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therefore limited to a restricted region of the physics
phase space.

The strict Compton scattering of a virtual photon,
in which the final photon remains virtual, has been sug-
gested as a new reaction channel to overcome this lim-
itation [10,11]. In this double deeply virtual Compton
scattering (DDVCS) process, the virtuality of the final
state photon indeed decouples the experimental x- and
⇠-dependences opening o↵-diagonal investigation of the
GPDs. However, the di�culty of the theoretical inter-
pretation of the process ep ! epl̄l when detecting the
e
+
e
�-pair from the decay of the final virtual photon,

and the small magnitude of the cross section did forbid
any reliable experimental study.

The advent of the energy upgrade of the Continuous
Electron Beam Accelerator Facility and the develop-
ment of next generation large acceptance and high lu-
minosity detection capabilities at the Thomas Je↵erson
National Accelerator Facility (JLab) procure ideal tools
to overcome the previous limitations. Specifically, the
measurement of µ+

µ
�-pairs from the process #»

e
±
p !

e
±
p�

⇤
! e

±
pµ

+
µ
�, using the Solenoidal Large Inten-

sity Device (SoLID) [12] supplemented with a muon
detector [13], or using a modified CLAS12 spectrome-
ter [14], are unique opportunities for DDVCS investi-
gations [15]. In this process, the comparison between
polarized electron and positron beams is, similarly to
DVCS [16], essential to distinguish the di↵erent reac-
tion amplitudes.

The present study investigates the perspectives of
DDVCS measurements at SoLID with both electron
and positron beams. The next section reviews the main
characteristics of the DDVCS process and its benefits
for the completion of the GPDs experimental program.
The specificities of experimental observables for polar-
ized lepton beams of opposite charge and their GPD
content are further discussed in the following section,
before addressing the description of the experimental
configuration and the performance of possible measure-
ments.

2 Double deeply virtual Compton scattering

There are essentially three experimental golden chan-
nels for direct measurements of the GPDs: the electro-
production of photons eN ! eN� which is sensitive to
the DVCS amplitude, the photoproduction of a lepton
pair �N ! Nll̄ which is sensitive to the TCS (Time-
like Compton Scattering) [17,18] amplitude, and the
electroproduction of a lepton pair eN ! eNll̄ which is
sensitive to the DDVCS amplitude (Fig. 1). Only the
latter provides the framework necessary for an uncorre-

Fig. 1 Schematic of the direct term of the DDVCS amplitude
with a di-muon final state. The full amplitude contains also
the crossed term where the final time-like photon is emitted
from the initial quark. Q2=-q2 is the virtuality of the space-
like initial photon, and Q02=q02 is the virtuality of the final
time-like photon.

lated measurement of the GPDs as a function of both
scaling variables x and ⇠ [19].

At leading twist and leading ↵s-order, the DDVCS
process can be seen as the absorption of a space-like
photon by a parton of the nucleon, followed by the
quasi-instantaneous emission of a time-like photon by
the same parton, which finally decays into a ll̄-pair
(Fig. 1). The scaling variables attached to this process
are defined as
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representing the Bjorken generalized variable (⇠0) and
the skewness (⇠). If Q02=0, the final photon becomes
real, corresponding to the DVCS process and leading to
the restriction ⇠

0=⇠ in the Bjorken limit. If Q2=0, the
initial photon is real, referring to the TCS process and
leading to the restriction ⇠

0=�⇠ in the Bjorken limit. In
these respects the DDVCS process is a generalization
of the DVCS and TCS processes.

The DDVCS reaction amplitude is proportional to
a combination of the CFFs F (with F ⌘ {H, E , eH, eE})
defined from the GPDs F (with F ⌘ {H,E, eH, eE}) as

F(⇠0, ⇠, t) = P
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where P denotes the Cauchy’s principal value integral,
and

F+(x, ⇠, t) =
X

q

⇣
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[F q(x, ⇠, t)⌥ F
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is the singlet GPD combination for the quark flavor q,
where the upper sign holds for vector GPDs (Hq

, E
q)


