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Plan of talk

. Historical Introduction

. Jlab developments and Jlab Positron White Paper – an overview

. New ideas
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Positron’s discovery
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Early ideas for positron beams as probes of hadrons
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Positrons beams
. Electron-positron colliders
. Positrons for gamma-source 

from positron-in-flight annihilation 
LLNL (lots of data collected for
photonuclear cross sections)

. Orsay: studied dispersive
corrections on nuclei

(CERN Courier June 2004)
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Jlab Positron Working Group Timeline 
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Milestone: Polarized Positrons at JLab
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The e+@Jlab Topical Issue (EPJ A)
. https://epja.epj.org/component/toc/?task=topic&id=1430

https://epja.epj.org/component/toc/?task=topic&id=1430
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The e+@Jlab Topical Issue (EPJ A), continued
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Conditionally approved proposals by Jlab PAC48
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Motivation for DVCS with positrons
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Motivation for DVCS with positrons
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Content of EPJ Topical issue
. Subtopics:
. DVCS for GPDs (Afanasev, Albayrak et al; Burkert, Eloudhiri et al; 

Dutrieux et al.) and VCS for generalized polarizabilities (Pasquini, 
Vanderhaeghen), DVCS on nuclei (Fucini et al), double-DVCS (Zhao et 
al), DVCS on a neutron (Niccolai et al)

. Elastic Scattering on Nucleons and Nuclei: 4He (Kutz, Schmidt), ep-cross 
sections (Arrington, Yurov; Cline, Bernauer, Schmidt; Bernauer, Burkert 
et al), separation of rad corrections (Afanasev,Ilyichev), target-normal 
spin asymmetries (Grauvogel et al), proton’s charge radius (Hague et al), 
polarization transfer (Puckett et al),

. DIS: flavor separation of PDFs (Melnitchouk, Owens)

. Fundamental symmetries: Lepton Flavor violation (Furletova, Mantry); 
neutral weak currents (Zheng et al)

. Light Dark Matter search: Battaglieri et al.
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Remarks on Two-Photon Exchange

Two-photon exchange effects in elastic ep-scattering
Two-photon exchange effects in inclusive DIS
Two-photon exchange effects in exclusive and semi-inclusive 

electroproduction of pions
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Complete radiative correction in NLO
Radiative Corrections:
• Electron vertex correction (a)
• Vacuum polarization (b)
• Electron bremsstrahlung (c,d)
• Two-photon exchange (e,f)
• Proton vertex and VCS (g,h)
• Corrections (e-h) depend on the nucleon 
structure
•Meister&Yennie; Mo&Tsai 
•Further work by Bardin&Shumeiko; 
Maximon&Tjon; AA, Akushevich, Merenkov;

•Guichon&Vanderhaeghen’03:
Can (e-f) account for the Rosenbluth vs. 
polarization experimental discrepancy? Look 
for ~3% ... 

Main issue: Corrections dependent on nucleon structure
Model calculations: 
•Blunden, Melnitchouk,Tjon, Phys.Rev.Lett.91:142304,2003
•Chen, AA, Brodsky, Carlson, Vanderhaeghen, Phys.Rev.Lett.93:122301,2004
•TPE physics reviews, e.g, Afanasev, Blunden, Hassel and Raue, PPNP 95 (2017) 245
•Positron experiments performed at Jlab (CLAS), DESY, VEPP.

Log-enhanced but calculable (a,c,d)
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Quark-Parton Calulations (cont)
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Positrons for Two-Photon Physics
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Two-Photon Fragmentation for SIDIS

. Extending Kivel-Vanderhaeghen mechanism to SIDIS
. Emission of an additional photon that converts into quark-

antiquark pair leads do an additional mechanism for fragmentation
. Produced hadron may be kinematically isolated (similar to higher-

twist Berger’s mechanism)

(a) one of the photons generates a q-qbar pair to form a final-state meson
(b) two-photon exchange facilitates baryon production from current fragmentation
(c) two-photon mechanism for production of fast meson pairs

baryon meson
meson
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Two-Photon Exchange in inclusive DIS

. Theory: Afanasev, Strikman, Weiss, Phys.Rev.D77:014028,2008
. Asymmetry due to 2γ-exchange ~1/137 suppression
. Addional suppression due to transversity parton density => 

predict asymmetry at ~10-4 level
. EM gauge invariance is crucial for cancellation of

collinear divergence in theory predictions
. Hadronic non-perturbative ~1% vs partonic 10-4: Major 

disagreement
. Prediction consistent with HERMES measurements who set upper 

limits ~(0.6-0.9)x10-3 : Phys.Lett.B682:351-354,2010
. In contradiction to JLAB observation of per-cent asymmetry 

J. Katich et al. Phys. Rev. Lett. 113, 022502 (2014). 
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Beam SSA: Partonic-Level Effect

• Interference of 1-photon and 2-photon exchange is
responsible for the beam single-spin normal asymmetry 
(SSNA)
• Adapting Barut & Fronsdal, Phys.Rev. 120 (1960) 1891,
we get at the leading twist: 

• Measured at JLAB PVDIS (upper limit in ~50ppm is set – limit of 
sensitivity)

• See also Marc Schlegel et al.
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Magnitude of Beam SSA in Inclusive DIS
Q2= 1 GeV2

Beam Asymmetry, ppm

y x

E= 6 GeV (dashed)
12 GeV (solid)

The leading-twist calculation predicts the effect around ½ ppm Regge-limit (optical 
theorem): 10-100ppm: AA PRB 599 (2004) 48 May be observed in dedicated experiments: 
E12-22-004 Measurement of the Beam Normal Single Spin Asymmetry in Deep Inelastic 
Scattering using the SOLID Detector (Spokesperson: Michael Nycz)
However, the spin asymmetry is due to an imaginary part of two-photon exchange
Positrons and needed to access the real part.
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Two-Photon Exchange in Exclusive 
Electroproduction of Pions
. Standard contributions considered, e.g., AA, Akushevich, Burkert, Joo, 
Phys.Rev.D66:074004,2002 (Code EXCLURAD used for data analysis)
. Additional contributions due to  two-photon exchange, calculated by 

AA, Aleksejevs, Barkanova, Phys.Rev. D88: 053008, 2013
Calculated in soft-photon approximation, PV functions

Calculated ε-dependence of TPE correction.
Q2=6 GeV2, W=3.2 GeV, Ee=5.5 GeV .
Shows ±2% variation with ε.

δ

ε
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Angular dependence of “soft” corrections
Phys.Rev. D88 (2013) 053008

“Soft” two-photon corrections 
significantly 

affect angular dependences

Magnitude of the two-photon 
effects is similar to electron 
and muon scattering
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Calculations for SIDIS (S.Lee, AA, in preparation)
. COMPASS data with and without two-photon corrections (Adolph et 

al, Nucl Phys B, 886 (2014) 1046
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Calculations for SIDIS (S. Lee, AA, in preparation)
. JLab data with and without two-photon correction (Yan at al, Phys Rev 

C95, 035209 (2017)).



Andrei Afanasev, Overview of Jlab Positron Physics Program, PWG Workshop, Charlottesville, 7Mar2023

Summary on QED loops
. Two-photon exchange 
. “Soft” photon corrections essential for cross section measurements, 

do not change spin asymmetries, but change charge asymmetries 
(eg, electron vs positron), model-independent
. “Hard” photon corrections, alter spin structure of the amplitude, 

generate single-spin asymmetries, charge asymmetries, alter 
double-spin asymmetries

. JLAB experiments on SSA indicate QED loop effects of the same order 
as SSA from strong interactions

. Electron-Ion Collider program critically depends on one-photon-
exchange assumptions for SIDIS; positrons at Jlab may verify prove 
these assumptions (or disprove?)

. Two-photon exchange effects an be analyzed by comparing cross 
sections with electron and positron beams: AA et al, Physics with 
Positron Beams at Jefferson Lab 12 GeV, arXiv:1906.09419
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Lepton universality
. Universality: Electrons, muons and tau leptons have the same 

electroweak interaction strengths
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More Physics with Positron Beams
. Proposed: DVCS studies (motivated by an opportunity to access a real 

part of DVCS amplitude)
. Anticipated: 
. DDVCS
. Radiative DIS and SIDIS (parton flavor separation, etc)
. SJB et al: Deep-Inelastic Bremsstrahlung

. Two-photon exchange in
. Elastic e±p and e±A scattering
. Electroproduction of mesons
. DIS and Semi-inclusive DIS
. Tests of CP- (or T-) violation
. Tests of lepton universality
. Tests of neutral currents
. …….


