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Abstract Double Deeply Virtual Compton Scattering

(DDVCS) is the only experimental channel for the de-

termination of the dependence of the Generalized Par-

ton Distributions (GPDs) on both the average and the

transferred momentum independently. The physics ob-

servables of the electron induced di-muon production

reaction #»e±p → e±pµ+µ− off unpolarized hydrogen

are discussed. Their measurement with the high lumi-

nosity and large acceptance SoLID spectrometer at the

Thomas Jefferson National Accelerator Facility, using

polarized and unpolarized positron and electron beams

at 11 GeV is investigated. This experimental configu-

ration is shown to provide unprecedented access to the

GPDs with the determination of the real and imaginary

parts of the Compton Form Factor H in an unexplored

phase space, and to enable an exploratory investigation

of higher twist effects.

Keywords Proton tomography · Double deeply

virtual Compton scattering · Positron beam observables

1 Introduction

The description of the partonic structure of hadronic

matter through the Generalized Parton Distributions

(GPDs) [1] has profoundly extended the understand-

ing of the structure and dynamics of the nucleon [2,

3]. Providing a link between electromagnetic form fac-

tors and parton distributions, the GPDs unify within

the same formalism two different experimental expres-

sions of the same physics reality i.e. the nucleon struc-

ture. The GPDs are the structure functions of the nu-

cleon parameterizing the complex dynamics of partons

inside the nucleon governed by the non-perturbative

regime of Quantum Chromo-Dynamics. They provide

a tomography of the nucleon from the correlations be-

tween transverse position and longitudinal momentum

of partons [4]. As a result of these position-momentum

correlations, GPDs provide the ability to experimen-

tally access the unknown orbital momentum contribu-

tion of partons to the total spin of the nucleon [5]. They

also enable indirect access to one of the gravitational

form factors encoding the shear forces and pressure dis-

tribution on the partons in the proton [6]. The GPDs

appear as fundamental building elements of the nuclear

structure knowledge, asking for a precise and complete

experimental determination.

The GPDs can be accessed in the hard scattering

regime of exclusive processes, i.e. for high-enough vir-

tuality Q2 of the exchanged photon and small-enough

quadrimomentum transfer t to the nucleon to allow the

probe to couple to partons and ensure the factorization

of the reaction amplitude. In addition to these variables,

the GPDs also depend on the longitudinal momentum

fraction x of the initial parton and on the transferred

longitudinal momentum fraction ξ to the final parton,

the so-called the skewness. The privileged reaction for

the GPDs mapping in this multi-dimensional space is

the deeply virtual Compton scattering (DVCS) where

the virtual photon generated by the lepton beam trans-

formed into a real photon after interacting with a par-

ton from the nucleon [7,8]. The GPDs enter the cross

section for this process through Compton form factors

(CFFs) which imaginary part involved the GPDs at the

x=±ξ phase space points while the real part is the con-

volution integral of the GPDs and the parton propaga-

tors over the whole x physics range [9]. In fine, DVCS

allows to investigate unambiguously GPDs along the

diagonals x=±ξ and is therefore limited to a restricted

region of the physics phase space.

ar
X

iv
:2

10
3.

12
77

3v
1 

 [
nu

cl
-e

x]
  2

3 
M

ar
 2

02
1



2

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

ξ-dependences opening off-diagonal investigation of the

GPDs. However, the difficulty 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 Jefferson

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±pγ∗ → 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 different 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 GDP

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 → eNγ which is sensitive to

the DVCS amplitude, the photoproduction of a lepton

pair γN → 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-

lated measurement of the GPDs as a function of both

scaling variables x and ξ [19].

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 Q′2=q′2 is the virtuality of the final
time-like photon.

At leading twist and leading αs-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

ξ′ =
Q2 −Q′2 + t/2

2Q2/xB −Q2 −Q′2 + t
(1)

ξ =
Q2 +Q′2

2Q2/xB −Q2 −Q′2 + t
(2)

representing the Bjorken generalized variable (ξ′) and

the skewness (ξ). If Q′2=0, the final photon becomes

real, corresponding to the DVCS process and leading to

the restriction ξ′=ξ in the Bjorken limit. If Q2=0, the

initial photon is real, referring to the TCS process and

leading to the restriction ξ′=−ξ 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 , H̃, Ẽ})
defined from the GPDs F (with F ≡ {H,E, H̃, Ẽ}) as

F(ξ′, ξ, t) = P
∫ 1

−1
F+(x, ξ, t)

[
1

x− ξ′
± 1

x+ ξ′

]
dx

− iπF+(ξ′, ξ, t) (3)

where P denotes the Cauchy’s principal value integral,

and

F+(x, ξ, t) =
∑
q

(eq
e

)2
[F q(x, ξ, t)∓ F q(−x, ξ, t)] (4)

is the singlet GPD combination for the quark flavor q,

where the upper sign holds for vector GPDs (Hq, Eq)

and the lower sign for axial vector GPDs (H̃q, Ẽq). In

comparison to DVCS and TCS, the imaginary part of
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Fig. 2 Singlet GPD F+(x, ξ, 0) coverage of the physics
phase-space from the imaginary part of the CFFs: the yellow
area represents the DDVCS reach bounded on the one side
by the TCS, and on the other side by DVCS lines. The x-axis
corresponds to the PDFs (Parton Distribution Functions) do-
main measured in inclusive Deep Inelastic Scattering.

the DDVCS CFFs access the GPDs at x=±ξ′ 6= ξ in-

stead of ξ′=±ξ, and the real part of the DDVCS CFFs

involves a convolution with different parton propaga-

tors. Varying the virtuality of both incoming and out-

going photons changes the scaling variables ξ′ and ξ and

maps out the GPDs as function of its three arguments

independently. From Eq. 1-2, one obtains

ξ′ = ξ
Q2 −Q′2 + t/2

Q2 +Q′2
(5)

indicating that ξ′, and thus the imaginary parts of the

CFFs {H, E}, changes sign around Q2=Q′2. This repre-

sents a strong testing ground of the universality of the

GPD formalism [20].

As a consequence of the time-like nature of the final

photon, the DDVCS process is restricted to the |ξ′| < ξ

region, and therefore the GPDs can be accessed only in

the |x| < ξ region (Fig 2). Although the whole region

|x| > ξ is not accessed, this is a tremendous gain of in-

formation since no deconvolution is involved. Exploring

the remaining part of the phase space, for instance to

construct sum rules would need two space-like virtual

photons [10,19].

3 Physics observables

The differential cross section of the lepto-production

of a di-lepton pair has complicated kinematic depen-

dences mixing the (φ, ϕl) out-of-plane angles in the an-

gular distribution of di-leptons, as suggested by Fig. 3.

A further complexity in studying GPDs via DDVCS

is the contribution of the Bethe-Heitler (BH) mecha-

nisms to the same final state (Fig. 4): the BH1 process

where the di-leptons are produced by time-like pho-

tons radiated by the incoming or outgoing electrons,

and the BH2 process where the di-leptons result from

Fig. 3 Reference frame of the eN → eNll̄ reaction.

vacuum excitation within the nuclear field. The inter-

ference of these processes at the amplitude level result

in complex kinematic dependences of the cross section,

although the BH amplitudes are precisely calculable

at small momentum transfer t. Further difficulties may

arise from antisymmetrization issues when the time-like

photons decay into e+e−-pairs, but cancel out in the

present study considering µ+µ−-pairs in the final state.

The production of vector mesons subsequently decaying

into a di-lepton pair remains a possible contamination

source of the DDVCS signal [10]. Exploring the produc-

tion of µ+µ−-pairs as function of the virtuality of the

final photons gives a handle on the quantitative impor-

tance of this contamination.

3.1 Cross section

The lepton beam charge (e) and polarization (λ) de-

pendence of the eNll̄ 7-fold differential cross section off

unpolarized protons can be expressed as [19]

d7σeλ = d7σBH1 + d7σBH2 + d7σDDV CS + λ d7σ̃DDV CS

− e
(
d7σBH12 + d7σINT1 + λ d7σ̃INT1

)
+ d7σINT2

+ λ d7σ̃INT2
(6)

with

d7σ ≡ d7σ

dQ2 dxB dt dQ′2 dφ dΩµ
. (7)

In this expression, the index BH12 denotes the inter-

ference amplitudes between the BH processes, and the

index INTi denotes the BHi-DDV CS ones; d7σA (A ≡
{BH1, BH2, BH12, DDV CS, INT1, INT2}) represents

the beam polarization independent contributions of the

cross section, whereas d7σ̃A are the beam polarization

dependent contributions. Integrating over the muon so-

lid angle dΩµ offers an understanding of the eNll̄ closer

to the eNγ reaction. In this integration, the interference

contributions originating from the BH2 mechanism van-

ish and the cross section becomes [15]

d5σeλ = d5σBH1
+ d5σBH2

+ d5σDDV CS + λd5σ̃DDV CS

− e
(
d5σINT1

+ λ d5σ̃INT1

)
(8)



4

Fig. 4 Different Bethe-Heitler processes contributing to the
lepto-production of a di-muon pair besides DDVCS (Fig. 1),
i.e. BH1 (left) and BH2 (right) as explained in the text.

where the beam helicity-dependent DDVCS contribu-

tion arises at the twist-3 level. Considering a polar-

ized electron beam, the unpolarized cross section can

be measured as

σ−0 =
d5σ−+ + d5σ−−

2

= d5σBH1 + d5σBH2 + d5σDDV CS + d5σINT1 , (9)

and the polarized cross section difference as

∆σ−λ =
d5σ−+ − d5σ−−

2

= λ
[
d5σ̃DDV CS + d5σ̃INT1

]
, (10)

which involve a combination of the unknown DDV CS

and INT1 amplitudes. Considering further a polarized

positron beam, the comparison between electron and

positron observables provides the charge sensitive parts

of the cross section

∆σC0 =
σ−0 − σ

+
0

2
= d5σINT1

(11)

∆σCλ =
∆σ−λ −∆σ

+
λ

2
= λ d5σ̃INT1 (12)

which isolate the interference amplitude, and the neu-

tral observables

σ0
0 =

σ+
0 + σ−0

2

= d5σBH1
+ d5σBH2

+ d5σDDV CS (13)

∆σ0
λ =

∆σ+
λ +∆σ−λ

2
= λ d5σ̃DDV CS (14)

which select a DDV CS signal. Similarly to DVCS [16],

combining observables obtained with polarized lepton

beams of opposite charges allows the separation of the

4 unknown INT and DDV CS reaction amplitudes and

permits an unambiguous access to combinations of the

GPDs. In absence of positron beams, another possibil-

ity would be a Rosenbluth-like separation taking ad-

vantage of the different beam energy dependence of

the DDV CS and INT1 amplitudes. However, the the-

oretical limitations reported for the DVCS channel [21]

and the experimental complexity of the eNll̄ final state

makes this method highly challenging for DDVCS. In

practice, comparing electron and positron observables

is the most reliable experimental technique for this sep-

aration.

3.2 Asymmetries

Beam Spin Asymmetries (BSAs) offer an appealing ac-

cess to the GPDs, experimentally easier to achieve than

cross section measurements because of the cancellation

of detector related effects, but at the expense of a more

complex physics interpretation when the BH process

does not dominate the unpolarized cross section. Con-

sidering polarized electron or positron beams, the BSA

is expressed as

A±LU (φ) =
1

λ±
d5σ±+ − d5σ±−
d5σ±+ + d5σ±−

(15)

=
d5σ̃DDV CS ∓ d5σ̃INT1

d5σBH1
+ d5σBH2

+ d5σDDV CS ∓ d5σINT1

which shows a strict difference between electron and po-

sitron signals. Nevertheless, at twist-2 and in the BH-

dominance hypothesis the electron and positron signals

are just opposite in sign.

Experimentally, Beam Charge Asymmetries (BCAs)

are more difficult observables to obtain than BSAs since

some detector related effects (efficiency, solid angle)

may still persist when comparing electron and positron

data [22]. The theoretical BCAs can be constructed as

ACUU (φ) =

(
d5σ+

+ + d5σ+
−
)
−
(
d5σ−+ + d5σ−−

)
d5σ+

+ + d5σ+
− + d5σ−+ + d5σ−−

=
d5σINT1

d5σBH1
+ d5σBH2

+ d5σDDV CS
(16)

ACLU (φ) =

(
d5σ−+ − d5σ−−

)
/λ− −

(
d5σ+

+ − d5σ+
−
)
/λ+

d5σ+
+ + d5σ+

− + d5σ−+ + d5σ−−

=
d5σ̃INT1

d5σBH1
+ d5σBH2

+ d5σDDV CS
(17)

which in the BH-dominance hypothesis constitute a

pure interference signal. Additionally, the neutral BSA

A0
LU (φ) =

(
d5σ−+ − d5σ−−

)
/λ− +

(
d5σ+

+ − d5σ+
−
)
/λ+

d5σ+
+ + d5σ+

−
+ d5σ−+ + d5σ−−

=
d5σ̃DDV CS

d5σBH1
+ d5σBH2

+ d5σDDV CS
(18)

quantifies the importance of higher twist effects.
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Fig. 5 Imaginary (left) and real (right) parts of the CFF H extracted from the local fit of a set of 2 or 4 experimental
observables, as explained in the text. The physics reach of the 1036 cm−2·s−1 luminosity (red symbols) is compared to the
1037 cm−2·s−1 one (blue points) at different ξ′-kinematics and a fixed (ξ, t, Q2) phase space point. The dashed lines represent
the VGG model values used to generate pseudo-data.

3.3 Compton Form Factors

At leading twist and αs-order, the beam helicity-depend-

ent part of the DDV CS amplitude vanishes and the

d5σDDV CS contribution to the cross section is propor-

tional to the CFFs combination

FDDV CS = (1− ξ2)
(
HH? + H̃H̃?

)
− ξ2τ Ẽ Ẽ?

−ξ2
(
HE? + EH? + H̃Ẽ? + ẼH̃?

)
−
(
ξ2 + τ

)
EE? , (19)

while the beam helicity-independent part of the inter-

ference amplitude involves the real part of the combi-

nation

FINT1
=
ξ′

ξ
(F1H− τF2E) + ξ(F1 + F2)H̃ , (20)

and the beam helicity-dependent part involves the imag-

inary part of the combination

F ′INT1
= F1H− τF2E + ξ′(F1 + F2)H̃ , (21)

with τ=t/4M2 [19]. The separation of the INT1 ampli-

tude allows to access a linear combination of CFFs, as

compared to the bilinear combination of the DDV CS

amplitude. These combinations can be obtained unique-

ly as the φ-moments of experimental observables. Note

however that the CFFs content of φ-moments depends

on the approximations used to theoretically derive the

cross section (leading twist, target mass corrections,

higher twist, leading αS-order...) [20].

The extraction of single CFFs from experimental

data essentially falls into two groups: global [23,24]

and local [25,26,27] fits. On the one hand, the for-

mer involve the choice of a GPD parameterization and

offer a coherent treatment of the measured and un-

explored phase-spaces. However it leads to a model-

dependent interpretation of experimental data which

related systematic uncertainty is extremely difficult to

evaluate [24]. On the other hand, the latter determine

CFFs for each measured kinematic bin independently,

are GPD model-independent, but suffer from the lack

of uniqueness [25].

Based on the well-established VGG code [8], a lo-

cal fit method has been developed for DDVCS [15,28],

inspired from the DVCS one [25]. It consists in con-

sidering the eight CFFs (4 real parts and 4 imaginary

parts) as free parameters of a simultaneous fit of the

φ-distributions of a set of experimental observables, us-

ing the VGG description of the eNµ+µ− cross section.

When the range of variation of the CFFs is limited,

the dominant CFFs contributing to the fitted observ-

ables are obtained with finite error bars. Sub-dominant

CFFs are generally not extracted by the fit because ob-

tained with error bars corresponding to the limits of

the variation domain, but they express their influence

in the error of the dominant CFFs through correlations.

These limits apart, this approach has been proved re-

liable and powerful in the DVCS case [25]. If only a

restricted set of observables is available, limits and con-

straints can still be derived for specific CFFs [29,30,31].

Similar features have been observed for DDVCS [15].

Pseudo-data for the (σ±0 , ∆σ
±
λ ) observables are gen-

erated from VGG, assuming an ideal detector [32]. The

central values are smeared according to their statistical

error bar determined for a data taking period of 50 days

with each beam species 100% polarized, and luminosi-

ties of 1036 cm−2·s−1 and 1037 cm−2·s−1. The results

of the fitting procedure for the CFF H are represented

on Fig. 5 for 5 selected ξ′-kinematics. Two experimen-

tal scenarios are considered: a 2-observables scenario

(σ−0 , ∆σ
−
λ ) accessible with polarized electron beams,

and a 4-observables scenario (σ0
0 , ∆σ

C
0 , ∆σ

C
λ , ∆σ

0
λ) re-

quiring both polarized electron and positron beams.

The real and imaginary parts of the CFF H are re-

ported on Fig. 5 whenever the fitting process delivers

results with finite errors. They are further compared

with the original CFF values used to generate pseudo-

data (dashed line in Fig. 5).

Independently of the scenario, the importance of high
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Fig. 6 Schematic of the SoLID DDVCS setup in the Hall A of JLab supplemented with a muon detector at forward and large
angles.

luminosity (blue versus red points) is striking, recover-

ing all but one kinematics in the high luminosity case.

The missing points in the vicinity of ξ′=0 feature small

∆σ±λ which make the fit very challenging. The 4-obser-

vables scenario tends to recover more kinematics than

the 2-observables ones with a larger impact on the real

part of H than on its imaginary part. This reflects the

experimental access to a signal proportional to a bi-

linear or a linear CFFs combination. At leading twist,

∆σ−λ always accesses the imaginary part of a pure lin-

ear form (F ′INT1
) while it is only with the 4-observables

scenario that ∆σC0 can access such a form (FINT1
).

As a consequence, the correlations between the fit ex-

tracted CFFs are weaker and error bars are reduced

much beyond statistical expectations, a behaviour al-

ready observed in the DVCS channel [22]. Note that

while the qualitative features described above are some-

how model-independent, their quantitative evaluation

depends on the GPDs model used to generate pseudo-

data. The present evaluation takes into account the full

set of proton GPDs and features the dominance of H.

Nonetheless, the association of DDVCS detection capa-

bilities and positron beams provides a unique mapping

of the GPDs.

4 Experimental configuration

The Solenoidal Large Intensity Device (SoLID) is a

brand new spectrometer device (Fig. 6) to be installed

in the Hall A of JLab to operate with initial electron

beams up to 11 GeV [12]. It is designed to use a solenoid

field to sweep away low-energy background charged par-

ticles and allow operation at very high luminosities in

an open geometry with full azimuthal coverage. Based

on custom high rate and high radiation tolerant detec-

tors, SoLID can carry out experiments using high inten-

sity unpolarized or polarized electron beams and unpo-

larized or polarized targets. It consists of two groups

of sub-detectors: the Forward Angle Detector (FAD),

and the Large Angle Detector (LAD). The FAD group

covers the 8◦-16◦ polar angle range and constitutes of

several planes of Gas Electron Multipliers (GEM) for

tracking, a light gas Čerenkov (LGC) for e/π separa-

tion, a heavy gas Čerenkov (HGC) for π/K separa-

tion, a Multi-gap Resistive Plate Chamber (MRPC) for

time-of-flight measurement, a Scintillator Pad (SPD)

for photon rejection and a Forward Angle Electromag-

netic Calorimeter (FAEC). The LAD group covers the

16◦-28◦ polar angle range and constitutes of several

planes of GEM for tracking, a SPD and a Large An-

gle Electromagnetic Calorimeter (LAEC). By reversing

the polarity of the solenoid field, SoLID can operate

similarly with initial positron beams and the field dif-

ference between different polarities is at 1E-5 level.



7

Fig. 7 The acceptance for µ−µ+ (top) and e−/e+ (bottom)
at the SoLID forward angle (left) and large angle (right) de-
tectors.

Electrons and positrons are detected and identified

by measuring their momenta, time-of-flight, produced

photons in the threshold Čerenkov detectors, and en-

ergy losses in the calorimeters. The SoLID spectrome-

ter will be completed with a specific device dedicated

for muon detection. The Large Angle Muon Detector

(LAMD) takes advantage of the material of the LAEC

and the iron flux return to serve as shielding and a

couple layers of GEMs at the outer radius of the down-

stream encap ensure the detection of particles. The For-

ward Angle Muon Detector (FAMD) placed after the

downstream endcap consists of three layers of iron slabs

instrumented with GEMs. The acceptance for muons,

electrons and positrons according to the SoLID Geant4

detector simulation package is shown in Fig. 7.

The SoLID DDVCS experiment would ideally pro-

ceed by alternating electron and positron data taking

periods for a total amount of 100 days equally shared

between each beam species. The experiment would op-

erate with a 15 cm long unpolarized liquid hydrogen

target at a luminosity of 1.2×1037 cm−2·s−1, corre-

sponding to a 3 µA beam intensity at 11 GeV. The

electron beam polarization is currently unlimited and

considered 85% in the present study, a routine value at

JLab. Following the PEPPo technique [33] for the pro-

duction of polarized positrons, the positron beam po-
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Fig. 8 The distribution of the eNµ+µ− event count number
in the (Q2,−t) plane (top) and the (ξ′, ξ) plane (bottom).
The kinematic coverage is limited by the factorization regime
condition (-t� Q2), and the DVCS (ξ′=ξ) and TCS (ξ′=-ξ)
boundaries.

larization is instead correlated with the beam intensity:

the higher the intensity, the lower the polarization [34].

Considering the luminosity requirement of the SoLID

DDVCS experiment, present source simulations sup-

port a 30% beam polarization [35]. An unprecedented

amount of data would be collected and can be used for

cross sections (σ±0 , ∆σ
±
λ ) and BSAs (A±LU ) studies. Al-

ternatively to cross section comparisons, BCA observ-

ables can also be constructed.

5 Projected data

A DDVCS event generator based on the H-only VGG

model [10] at leading-twist, and extended to include the

{E, H̃, Ẽ} GPDs of the nucleon [32], has been devel-

oped to evaluate projected data of the SoLID DDVCS

experiment. The twist-3 d5σ̃DDV CS contribution to the

eNµ+µ− polarized cross section currently vanishes in

this approach further detailed in Ref. [15]. For the de-

tection of the scattered electrons/positrons and the pro-

duced muon-pairs, the SoLID DDVCS acceptance is

considered and an overall 50% detector efficiency is

taken into account to obtain the eNµ+µ− event counts

for the data taking scenario previously described.
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Fig. 9 The electron BSA A−LU (upper panel) and the un-
polarized BCA (AC

UU ) (lower panel) for selected kinematics
illustrating the ξ′ sign change.

The distribution of the projected count number in

the (Q′2,−t) and (ξ′, ξ) physics phase-spaces are shown

in Fig. 8. The experiment covers a broad kinematic

range limited on the one hand by the condition -t� Q2

required for the factorization of hard and soft scale

physics of the process, and on the other hand by the

TCS and the DVCS correlation lines. With unprece-

dented statistics, the DDVCS reaction can be studied in

all 5 kinematic variables (ξ′, ξ,Q2, t, φ) independently.

The full set of cross section and asymmetry observ-

ables can be measured over these phase-spaces, allow-

ing to constrain GPDs in uncharted territories. Exam-

ples of the φ-distributions of projected data are shown

in Fig. 9 for the BSA measured with a polarized elec-

tron beam, and the unpolarized BCA measured with

unpolarized electron and positron beams. Three differ-

ent (ξ′, ξ,Q2, t) kinematics are chosen to illustrate the

experimental exploration of the sign change of the BSA

as ξ′ cross over from negative to positive values. The

shape of the unpolarized BCA is also changing as ξ′

evolves, reflecting the symmetry properties of GPDs.

The expected experimental signals are of significant am-

plitudes, enabling a meaningful extraction of the CFFs

from the φ-modulation of observables over the broad

kinematic domain of the experiment. These data will

provide invaluable constraints for a coherent determi-

nation of GPDs through global fit methods.

6 Conclusions

Using polarized electron and positron beams, the So-

LID spectrometer supplemented with a muon detector

allows us to investigate the partonic structure of the

proton through the DDVCS process. This reaction is

the only known process accessing the GPDs away of the

diagonals ξ′=±ξ, i.e. providing proton structure infor-

mation of prime importance for the nucleon tomogra-

phy, the angular momentum sum rule, the distribution

of nuclear forces, etc. Combining electron and positron

observables, the SoLID DDVCS experiment isolates a

pure BH-DDV CS interference signal, and enables the

extraction of the real and imaginary parts of the CFF

H with extraordinary coverage and precision. It also

makes possible to explore the importance of higher twist

effects, and the validity of the BH-dominance hypothe-

sis. Positron beams, both polarized and unpolarized,

when combined with the power of SoLID’s high lu-

minosity and large acceptance capabilities, make the

DDVCS reaction reaching its full potential for the study

of the nucleon structure through GPDs.
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(2011). DOI 10.1007/JHEP07(2011)073

27. M. Benali, et al., Nature Phys. 16, 191 (2020). DOI
10.1038/s41567-019-0774-3

28. S. Zhao, E. Voutier, J. Phys. Conf Ser. 1643, 012198
(2020). DOI 10.1088/1742-6596/1643/1/012198

29. M. Guidal, H. Moutarde, Eur. Phys. J. A 42, 71 (2009).
DOI 10.1140/epja/i2009-10840-4

30. M. Guidal, Phys. Lett. B 689, 156 (2010). DOI 10.1016/
j.physletb.2010.04.053

31. M. Guidal, Phys. Lett. B 693, 17 (2010). DOI 10.1016/
j.physletb.2010.07.059

32. S. Zhao, PoS SPIN2018, 068 (2019). DOI 10.22323/1.
346.0068

33. (PEPPo Collaboration) D. Abbott, et al., Phys. Rev.
Lett. 116, 214801 (2016). DOI 10.1103/PhysRevLett.
116.214801

34. J. Grames, E. Voutier, et al., Jefferson Lab LOI12-18-
004 (2018)

35. (PEPPo Collaboration) L. Cardman, AIP Conf. Proc.
1970, 050001 (2019). DOI 10.1063/1.5040220


	1 Introduction
	2 Double deeply virtual Compton scattering
	3 Physics observables
	4 Experimental configuration
	5 Projected data
	6 Conclusions

