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What do DVCS data tell us about TCS observables?
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Abstract

Deeply virtual Compton scattering (DVCS) and timelike Compton scattering (TCS) lead-
ing twist amplitudes are intimately related thanks to their analytic properties as a func-
tion of Q2. We exploit this feature to use Compton form factors previously extracted
from available DVCS data and derive data-driven predictions for TCS observables to be
measured in near future experiments. Our results quantitatively illustrate the comple-
mentarity of DVCS and TCS experiments.
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1 Introduction

Deeply virtual Compton scattering (DVCS)

γ∗(q)N(p1)→ γ(q′)N ′(p2) at large Q2 = −q2 , (1)

and timelike Compton scattering (TCS)

γ(q)N(p1)→ γ∗(q′)N ′(p2) at large Q′2 = +q′2 , (2)

are the two facets of the simplest application of QCD collinear factorization techniques to ex-
clusive hard amplitudes in the near-forward (small t = (p2−p1)2) generalized Bjorken regime.
While many experimental data have already been reported for DVCS [1,2], TCS experimental
studies did only very recently report their first results [3]. The aim of our study [4] is to quan-
tify the complementarity of DVCS and TCS data to extract information on generalized parton
distributions (GPDs), in as much as possible a model-independent way, helped by artificial
neutral network techniques.

070.1

https://scipost.org
https://scipost.org/SciPostPhysProc.8.070
mailto:jakub.wagner@ncbj.gov.pl
https://doi.org/10.21468/SciPostPhysProc.8
http://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.21468/SciPostPhysProc.8.070&amp;domain=pdf&amp;date_stamp=2022-07-12
https://doi.org/10.21468/SciPostPhysProc.8.070


SciPost Phys. Proc. 8, 070 (2022)

2 Relation between DVCS and TCS amplitudes

The straightforward intimate connection between DVCS and TCS amplitudes was noticed in
the early papers [5,6] and made explicit at the next to leading order (NLO) in αs in [7,8]. After
a decomposition of scattering amplitudes in products of Dirac structures and Compton form
factors (CFF), factorization theorems allow to express these CFFs in terms of perturbatively
calculable coefficient functions T i and GPDs F i , where i denotes the various parton types:

F(ξ, t,Q2) =

∫ 1

−1

d x
∑

i=u,d,...,g

T i(x ,ξ,Q2)F i(x ,ξ, t) . (3)

The simple spacelike-to-timelike relations derived in Ref. [9] allow us to express the NLO
timelike coefficients by the spacelike ones as:

T T i NLO
= ±S T i ∗ ∓ iπ

αs(µ2
R)

2π
SC i ∗

coll , (4)

where left superscripts S and T respectively denote spacelike and timelike quantities, and
upper (lower) sign is for (anti-)symmetric coefficient functions in ξ; SC i

coll can be found in
Ref. [9]. For (anti-)symmetric CFFs H ( eH) this gives:

TH NLO
= +SH∗ − iπQ2 ∂

∂Q2
SH∗ , T
eH NLO
= −S
eH∗ + iπQ2 ∂

∂Q2
S
eH∗ , (5)

and similar relations for (anti-)symmetric CFFs E (eE). Let us remind the reader that the LO
CFF depends only on quark GPDs while gluon GPDs contributions enter NLO CFFs.

3 Data-driven predictions for TCS observables
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Figure 1: Imaginary (left panel) and real (right panel) part of DVCS CFF ξSH(ξ)
for Q2 = 2 GeV2 and t = −0.3 GeV2 as a function of ξ. The shaded gray bands
correspond to the global fit of DVCS data presented in [10] and they show 68% con-
fidence level for the uncertainties of presented quantities. The dashed (solid) lines
correspond to the GK GPD model [11–13] evaluated with LO (NLO) DVCS coefficient
functions.

Our basic tool for deriving data-driven predictions for TCS is to use the artificial neural
network technique employed in [10] to determine the spacelike CFFs from a global analysis
of almost all DVCS measurements off a proton target. This technique is known to lead to
an essential reduction of model dependency. In our analysis the replica method was used
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Figure 2: Imaginary (left) and real (right) part of TCS CFF ξTH(ξ) for Q2 = 2 GeV2

and t = −0.3 GeV2 as a function of ξ. The shaded red (dashed blue) bands corre-
spond to the data-driven predictions coming from the global fit of DVCS data pre-
sented in [10] and they are evaluated using LO (NLO) spacelike-to-timelike relations.
The bands show 68% confidence level for the uncertainties of presented quantities.
The dashed (solid) lines correspond to the GK GPD model [11–13] evaluated with
LO (NLO) TCS coefficient functions.

to propagate experimental uncertainties to those of extracted quantities. Let us now present
some illustrative results (see [4] for more plots). In Fig. 1 we show the extracted DVCS CFF
SH (shaded gray band) as a function of ξ for exemplary kinematics of Q2 = 2 GeV2, t = −0.3
GeV2. For comparison, we also present a model prediction based on the Goloskokov-Kroll
(GK) parametrization of GPDs [11–13], obtained with LO (dashed line) and NLO (solid line)
coefficient functions.
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Figure 3: Ratio R defined in [6] evaluated with LO and NLO spacelike-to-timelike
relations for Q′2 = 4 GeV2, t = −0.35 GeV2 as a function of ξ. For further description
see the caption of Fig. 2.

Fig.2 shows the ξ-dependence of the dominant TCS, CFF ξTH(ξ) for Q2 = 2 GeV2 and
t = −0.3 GeV2 using both LO and NLO relations between the DVCS and TCS amplitudes. The
bigger uncertainty attached to the NLO case is representative of the very bad knowledge of the
Q2 dependence of DVCS amplitudes, reflecting the sparsity and limited range in Q2 of the used
data. Turning the argument around, this indicates that a moderately precise TCS measurement
would help much in quantifying this Q2 dependence which is of utmost importance to fully
understand the QCD dynamics of these processes.

In Fig.3, we show our data-driven predictions for the ratio R defined in [6], which is par-
ticularly interesting since it projects out the interference term between the BH and TCS am-
plitudes, that is linear in CFFs, and which has a special sensitivity to the real part of CFF TH.

Fig.4 displays our predictions for the azimuthal angle dependence of the circular photon

070.3

https://scipost.org
https://scipost.org/SciPostPhysProc.8.070


SciPost Phys. Proc. 8, 070 (2022)

0 ¹⁄₂ π π 1¹⁄₂ π
φ [rad.]

-0.4

-0.2

0

0.2

0.4

A
C

U
2π

Figure 4: Circular asymmetry ACU evaluated with LO and NLO spacelike-to-timelike
relations for Q′2 = 4 GeV2, t = −0.1 GeV2 and Eγ = 10 GeV as a function of φ. The
cross sections used to evaluate the asymmetry are integrated over θ ∈ (π/4, 3π/4).
For further description see the caption of Fig. 2.

polarization asymmetry

ACU(φ) =
σ(ν= +1)−σ(ν= −1)
σ(ν= +1) +σ(ν= −1)

, (6)

which singles out specific elements of the interference contribution to the cross section. The
denominator of this asymmetry is dominated by the square of BH amplitude, which is almost
flat in φ.

4 Conclusion

Our data-driven study of TCS has demonstrated how much it is important to use both DVCS and
TCS data to access in a sensible way the GPDs of the nucleon. It also showed in a quantitative
way why any extraction of GPDs based on a leading order analysis of experimental data is
very incomplete and model-dependent. In particular, the analytical (in Q2) relation between
NLO coefficient functions of DVCS and TCS results in a quite unique way to access the Q2

dependence of the GPDs. Other reactions should be analyzed in the same way. In particular
the cases of double DVCS [14,15] and of large invariant mass diphoton photoproduction [16],
which are also pure QED processes at leading order, are quite interesting since there both a
timelike and a spacelike large invariant set the factorization scale.
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