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Hall A Infrastructure

HRS Spectrometers FWHM
Max. momentum 4.2 GeV/c
Momentum acceptance ± 4.5%
Momentum resolution 1.10-4

Angular acceptance 6 msr
Angular resolution 1 mrad
Vertex acceptance ± 5 cm
Vertex reconstruction 1 mm

Auxiliary Instrumentation
• Møller Polarimeter
• Compton Polarimeter
• Polarized 3He Target
• Cryo-target : 15 cm  (2.1038 cm-2.s-1 at 60 

uA) to 1 m target
• BigBite spectrometer
• Large on-floor detector arrays for 

neutrons and photons

Focal-Plane Detectors
• Scintillator trigger
• MWDC tracking
• Pb-glass preshower/shower
• Gas Cherenkov
• Aerogel Cherenkovs
• Ring Imaging CHerenkov
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Hall C
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NPS experiments from September 2023 – May 2024

• Install Neutral Particle Spectrometer (NPS) during March 2023 to September 2023 down  
•Magnet with calorimeter

• 1080 Lead-Tungstate blocks in Calorimeter to detect g and p0

• Remove the SHMS HB magnet

• Experiments

• E12-13-010 is two concurrent experiments
• Exclusive Deeply Virtual Compton on proton
• SIDIS p(e,e’,p0) cross section. Map the transverse 

momentum dependence.
• 53 PAC days.

• E12-06-114 is completion of Hall A DVCS experiment

• 35 PAC days.
• Two experiments with photon beam running concurrently

• E12-14-003 : Wide-angle Compton Scattering at 8 
and 10  GeV Photon Energies (18 PAC days)
• E12-14-005 :Wide Angle Exclusive 

Photoproduction of pi-zero Mesons

• Positron experiment
• E12+23-006: Deeply Virtual Compton Scattering 

using a positron beam in hall C
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https://misportal.jlab.org/mis/physics/experiments/viewProposal.cfm?paperId=797
https://misportal.jlab.org/railsForms/beam_schedules/89513/edit
https://misportal.jlab.org/mis/physics/experiments/viewProposal.cfm?paperId=836
https://misportal.jlab.org/mis/physics/experiments/viewProposal.cfm?paperId=825


NPS Calorimeter

• 1080 PbWO4 blocks
• High energy resolution 
• High light yield
• RadHard

• Temperature controlled frame

• Hamamatsu 4125 PMTs 

• HV divider and amplifier to 
reduced HV requirements

• LED system for curing and gain 
monitoring

• HV, LV, and LED signals 
distributed to an entire column 
through distribution board
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Energy Resolution
• Exclusivity of the reaction is determined by the missing mass technique
• Missing mass resolution is dominated by the energy resolution of the 

calorimeter
• Energy resolution from elastic calibration ~2.3% at Ee=7.494 GeV
• Missing mass resolution from  π0 calibration 82MeV

⚫ Hear Hao’s talk for more details on calibrations 

Mean = 0.103 GeV
σ= 0.148 GeV
Ee=7.494 GeV
Resolution = 2.3%

Energy Resolution
Elastic H(e,e'NPS pHMS)
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nDVCS



Future experiments
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SBS TDIS
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SoLID program
• 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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DVCS / Double DVCS

g* + p g‘(*) + p’

l+ + l-

Guidal and Vanderhaegen  : Double deeply virtual Compton scattering 
off the nucleon (arXiv:hep-ph/0208275v1 30 Aug 2002)
Belitsky Radyushkin  : Unraveling hadron structure with generalized 
parton distributions (arXiv:hep-ph/0504030v3 27 Jun 2005)
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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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Double Deeply Virtual Compton Scattering

scattered 
electron

scattered proton

outgoing 
virtual 
photon

lepton pair 
from virtual 
photon

D = p1-p2 = q2-q1
p = p1+p2

q = ½ (q1+q2)

h =
D.q

p.q

xbj= Q2

2p1q1

x =
Q2

2p.q

Q2= - q2

Q2= -(k-k’)2

Belitsky Radyushkin  : Unraveling hadron structure 
with generalized parton distributions (arXiv:hep-
ph/0504030v3 27 Jun 2005)
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x

h

Kinematical coverage

DVCS
h = x

JLab 11 GeV

25 GeV 
40 GeV 

Hu(h , x) 𝑄2 > 𝑀𝑙+𝑙−

𝑄2 < 𝑀𝑙+𝑙−2
2

• DVCS only probes  h = x
line

• Example with  model of 
GPD H for up quark

• Jlab  : Q2>0

• Kinematical range 
increases with beam 
energy ( larger dilepton 
mass )APCTP 2024 GPD 25



DDVCS LOI

• PAC 43 : Measurement  of  Double  Deeply  Virtual  Compton  
Scattering  (DDVCS)  in  the  di-muon  channel with the SoLID
spectrometer
(Boer,Camsonne,Gnanvo,Sparveri,Voutier,Zhao)
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SoLID JPsi Setup
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Counts J/psi setup 60 days at 10^37 cm-2s-1
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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

• 10 uA on 45 cm target
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Expected accuracy dedicated setup 
90 days at 1038 cm-2s-1 
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Kinematical coverage 11 GeV

31Zhiwen Zhao (GRAPE)

h h

APCTP 2024 GPD



32

Kinematical coverage 11 GeV
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Kinematical coverage 22 GeV
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Kinematical coverage 22 GeV
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11 GeV vs 22 GeV
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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)

Much better Q2 Q’2 
coverage

Want Q2 and Q’2 large 
enough for 
factorization
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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

40

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
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11 GeV vs 22 GeV
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11 GeV vs 22 GeV

42Zhiwen Zhao (GRAPE)

Much better Q2 Q’2 
coverage

Want Q2 and Q’2 large 
enough for 
factorization

APCTP 2024 GPD



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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SoLID

• Deep Exclusive Meson Production (E12-10-006B) (DEMP)
Measurement of Deep Exclusive Pi- Production using a Transversely 
Polarized He3 Target and the SoLID Spectrometer
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https://hallaweb.jlab.org/wiki/index.php/Deeply_Virtual_Meson_Production


SoLID

• Timelike Compton Scattering (E12-12-006A) (TCS)
TCS with circular polarized beam and unpolarized LH2 target,
Submission at SoLID TAC and PAC 43, 2015, approved as run group 
with J/Psi(E12-12-006).
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https://hallaweb.jlab.org/wiki/index.php/TCS
https://www.jlab.org/exp_prog/proposals/15/PR12-12-006A.pdf


Hall C TCS ( Boer et al )

APCTP 2024 GPD 46



APCTP 2024 GPD 47



APCTP 2024 GPD 48



Hall C TCS 
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Hall C recoil polarization experiments 
(Defurne)
• Recoil proton polarization in DVCS - Assemblee General GDR QCD 

(in2p3.fr)
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https://indico.in2p3.fr/event/25992/contributions/107936/attachments/70739/100408/RecoilPolarization.pdf
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Conclusion

• Hall A and C high luminosity halls luminosity ranging from 1036 up to 5.1038

cm-2.s-1

• NPS first run completed this year – Hall A/C covers a large chunk of the 
DVCS x and  Q^2 phase space, future run planned in electrons and 
positrons 

• Hall A nDVCS with TDIS setup being investigated

• Hall A SoLID striving to keep running at highest luminosity at 11 and 22 GeV
• Approved experiments SIDIS and J/Psi
• Future possible experiment DDVCS

• Future experiments in development in Hall A/C to contribute ie TCS and 
DVCS with recoil polarization
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