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See Deb’s talk for TCS

I will focus on DDVCS
in this presentation

Mahmoud’s talk: 
muon detector
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Phenomenology of DDVCS

DDVCS

“BH1” “BH2”

Variables definition/notations:

“skewness”:
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7-independent variables for cross section. 
Choice: E

e
, ξ (or x

bj
), t, Q², Q’², Φ

L
, Φ

CM
, θ

CM
 

Phenomenology of DDVCS

with:

3 angles: azimuthal angle for incoming and 
outgoing lepton / polar for outgoing lepton

“BH1” influences strongly ϕ
L 
distribution

“BH2” influences strongly ϕ
CM 

distribution
θ: mostly rate of DDVCS/”BH2”
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Observables to be mesured in DDVCS+BH

Unpolarized cross section and beam spin asymmetries:

- Unpolarized cross section gives access to Re and Im of amplitudes

- BSA gives access to Im(H)
We need to define “2D” ϕ

L
 versus ϕ

CM
 asymmetries. We can integrate over polar angle

- Charge asymmetry (left/right asymmetry): can access real part of the amplitude
(suggested by theorists, work in progress)
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Experimental and interpretation challenges

equivalent to pair production from e+e- annihilation

pair production from 2 virtual photons interaction

notations: γ1 connected to the beam 
and γ2 connected to the nucleon

notations: γ1 connected to the beam and pair 
and γ2 connected to the nucleon
see BH associated to DVCS when Q'²→0

(1) (2)

(3) (4)

see "BH" associated to TCS when Q²→0

Interference with Bethe-Heitler
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Studies of angular correlations with BH
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Angular correlations (“as for TCS”)

- Momentum and θ
lab 

cuts help already
- Q², Q’², xb, t dependent angular cut for “effective” observables

BH peaks: lepton 1 to beam 
direction, other almost "at rest"

 ⇒ momentum threshold and 
geometrical acceptance mostly 
prevent for too high rates and 
singularitie regions. 
Angular + momentum 
acceptance is important 

BH propagators

• BH peaks when e- or e+ collinear to incoming γ (from BH II)
• strong kinematic dependence at JLab energy
• one diagram becomes largely dominant / very asymmetric decays

1) 2)

-- cut at 30°; 150°
-- acceptance cut
not included: cut of some 
bins next to singularities if 
not experimentaly "solvable" 
due to limited statistics 
(example 2 orders of 
magnitude increase of σ 
within a bin)  
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Cross sections versus angles

Due to strong angular dependence in 3 angles:

CFFs: 2D fits in φ
CM

, φ
LH

, as a function of ξ, ξ', t
only Im( ) (ξ', ξ, t) will be possible to extract ℋ
with unpolarized cross section and beam asym.
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Cross sections
versus ϕ(LH) (initial) [left]
and ϕ(CM) (final) [right] 

and 2 D calculation [bottom]

→we intend to develop 2D 
fits of Compton Form Factors 
to access GPDs from DDVCS
(see later in this talk)



  12

Beam Spin Asymmetry

DDVCS +BH Beam Spin Asymmetry

purely coming from interference 
between BH(1+2)*DDVCS
asymmetries are sizeable. 

Change of sign to be observed in 
different kinematic regions 

Imaginary part of amplitude

BH cancels, comes from interference. Sizeable asymmetry and counts thanks to interference

for various ϕ(CM): same as for 
cross section, need to go 2D
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Sign change in BSA and interplay “spacelike” and “timelike” regions

Calculations from M. Guidal (Trento, 2016)
→ scan of BSA in Q'² at fixed Q²  → sign change in BSA vs Φ

L
 and vs φ

CM
 when Q'² ≈ Q²

Φ
L

asymmetry Q² scan

•Probing GPDs at x ≠ ξ → tomographic interpretations.... 
• Expectation of sign change for observables sensitive to Im (DDVCS) when moving from « spacelike » to 
« timelike » region 
→ this reaction is unique for probing effects between these 2 regions. 

Q² (GeV)

Evolution of the beam spin asymmetry
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Observables proposed (for Hall C measurement)

- truncated integral over θ and ϕ(CM) versus ϕ(LH) dependence of the unpolarized cross section
and single beam spin asymmetry

- similar method as for TCS to limit the integrals, staying away from “BH peaks”

- we still need to study the correlation between the 2 types of BH
(some work has been done for SoLID by a collaborator, work in progress)

- limited number of bins, with as much statistics as possible on each to get a first measurement
of DDVCS at JLab
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Extraction of GPDs from Compton Form Factors (CFFs)

In DVCS and TCS: pole at x=±ξ
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In DDVCS: ξ’ dependence, due to 2 photons being virtual

Difference between TCS and DVCS at asymptotic limit:
ξ’=ξ for DVCS and ξ’=-ξ for TCS → complex conjugate structure

We can express it as a function of Q²/Q’², getting a “lever arm”
in the propagator to disentangle x and ξ
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Compton Form Factors decomposition and “off diagonal” access to GPDs

DVCS, TCS:

DDVCS:

GPDs in the 
ERBL region

with DDVCS 
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We can in principle access the red bins, wider area at larger -t. Central region excluded: Q²~Q’²

central area excluded: Q² ~ Q’²

(binning proposed
for Hall C)
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Proposed experiment (LOI) for JLab Hall C
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Dedicated setup proposed for Hall C

LH2 
target

11 GeV 
polarized 

e-

recoil proton 
10°→40°

μ+

μ-

scintillator
trigger

scintillator
trigger

HMS or SBS

calo 1
e-

P'

Segmented
4/6 layers hodoscopes

Dedicated recoil
(GEM, hodos)

Extension of DVCS setup
With recoil detector
And muons hodoscopes + trigger
Can get DVCS, J/psi, other mesons and limited TCS at the same time
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Most things need to be developed or re-used

target and scattering chamber

SBS magnet (in Hall A now)

Plan to use for unpolarized TCS (see Deb’s talk) – then similarly for DDVCS
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GEANT4 simulations: new muon detector

See Mahmoud’s talk
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Studies with different material and thicknesses.
Retained for now: 20 cm lead, then 20+20+20cm iron absorber and 15 cm plastic scintillators

See Mahmoud’s talk
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Projections: bins to be measured in Hall C
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Hall A with SOLID

LOI 2023

Camsonne, Boër, 
Voutier, Zhao et al. 

Endorsed by 
SoLID collaboration

Collaboration with 
theorists for physics 
case: B. Pire, J. 
Wagner, P. Snajdzer, 
V. Martinez

Some simulations here:
Sebastian Alvarado 
(student in Orsay), 
Previous student: 
Shenying Zhao
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3 layers iron (shielding)
3 layers straw tubes
(tracking)
2 layers scintillators (trigger) 

Using similar setup as J/psi experiment E12-12-006, with additional muon detector
Also same as TCS

Boër, Camsonne, Voutier, Zhao, et al. LOI submitted 2023

Proposed experiment (LOI) for JLab Hall A
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Forward muon detector (proposed addition)
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Forward muon detector (proposed addition)

Other options under consideration: 

- using the same detector as Hall C (but larger, more panels?)

- option with extra straw tubes (cheaper) or GEM (more tracking)

- scintillating fibers inside of scintillating bars (cheaper option used in Hall B, 
suggested to us by LHCb colleagues)

We are currently re-doing simulations for submission of a proposal next PAC in May
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SoLID exclusivity and background projections
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coverage

DDVCS

Simulations: acceptance
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Simulations: event generators comparisons

Version 1 (2015): first version of DEEPGen
Version 2 (2023): Grape
Version 3 (2025): ePIC (?) - may use others too

Here comparison of kinematic projections with
different generators / models. All in agreement, 
observed difference at low momentum from 
narrower generation phase space with DEEPGen 

ePIC: Wagner, 
Snazjder, Martinez et al

DEEPGen: Boër based
on VGG

Grape: used in HERA,
BH only

 
study done by Sebastian Alvarado (Orsay)
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projection

One bin as example, 
out of 40 4D kinematic bins 

Beam Spin Asymmetry projection
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Summary

- DDVCS is a golden channel for GPD studies, especially deconvolution of x and ξ for 
tomographic interpretations, relying on extrapolation to ξ = 0 and t = Δ┴

- We are proposing a first high intensity measurement with a dedicated setup for Hall C, 
based on proposed setup for TCS (unpolarized and polarized extensions)  [Deb’s talk]
This could be a very first measurement of DDVCS in a few kinematic bins
LOI submitted in 2024 received positive feedback from PAC, going for proposal in 2025

- We are proposing a next measurement using SoLID in Hall A with muon detector extension
It was first submitted as LOI in 2015, then in 2023. Going for proposal in 2025. 
Advantage is wider acceptance and high intensity. Possible future extensions for higher intensity
May enable more observables (real part with charge asymmetry…) and/or study of evolution

- This program is complementary to TCS and DVCS studies, also mesons in Hall A, C, also B, D
Note: Hall B also works on a complementary dedicated design with muon detectors. 
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