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Abstract. The study of O(αs) QCD contributions to the timelike and spacelike virtual
Compton scattering amplitudes in the generalized Bjorken scaling regime demonstrates
that gluonic contributions are by no means negligible even in the medium energy range
which will be studied intensely at JLab12 and in the COMPASS-II experiment at CERN.

1 Introduction

A necessary step to extract information on gluon GPDs is to study [1] O(αs) QCD contributions
to spacelike Deeply Virtual Compton Scattering (DVCS) :

γ∗(qin)N(P)→ γ(qout)N′(P′ = P + ∆) , q2
in = −Q2, q2

out = 0, t = ∆2, ξ =
Q2

(P + P′) · (qin + qout)
, (1)

and to its crossed reaction, timelike Compton scattering (TCS) :

γ(qin)N(P)→ γ∗(qout)N′(P′ = P + ∆) , q2
in = 0, q2

out = Q2, t = ∆2, η =
Q2

(P + P′) · (qin + qout)
, (2)

which are the simplest reactions to study generalized parton distributions (GPDs). After factorization,
the DVCS (and similarly TCS) amplitudes are written in terms of Compton form factors (CFF)H , E
and H̃ , Ẽ , as :

Aµν(ξ, t) =
−e2

(P + P′)+
ū(P′)

[
g
µν
T

(
H(ξ, t) γ++E(ξ, t)

iσ+ρ∆ρ

2M

)
+iεµνT

(
H̃(ξ, t) γ+γ5+Ẽ(ξ, t)

∆+γ5

2M

) ]
u(P) ,

(3)
with the CFFs defined, for instance in the case ofH(ξ, t), as :

H(ξ, t) = +

∫ 1

−1
dx

∑
q

T q(x, ξ)Hq(x, ξ, t) + T g(x, ξ)Hg(x, ξ, t)

 , (4)

where T q,T g are quark and gluon coefficient functions, while Hq,Hg - quark and gluons GPDs.
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Figure 1. The real and imaginary parts of the spacelike H(ξ) (left) and timelike H(η) (right) Compton Form
Factor multiplied by ξ, as a function of ξ (or η) in the double distribution model based on GK (column 1 and 3)
and MSTW08 (column 2 and 4) parametrizations, for µ2

F = Q2 = 4 GeV2 and t = −0.1 GeV2. In all plots, the LO
result is shown as the dotted line, the full NLO result by the solid line and the NLO result without the gluonic
contribution as the dashed line.

2 Gluonic effects to Compton form factors and to DVCS / TCS observables

To estimate Compton Form Factors (CFF), we use the NLO calculations of the coefficient func-
tions which have been calculated in the DVCS case in the early days of GPD studies and more recently
for the TCS case [2], the two results being simply related thanks to the analyticity (in Q2) properties
of the amplitude [3]:

TCS T (x, η) = ±
(

DVCS T (x, ξ = η) + iπCcoll(x, ξ = η)
)∗
, (5)

where + (−) sign corresponds to vector (axial) case. Using two GPD models based on Double Distri-
butions (DDs), as discussed in detail in Ref. [1] : the Goloskokov-Kroll (GK) model [4] and a model
based on the MSTW08 PDF parametrization [5], we get the results shown in Fig. 1 for the real and
imaginary parts of the spacelike and timelike dominant CFF H(ξ, t) and H(η, t). Comparing dashed
and solid lines in the upper panels, one sees that gluonic contributions are so important that they even
change the sign of the real part of the CFF, and are dominant for almost all values of the skewness
parameter. A milder conclusion arises from a similar comparison of the lower panels; the gluonic
contribution to the imaginary part of the CFF remains sizeable for values of the skewness parameter
up to 0.3.

Let us now show the effects of the gluonic contributions to some of the DVCS and TCS ob-
servables at moderate energies. Fig. 2 shows the difference and asymmetry for the lepton helicity
dependent observables measured at JLab. The difference between the dotted and solid lines demon-
strates that NLO contributions are important, whereas the difference between the dashed and solid
lines shows that gluon contributions should not be forgotten even at low energy when a precise data
set is analyzed. Fig. 3, which shows mixed charge spin observables in COMPASS kinematics, magni-
fies the importance of gluonic contributions.

With respect to TCS, since the integrated cross section is dominated by the Bethe-Heitler process
at low and medium energies, one needs to analyze differential observables to get information on the
TCS amplitude. We show on Fig. 4 (left) the azimuthal dependence for JLab kinematics; the difference
between the dotted and solid lines demonstrates the importance of NLO effects on the TCS amplitude.
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Figure 2. The difference of DVCS cross sections for opposite lepton helicities in pb/GeV4 (left) and the corre-
sponding asymmetry (right), as a function of φ for Ee = 11 GeV, µ2

F = Q2 = 4 GeV2 and t = −0.2 GeV2. The
GPD H(x, ξ, t) is parametrized by the GK model. The contributions from other GPDs are not included.

On Fig. 4 (right) we plot the ratio R, defined by

R(η) =
2
∫ 2π

0 dϕ cosϕ dS
dQ2dtdϕ∫ 2π

0 dϕ dS
dQ2dtdϕ

, (6)

where S is a weighted cross section given by Eq. (43) of Ref. [6]. It is plotted as a function of the
skewness η for Q2 = µ2 = 4 GeV2, and t = −0.2 GeV2. In the leading twist the numerator is linear
in the real part of the CFFs, and the denominator, for the kinematics we consider, is dominated by the
Bethe - Heitler contribution. The inclusion of NLO corrections to the TCS amplitude is indeed dra-
matic for such an observable and induces also a change of sign. As shown on Fig. 4b those corrections
are dominated by the gluon contribution.

In conclusion, let us stress that our results point to the importance of understanding higher order
effects, and maybe of resumming series of large contributions [7]. On the basis of the related study [8]
on scale fixing procedure in exclusive meson electroproduction, we do not expect that these gluonic
contributions can be significantly reduced by a judicious choice of the factorization scale, simultane-
ously in the timelike and spacelike cases, and for both the real and imaginary parts of the Compton

Figure 3. The DVCS observables for the COMPASS experiment, from left to right, mixed charge-spin asymme-
try, mixed charge-spin difference and mixed charge-spin sum (in nb/GeV4). The kinematical point is chosen as
ξ = 0.05,Q2 = 4 GeV2, t = −0.2 GeV2. The GPD H(x, ξ, t) is parametrized in the double distribution model
based on the MSTW08 parametrization. The contributions from other GPDs are not included.
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Figure 4. (Left) The φ dependence of the cross-section at Eγ = 10 GeV, Q2 = µ2 = 4 GeV2, and t = −0.1 GeV2

integrated over θ ∈ (π/4, 3π/4): pure Bethe-Heitler contribution (dashed), Bethe-Heitler plus interference contri-
bution at LO (dotted) and NLO (solid). (Right) The ratio R defined by Eq. (6) as a function of η.

form factors. This indicates that current attempts [9–13] to extract physics from DVCS data are but a
first step in a long range program which will include data analysis from low to very high energy [14].
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