
t dependence of the amplitude of the sinusoidal modulation
is presented.
In-depth systematic checks were performed. Seven

sources of systematic uncertainties were studied: the
uncertainties associated with the binning of the acceptance
corrections and with the rejection of low-acceptance bins;
the uncertainties from the MC model used to calculate
the acceptance and the related efficiency corrections; the
systematic shifts induced by the identification procedure
of protons and positrons; the impact of the variation of the
exclusivity selection criteria. For each source of systematic
uncertainty and for each bin, a value of systematic shift was
added in quadrature after a smoothing procedure. This
procedure was necessary to avoid the large bin-to-bin
fluctuations of the systematic uncertainties due to the
low statistics. The total systematic uncertainties are always
smaller than the statistical uncertainties, typically by more
than 50%. The main contribution to the systematic uncer-
tainties comes from the exclusivity selection.
In Figs. 4 and 5, a clear photon beam polarization

asymmetry is observed. This arises from the BH-TCS
interference, as the expected asymmetry for the BH
contribution only, which was estimated using MC simu-
lation, is zero. The photon polarization asymmetries were
compared to predictions of the Vanderhaeghen-Guichon-
Guidal (VGG) model (based on a double-distribution (DD)
parametrization with Regge-like t dependence) [27–30]
and of the Goloskokov-Kroll (GK) model (based on a DD
parametrization with t dependence expressed in the forward
limit) [31–33] computed within the PARTONS framework
[34]. Both of these calculations were performed at leading
order in αs, which is a reasonable approximation in our

kinematics, while QCD corrections have been shown to be
quite important at lower values of ξ [35–37]. The measured
values [20] are in approximate agreement with the predictions
of GPD-based models, while BH-only calculations show no
asymmetry. This observation validates the application of the
GPD formalism to describe TCS data and hints at the
universality of GPDs, as the VGG and GK models also
describe well the 6-GeV DVCS data from JLab [38].
Using the same dataset, AFB was measured for four t

bins, integrating over all other kinematic variables due to
the limited statistics of the analysis [20]. The angular
coverage of CLAS12 allows one to measure AFB only in a
limited angular range. Thus, the forward and backward
angles (ϕF, θF, ϕB ¼ 180°þ ϕF and θB ¼ 180° − θF) were
extracted in a forward region defined by −40° < ϕF < 40°,
50° < θF < 80° and in a corresponding backward region
defined by 140° < ϕB < 220°, 100° < θB < 130°. The
value of AFB was computed, for each −t bin, as

AFB ¼ NF − NB

NF þ NB
; ð8Þ

where NF=B are the number of events in the forward and
backward angular bins, corrected by the acceptance and the
bin volume. The bin volume correction accounts for the
difference in coverage between the forward and the back-
ward directions, which could induce false asymmetries.
This correction assumes that the cross section of the TCS
reaction is constant within the volume of the forward
(respectively, backward) bin and that it can be estimated
only by measuring it in the volume covered by the
acceptance of CLAS12. These approximations were
accounted for in the systematic uncertainties by computing
AFB with BH-weighted simulated events. The difference
between the expected vanishing asymmetry and the
obtained value was assigned as a systematic uncertainty.
Figure 6 shows AFB for 1.5 < M < 3 GeV. In order to

explore the dependence on the hard scale of the FB
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FIG. 5. A⊙U as a function of −t at the averaged kinematic point
Eγ ¼ 7.29% 1.55 GeV; M ¼ 1.80% 0.26 GeV. The errors on
the averaged kinematic point are the standard deviations of the
corresponding distributions of events. The blue data points are
represented with statistical error bars, horizontal bin widths, and
shaded total systematic uncertainty. Red triangles show the
asymmetry computed for simulated BH events. The dashed
and dash-dotted lines are the predictions of, respectively, the
VGG [27–30] and the GK [31–33] models, evaluated at the
average kinematics.
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FIG. 6. FB asymmetry as a function of −t at the average
kinematics Eγ ¼ 7.23% 1.61 GeV; M ¼ 1.81% 0.26 GeV. The
solid line shows the model predictions of the VGGmodel withD-
term (from Ref. [39]) evaluated at the average kinematic point.
The other curves are defined in the caption of Fig. 5.
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