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FIG. 9: Predictions for the cosine moment of the weighted cross section shown as a function of −t at

a fixed initial-state photon energy Eγ = 7.8 GeV and Q′2 = 5 GeV2. The curves correspond to GPD

models based on the dual parametrization [13, 14, 15, 16] (blue) and the double distribution [17] (red),

respectively. The three lower (red) curves correspond to different strengths of the D-term quantified by

the parameter κ in Eq. (15). The moment R, defined in Eq. (14), is shown in the left panel, while the

right panel shows the corresponding curves for R′. The latter is integrated over the θ-ϕ acceptance of

CLAS12. The details are explained in Sect. 4. It is interesting to note the while the different integration

contour changes the absolute value of R′ compared with R, it does not diminish the sensitivity.

Under charge conjugation of the final-state lepton pair, which corresponds to the trans-

formation ϕ → ϕ + π, the TCS and BH cross sections are even, while the interference term is

odd. This makes it possible to project out the TCS-BH interference through the weighted and

θ-integrated cross section [8]:

dS

dQ!2 dt dϕ
=

∫ 3π/ 4

π/ 4
dθ

L(θ,ϕ)

L0(θ)

dσ

dQ!2 dt dθ dϕ
. (13)

The contribution of, for instance, ℜeM̃ "" , can now be obtained by taking the cosϕ-moment of

S [8]:

R =
2

∫ 2π

0
dϕ cosϕ

dS

dQ!2 dt dϕ
∫ 2π

0
dϕ

dS

dQ!2 dt dϕ

. (14)

An example of the calculation of R as a function of −t at a fixed initial-state photon energy

Eγ = 7.8 GeV and Q!2 = 5 GeV2 is shown in the left panel of Fig. 9. The curves show predictions

of calculations based on two GPD models: the dual parametrization [13, 14, 15, 16] (upper curve)

and the double distribution [17] (lower three curves). The difference in the magnitude of R is

quite significant, as would be expected given the difference in ℜeH shown in Fig. 7. The three
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FIG. 1: Left panel: Exclusive photoproduction of a lepton pair. Right panel: Timelike Compton scat-

tering (TCS). The particle momenta are given in parenthesis.

2. PHYSICS OF TIMELIKE COMPTON SCATTERING

In this section we describe the theory and phenomenology of the timelike Compton process,

discuss observables, and present model calculations. We also explain how the data can be used

in global fits, and show 6 GeV analysis results.

A. Kinematics

Timelike Compton Scattering (TCS),

γ(q) + p(p) → γ∗(q′) + p(p′) , (1)

is the process of photoproduction of a virtual timelike photon (q′2 = Q′2 > 0) on a nucleon.

As shown in the right panel of Fig. 1, the final-state virtual photon immediately decays into a

lepton pair. TCS is, however, not the only physical processes that can be observed in exclusive

photoproduction of lepton pairs, γp → l+ l−p. Another process with the same final state is

the purely electromagnetic Bethe-Heitler (BH) reaction shown in Fig. 2. Like in DVCS, the

TCS and BH amplitudes interfere. In JLab 12 GeV kinematics, where the BH cross section is

significantly larger than the TCS cross section, one can take advantage of this interference to

enhance the TCS signal; see Sect. 2 C for details.

The TCS amplitude depends on the following three kinematic invariants:

q′2 = Q′2 > 0 ,

s = (p + q)2 ,

t = (p′ − p)2 , (2)
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Timelike Compton Scattering 

Complementary probe of GPDs
Sensitivity to the real part of CFF H
Can be used to test the universality 
of GPDs  

First TCS analysis from e16-e1f data: 
R.Paremuzyan PhD Thesis.
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FIG. 12: The cosine moment of the weighted cross section, R′, in the CLAS acceptance compared to

GPD model calculations based on the dual parametrization [13, 14, 15, 16] (upper curve), and the double

distribution [17] (lower curves) for three values of the D-term.

In addition to demonstrating the feasibility of the proposed measurement, the pilot ex-

periments at 6 GeV stimulated the development of new analysis methods. An example of this

was to use R! rather than R for the comparison with theoretical predictions. The two differ in

the integration range in the ! ! " plane (the lepton c.m. angles ! and " are defined in Fig. 3).

Whereas R uses the ranges shown in Eqs. (13) and (14), R! introduces an acceptance function

a(" , ! ) corresponding to the CLAS12 acceptance for a given kinematic bin. Using the same ac-

ceptance function for both the experimental and theoretical evaluations allows a straightforward

comparison between data and model predictions. The difference between R! and R is discussed

in more detail in Sec. 4 B together with the projected results.

Fig. 12 shows R! extracted from the combined e1-6 and e1f data sets for four bins in ! t,

compared with two GPD model calculations based on the dual parametrization [13, 14, 15, 16]

and double distribution [17], respectively. Results from the latter are shown with three weights

for the contribution from the D-term (+1, 0, and -1). Both the experimental and theoretical

points were evaluated at the average value for the bin, but an event-by-event approach will be

adopted in the future.

As useful as the 6 GeV experiments have been for the development of this program, the

first true measurement of TCS will only be possible in the 12 GeV era, as the upgraded beam
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Azimuthal structure of  TCS+BH cross 
section allows to access the Interference 
term trough cosine moment of weighted 
cross section

Figure from R.Paremuzyan PhD Thesis
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We propose to measure exclusive e+e− production with CLAS12 and an 11 GeV polarized

beam impinging on a hydrogen target to study the reaction ! p ! ! ∗p′ ! e+e−p′, known

as Timelike Compton Scattering (TCS). Both the four-fold differential cross section and the

cosine and sine moments of the weighted cross section will be measured over a wide range

in " t, for outgoing photon virtualities Q′2 up to 9 GeV2. No prior TCS measurements exist

except for pilot analyses of CLAS 6 GeV data, which demonstrated the general feasibility.

The goals of the experiment are to gain fundamental insight into the nature of the Compton

process in the partonic regime, to test the universality of GPDs by comparing spacelike

and timelike DVCS (TCS), and to take advantage of the straightforward access in TCS to

the real part of the Compton form factors, which will provide constraints on global GPD

∗Co-spokesperson
†Contact person: turonski@jlab.org

Approved proposal for CLAS12 on an unpolarized proton

Request from Hall C colleagues:  T.Horn and  V. Tadevosyan
Evaluate the Þgure of merit for TCS on transversely polarized target 

Evaluate the acceptance for TCS, using complete chain of simulation + 
reconstruction within CLAS12 software (GEMC + COATJAVA)  

Figure of merit = R⇥ Pt ⇥Df

R� rate inside acceptance

Pt � target polarization

Df � dilution factor
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TCS simulation with CLAS12 software
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Example of single event (list of banks)GEMC -v 4a.1.0 
COATJAVA -v 4a.4.0

Calculate acceptance using only 
information from REC::Particle 
bank.

Example of an event with 3 reconstructed tracks

Reconstructed tracks

Generated tracks
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TCS phase space
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TCS acceptance
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Preliminary studies of Timeline Compton Scattering were performed with CLAS12 software.
Further development of analysis framework with CLAS12 software is in progress.  

Acceptance for a kinematic bin
E𝛄 [ 9-11 GeV]

Results for acceptance calculation 
in various kinematic bins are 
consistent with PAC 39. 
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FIG. 21: CLAS12 acceptance for BH events in the reaction ep → e+e! p"(e") showing the accessible ranges

of Q"2 and −t for four bins of s.

leptons. Measuring the exclusive reaction ep → e+e! p"(e") also requires detection of the recoil

proton. The proton kinematics are shown the right panel of Fig. 20. These are also well matched

with the CLAS12 acceptance for a wide range in −t.

The TCS acceptance in the ! CM vs. " CM plane is shown in Fig. 22. Please note that

the TCS angles defined in Fig. 3 are here explicitly written with an index CM, referring to

the lepton Center-of-Mass frame. Generated e+e! p events are shown in the left panel, while

accepted events for four bins in −t are shown in the right panel.

The (unprimed) expressions for the moments of the weighted cross section, such as R
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Acceptance from PAC 39 
s=20.5 GeV

Conclusion & Outlook


