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“Spin” reveals a discrepancy 
in the proton’s form factors.

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8 9

Rosenbluth

Polarization Transfer

µGE/GM

Q2 [GeV2/c2]

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8 9



“Spin” reveals a discrepancy 
in the proton’s form factors.

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8 9

Rosenbluth

Polarization Transfer

µGE/GM

Q2 [GeV2/c2]

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8 9



Positrons can reveal interference terms.
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Positrons can provide information that 
just electrons cannot.
• Interference Physics
• Two-photon exchange
• DVCS / Bethe-Heitler
• Coulomb effects



Positrons can provide information that 
just electrons cannot.
• Interference Physics
• Two-photon exchange
• DVCS / Bethe-Heitler
• Coulomb effects

• Charged-current Physics
• Dark photon searches
• Axial-form factors
• Strangeness
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Jefferson Lab Positron Working Group

Collaboration Meeting
University of Virginia, March 2023

EPJ A Topical Issue: An Experimental Program with Positron 
Beams at Jefferson Lab

Join our mailing list
pwg-request@jlab.org

2/4
March 7th-8th, 2023

Physics status

v The JLab Positron Working Group has established a strong
physics case in support of the development of positron
beams at CEBAF.

v This final version of the JLab Positron White Paper gathers
20 peer-reviewed conceptual experiments, and 230 authors
from 75 institutions worldwide.

E. Voutier

https://epja.epj.org/component/toc/?task=topic&id=1430
https://epja.epj.org/component/toc/?task=topic&id=1430


Steering positrons to the halls

• Takes advantage of existing infrastructure, minimal civil construction.
• Pre-cursor to possible 22 GeV upgrade



Timeline

Notional CEBAF & upgrade schedule (FY24 – FY42)
• Accelerator/engineering team have worked up an early schedule and cost estimate

－ Schedule assumptions based on a notional timing of when funds might be available (near EIC ramp down 
based on EIC V3 profile)

－ For completeness, Moller and SoLID (part of 12 GeV program) are shown; early positron source development 
also shown

18

• FY23 $$
• Phase 1: tie LERF to CEBAF & injector for e+ $101M ($78M – $152M)
• Phase 2: High Energy Upgrade (includes FFAs) $244M ($188M – $366M)
• Total cost (Class 4 estimate) $345M ($265M – $517M)
• Pre-R&D (FY25 – FY27) $3.0M/year (+$0.5M/year in LDRD)

Source: Thia Keppel, March 2023



Positron Experiments/Concepts at JLab
Multi-photon exchange

Virtual Compton Scatt.

Dark Photon Searches

Charged-Current

PR12+23-002:   DVCS asymmetries at CLAS12
PR12+23-006:   DVCS cross section in Hall C
LOI12+23-001:  Generalized Polarizabilities
 White papers: DVCS on neutrons, He-4
   DDVCS at SOLID

LOI12+23-002: Axial Form Factor
White paper: Strangeness via Charm Tag

PR12+23-003:   Coulomb Effects in DIS
PR12+23-008:   Two-photon Exchange at CLAS12
PR12+23-012:   Two-photon Exchange in Hall C
LOI12+23-008:  Two-photon Exchange in Pol. Trans.
LOI12+23-015:  Coulomb Effects in Inclusive eA
White paper: Electroweak couplings at SOLID
  Two-photon in elastic eA
  Imaginary part of TPE amplitude

PR12+23-005:  Annihilation Search
LOI12+23-005: Bhabha Search

Other BSM

White paper: charged-lepton flavor violation search
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Positrons for Deeply Virtual Compton Scattering

Bethe-Heitler ProcessDVCS: Probe GPDs

𝜎 ∼

2 2

±2𝑅𝑒+

QED: Known to ≈1%Bi-linear combination 
of GPDs

Linear Combination of GPDs
Beam charge-dependent



Kinematics of DVCS

𝜑-dependence contains 5 observables: 
~1, cos𝜑 , sin𝜑 , cos 2𝜑 , sin 2𝜑

E07-007: Rosenbluth-like separation of DVCS
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Cross section

Helicity Dependence

M. Duferne et al., PRC 92, 055202 (2015)



Proposed DVCS Experiments

• Precision Measurements in Select Kinematics  (Hall C)
• PR12+23-006
• High Momentum Spectrometer (HMS) + Neutral Particle Spec. (NPS)

• Survey Measurements over a Wide Phase Space (Hall B)
• PR12+23-002
• CLAS12



E12+23-006 in Hall C
Goal: high-precision cross sections overlapping electron data
• Same kinematics as E12-13-010

• 17 settings, 3 beam energies

• 135 days, 1 µA of unpolarized e+

High Momentum Spectrometer

Neutral Particle
Spectrometer

Spokespeople:
C. Munoz-Camacho, M. Mazouz 



Neutral Particle Spectrometer

Neutral Particle Spectrometer (NPS)
➢ NPS (Neutral Particle Spectrometer) experiment 

is on the floor !
➢ Equipment (calorimeter and sweeping magnet) 

ready and being tested
➢ NPS run (E12-13-010 & E12-22-006) scheduled 

from Sep (2023) to May (2024)

PbWO4 electromagnetic 
calorimeter

0.3 Tm sweeping 
magnet

12/20

• 1080 PbWO4 crystals
• 0.6 Tm sweeping magnet
• F250ADC sampling electronics
• Large opening angle beam pipe
• SHMS as carriage for rotation

Sits on SHMS carriage



E12+23-006: Coverage and Reach

10/20

PR12+23-006: Kinematic settings

Same kinematics settings as approved
 E12—13-010 with electrons

135 days, 1 mA of (unpolarized) positrons assumed
Positron data: 25% of statistics of electron data

Separation of DVCS2 and BH-DVCS interference

13/20

Projections based on the KM15 model (Kumericki and Mueller, 2015)

xB=0.36, 
Q2=4.0 GeV2

Systematic uncertainty

DVCS2 & Int 
separation

Systematic Estimates: 2% point-to-point, 3.5% scale



Hall C positron measurement will greatly 
improve CFF extraction.

Impact on Compton Form Factors (CFFs) extraction

16/20

A factor or 4-6 improvement in the extraction  of LO/LT CFFs  Re(H) and Re(H)
(factor of ~2 for HT and NLO)
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E12+23-002 in Hall B

• Goal: determination of helicity and charge asymmetries over a wide 
phase space.

Cherenkov
Time-of-Flight

BAND

Calorimeter

e– beam

Target

Tracker
CLAS12

E. Voutier

Kinematic Coverage

Experimental configuration

From a subset of out-bending RGA data

July 24th- 28th, 2023
14/19

Spokespeople:
E. Voutier, V. Burkert, S. Niccolai, R. Paremuzyan



CLAS12 – Hall B



Magnetic field reversals are critical for 
suppressing systematics.

Positron

Photon

Proton



Magnetic field reversals are critical for 
suppressing systematics.

Electron

Photon
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Charge and helicity asymmetries

Four combinations for 𝜎#$%&'&()
*$+,	'.+/0$ 	 	 𝜎"",	𝜎!",	𝜎"!,	𝜎!!

Unpolarized BCA   𝐴112 = 3!!"3"! ! 3!""3""

3!
!"3"! " 3!""3""

Avg. Helicity Asymmetry  𝐴415 = 3!!!3"! " 3!"!3""

3!
!"3"! " 3!""3""

Polarized BCA    𝐴412 = 3!!!3"! ! 3!"!3""

3!
!"3"! " 3!""3""



Significant improvements in constraints on GPDs

E. Voutier

Impact of Positron Measurements (III)

Beam charge asymmetries

! Improvement of the definition of the determination of bc d .

H. Dutrieux, V. Bertone, H. Moutarde, P. Sznajder, EPJ A 57 (2021) 300

o The existing DVCS world data set (H1, ZEUS, HERMES, JLab 6 GeV, COMPASS) is analyzed within a
global fit based on an Artificial Neural Network procedure within PARTONS to extract CFFs.

o The impact of projected CLAS12 BCA data on the proton is evaluated from a Bayesian reweighting
analysis of CFFs.

bc d

July 24th- 28th, 2023
12/19

xB

𝑄6

−𝑡

H. Dutrieux, V. Bertone, H. Moutarde, P. Sznajder, EPJ A 57:250 (2021)
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For decades, proton form factors were 
observed to “scale.”
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The one missing radiative correction is
Hard Two-Photon Exchange

The one “missing” radiative correction
is hard two-photon exchange.

The standard set

Soft two-photon exchange

Hard two-photon exchange

11

The Standard Set

Included: soft TPE

Missing: hard TPE



Hard TPE cannot be calculated without
model dependency.

N, ∆, N*, ...
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• Hadronic Approaches
• Treat propagator as a sum of on-shell states.
• e.g. Ahmed et al., PRC 2020, Blunden PRC 2017

N, ∆, N*, ...

https://doi.org/10.1103/PhysRevC.102.045205
https://doi.org/10.1103/PhysRevC.95.065209
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• Hadronic Approaches
• Treat propagator as a sum of on-shell states.
• e.g. Ahmed et al., PRC 2020, Blunden PRC 2017

• Partonic Approaches
• Treat interaction of 𝛾𝛾 with quarks, distributed by GPDs
• e.g. Afanasev et al., PRD 2005, Kivel and Vanderhaeghen PRL 2009

• Phenomenology
• How much TPE is needed to resolve the FF discrepancy
• e.g. Bernauer et al., PRC 2014, Schmidt JPG 2020

Q2

µGE/GM TPE
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model dependency.
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• Partonic Approaches
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• Dissenting opinions
• e.g. Kuraev PRC 2008

https://doi.org/10.1103/PhysRevC.102.045205
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https://doi.org/10.1103/PhysRevD.72.013008
https://doi.org/10.1103/PhysRevLett.103.092004
https://doi.org/10.1103/PhysRevC.90.015206
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https://doi.org/10.1103/PhysRevC.78.015205
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Existing data on 𝑅!"
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OLYMPUS measured a small TPE effect.

0.97

0.98

0.99

1

1.01

1.02

1.03

1.04

1.05

1.06

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

2.0 1.5 1.0 0.5 0

�e+p
�e�p

✏

Q2 [GeV/c ]2 for a 2 GeV beam

Blunden N only
Blunden N + �

Tomalak
Bernauer

OLYMPUS

0.97

0.98

0.99

1

1.01

1.02

1.03

1.04

1.05

1.06

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

2.0 1.5 1.0 0.5 0

Henderson et al., PRL 2017

https://doi.org/10.1103/PhysRevLett.118.092501


Recent experiments lacked the kinematic reach.
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CLAS12 can do a way better job than OLYMPUS

Performance OLYMPUS CLAS12
Azimuthal Acceptance 𝜋/4 2𝜋
Luminosity 2 ⋅ 1077 1078

Beam Energy 2 GeV 6.6 GeV



Our proposed experiment

Spokespeople:
A. Schmidt, J. Bernauer, N. Santiesteban, 
T. Kutz, I. Korover, E. Cline, V. Burkert
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Elastic scattering is easy to identify.
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CLAS12 covers a huge amount 
of new phase space.
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CLAS12 covers a huge amount 
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E12+23-012: Complimentary Approach

• Super-Rosenbluth Technique
• Only detect recoiling proton
• Fixed 𝑄! → fixed field setting

High Momentum Spectrometer

Proton

Scattered Electron/Positron

Spokespeople:
M. Nycz, J. Arrington, N. Santiesteban, M. Yurov



E12+23-012: Complimentary Approach

• Super-Rosenbluth Technique
• Only detect recoiling proton
• Fixed 𝑄! → fixed field setting

IV. PROJECTED RESULTS FOR THE PROPOSED MEASUREMENTS

Figure 11 shows the kinematics of the proposed measurements, with circles indicating
the proton-only kinematics, and squares indicating kinematics where we will also take coin-
cidence events. Table I summarizes the systematic uncertainties for the cross section mea-
surements. Separate entries are given for the total uncertainty in the absolute cross sections,
the uncertainties that enter into the extraction of GE/GM (neglecting "-independent uncer-
tainties), and the uncertainties that enter into the linearity tests (neglecting the portions of
the systematic uncertainties that vary linearly with ").

Fig. 5 illustrates the expectation for the " dependence of both electron and positron
measurements at two Q2 values. The uncertainties on the electron data come from E01-
001 [20], and we expect comparable uncertainties for both the positron and electron Super-
Rosenbluth measurements proposed here. Note that for larger Q2 values, the contribution
from GE, as determined from the polarization data, is very small, and even for Q2 ⇡ 2 GeV2

and above, the uncertainty on GE yields a very small uncertainty on the expected Rosenbluth
Slope (RS) in the OPE approximation, as illustrated in Fig. ??.
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FIG. 12. [Left] Form factor ratio as a function of Q2 for electron scattering [5] (magenta line), the
polarization data [22] (black line), and the projected results for positron scattering assuming that
the TPE contribution explains the full di↵erence between the electron Rosenbluth extractions and
recoil polarization. Note that for Q2 > 2.7 GeV2, (GE/GM )2 < 0 and the curve represents the
square rood of the absolute value of (GE/GM )2 [Right] Same, but showing the form factor ratio
squared, which directly corresponds to the observed slope in the Rosenbluth separation.

This can be converted to a prediction for the form factor ratio µpGE/GM as a function
of Q2 for positron and electron Rosenbluth separations and for polarization measurements.
The right hand of Figure 12 plot shows (µpGE/GM)2, which corresponds directly to the
observed slope in the Rosenbluth separations. Note that based on the parameterizations
used here, this slope becomes negative above Q2 ⇡ 2.7 GeV2. Since this corresponds to an
imaginary value for µpGE/GM , the left plot takes the absolute value of the slope. As such,
we show projected uncertainties only for the right hand plot.

21

Spokespeople:
M. Nycz, J. Arrington, N. Santiesteban, M. Yurov
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PR12+23-005: Dark Matter Search
Experiment layout

7/25/23 PAC51                        Bogdan Wojtsekhowski slide 11

5 cm LH2

§ 50 nA positron beam on 5 cm long LH2

§ High resolution part of PRAD calorimeter

§ fADC - based DAQ with programmable trigger
Spokespersons:
A. Gasparian, N. Liyanage, B. Raydo, B. Wojtsekhowski

• PRAD set-up to search for 𝑒"𝑒! → 𝛾(𝐴9)

Projected sensitivity and beam time request

7/25/23 PAC51                        Bogdan Wojtsekhowski slide 22

Uniqueness of the missing mass method

1. Sensitivity does not rely on specific decay 
mode of A’ : e+e-, or hadrons, or semi-dark …
100 times more sensitive than (gµ-2) 

2. Good mass resolution allows us to make a 
productive search for a signal with a 60-day run

3. Does not require new detector development
(PRAD + two traditional MWPC)

beam time request

two-sigma level



Positron Experiments/Concepts at JLab
Multi-photon exchange

Virtual Compton Scatt.

Dark Photon Searches

Charged-Current

PR12+23-002:   DVCS asymmetries at CLAS12
PR12+23-006:   DVCS cross section in Hall C
LOI12+23-001:  Generalized Polarizabilities
 White papers: DVCS on neutrons, He-4
   DDVCS at SOLID

LOI12+23-002: Axial Form Factor
White paper: Strangeness via Charm Tag

PR12+23-003:   Coulomb Effects in DIS
PR12+23-008:   Two-photon Exchange at CLAS12
PR12+23-012:   Two-photon Exchange in Hall C
LOI12+23-008:  Two-photon Exchange in Pol. Trans.
LOI12+23-015:  Coulomb Effects in Inclusive eA
White paper: Electroweak couplings at SOLID
  Two-photon in elastic eA
  Imaginary part of TPE amplitude

PR12+23-005:  Annihilation Search
LOI12+23-005: Bhabha Search

Other BSM

White paper: charged-lepton flavor violation search



E12+23-003: Coulomb Effects in DIS
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Figure 4: Cross section ratio for �Au/�D at x = 0.5 for the low (circles) and high (squares) ✏ settings of the
Coulomb Corrections test from E12-14-002. Plotted ratios assume that Coulomb acceleration will modify
the nominal ratio according to the improved EMA. Error bars are statistical and point-to-point systematic
uncertainties added in quadrature. The dashed line denotes the value of the EMC effect on gold at x = 0.5,
and the width of the yellow band indicates the size of the 1.6% normalization uncertainty in the measured
ratios. We assume these data will be available from earlier running of E12-14-002.

direct comparison of of the positron and electron target ratios:240

R =

⇣
�Au
�D

⌘
e
+

⇣
�Au
�D

⌘
e�

. (6)

Taking the double-ratio allows the cancellation of possible time-dependent systematics as well as reducing241

the sensitivity to small differences in the beam energy since the change in the EMC effect should be very242

small with changing beam energy. Projections for the double-ratio are shown in Fig. 6. Assuming that243

effects due to Coulomb acceleration can be described using the improved EMA, this experiment, combined244

with the data from E12-14-002, will provide evidence for the need for Coulomb Corrections in DIS with a245

great degree of confidence. In addition, the measurements will be of sufficient precision to quantitatively
test alternate descriptions if the EMA turns out to not describe Coulomb effects adequately.246

Figure 7 shows the impact on the double-ratio if the electron data were taken during the same run period247

as the positron data. In this case, the target thickness systematic uncertainties totally cancel, and other
target-related systematics (like radiative corrections) are reduced.248

In summary, we request 9.3 days with an unpolarized positron beam at a current of 1 µA in Hall C249

to make measurements that will provide information about the existence and size of Coulomb Corrections250

in Deep Inelastic Scattering. If electron running is also possible with the same setup, then the systematic251

errors of the measurements will be reduced and about one extra day (not including time to switch from252

positrons to electrons) will be needed to take the required electron data. This experiment requires use253

of only the High Momentum Spectrometer so could be scheduled to run in the same run period as the254

Spokespersons:
Bill Henry, Dave Gaskell, Nadia Fomin
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Figure 5: Cross section ratio for �Au/�D at x = 0.5 for the low (circles) and high (squares) ✏ settings of this
proposal. Plotted ratios assume that Coulomb acceleration will modify the nominal ratio according to the
improved EMA. Error bars are statistical and point-to-point systematic uncertainties added in quadrature.
The dashed line denotes the value of the EMC effect on gold at x = 0.5, and the width of the yellow band
indicates the size of the 1.7% normalization uncertainty in the measured ratios.

conditionally approved experiment C12-20-012 (Deeply Virtual Compton Scattering using a positron beam255

in Hall C). This experiment should be straightforward to execute, with only modest systematic uncertainty
requirements.256

Coulomb Corrections represent a poorly constrained correction to DIS cross section and cross section257

ratio measurements. While there is clear theoretical guidance for quasi-elastic scattering from nuclei, the258

situation is much less clear for DIS. Correct application of Coulomb Corrections is important for measure-259

ments of the EMC Effect and measurements of �R = RA � RD are particularly sensitive to Coulomb260

Corrections since these corrections are correlated with beam energy and scattered electron momentum and261

directly impact the perceived ✏ dependence of the cross section. Application of Coulomb Corrections using262

the improved EMA to existing data suggests a non-zero value of �R, which could have significant impli-263

cations for our interpretation of data aimed at measuring the EMC Effect. The existence of a positron beam264

at Jefferson Lab provides a unique opportunity to fully constrain this correction, which is vital to properly
analyzing DIS from nuclear targets.265

While this experiment has focused on Coulomb Corrections in inclusive DIS, it is important to note that266

the results of this experiment could have implications for other measurements, for example in the analysis267

of SIDIS cross sections from nuclei to study hadronization effects, and in experiments that measure cross268

sections at x > 1 and very large Q2 (to make measurements of so-called ”superfast quarks”), where inelastic
processes compete with the quasielastic cross section.269

9-day measurement of DIS on Au, d for positrons and electrons
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To Recap:

• Positrons are useful for a 
wide range of
• Interference physics
• Charge-current physics

• JLab is planning positron 
upgrade

• 5 newly approved 
proposals at this years’ 
PAC.
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E. Voutier

Impact of Positron Measurements (III)

Beam charge asymmetries

! Improvement of the definition of the determination of bc d .

H. Dutrieux, V. Bertone, H. Moutarde, P. Sznajder, EPJ A 57 (2021) 300

o The existing DVCS world data set (H1, ZEUS, HERMES, JLab 6 GeV, COMPASS) is analyzed within a
global fit based on an Artificial Neural Network procedure within PARTONS to extract CFFs.

o The impact of projected CLAS12 BCA data on the proton is evaluated from a Bayesian reweighting
analysis of CFFs.

bc d

July 24th- 28th, 2023
12/19

IV. PROJECTED RESULTS FOR THE PROPOSED MEASUREMENTS

Figure 11 shows the kinematics of the proposed measurements, with circles indicating
the proton-only kinematics, and squares indicating kinematics where we will also take coin-
cidence events. Table I summarizes the systematic uncertainties for the cross section mea-
surements. Separate entries are given for the total uncertainty in the absolute cross sections,
the uncertainties that enter into the extraction of GE/GM (neglecting "-independent uncer-
tainties), and the uncertainties that enter into the linearity tests (neglecting the portions of
the systematic uncertainties that vary linearly with ").

Fig. 5 illustrates the expectation for the " dependence of both electron and positron
measurements at two Q2 values. The uncertainties on the electron data come from E01-
001 [20], and we expect comparable uncertainties for both the positron and electron Super-
Rosenbluth measurements proposed here. Note that for larger Q2 values, the contribution
from GE, as determined from the polarization data, is very small, and even for Q2 ⇡ 2 GeV2

and above, the uncertainty on GE yields a very small uncertainty on the expected Rosenbluth
Slope (RS) in the OPE approximation, as illustrated in Fig. ??.
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FIG. 12. [Left] Form factor ratio as a function of Q2 for electron scattering [5] (magenta line), the
polarization data [22] (black line), and the projected results for positron scattering assuming that
the TPE contribution explains the full di↵erence between the electron Rosenbluth extractions and
recoil polarization. Note that for Q2 > 2.7 GeV2, (GE/GM )2 < 0 and the curve represents the
square rood of the absolute value of (GE/GM )2 [Right] Same, but showing the form factor ratio
squared, which directly corresponds to the observed slope in the Rosenbluth separation.

This can be converted to a prediction for the form factor ratio µpGE/GM as a function
of Q2 for positron and electron Rosenbluth separations and for polarization measurements.
The right hand of Figure 12 plot shows (µpGE/GM)2, which corresponds directly to the
observed slope in the Rosenbluth separations. Note that based on the parameterizations
used here, this slope becomes negative above Q2 ⇡ 2.7 GeV2. Since this corresponds to an
imaginary value for µpGE/GM , the left plot takes the absolute value of the slope. As such,
we show projected uncertainties only for the right hand plot.
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Jefferson Lab Positron Working Group

Collaboration Meeting
University of Virginia, March 2023

EPJ A Topical Issue: An Experimental Program with Positron 
Beams at Jefferson Lab

Join our mailing list
pwg-request@jlab.org

2/4
March 7th-8th, 2023

Physics status

v The JLab Positron Working Group has established a strong
physics case in support of the development of positron
beams at CEBAF.

v This final version of the JLab Positron White Paper gathers
20 peer-reviewed conceptual experiments, and 230 authors
from 75 institutions worldwide.

E. Voutier

https://epja.epj.org/component/toc/?task=topic&id=1430
https://epja.epj.org/component/toc/?task=topic&id=1430
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Positron experiments at PAC51
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PAC51 Results and Recommendations 
 

NEW PROPOSALS          

NUMBER CONTACT PERSON TITLE HALL DAYS  
REQ'D 

DAYS 
AWARDED 

SCIENTIFIC 
RATING PAC DECISION TOPIC 

PR12-23-001 Nikos Sparveris Measurement of the Generalized Polarizabilities of the Proton 
in Virtual Compton Scattering C 62 62 A- Approved 2 

PR12+23-002 Eric Voutier Beam Charge Asymmetries for Deeply Virtual Compton 
Scattering on the Proton at CLAS12 B 100 100 A- C1 4 

PR12+23-003 Dave Gaskell 
Measurement of Deep Inelastic Scattering from Nuclei with 
Electron and Positron Beams to Constrain the Impact of 
Coulomb Corrections in DIS 

C 9.3 9.3 A- C1 5 

PR12-23-004 Bogdan Wojtsekhowski A Search for a Nonzero Strange Form Factor of the Proton at 
2.5 (GeV/c)^2 C 45 45 A- Approved 2 

PR12+23-005 Bogdan Wojtsekhowski A Dark Photon Search with a JLab positron beam B 60     Deferred 6 

PR12+23-006 Carlos Munoz 
Camacho 

Deeply Virtual Compton Scattering using a positron beam in 
Hall C C 137 137 A- C1 4 

PR12-23-007 David Ruth A Measurement of the Proton g2 Structure Function at 
Intermediate Q2 C 33     Deferred 2 

PR12+23-008 Axel Schmidt A Direct Measurement of Hard Two-Photon Exchange with 
Electrons and Positrons at CLAS12 B 55 55 A C1 2 

PR12-23-009 Or Hen Nuclear Charm Production and Short-Range Correlations in  
Hall D D 100     C2 5 

PR12-23-010 Holly Szumila- Vance Color Transparency in Maximal Rescattering Kinematics C 95 40 B+ Approved 5 

PR12-23-011 Dipangkar Dutta Precision Deuteron Charge Radius Measurement with Elastic 
Electron-Deuteron Scattering B 40     Deferred 3 

PR12+23-012 Michael Nycz A measurement of two-photon exchange in unpolarized elastic 
positron–proton and electron–proton scattering C 56 56 A- C1 2 

         

      
 
 
 

  

DVCS

DVCS
Dark Matter

Coulomb

TPE

TPE



Polarized Electrons for Polarized Positrons

E.A. Kuraev, Y.M. Bystritskiy, M. Shatnev, 
E.Tomasi-Gustafsson, PRC 81 (2010) 055208

Polarized Bremsstrahlung
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Polarized electrons will tend to 
pair-produce polarized positrons.



Polarized Electrons for Polarized Positrons

#6 – SRF accelerate e+ to 123 MeV

#4 - Produce and collect e+ 20 to 60 MeV

#2 - SRF accelerate to 120 MeV

#1 – Compact 10 mA P-Gun, 
Wien filter, 10 MeV e- injector

#3 – Extract e- to target

#8 – Transport e+ at 123 MeV to CEBAF

#5 – Transport e+

CEBAF Positron Source Concept
• Pair production from 120 MeV 𝑒! beam
• Capture positrons from 20–60 MeV
• Inject into CEBAF at 123 MeV

#7 – Evaluating 123 MeV spin rotator concept


