
Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Charge asymmetry of elastic e±p-scattering due
to radiation

A. Afanasev

GWU, Washington, DC 20052 USA

A. Ilyichev

INP BSU, Minsk, 220088 Belarus

May 19, 2016

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Radiative Corrections to the exclusive process

A1(p1) + A2(p2) →
n∑

i=1

Bi (p
′
i )

Contribution of additional virtual particles calculated exactly or in
ultrarelativistic approximation

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Radiative Corrections to the exclusive process

A1(p1) + A2(p2) →
n∑

i=1

Bi (p
′
i )

Contribution of additional virtual particles calculated exactly or in
ultrarelativistic approximation
Real photon emission only soft part.

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Radiative Corrections to the exclusive process

A1(p1) + A2(p2) →
n∑

i=1

Bi (p
′
i )

Contribution of additional virtual particles calculated exactly or in
ultrarelativistic approximation
Real photon emission only soft part.
L. C. Maximon and J. A. Tjon Phys. Rev. C 62, 054320 (2000)

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Radiative Corrections to the exclusive process

A1(p1) + A2(p2) →
n∑

i=1

Bi (p
′
i )

Contribution of additional virtual particles calculated exactly or in
ultrarelativistic approximation
Real photon emission only soft part.
L. C. Maximon and J. A. Tjon Phys. Rev. C 62, 054320 (2000)

N. Kaiser J. Phys. G 37, 115005 (2010)

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Radiative Corrections to the exclusive process

A1(p1) + A2(p2) →
n∑

i=1

Bi (p
′
i )

Contribution of additional virtual particles calculated exactly or in
ultrarelativistic approximation
Real photon emission only soft part.
L. C. Maximon and J. A. Tjon Phys. Rev. C 62, 054320 (2000)

N. Kaiser J. Phys. G 37, 115005 (2010)

E. A. Kuraev, V. V. Bytev, S. Bakmaev and E. Tomasi-Gustafsson, Phys.

Rev. C 78, 015205 (2008)

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Radiative Corrections to the exclusive process

A1(p1) + A2(p2) →
n∑

i=1

Bi (p
′
i )

Contribution of additional virtual particles calculated exactly or in
ultrarelativistic approximation
Real photon emission only soft part.
L. C. Maximon and J. A. Tjon Phys. Rev. C 62, 054320 (2000)

N. Kaiser J. Phys. G 37, 115005 (2010)

E. A. Kuraev, V. V. Bytev, S. Bakmaev and E. Tomasi-Gustafsson, Phys.

Rev. C 78, 015205 (2008)

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Feynman graphs
Kinematic and Cross section
Infrared part by Bardin-Shumeiko approach

k1 k2

p

k1 k2

p

k1 k2

p

k1 k2

p

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Feynman graphs
Kinematic and Cross section
Infrared part by Bardin-Shumeiko approach

k1 k2

p

k1 k2

p

k1 k2

p

k1 k2

p

ieγµ – electron-photon vertex

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Feynman graphs
Kinematic and Cross section
Infrared part by Bardin-Shumeiko approach

k1 k2

p

k1 k2

p

k1 k2

p

k1 k2

p

ieγµ – electron-photon vertex

−ie

[

γµFd(q
2) +

iσαµq
µ

2M
Fp(q

2)

]

– proton-photon vertex

q = p′ − p, p2 = p′2 = M, τ = Q2/4M2, Q2 = −q2

Fd(q
2) =

GE (q
2) + τGM(q2)

1 + τ
, Fp(q

2) =
GM(q2)− GE (q

2)

1 + τ
,

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Feynman graphs
Kinematic and Cross section
Infrared part by Bardin-Shumeiko approach

k1 k2

p

k1 k2

p

k1 k2

p

k1 k2

p

ieγµ – electron-photon vertex

−ie

[

γµFd(q
2) +

iσαµq
µ

2M
Fp(q

2)

]

– proton-photon vertex

q = p′ − p, p2 = p′2 = M, τ = Q2/4M2, Q2 = −q2

Fd(q
2) =

GE (q
2) + τGM(q2)

1 + τ
, Fp(q

2) =
GM(q2)− GE (q

2)

1 + τ
,

Jµα ∼

[
kα1
kk1

−
kα2
kk2

]

γµ

︸ ︷︷ ︸

−
γµk̂γα

2kk1
−

γαk̂γµ

2kk2
– BH current

Soft part

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Feynman graphs
Kinematic and Cross section
Infrared part by Bardin-Shumeiko approach

k1 k2

p

k1 k2

p

k1 k2

p

k1 k2

p

ieγµ – electron-photon vertex

−ie

[

γµFd(q
2) +

iσαµq
µ

2M
Fp(q

2)

]

– proton-photon vertex

q = p′ − p, p2 = p′2 = M, τ = Q2/4M2, Q2 = −q2

Fd(q
2) =

GE (q
2) + τGM(q2)

1 + τ
, Fp(q

2) =
GM(q2)− GE (q

2)

1 + τ
,

Jµα ∼

[
kα1
kk1

−
kα2
kk2

]

γµ

︸ ︷︷ ︸

−
γµk̂γα

2kk1
−

γαk̂γµ

2kk2
– BH current

Soft part

A. Afanasev GWU, Washington, DC 20052 USA A. Ilyichev INP BSU, Minsk, 220088 BelarusCharge asymmetry of elastic e±p-scattering due to radiation



Introduction
Real photon emission
Two photon exchange

Numerical Analysis
Conclusions

Feynman graphs
Kinematic and Cross section
Infrared part by Bardin-Shumeiko approach

e(k1) + p(p) → e(k2) + p(p′) + γ(k)

dσi =
1

2S

(

MBHM
†
h +MhM

†
BH

)

dΓ

dΓ =
dQ2dvdtdφk

28π4S
√

Q2(Q2 + 4M2)
S = 2k1k , Q

2 = −q2 = −(k1 − k2)
2, t = −(q − k)2 = −(p− p′)2

v = (p + q)2 −M2 – inelasticity
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