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The Continuous Electron Beam Accelerator Facility

A.K.A. CEBAF

High duty factor (continuous)

Up to 12 GeV beam energy

High intensities
∼ 100µA or 1038s−1cm−2

High polarizations

4 permanent spectrometers
additional experiments
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Pioneering observations
First DVCS BSA and TSA observations

ALU ∝ F1H+ ξGMH̃ − t
4M2 F2E

Q2 = 1.3 GeV2, xB = 0.2,−t = 0.2 GeV2

A(φ) = α sinφ + β cos(2φ)

α = 0.202± 0.028stat ± 0.013syst

β = −0.024± 0.021stat ± 0.009syst

S. Stepanyan at al., PRL 87 (2001) 182002

380+ citations

AUL ∝ F1H̃+ ξGM

(
H+ ξ

1+ξ
E
)
− · · ·
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Scaling tests of ∆σDVCS E00-110
Introduction Non-dedicated results Dedicated experiments Near-future experiments (6 GeV) Conclusion

Hall A E00-110

E00-110 experimental setup

100-channel scintillator array

High Resolution Spectrometer

132-block PbF2 electromagnetic calorimeter

Carlos Muñoz Camacho LPC Clermont-Ferrand, CNRS/IN2P3 (France)

The GPD experimental program at Jefferson Lab 8
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Scaling tests of ∆σDVCS E00-110

Analog Ring Sampler
Quasi-continuous scan of amplitude
128 samples 1 GHz
Included in trigger LOT
Separated pile-up

Missing-mass very clean
Inelastic background under control
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Scaling tests of ∆σDVCS E00-110
F1H+ ξGMH̃ − F2

t
4M2 E + · · ·

    Transversity 2011 – Veli-Losinj, Croatia, 8/28-9/2   Page 8 

Hall A DVCS/BH cross section on proton 

Verify Bjorken scaling in small Q2 range  
High statistics in small range in Q2, xB, t 

C.$Muñoz$et$al.,$Phys.$Rev.$Le'.$97$(2006)$262002$

New data taken 2010 on hydrogen and deuterium at two beam energies  
C. Muñoz et al., PRL 97 (2006) 262002

High precision in a narrow kinematical range
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Separation of I and DVCS2 E00-110/E07-007

F1H+ ξGMH̃ − F2
t

4M2 E + · · ·

High precision in a narrow kinematical range
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Hall A re-analysis with improved twist-3

M. Defurne et al PRC 92 (2015) 055202
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Hall A re-analysis with improved twist-3

No evidence for Q2 dependence

leading twist dominance
handbag diagram

limited Q2 lever arm

M. Defurne et al PRC 92 (2015) 055202
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CLAS in Hall-B
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Solenoid and Inner Calorimeter
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Solenoid and Inner Calorimeter
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Flavor of analysis
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I kinematical coverage

I exclusivity cuts

I π0 subtraction
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CLAS proton Beam Spin Asymmetry E01-113

F1H+ ξGMH̃ − t
4M2 F2E)2
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Precision in a large phase-space (xB ,Q
2, t)

Qualitative model agreement, quantitative constraints on parameters

F.-X. G. et al., PRL 100 (2008) 162002
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Unpolarized Cross-Sections E01-113

H.-S. Jo et al PRL115 (2015) 212003
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Compton Form Factors E01-113

H.-S. Jo et al PRL115 (2015) 212003
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CLAS proton Target Spin Asymmetry E05-114

Ten fold improvement in statistics F1H̃+ ξGM

(
H+ ξ

1+ξ
E
)

AUL ∝ F1 Im H̃ ALL ∝ F1Re H̃
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CLAS proton Target Spin Asymmetry E05-114

E. Seder et al PRL 114 (2015) 032001
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CLAS proton Target Spin Asymmetry E05-114

S. Pisano et al PRD 91 (2015) 052014
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Extraction results
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Model independent extraction
Using only ALU and AUL

Extraction with :

I Results from eg1dvcs AUL

I Polarized cross-section from e1dvcs ∆σ

GPD dependencies versus xB mirror their respective ordinary PDFs
H̃ and H ↔ ∆q(x) and q(x)

Drop of ∆q(x) at low xB will be seen at 12 GeV

17/29



CLAS12 in Hall-B
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CLAS12 DVCS Analysis Strategy E12-16-010B

Detect all particles e, p, γ
Exclusivity from 4-momentum conservation

Background from asymmetric π0 decay
Subtracted from symmetric decay data

Extract ALU and σ in bins of (xB,Q
2, t)

Need two beam energies in addition to RGA 10.6 GeV
Separate intereferenceMBH · MDVCS ∼ 1

y3 from |MDVCS|2 ∼ 1
y2
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CLAS12 DVCS Preliminary Results E12-16-010B

Flattening of the α(t) slope with xB =⇒ change in nucleon radius
Dispersion relation gives β ∼ ReM(ξ) from α ∼ ImM(ξ) and subtraction term D(t)

Coverage at large ξ crucial to minimize systematics uncertainties from extrapolation
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CLAS12 DVCS Preliminary Results E12-06-009
10.6 GeV
4M exclusive events

Up to Q2 ≈ 11 GeV2

and xB ≈ 0.75

Fit ALU(φ) vs (xB,Q
2, t)
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CLAS12 Extraction of gluonic profiles E12-12-007

Analyze decay φ→ K+K−

All particles detected

dσL

dt
∼

(
1− ξ2

)
H2

g + · · ·

σL t-slopes vs xB

Asinφ
LU ∼ Im [HTE −HET ]

ALU vs W

Next steps:
Analyze one particle missing
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CLAS12 Exclusive 2 and 3 πs

Pions detected in the FD
Protons in the FD or CD

Angular decay analysis to test
SCHC at 10.6 GeV

L/T Rosenbluth separation

Exclusive ρ0 electroproduction on the proton

Morrow et al Eur.Phys.J. A39 (2009) 5-31

Deeply Virtual ω Electroproduction

Morand et al Eur.Phys.J.A24 (2005) 445-458
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Target mass corrections at JLab
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Rosenbluth separation
Pure DVCS process interferes with Bethe-Heitler process at the amplitude level
Separate interference and squared amplitudes using beam energy dependence

Fixed (xB ,Q
2,−t) φ dependences

HUGS 2021 DVCS & Spatial Imaging 16

Energy dependence of the DVCS cross section

¾ Leading-twist and leading order fit of cross sections at both beam energies does not reproduce the data

¾ Including either next-to-leading order or higher-twist effects (blue line) satisfactorily reproduces the 
angular dependence

LT / LO incompatible with energy
dependence

HUGS 2021 DVCS & Spatial Imaging 17

Separation of the DVCS2 and BH-DVCS interference

Nature Communications 8, 1408 (2017)

¾ DVCS2 & interference significantly 

different in each scenario

¾ Sizeable DVCS2 contribution in the 

higher-twist scenario in the helicity-

dependent cross section

M. Defurne et al Nature Communication 8 (2017) 1408

Full 12 GeV dataset will expand the Q2 lever arm
Discriminate between Higher Twist and Higher Order scenarios
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DVCS with a Polarized Positron beam

PEPPo production injecting 60 MeV 100 nA positron polarized at 60%
(PEPPo Collaboration) D. Abbott et al. , PRL116 (2016) 214801 ; L. Cardman et al. AIP CP 1970 (2018) 050001

Proposal 100 days (80+20) at L = 0.6× 1035 cm−2s−1
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Impact of the CLAS12 Positron data

Global analysis of CLAS12 program observables {σUU,ALU,AUL,ALL,A
C
UU,A

C
LU}

unpolarized beam charge asymmetry AC
UU sensitive to the amplitude real part

polarized beam charge asymmetry AC
UU sensitive to the amplitude imaginary part

Fitting {H, H̃} assuming model values for {E, Ẽ}

Improvement of the statistical and systematical uncertainties

Model independent separation of the Interference with BH and DVCS2
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Timelike Compton Scattering results
Test universality of GPDs
Access to the real part of the amplitude and the D-term in particular

Analysis: ep → (e′)e+e−p

Forward Backward asymmetry:
different parities of BH and TCS

First clear TCS measurement

P. Chatagnon et al PRL 127 (2021)
262501
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Summary Outlook
I From pioneering measurements to precision era
I Nucleon tomography: distributions of electric charge, mass, forces · · ·
I Complementarity between results from different Halls
I Complementarity with other facilities (including past and future)
I JLab upgrades: positron source, 24 GeV

I Due to time and personal bias, many ommissions:
Processes on neutron
Processes on nuclear target
Chiral odd GPDs and exclusive pion production

I Many results expected from 12 GeV program!
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