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International Linear Collider

Polarized e-beam

Spot size for soft γ

Spot size for hard γ
Spent electrons deflected
in a magnetic field

Polarized laser beam
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Considered QED processesConsidered QED processes

a2

a1

jet2

jet1

1

2

γ
∗

a1(p1, δ1) + a2(p2, δ2)→

→ jet(λ1)
1 + jet(λ2)

2

a1,2 = e±, γ,

(p1 + p2)2 = s� m2
i ,
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• Processes could be studied at high energy collisions of initial
particles in peripheral kinematics, i.e. small angles θ of emission
of jet particles to the direction of its parent particle

• Significant property of processes: their differential and total
crossing sections do not decrease with c.m.s. total energy

√
s

• Corresponding cross sections of the relevant QED processes are
large numerically ⇒ essential background in studying of weak
and strong interactions. Moreover, could serve for monitoring and
calibration purposes.

• Unfortunately, small θ-s are very hard measurable.
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Quasipheripheral (QP) kinematicsQuasipheripheral (QP) kinematics

p1 p2

θ

• 2mi√
s
� θi � 1 – provides the independence on energy of differential

cross sections but have an accuracy of order of θ2, so comparable
with the accuracy of peripheral kinematics contribution.

• independence of spin states of a1-jet1 and a2-jet2 blocks of process
(we can put δ1,2 = +1) → consequence of Gribov’s decomposition
of metric tensor
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Generalized form of the amplitude

M (12) = is
8πα

q
2

Φ1Φ2,

Φ1 =
1
s
J1,µp2µ, Φ2 =

1
s
J2,νp1ν.

J i – currents for blocks 1,2

Φi – their light-cone projections: Φ1,2(q)→ 0 if |q| → 0

We used Sudakov’s parametrization of 4-momenta

pi1 = αip2 + xip1 + p⊥i1, pj2 = yjp2 + βjp1 + p⊥j2,

q = αp2 + βp1 + q⊥, q2 ≈ −q2
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The differential cross section written in terms of impact factors∫
dσ(12) =

α2

π2

d2
q

(q2)2

∫
dτλ1

1

∫
dτλ2

2 ,∫
dτ

(λi)
i =

∫
|Φ(λi)

i (q)|2dΓi, i = 1, 2.

Impact factors
∫

dτi do not depend on s.



µ

¶

{

·

¸

ý

Helicity states
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Conversion of the initial photon with momentum p1 and helicity λ

γ∗(q) + γ(p1, λ)→ e+(q+) + e−(q−, σ)

ε̂λ(p1) = Nγ(q̂−q̂+p̂1ω−λ − p̂1q̂−q̂+ωλ),

(ελ)2 = 0, (ελε−λ) = −1, ωσ =
1 + σγ5

2
, σ = ±1.

Helicity states of fermions are defined as uσ = ω−σu, vσ = ωσv.

Φγ,++
B ∼ ū(q−)ω−q̂+q̂

p̂2

s
ω+v(q+)→

∫
dτγ,++

B =
α

π

∫
d2q−dx−

x+x−

q
2x2

+

χ+χ−
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Other subprocesses in Born approximation

γ(p1, λ = +) + e−(p2, η)→ e+(q+,∓) + e−(q−,±) + e−(p′2, η)

dσγ,++
η

dΓ
=

dσγ,−−
η

dΓ
=

2x2
+α3

π2
q
2χ+χ−

,

dσγ,+−
η

dΓ
=

dσγ,−+
η

dΓ
=

2x2
−α3

π2
q
2χ+χ−

, dΓ =
d2qd2q−dx−

x+x−
.

Similarly for the process

e−(p2, η) + e−(p1, σ = +)→ e−(p′1,+) + γ(k1, λ = ±) + e−(p′2, η)
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Photon impact factor
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q
−

q+

p1

q

k
q
−

q+

p1

q
k

dσγ = 2[dτγ,+±
±,box + dτγ,+±

∓,ΣV + dτγ,+±
∓,V ] + dτγ,+±

soft

=
α

2π
dτγ±

B [(ls − 1)(ln∆ + 3− 2 ln(x+x−)) + Kγ,±
SV ],

∆ = ∆ε/εγ, ls = ln(s1/m2)

– K factor – next-to-leading terms
– r.h.s. → 0 if q2 → 0 (check of calculation)
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Electron impact factor
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p1 p1
′

k

k′

q

p1 p1
′

k

k′

q

dσe = 2[dτ e,+±
i,V + dτ e,+±

i,Σ + dτ e,+±
i,V + dτ e,+±

i,box ] + dτ+±
e,soft

= dτ e,+±
B

α

2π
[(lu − 1)(4 ln∆ + 3− 2 ln χ′) + Ke,+±

SV ],

lχ′ = ln(χ′/m2)− iπ2

– K factor – next-to-leading terms
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Contribution of hard photon emission

parameter θ0 (θ0 � 1)


θ < θ0, collinear kinematics

CALCUL collaboration,
θ > θ0, noncollinear kinematics

quasi-real electron method

• total sum is independent on the parameter θ0

• next-to-leading terms depend on experimental setup (included in
K-factors)

• K-factors are free of infrared and collinear divergences (are
independent of λ, ∆ and θ0)
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ResultsResults

γ impact factor

dτγ,λσ(q−, q+) =

1∫
x−

dz−
z−

1∫
x+

dz+

z+
D(

x−
z−

, ls)D(
x+

z+
, ls)dτγ,λσ

B (
q−
z−

,
q+

z+
)

× (1 +
α

π
[Kγ,λσ

SV + K−,γ
coll + K+,γ

coll + Kγ
ncol]),

D – non-singlet structure function of fermion

D(z, l) = δ(z − 1) +
α

2π
(l − 1)P (1)(z) + . . .

P (1)(z) =
(
δ(1− z)(2 ln∆ +

3
2
) + θ(1− z −∆)

1 + z2

1− z

)
∆→0
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electron impact factor

dτ e,σλ(p1, p
′
1) =

1∫
0

dz1

1∫
x′

dz2

z2
D(z1, lu)D(

x′

z2
, lu)dτ e,σλ

B (z1p1,
p′1
z2

)

× (1 +
α

π
[Ke,σλ

SV + Ki,e
coll + Kf,e

coll + Ke
ncoll]),

D – non-singlet structure function of fermion

D(z, l) = δ(z − 1) +
α

2π
(l − 1)P (1)(z) + . . .

P (1)(z) =
(
δ(1− z)(2 ln∆ +

3
2
) + θ(1− z −∆)

1 + z2

1− z

)
∆→0
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ConclusionsConclusions

• We calculated helicity amplitudes for two–jet processes in
quasiperipheral kinematics at Born and 1-loop correction levels.

• Contributions of the emission of virtual, soft and hard real additional
photons were taken into account in construction of e, γ impact
factors in the leading logarithmic approximation.

• The relevant cross sections were introduced in terms of structure
functions for any helicity states of initial and final particles.

• We’ve presented K–factors (next-to-leading terms) in analytic form.

• Results were validated by gauge-invariance check.
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Thank You for attention


