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Luminosity determination at e+e− colliders

High-Energy Small-Angle Scattering (ILC-GigaZ)

required accuracy 0.1 pm available accuracy 0.5 pm

Low-Energy Large-Angle Scattering
(BABAR, BELLE, BEPC/BES, DAΦNE, KEKB, PEP-II, ...)

required accuracy 1 pm available accuracy 5 pm

High-Energy Large-Angle Scattering
(Luminosity spectrum at ILC)

required accuracy 5 pm available accuracy ?
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Born approximation

dσ(0)

dΩ
=

α2

s

„

1 − x + x2

x

«2

+O(m2
e/s), x =

1 − cos θ

2

Phenomenologycally interesting:

High energy region s, t, u � m2
e

Small angle Bhabha scattering t � s, x ∼ 0

Large angle Bhabha scattering t ∼ s, x ∼ 1
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Radiative corrections

Observable = Virtual corrections + Bremsstrahlung

➊ Split real radiation into “soft” and “hard” by Ecut � me

➋ Compute the virtual+soft real part analytically

➌ Compute the hard real part with actual experimental
cuts by means of Monte Carlo
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Structure of the virtual + soft corrections

First order
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Review of two-loop calculations

Small angle scattering ➪ limit x → 0

Only form factor corrections survive
V.S. Fadin, E.A. Kuraev, L.N. Lipatov, N.P. Merenkov, L. Trentadue

Dominant part is included into BHLUMI MC
S. Jadach, W. Placzek, E. Richter-Wa̧s, B.F.L. Ward, Z. Wa̧s
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Review of two-loop calculations

Large angle scattering ➪ arbitrary x

Full massless result for virtual correction
Z. Bern, L. Dixon, A. Ghinculov

Logarithmic corrections, leading order in m2
e/s

E.W. Glover, J.B. Tausk, J.J. van der Bij

me 6= 0, fermion loop insertions
R. Bonciani, A. Ferroglia, P. Mastrolia, E. Remiddi, J.J. van der Bij

Photonic corrections, leading order in m2
e/s

A. Penin
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Infrared matching

➊ For a given amplitude A construct an auxilary amplitude
Ā with the same structure of IR singularities

➋ Compute the matching term for λ, me = 0

δA =
h

A(ε) − Ā(ε)
i

ε→0

➌ Compute the auxilary amplitude Ā for λ, me → 0

➍ The amplitude A in the limit λ, me → 0 is given by

A(λ, me)
˛

˛

˛

λ, me→0
= Ā(λ, me)

˛

˛

˛

λ, me→0
+ δA
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How to construct Ā?

Factorization/exponentiation of IR singularities

Nonrenormalization of IR exponent in quenched QED

(D.R. Yennie, S.C. Frautschi, H. Suura; A. Mueller; J. Collins; A.Sen; ...)

➥ The auxilary amplitude

Ā(2) =
1

2

(

A(1)
)2

+ 2

[

F (2) −
1

2

(

F (1)
)2

]
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Result (page 1 of 2)
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Result (page 2 of 2)
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Two-loop photonic corrections to LA Bhabha scattering
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Two-loop corrections to LA Bhabha scattering
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Electroweak corrections to LA Bhabha scattering

Massive W , Z bosons ➪ exclusive reactions

Sudakov double logs: ln2(s/M2
Z,W ) per loop

ILC: ln2(s/M2
Z,W ) ∼ 25

30% in one loop

5% in two loops

Huge cancellations!

A. Penin, TTP Karlsruhe & INR Moscow ILC Workshop 2006 – p.13/16



Electroweak corrections to LA Bhabha scattering

Massive W , Z bosons ➪ exclusive reactions

Sudakov double logs: ln2(s/M2
Z,W ) per loop

ILC: ln2(s/M2
Z,W ) ∼ 25

30% in one loop

5% in two loops

Huge cancellations!

A. Penin, TTP Karlsruhe & INR Moscow ILC Workshop 2006 – p.13/16



Two-loop electroweak logs for e+e− → µ+µ−

(B. Feucht/Jantzen, J.H. Kühn, A.A. Penin, V.A. Smirnov)
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Summary

After long way the two-loop QED corrections to Bhabha
scatterng are here

Two-loop electroweak corrections for LA Bahbha
scattering at ILC are well under control

QED result is already in use by Monte Carlo event
generators: BABAYAGA, LABSMC, SAMBHA

➪ last version of BABAYAGA claims 2 pm accuracy

Complete NNLO accuracy still not available!
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Problems to solve

MC event generators

Consistent inclusion of two-loop corrections

One-loop correction to single emission

Pair emission

Theory

VP by heavy fermions in one-loop corrections
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