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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
For real photon emission only soft part is estimated.
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k
1

k
2

p

k
1

k
2

p

k
1

k
2

p

k
1

k
2

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
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Infrared part by Bardin-Shumeiko approach

e(k1) + p(p) → e(k2) + p(p′) + γ(k)

dσi =
1

2
√

S2 − 4M2
pm

2
l

(

MBHM†
h +MhM†

BH

)

dΓ

dΓ =
dQ2dvdtdφk

28π4
√

S2 − 4M2
pm

2
l

√

Q2(Q2 + 4M2)

S = 2k1p, Q
2 = −q2 = −(k1 − k2)

2, t = −(q− k)2 = −(p − p′)2

v = (p + q)2 −M2 – inelasticity
φk angle between (~q, ~k) and (~k1, ~k2) for p = (M, 0, 0, 0)
Infrared free part

dσF
i = dσi − dσIR

i =

vcut∫

0

dv
∑

i ,j ,k=d,p

θijkFi(Q
2)Fj(t)Fk(0)

0 < vcut < vmax = S − Q2 − M2Q2

S
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α
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dσ2γ
dQ2

=
1

16πS

∫
d4l

(2π)4

[

MaM†
el +MelM†

a +MbM†
el +MelM†

b

]

Take into account only infrared divergence part i.e. l → 0, q
dσIR

2γ

dQ2
=

α

π

(

δ12γ + (SLS − X0LX0) log

[
Q2

λ2

])

Fd (0)
dσel
dQ2

The sum
dσIR

i

dQ2
+

dσIR
2γ

dQ2
are infrared free
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Influence of hard photon emission on charge asymmetry in
lepton-proton scattering has been estimated for the first time
beyond the ultrarelativistic limit keeping lepton mass during
the whole process of calculation.

Numerical result shown that at the fixed lepton energy the
dependence of charge asymmetry on hard photon emission
more essential at high Q2.

The next step consists in the implementation of the obtained
results into Monte-Carlo generator ELRADGEN for simulation
of hard photon emission.
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