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Modern hadronic structure
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• Elastic form factors : spatial charge distribution of nucleon

• Hadronic structure through Deep Inelastic Scattering 
(1950s) : gives density of longitudinal momentum quarks 
and gluons inside a nucleon but no spatial information

• Spin crisis : spin of nucleon not simply spin of valence 
quarks

• Nucleon is a dynamic system, raises many questions
• Mass repartition

• Motion of quarks and gluons inside nucleons : quark orbital 
momentum
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• Orbital momentum of quarks Ji’s sum rule

• Access to nucleon pressure
e-Print: 2104.02031 [nucl-ex] Girod, Burkert, Elouadrhiri
[hep-ph/0504030v3] Unraveling hadron structure with generalized parton distributions (arxiv.org) p64

Informations from GPDs
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https://arxiv.org/abs/2104.02031
https://arxiv.org/abs/hep-ph/0504030v3


APS/JPS Joint meeting November 2023 6



APS/JPS Joint meeting November 2023 7



APS/JPS Joint meeting November 2023 8



APS/JPS Joint meeting November 2023 9

Guidal and Vanderhaegen  : Double deeply virtual Compton 
scattering off the nucleon (arXiv:hep-ph/0208275v1 30 Aug 
2002)
Phenomenology of double deeply virtual Compton scattering in 
the era of new experiments
Belitsky Radyushkin  : Unraveling hadron structure with 
generalized parton distributions (arXiv:hep-ph/0504030v3 27 
Jun 2005)
Phenomenology of double deeply virtual Compton scattering in 
the era of new experiments
K. Deja(NCBJ, Warsaw), V. Martinez-Fernandez(NCBJ, Warsaw), 
B. Pire(Ecole Polytechnique, CPHT), P. Sznajder(NCBJ, Warsaw), 
J. Wagner(NCBJ, Warsaw)
(Mar 23, 2023 e-Print: 2303.13668 [hep-ph])
Prospects for GPDs extraction with Double DVCS
K. Deja(NCBJ, Warsaw), V. Martinez-Fernandez(NCBJ, Warsaw), 
B. Pire(Ecole Polytechnique, CPHT), P. Sznajder(NCBJ, Warsaw), 
J. Wagner(NCBJ, Warsaw)
(Apr 7, 2023 e-Print: 2304.03704 [hep-ph])



Continuous Electron Beam Accelerator Facility

RF-pulsed 

drive lasers

499 MHz,
Df = 120

Optical 

fiber-based,        

RF-pulsed 

drive lasers
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SoLID setup and experiments

• SoLID detector : CLEO magnet + GEM trackers + Cerenkov + ECal

• 2 detector setup : PVDIS 60 uA, SIDIS 15 uA He3, J/Psi 3uA 15 cm LH2 target 
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Double Deeply Virtual Compton Scattering kinematical variables

GPDs are function of a new 
variable skewness which is 

ration “transverse 
momentum over 

longitudinal “  

𝜉 =
Δ. ത𝑞

𝑃. ത𝑞
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𝑑5 Ԧ𝜎 − 𝑑5 ശ𝜎 = 𝐼𝑚(𝑇𝐵𝐻. 𝑇𝐷𝐷𝑉𝐶𝑆)

𝑑5 Ԧ𝜎 + 𝑑5 ശ𝜎 = 𝐵𝐻 2 +
𝑅𝑒(𝑇𝐵𝐻. 𝑇𝐷𝐷𝑉𝐶𝑆)+ 𝐷𝐷𝑉𝐶𝑆 2
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Left High 

Resolution 

Spectrometer

LH2 or (LD2)   

target
Polarized 

beam

Electromagnetic Calorimeter 

(photon detection)

Scintillator Array

(Proton Array)

Similar technique as DVCS in Hall A on neutron and proton

(proton veto)

Scintillating paddles
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Only for Neutron experiment

Check of the recoil 

nucleon position

recoil 

nucleon

Reaction kinematics 

is fully defined
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12 GeV DVCS on proton
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• Jefferson Lab Hall A Collaboration•F. Georges(IJCLab, Orsay) et al. (Jan 10, 
2022)

• e-Print: 2201.03714 [hep-ph]Deeply virtual Compton scattering cross 
section at high Bjorken x_BxB
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https://inspirehep.net/literature/2008816
https://inspirehep.net/literature/2008816


Hall A at 12 GeV: The DVCS experiment, E12-06-114
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DDVCS cross section
•VGG model

•Order of  
~0.1 pb = 10-36cm2 

•About 100 to 1000 
smaller than DVCS

•Virtual Beth and Heitler

•Interference term 
enhanced by BH

•Contributions from 
mesons small when far 
from meson mass
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SoLID DDVCS Setup
• Based on SoLID JPsi setup with forward muon detector added
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• Muon detector outside from 
SoLID so lower background than 
e+e-

• Muons detection remove 
ambiguity with scattered 
electron compared to e+e-

channel
• Main background behind 

calorimeter are pions
• Pions can be ranged out with 

iron plates while muon go 
through all layers



forward angle muon detector
• 3 layers iron to block pion, 3 layers straw tube for tracking, 2 layer2 

scintillator for trigger
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Example of straw tube chambers similar to Seaquest experiment



Bethe Heitler kinematics and counts (800k events)
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• 30k events for 2GeV< InvM, 600k events for 1GeV<InvM

• Enough for ~500bins in 5D with 1000 events per bin

APS/JPS Joint meeting November 2023



Single pion background at muon detector
• Start from “evgen_bggen” 

generator based on resonance fit 
and pythia

• go through full SoLID simulation for 
pion blocking and muon decay

• Including both primary and 
secondary particles

• pi-/pi+ rate 9khz, mu-/mu+ rate 
26khz, total 70khz

• Two charge particle coincidence 
rate 70e3*70e3*100ns<1khz

• Main source of rate in the muon 
detector

• Straw chambers and scintillators 
were operated up to 1 MHz for 
Seaquest
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Two pion exclusive background

• Start from “twopeg” 
generator based on CLAS 
data fit and extrapolation to 
11GeV beam kinematics

• go through full SoLID
simulation for pion blocking 
and muon decay

• Including primary particles 
only

• 10% of BH counts, mainly 
from both decay into muons.

• Tracking with vertex cut 
could reduce it further

28

decay both

No decay decay pi-

decay pi+
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Missing Mass em+m-X
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• Used proton resolution for J/Psi

• BH and inelastic from Grape normalized 
to J/Psi luminosity

• Missing mass resolution very good to 
separate exclusive events

1 pion 
threshold
cut



Example one bin asymmetry with J/Psi luminosity
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DDVCS with 11GeV positron beam
coverage projection

EPJA 57, 240 (2021)

50 days of 
electron BSA 

plus 50 days 
of positron 
BCA 



Higher luminosity possible upgrades
• J/Psi running at 3 uA on 15 cm target : limited by tracking, radiation damages and occupancies

• Current could go up to 80 uA

• Target length up to 1 meter ( ~1.8 10^39 cm-2s-1 ), typical 40 cm

• Tracker occupancy and photon background
• Reduce amount of Copper in GEM
• Add more planes for increased efficiency and reduce ambiguities 
• 2D readout pad readout 
• Radiation hardened silicon and MAPS
• Possible superconducting nanowire trackers 

• Calorimetry : rates, radiation damage
• Study liquid scintillator and cryogenics calorimeter option
• Increase granularity
• Imaging 4D calorimeter
• Superconducting Nanowire Detector to replace PMT ( 1 ns width pulse to increase rate capability )

• Particle identification 
• Microchannel plate PMTs for Cerenkov 
• Superconducting detector pixellized Nanowire detector to replace PMTs ( 1 ns width pulse to increase rate capability )
• Hadron Blind Detector type Cerenkov for Large Angle calorimeter
• LGAD 
• MRPC
• …

6. 10^38 cm-2s-1 at 11 GeV and 3. 10^38 cm-2s-1 at 22 GeV
Technically doable mostly matter of cost
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Higher luminosity J/Psi setup tracking study
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Weizhi Xiong

Simple 
Kalman filter 
tracking
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Possible dedicated setup 

Iron plates

• Target moved 2m from Jpsi
position inside and switch to 45 
cm target

• Iron plate from 3rd layer yoke in 
front and behind calorimeter

• Remove Gas Cerenkov

• Try to reach 1038 cm-2s-1

• 30 uA on 15 cm target ( typical 
run in Hall A no beam dump 
upgrade required )

• Additionnal trackers planes
• Pixellized (MAPS or GEMs  or 

superconducting nanowire ) 
planes to reduce combinatorial

• Possible superconducting 
vertex tracker for vertex cut
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Expected accuracy dedicated setup 
90 days at 1038 cm-2s-1 
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22 GeV upgrade kinematical coverage
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11 GeV vs 22 GeV

37Zhiwen Zhao (GRAPE)

Large Q2  range

Check 
factorization

Evolution
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11 GeV vs 22 GeV

38Zhiwen Zhao (GRAPE)

Increased Q2 Q’2

coverage

APS/JPS Joint meeting November 2023



11 GeV vs 22 GeV

39Zhiwen Zhao (GRAPE)

Increased 
acceptance in x 

and h

h

x
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Quick numbers for J/Psi settings
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Beam energy e-mu-mu+ pmu-mu+

11 180156 1.37175e+06

22 51600 2.75867e+06

50 days at 10^37

Cross section about 3 times lower : could run at 10 uA or with 45 cm 
target

Acceptance better when detecting proton but dominated by low 
Q2/Q’2

APS/JPS Joint meeting November 2023



11 GeV vs 22 GeV
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Zhiwen Zhao (GRAPE)
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11 GeV vs 22 GeV

42Zhiwen Zhao (GRAPE)

Much better Q2 Q’2 
coverage
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Asymmetry for one point

• xbj=0.20, Q2=6 GeV2,Q’2=3GeV^2, -t=0.25 GeV^2 
from VGG
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Conclusion
• Generalized Parton Distributions (GPDs) are a generalization of partons

distrubutions and Form Factors. GPDs depend on additional 

• GPDs can give insight of internal spatial structure of nucleons such as orbital 
momentum, momentum distribution as , pressure at surface of nucleons

• Extensive program of DVCS measurements measure GPDs for x= x 

• Double DVCS can probe GPDs x = x

• SoLID DDVCS experiment by adding a muon detector to SoLID J/psi experiment

• SoLID DDVCS will take advantage of positron and energy upgrade at Jefferson 
Laboratory

• Could upgrade rate capability of detector to increase luminosity by factor 10 and 
increase DDVCS statistics at 11 and 22 GeV

• 22 GeV upgrade increase range in xi, Q2 and Q’2 with sizable asymmetries and 
counting rate reduction of about 3
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Backup
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Electron scattering 
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Photon virtuality allows to select the scale 
of the interaction



Deeply Inelastic Scattering
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6 GeV E00-110 result
• E00-110 experiment at Jefferson Lab Hall A: Deeply 

virtual Compton scattering off the proton at 6 GeV

• Jefferson Lab Hall A Collaboration•M. Defurne(DAPNIA, 
Saclay) et al. (Apr 21, 2015)

• Published in: Phys.Rev.C 92 (2015) 5, 055202 • e-Print: 
1504.05453 [nucl-ex]
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6 GeV E07-007 proton result
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• A glimpse of gluons through deeply virtual compton scattering on the proton
M. Defurne(IRFU, Saclay), A. Martí Jiménez-Argüello(Orsay, IPN and Valencia U.), 
Z. Ahmed(Syracuse U.), H. Albataineh(Texas A-M U.-Kingsville), K. Allada(MIT) et 
al. (Mar 28, 2017)
Published in: Nature Commun. 8 (2017) 1, 1408 • e-Print: 1703.09442 [hep-ex]
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6 GeV E03-106 neutron result

• Deeply virtual compton scattering off the neutron

• Jefferson Lab Hall A Collaboration•M. Mazouz(LPSC, Grenoble) et al. (Sep, 2007)

• Published in: Phys.Rev.Lett. 99 (2007) 242501 • e-Print: 0709.0450 [nucl-ex]
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Hall A at 12 GeV: The DVCS experiment, E12-06-114

❑ Ran in the Fall of 2014,2016 with the goals of:

→ testing scaling: wide Q2 scans at fixed Bjorken x

→ separating of Re and Im parts of DVCS cross 
section amplitude
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Surviving rate of pion and muon from pion decay 
at back of forward muon detector
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From primary 
particles

From primary 
and 
secondaries
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