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Introduction

➢ Two proposals using a positron beam were submitted to PAC48 (2020)

➢ One experiment proposed to use CLAS12 (Hall B) with a low current (≈45 nA) polarized beam

➢ One experiment proposed to use NPS (Hall C) with a high current (≈ 5 mA) unpolarized beam

Add C2 definition here!



Motivation

Opposite sign 
for  e- & e+
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Calculable in QED with our 1% knowledge 
of form factors at low momentum transfer



Positron production and transport

Injector modifications
[based on PEPPo experiment:
Phys. Rev. Lett. 116, 214801 (2016)]

Dominated by 
synchrotron 
rad. in Arcs

Dominated by 
damping in the 

LINACS

Electrons Positrons

At 11 GeV, 
after Arc9, 
e+ beam size 
~twice bigger 
than e- beam

7.6/1.4~2.3

Averaging 
εx and εy:

4/18



TAC comments on positron

• The implementation of a multi-Hall, high current, high polarization positron 
beam at CEBAF raises multiple and complex challenges, as detailed in the 
TAC report

• If the PAC finds our physics program compelling, our collaboration is ready 
to engage with the Lab to investigate its feasibility.

TAC conclusion:
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Hall B positron experiment

CLAS12

o ℒ = 0.6 × 1035 cm−2 ∙ s−1

o New 5 cm LH2 target cell

- There is no difference bewteen e- and e+ beam transport in Hall B beam line, nor in
beam related detector background.

- Beam diagnostics are expected to operate similarly with e- and e+ beam.

V. Burkert et al. NIMA 959 (2020) 163419

➢ The 𝒆±𝒑 → 𝒆±𝒑𝜸 reaction will be measured with
CLAS12 in OUT-bending mode, using the regular
detector arrangement.
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Hall B beam time request

We are asking for a total of 100 days of beam, operating CLAS12 with 45 nA e- and e+ beams polarized at
60%, distributed in :

• 80 days for physics data taking;
• 20 days for commissioning and calibration;

using lepton beams of different nature

o 2 days with the CEBAF e- beam;
o 46 days with the secondary e- beam;
o 52 days with the secondary e+ beam;

and different energies

o 9 days at 2.2 GeV;
o 91 days at 10.6 GeV.
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Hall B projections

➢ A sample of expected experimental data… 15 bins in (xB ,Q2) x 6 bins in t = 90 azimuthal dependences

per observable (𝑨𝑼𝑼
𝑪 , 𝑨𝑳𝑼

𝑪 ).
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Hall B impact of positrons

Fitting of ℋ, ෩ℋ CFFs assuming model values for ℰ, ሚℰ CFFs.

• Without e+

• With e+

➢ The importance of positron beams for the determination of CFFs can be quantified in a
model-dependent way depending on : the cross section model, the GPDs model, and the
hypotheses of the fitting approach.
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DVCS with positrons in Hall C
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➢ Same experimental configuration as approved experiment E12-13-010

➢ Expected positron beam momentum spread comparable with current electron beam

➢ Positron beam size larger than current electron beam (twice bigger at 11 GeV 
according to current simulation)

➢ No additional systematic uncertainties expected due to the use of positrons 

✓ Precise determination of the absolute photon electro-production cross section

✓ Clean, model-independent separation of DVCS2 and DVCS-BH interference

✓ More stringer constraints on CFFs by combining e- & e+ data

Physics goals and motivation:

Opposite sign 
for  e- & e+

In a nutshell:



Hall C positron experiment using NPS

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

NPS calorimeter 11/18
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PR12-20-012: Kinematic & beam time request

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

77 days, 5 mA of (unpolarized) positrons assumed

Positron data: 25% of statistics of electron data



Separation of DVCS2 and BH-DVCS interference

13/18

xB=0.2, 
Q2=2.0 GeV2

xB=0.5, 
Q2=3.4 GeV2

xB=0.3, 
Q2=4.0 GeV2

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



Impact on Compton Form Factors (CFFs) extraction
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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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PAC48 report
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Hall B proposal

Hall C proposal

(only in Hall B report)

Common to   
Hall B and Hall C 

proposals

http://www.jlab.org/exp_prog/PACpage/PAC48/PAC48_PrelimReportPlus_FINAL.pdf


EPJA paper (Pawel et al.)

CLAS12 data 
(unpolarized target): e- & e+
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Gepard (K. Kumericki’s code)
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Summary and outlook
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➢ Both Hall B and Hall C proposals are C2 from PAC48 (3 years ago)

➢ To address the report, a better, more comprehensive way to show the impact 
of positrons for DVCS and CFF extraction needs to be presented:

Two possibilities:

❑ Extend EPJA paper to all DVCS data (present and future) using 
PARTONS

❑ Develop a global fit using the GEPARD code

➢ The Hall B proposal needs to clarify (or justify better) the need of electron
new/additional electron data for the BCA measurement



BACK-UP
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Systematic uncertainties

Source pt-to-pt
(%)

scale
(%)

Acceptance 0.4 1.0

Electron PID <0.1 <0.1

Efficiency 0.5 1.0

Electron tracking 0.1 0.5

Charge 0.5 1.0

Target thickness 0.2 0.5

Kinematics 0.4 <0.1

Exclusivity 1.0 2.0

p0 subtraction 0.5 1.0

Radiative corrections 1.2 2.0

Total 1.8-1.9 3.4-3.5

The p0 electroproduction cross section would be measured concurrently with DVCS with both 
electrons and positrons, and would allow to monitor the systematics of the e- and e+ runs
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Impact on Compton Form Factors (CFFs) extraction
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✓ Combined fit of all electron data from approved experiment 
E12-13-010

(helicity-dependent AND helicity-independent cross sections)

✓ Fits with and without the proposed positron data

✓ Fits include helicity-conserving CFFs, but also +1 helicity-flip 
CFFs (“HT”) and +2 helicity-flip CFFs (“NLO”)

✓ Cross sections generated with CFFs values fitted to 6 GeV data

In order to extract the CFFs we exploit the combined

• Azimuthal dependence (f)

• Beam-energy dependence

• Q2-dependence

• Helicity dependence (for E12-13-010 data)

• Beam-charge dependence

of the DVCS cross section



Correlation coefficients
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Electrons & Positrons

HTLT/LO NLO

Much better separation of 
H & Ht CFFs at LT/LO

Correlations between different CFFs are significantly 
improved by a combined fit with positrons

Electrons only

(from -94% without positrons to -39% when electron and positrons are combined, in this t-bin)

(t = -0.26 GeV2)



E07-007: Rosenbluth-like separation of DVCS

5/19



E07-007: Rosenbluth-like separation of DVCS
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Q2=1.75 GeV2

xB=0.36
t=-0.30 GeV2

Q2=1.75 GeV2

xB=0.36

t=-0.30 GeV2

Helicity-independent  
cross section

Helicity-dependent  
cross section



E07-007: Rosenbluth-like separation of DVCS
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• Using only helicity-conserving CFFs (“LT/LO”) the fit of both beam energies 
(dashed line) does not reproduce the data

• Including helicity-flip CFFs, either single-helicity flip (“HT”) or double-helicity flip 
(“NLO”) satisfactorily reproduce the angular dependence (blue solid line)

Fit LT/LO
Fit HT, Fit NLO

KM15



E07-007: Rosenbluth-like separation of DVCS

8/19Helicity-independent  
cross section

Helicity-dependent  
cross section
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