
Introdution Hard orretions at O(ααs) Salar Integrals Results Conlusion and Outlook
O(ααs) orretions to the γtt̄ vertex at thetop quark thresholdDirk SeidelDepartment of PhysisUniversity of Alberta, Edmontonin ollaboration with Yuihiro Kiyo and Matthias SteinhauserNovember 19th, 2008



Introdution Hard orretions at O(ααs) Salar Integrals Results Conlusion and Outlook
σ(e+e− → tt̄X) near √s = 2mt
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Γt ≫ ΛQCD → non-pertubative e�ets are strongly supressedsimultanious determination of mt, αs, Γt [Martinez, Miquel '02℄Expansion in αs ∼ v at threshold (NRQCD)hard mathing orretionssumming up terms (
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 solving Shrödinger equation with stati QCD�potential
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σ(e+e− → tt̄) near √s = 2mt
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Plots from [Beneke, Kiyo, Shuller '08℄NNLO alulations as big as NLO onesILC: unertainty < 100 MeV for mt an be obtainedtheory: δσ/σ ≤ 3% → NNNLO alualation needed
α ∼ α2

s → ααs orretions are NNNLO



Introdution Hard orretions at O(ααs) Salar Integrals Results Conlusion and OutlookQCD:NNNLO bound state orretions[Beneke, Kiyo, Shuller '08℄ [Beneke, Kiyo, Penin '07℄[Beneke, Kiyo '08℄3�loop hard orretions
nl [Marquard, Pilum, DS, Steinhauser '06℄
nh, singlet: in preparationpartial NNLL RG improvement [Hoang '03; Pineda, Signer '06℄(mt ≫ p ≃ mtv ≫ E ≃ mtv

2)EW:
α [Grzadkowski, Kühn, Krawzyk, Stuart '87; Guth, Kühn '92;Hoang, Reiÿer '05℄2-loop ααshard Z/H and gluon [Eiras, Steinhauser '06℄hard W and gluon orretions [Kiyo, DS, Steinhauser '08℄
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Γe+e− , Πγ/Z: trivial/simple
Γtt̄ Z/H and gluon [Eiras, Steinhauser '06℄W and gluon: this talkBox ontribution still needs to be alulatedEW gauge invariant only after inlusion of boxes
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after projeting out form fators: salar integralstwo mass sales: MW ,mtmany di�erent mass on�gurationsIntegration By Parts

∫

d2dℓ1,2
d

dℓµi
pµ I (MW ,mt) = 0use relations to redue integrals to master integrals



Introdution Hard orretions at O(ααs) Salar Integrals Results Conlusion and OutlookFeynman diagramsgenerated with QGRAF [Nogueira '91℄various topologies are identi�ed withq2e and exp [Harlander '97, Seidenstiker '99℄Laporta Algorithm [Laporta '96℄Crusher: Implementation written in C++ [Marquard, DS '06℄uses GiNaC for simple manipulationsoe�ient simpli�ation done with Fermat
 interfae from [Tentyukov '06℄automated generation of the IBP identitiesomplete symmetrization of the diagramsuse of multiproessor environment



Introdution Hard orretions at O(ααs) Salar Integrals Results Conlusion and OutlookMaster Integrals

3× 2×
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+ . . .di�erential equation at d = 4; some subtoplogies negletedno analyti result for MI's in terms of HPL'sinitial onditions known for some integrals
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MI =

∑

cijkε
izj lnk zintegrals with less lines are assumed to be knownexpand di�erential equation in ε and z

 redution to an algebrai system for cijkin every order in ε one onstant cijk annot be determined
 initial ondition at z = 0expansion up to O(z10) alulated
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+ O(z2)initial ondition only a�ets leading term in zhigher order in z: onstants from solutions of subtopologiesfor two Master Integrals no initial ondition is neededsome MI's ould be obtained analytially
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no solution for four integrals at z = 0 found in literatureMellin�Barnes
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Γ(−s)Γ(λ+ s)trade massive propagator for massless onesimplify Feynman integral representationswe use AMBRE to get MB representation[Gluza,Kajda,Riemann '07℄
 at most 6-dimensional representationinonsistent results when using MB.m [Czakon '05℄ for di�erentrepresentations
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 Integrand onverges well enough to be integrated
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Γ̂

t,(1,0)
A,H = 21.1 × 10−3 (10.6 × 10−3) for MH = 120 (200) GeV

Γ̂
t,(1,0)
A,W = 3.0 × 10−3

Γ̂
t,(1,0)
A,Z = 1.7 × 10−3

Γ̂
t,(1,1)
A,H = −17.6 × 10−3 (−6.6 × 10−3) for MH = 120 (200) GeV

Γ̂
t,(1,1)
A,W = 0.2 × 10−3

Γ̂
t,(1,1)
A,Z = −1.0 × 10−3strong anellation between one and two loop ontributionsimaginary part not taken into aount
 uts not orresponding to tt̄X �nal states have to beomitted [Hoang, Reisser '04℄



Introdution Hard orretions at O(ααs) Salar Integrals Results Conlusion and Outlooklast missing piee of hard γtt̄�vertex orretions at order ααsalulatedperturbation theory works well in the EW�setorontribution amounts to 0.1% ≪ 3% aimed for theoretialpreditionstroublesome MI's at threashold an be handledtwo�loop box�diagrams still missingonsistent treatment of imaginary part�nite width e�ets, EW e�ets in NRQCDhard orretions at NNNLO
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