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Hall A DVCS Experiment at 11 GeV: 2014-2016

• H(e,e’𝛾)p & H(e,e’𝜋0)p
• Cryogenic H2 target
• Electron in Hall A Spectrometer
• PbF2 calorimeter for gamma-rays
• Cherenkov only, fast signals for 

pileup rejection.
• 1 Ghz Digitizer

• Exclusivity by missing mass
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Kinematics and Beamtime (proposed)
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JLab Hall A DVCS, Actual Physics Run: 2014-2016

E12-06-114, 50 “PAC days”
• Exclusive 𝜋0 production published in M. Dlamini et al., PRL 127 (2021) 152301
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Setting Kin-36-1 Kin-36-2 Kin-36-3 Kin-48-1 Kin-48-2 Kin-48-3 Kin-48-4 Kin-60-1 Kin-60-3

xB 0.36 0.48 0.60

Eb (GeV) 7.38 8.52 10.59 4.49 8.85 8.85 10.99 8.52 10.59

Q2 (GeV2) 3.20 3.60 4.47 2.70 4.37 5.33 6.90 5.54 8.40

E� (GeV) 4.7 5.2 6.5 2.8 4.7 5.7 7.5 4.6 7.1

�tmin (GeV2) 0.16 0.17 0.17 0.32 0.34 0.35 0.36 0.66 0.70R
Qdt (C) 1.2 1.7 1.3 2.2 2.2 3.7 5.7 6.4 18.5

# data bins 672 912 480

TABLE I. Main kinematic variables for each of the nine (Q2, xB) settings where the DVCS cross section is reported. Eb is
the incident electron energy, E� and �tmin correspond to a final state photon emitted parallel to q = k � k

0 at the nominal
Q2, xB values listed. For each setting, the cross section is measured as a function of t (3 to 5 bins depending on the setting)
and in 24 bins in �. The accumulated charge, corrected by the acquisition dead-time, is listed in the row labeled

R
Qdt. The

last row of the table indicates the number of statistically independent measurements (bins) for each xB setting, including
helicity-dependence.

ceptance were taken into account for each kinematic set-
ting and run-period by applying similar multidimensional
cuts (R-cuts, [26]) on both the experimental and simu-
lated data.

DIS data were taken simultaneously to the main DVCS
data using an ancillary trigger for all kinematic settings,
which allowed a monitor of the scattered electron detec-
tion e�ciency and acceptance [21]. The total systematic
uncertainty of the DVCS cross-section measurements in-
cludes the uncertainty on the electron detection and ac-
ceptance, the luminosity evaluation, the uncertainty on
the photon detection, and the exclusivity. Radiative cor-
rections are included in the analysis based on calculations
of [27] and using the procedure described in detail in [21].

Figure 3 shows a sample of the cross section measured
at each of the xB settings. See Supplemental Material
at [URL will be inserted by publisher] for the full set of
data. The azimuthal dependence of the cross section is
fit using the BMMP formalism [6], and the contribution
from the BH-DVCS interference and DVCS2 contribu-
tions are shown along with the BH cross section. The
BMMP calculation includes kinematic power corrections
⇠ t/Q

2 and ⇠ M
2
/Q

2 that were proven to be important
at these kinematics [20]. The cross section is expressed
as a function of helicity-conserving CFFs (H++, eH++,
E++, eE++), longitudinal-to-transverse helicity-flip CFFs
(H0+, eH0+, E0+, eE0+) and transverse helicity-flip CFFs
(H�+, eH�+, E�+, eE�+). For each GPD label, the sub-
scripts �,�

0 refer to the light cone helicity of the initial
(virtual) and final (real) photon, respectively. In this for-
malism, the light cone is defined by linear combinations
of qµ and q

0µ. Our whole dataset has been fitted using
this complete and consistent scheme, with the real and
imaginary part of all these CFFs being the free parame-
ters (a total of 24) of the fit. All kinematics bins in Q

2

and � at constant (xB , t) are fitted simultaneously, how-
ever possible QCD evolution of the CFFs as functions of
Q

2 is not considered.
While the number of fit parameters is large, the high

accuracy of the data allows to simultaneously extract all
the helicity-conserving CFFs with good statistical uncer-
tainties. Figure 4 shows the real and imaginary part of
all 4 helicity-conserving CFFs as a function of xB av-
eraged over t. These results represent the first com-
plete extraction of all helicity-conserving CFFs appearing
in the DVCS cross section, including the poorly known
E++ and eE++. The state-of-the-art GPD parametrization
KM15 [28] that reproduces worldwide DVCS data show
a reasonable agreement but fail to describe E++ and eE++

accurately.

As first demonstrated in [20] and described theoreti-
cally in [29], the measurement of the DVCS cross section
at two or more values of the ep center-of-mass energy
p
s provides statistically significant separation of the real

and imaginary parts of the BH-DVCS interference term
as well as the DVCS2 contribution in the cross sections
for polarized electrons. A new analysis [30] of all previ-
ous JLab DVCS data followed a similar procedure, and
obtained flavor-separated Compton Form Factors, after
inclusion of our recent neutron DVCS data [31]. In the
present analysis, realistic error bands on the chiral-even
CFFs are obtained by explicit inclusion of higher-order
terms (e.g. H0+, H�+,etc.) in the cross section fit, with
these terms primarily constrained by inclusion of higher
Fourier terms in the azimuthal variable �. Although the
extracted values of the helicity-flip CFFs are largely sta-
tistically consistent with zero, the statistical correlations
between all of the CFF values at fixed xB are essential
to obtaining realistic experimental uncertainties. Fig-
ure 5 illustrates for setting xB = 0.60 the values of CFFs
as a function of t obtained when the fit includes only
the helicity-conserving CFFs (red points) and when both
helicity-conserving and helicity-flip CFFs are included
(black points). One can see that fitting only helicity-
conserving CFFs significantly underestimates their un-
certainties.

The sensitivity to the CFFs E and eE illustrated in
Fig. 4 arises from the Q

2-dependent kinematic factors



Longitudinal & Transverse 
Coordinates

• DIS defines a unique light-cone direction from
qμ & Pμ

• DVCS coordinate system is ambiguous up to order t/Q2

• Light-cone  from
• qμ & Pμ DIS
• (q+q’)μ & (P+P’)μ Symmetrized
• qμ & q’μ V. Braun et al.
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Cross Sections
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Braun, et al formalism

• Includes kinematic higher twist
• 12 complex CFFs
• H𝛌,𝛌’, ˜H𝛌,𝛌’, E𝛌,𝛌’, Ẽ𝛌,𝛌’
• (𝛌,𝛌’) = (+,+), (0,+), (–,+)

• Each kinematic coefficient has
different Ee, Q2, xB, t
-dependence
• Our analysis:
• At fixed (xB,t) global fit to all 12 CFFs 

(neglecting QCD evolution)
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Helicity-flip (1 unit) CFFs
Same Q2-dependence 

as higher-twist

Helicity-flip (2 units) CFFs
Same Q2-dependence 

as NLO



CFF Extraction
• xB-dependence of t-averaged 

results for Re & Im parts of 
ALL four helicity conserving 
Compton Form Factors
• Helicity flip amplitudes 

included in fit, statistically 
consistent with zero, but 
necessary for realistic 
uncertainties.
• Im[E++] and Im[Ẽ++] arbitrarily 

0 in KM15 model
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Conclusion and Outlook

• Realistic DVCS formalism essential for precision extraction of CFFs.
• 2023: Neutral Particle Spectrometer (NPS)  DVCS run (tentative)
• New PbWO4 calorimeter: improved MX

2 resolution
• Sweep magnet to maintain low background in calorimeter
• Higher momentum range of Hall C HMS allows full range of CEBAF kinematics

• Complete E12-06-114 Kinematics, and include multiple (2 or 3) 
incident beam energies at fixed (Q2, xB): E12-13-010
• L/T separation of Deep Neutral Pion Production
• Improved precision on  extraction of Re-parts of CFF.
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