

�

= (7)

αS

4π
CF Im

1
x − ξ+ i0

1
x + ξ− i0

�

3+
x + ξ
ξ

log
� 1

2ξ

�

ξ− x − i0
�

�

−
x − ξ
ξ

log
� 1

2ξ

�

ξ+ x − i0
�

�

�

,

where the non-singlet quark kernel Kqq (the only kernel relevant to our process) reads:

Kqq(x , x ′) =
1
|ξ|
αS

4π
CF

�

ρ
� x
ξ

,
x ′
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�
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x + ξ
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�
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ξ

�

= θ
� x
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−
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where θ is the step function, and
∫

d x
�

f (x , x ′)
�

+
g(x) =

∫

d x f (x , x ′)
�

g(x) − g(x ′)
�

. This
completes the NLO proof of perturbative factorization of the vector part of the amplitude of
our process. In a similar way, the divergent axial part is found to be:

∑
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Tr
�

iM1,2,3 γ
5
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.

As in the vector part, one verifies the factorization by explicit computation.

4 Conclusions

A complete proof of QCD collinear factorization for the amplitude of process (1) requires
some further work. The first step we accomplished allows us to be optimistic with regards to
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its completion. The numerical consequences of our NLO description of process (1) are under
progress, both for reactions at electron machines at medium (JLab) or high energy [9,10] and
in ultraperipheral reactions at LHC [11].
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