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Goal of producing a PAC proposal to measure

two-photon exchange at CLAS12 with positrons

Spokespeople: J. C. Bernauer, V. D. Burkert, E. Cline, A. Schmidt,

Y. Sharabian, T. Kutz

Based on PWG White paper article:

“Determination of two-photon exchange via e+p/e−p scattering with CLAS12”

J. C. Bernauer et al., EPJA 57:144 (2021)

Experimental details:

e+, e− beams at 2.2., 3.3, 4.4, 6.6 GeV, unpolarized, ≈ 60 nA

Unpolarized H2 target

≈ 55 PAC days
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Measurements of the proton’s form factors

are discrepant.
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The one “missing” radiative correction

is hard two-photon exchange.

The standard set
Hard two-photon exchange
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TPE produces an asymmetry between

electron and positron scattering.

M = + +O(α3)
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Recent measurements lacked the kinematic reach

to be decisive.
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Recent measurements lacked the kinematic reach
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CLAS12 is ideal for mapping TPE

over a wide phase space.Eur. Phys. J. A           (2021) 57:144 Page 5 of 6   144 

Fig. 7 Predicted effect size and estimated errors for the proposed
measurement program at CLAS12. We assume bins of constant
!Q2=0.25 GeV2. The prediction is based on [19]

nomenological extraction from [19]) are shown in Fig. 7. The
quality of the measured data will quantify hard two-photon-
exchange over the whole region of precisely measured and
to-be-measured cross section data, enabling a model-free
extraction of the form factors from those. It will test if TPE
can reconcile the form factor ratio data where the discrep-
ancy is most significantly seen, and test, for the first time,
GPD-based calculations.

2.3 Systematics of the comparison between electron and
positron measurements

The main benefit to measure both lepton species in the same
setup closely together in time is the cancellation of many
systematics which would affect the result if data of a new
positron scattering measurement is compared to existing
electron scattering data. For example, one can put tighter
limits on the change of detector efficiency and acceptance
changes between the two measurements if they are close in
time, or optimally, interleaved.
For the ratio, only relative effects between the species types
are relevant; the absolute luminosity, detector efficiency, etc.
cancel. Compared to classic small acceptance spectrometers,
even the requirements on the relative luminosity determina-
tion are somewhat relaxed, as all data points of one species
share the same luminosity, that is, even without any knowl-
edge of the relative normalization between species, the evo-
lution of TPE as a function of " for constant beam momenta
could be extracted. To achieve then an absolute normalization
of the ratio, the relative luminosity must be controlled.

The primary means of normalization for low current
experiments in Hall B is the totally absorbing Faraday cup
(FC) in the Hall B beam line. The absolute accuracy of the FC
is better than 0.5% for currents of 5 nA or greater. The FC can

be used in e+/e! beams with up to 500 W, which should not
be a limitation for experiments in Hall B with CLAS12. The
relative accuracy for the ratio of electrons to positrons should
be at least as good as the absolute accuracy. The only known
difference between electrons and positrons is the interaction
of e+ and e! with the vacuum window at the entrance to the
FC, which is a source of Møller scattering for electrons and
a source of Bhabha scattering for positrons. The FC design
contains a strong permanent magnet inside the vacuum vol-
ume and just after the window. This magnet is meant to trap
(most of) the low-energy Møller electrons to avoid over-
counting the electric charge. It will also trap (most of) the
Bhabha scattered electrons from the positron beam to avoid
under-counting (for positrons) the electric charge. However,
there may be a remaining, likely small charge asymmetry
for Møller and Bhabha scattered electrons in the response
of the FC to the different charged beams. This effect will be
studied in detail with a GEANT4 simulation. In any case,
they relative efficiency of the FC can be calibrated with a
measurement of R at small scattering angles, i.e. " " 1,
where TPE effects become negligible. This calibration could
be performed with the Forward Tagger Calorimeter which
covers down to 2.5#. The high counting rates make this a
simple and fast calibration.

2.4 Radiative corrections

For an extraction of the hard part of the two-photon exchange,
the measured raw ratio has to be corrected for radiative
effects, including other charge-odd contributions. These
include the soft two-photon exchange, but also the interfer-
ence terms from radiation off the lepton and proton. Current
radiative generators, for example ESEPP [28], or those from
the A1 [19] and OLYMPUS experiments [26] allow us to
include the radiative corrections as part of a full simulation,
instead of a post-hoc correction factor.

The absolute size of the correction depend strongly on the
cuts applied to select elastic reactions. Here, wider cuts lead
to smaller corrections, however, not necessarily to smaller
uncertainties, as the wider cuts accept kinematics further
away from the elastic case captured in the theoretical cal-
culations.

Figure 8 show an estimate of the radiative corrections (as
corrections to a a Born level calculation) for the four beam
energies and both species. Here, selection cuts are chosen to
accept missing energies (i.e., energies of the radiated pho-
ton) up to 20% of the outgoing lepton energy. Further, a
50 mrad-wide cut is applied on the lepton-angle vs. proton-
angle correlation. For positrons, the charge-odd corrections
reduce the size of the overall correction, however, the correc-
tion will have the same uncertainty as for the electron case,
in which the charge-odd corrections have the same sign as
the charge-even part.

123

J. C. Bernauer et al., Eur.Phys.J.A 57, p. 144 (2021)
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Current CLAS12 equipment lack the means to

trigger on a central e±.
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Proposed solution: replace CLAS CND with new

“Central Electron Calorimeter”

Design based on previous CLAS12 CEC concept

Some proof-of-concept work done by group in Paris-Saclay

Tungsten powder calorimeter

Light collected by fiber, sent to SiPMs
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Summary

TPE calls for measurements e+p/e−p over wide kinematic range.

CLAS12’s large acceptance makes it advantageous

Problem to overcome: triggering central e±

Plan to submit a PAC proposal this spring
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Back Up
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Calculations of two-photon exchange come with

model dependency.
Hadronic Approaches

Treat off-shell propagator as collection of hadronic states.

e.g. Ahmed, Blunden, Melnitchouk, PRC 102, 045205 (2020)

N, ∆, N*, ...

Partonic

Approaches

Treat interaction of γγ with quarks, distributed by GPDs.

e.g. A. Afanasev et al., PRD 72, 013008 (2005)

Phenomenology

Assume the discrepancy is caused by TPE, estimate the effect.

e.g. A. Schmidt, JPG 47, 055109 (2020)

Alternate Approaches

e.g., E. A. Kuraev et al., Phys. Rev. C 78, 015205 (2008)
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Theory predictions for σe+p/σe−p
are not in agreement.
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Three recent experiments measured hard TPE.

0

1

2

3

4

5

0 0.2 0.4 0.6 0.8 1

Q2 [GeV2]

ε

1960s data
CLAS
VEPP-3
OLYMPUS

0

1

2

3

4

5

0 0.2 0.4 0.6 0.8 1

±12%
±4%

19



OLYMPUS observed a small TPE effect.
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