Thinking inside the box (diagram):

Two photon exchange at Jefferson Lab
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Scattering experiments are interpreted in the
Born approximation




Scattering experiments are interpreted in the
Born approximation

But the probability of OPE occurring is zero!



Hard TPE neglected in standard radiative corrections
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TPE could explain proton form factor discrepancy

Arrington et al. PRC 76, 035205 (2007)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.035205

Recent results from JLab consistent with discrepancy

Christy et al. PRL 128, 102002 (2022)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.102002

Calculation of hard TPE is model-dependent

e Sum over intermediate hadronic states
e.g. Ahmed, Blunden, Melnitchouk
PRC 102, 045205 (2020)

e Treat as yy interaction with quarks,

distributed by GPDs
e.g. Afanasev et al. PRD 72, 013008 (2005)



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.045205
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.045205
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.045205
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.013008

Can observe interference term between one and
two photon exchange

D ==

e Single-spin asymmetries A, e ¢"/e” cross section ratio

e Imaginary part of OPE/TPE interference » Real part of OPE/TPE interference



Can observe interference term between one and
two photon exchange

D ==

e Single-spin asymmetries A, e ¢T/e™ cross section ratio

e Imaginary part of OPE/TPE interference » Real part of OPE/TPE interference

Relative sign change for e™ and e~ scattering



Most recent e*p/e”p measurements unable to

resolve uGr/G,, discrepancy

CLAS, PRL 114, 062003 (2015)
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See also: Rachek et al. PRL 114, 062005 (2015)

OLYMPUS, PRL 118, 092501 (2017)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.062003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.092501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.062005

Theory unable to reproduce recent proton A, results
from MAMI...

Gou et al. PRL 124, 122003 (2020)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.122003

..or recent nuclear A, results from PREX/CREX

A, (ppm)
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PREX/CREX, PRL 128, 142501 (2022)
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e Exchange of many soft photons (Coulomb

distortion) grows with Z

E 4O 95GeV T 2.18 GeV> E
B 1T | e Coulomb distortion + inelastic states
- 1 1 included in recent calculation (shown):
} }UC 00y, 1 \ _ " ( )
N Ficg §o T { i = e« Koshchii, et al. PRC 103, 064316 (2021)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.103.064316
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fferson Lab

BigBite/SuperBigBite
spectromters

High resolution spectrometers
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rson Lab

BigBite/SuperBigBite
spectromters
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Jefterson Lab
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BigBite/SuperBigBite
spectromters

(Super) high
momentum
spectrometers




Jetferson Lab positron working group

e Website:
https://wiki.jlab.org/pwgwiki/index.php/Main_Page

e Recent White Paper:
https://epja.epj.org/component /toc/?task=topic&id=1430

A 2020 Impact factor 3.043

Hadrons and Nuclei

The European Physical Journal A
An Experimental Program with Positron Beams at Jefferson Lab

Nicolas Alamanos, Marco Battaglieri, Douglas Higinbotham, Silvia Niccolai, Axel Schmidt and Eric Voutier
(Guest Editors)
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https://wiki.jlab.org/pwgwiki/index.php/Main_Page
https://epja.epj.org/component/toc/?task=topic&id=1430

TPE with positrons at Jefferson Lab

Proposed measurements

e Polarized:
e Single-spin asymmetry

e 4,Gr/ Gy, (polarization transfer)

e Unpolarized:

e ¢T/e™ cross section ratios

e 1,Gg/Gy, ("Super-Rosenbluth”)
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TPE with positrons at Jefferson Lab

Proposed measurements Technical considerations
e Polarized: e Assumed maximum e beam current
e Single-spin asymmetry of 1-2 uA (unpolarized), 100-200 nA
(polarized)

e 4,Gr/ Gy, (polarization transfer)

e Assumed et beam polarization of 60%

e Unpolarized: -
e Switching between ¢~ and e™ beams

e ¢T/e™ cross section ratios

e 1,Gg/Gy, ("Super-Rosenbluth”)

may be limiting
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Target normal single-spin

. 4 .
e Unpolarized e~ beams on vertically
polarized ammonia target

e Technical challenges:
e Beam deflection in holding field

e "'Sheet of flame”

Grauvogel et al. EPJA 57, 213 (2021)

asymmetry in e*p scattering
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https://link.springer.com/article/10.1140/epja/s10050-021-00531-7

Target normal single-spin asymmetry in e“p scattering
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https://link.springer.com/article/10.1140/epja/s10050-021-00531-7

Polarization transfer with ep scattering

. 4 .
e Polarized e~ beams on unpolarized

hydrogen target

Electron arm: Lead-glass
calorimeter (ECAL) +

scintillator-based
coordinate detector (CDET)

Liquid hydrogen target

. / ,’ N

Proton Arm: SBS dipole magnet, GEM trackers and CH, analyzers
for proton polarimetry, hadron calorimeter for trigger
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Polarization transfer with ep scattering

e Polarized e* beams on unpolarized
hydrogen target

e Requires 120 days of running

e Simultaneous positron and electron
measurements could identify systematic
difference
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et/e” cross section ratios

e Unpolarized e* beams on unpolarized Eorward Detector

hydrogen target Central | s
e Measurement with CLAS12 Detector :
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Bernauer et al. EPJA 57, 144 (2021)



https://link.springer.com/article/10.1140/epja/s10050-021-00462-3
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et/e” cross section ratios

e Unpolarized e* beams on unpolarized 3
hydrogen target S

e Measurement with CLAS12

e Simultaneous coverage of wide

kinematic phase space
1.25

e Not limited by positron current
1.2

compared to standard electron running
1.15

e Requires 50 days of running =
1.1

1.05

0.95

Bernauer et al. EPJA 57, 144 (2021)

Proton not detected

Lepton not detected

Ebeam — 2.2 GeV, 10h

Ebeam =3.3 GeV, 50h
Fpeam = 4.4 GeV, 200h
Fyeam = 6.6 GeV, 1000h

0.2
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https://link.springer.com/article/10.1140/epja/s10050-021-00462-3

et/e” cross section ratios

e Unpolarized e* beams on unpolarized
hydrogen target

e Measurement in Hall A

Cline et al. EPJA 57, 290 (2021)
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https://link.springer.com/article/10.1140/epja/s10050-021-00597-3

et/e” cross section ratios

e Unpolarized e* beams on unpolarized
hydrogen target

e Measurement in Hall A

e Shorter run time (14 days) at expense of
kinematic coverage

Cline et al. EPJA 57, 290 (2021)
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https://link.springer.com/article/10.1140/epja/s10050-021-00597-3

First measurement of e™/e™ ratio from complex nucleus

e Unpolarized e* beams on nuclear target
e Coulomb distortion limits choice of Z
e Helium-4 is low Z and standard target

e Requires high momentum resolution to
resolve elastic peak

o Complementary to measurements of A,

from nuclei

Kutz & Schmidt EPJA 58, 36 (2022)
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https://link.springer.com/article/10.1140/epja/s10050-022-00682-1

Super-Rosenbluth separation with e*p scattering
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https://link.springer.com/article/10.1140/epja/s10050-021-00633-2

Super-Rosenbluth separation with e*p scattering
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https://link.springer.com/article/10.1140/epja/s10050-021-00633-2

Summary and outlook

e TPE could explain discrepancy in measurements of u,Gp/Gy,

e Current theory seems inadequate to fully explain existing TPE measurements

e A positron source at Jefferson Lab would allow a variety of new TPE
measurements

e Select measurement(s| from White Paper to evolve into official proposal
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