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1. Introduction

International Linear Collider will allow the measurement of

tt̄ production cross section at threshold with high accuracy

; precise extraction of top quark properties like mass,

total width, Yukawa coupling, ..., and of αs will be possible
[Hoang et al.: Eur. Phys. J. directC 2 (2000) 3]

[Martinez, Miquel: Eur. Phys. J. C 27 (2003) 49]

if theoretical precision matches experimental precision
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Why is this interesting?
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[Heinemeyer et al.:

Phys. Rept. 425 (2006) 265]

• top quark mass is one of the key
parameters of the standard model
today: ∆mt ≃ 2GeV
LHC: ∆mt ≃ 1 − 2GeV
ILC: ∆mt ≃ 100MeV

• non-perturbative effects are suppressed
due to large width
; no bound states

• tt̄ system has to be treated
non-relativistically (at threshold)
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Non-Relativistic QCD

relative velocity of heavy quarks at threshold is small: v ∼ αs(m) ≪ 1

+ + + ...

αs
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„

αs

v

«2 „

αs

v

«3

; singular terms ∼ (αs/v)
n have to be resumed to all orders

; non-relativistic effective theory:

NRQCD
[Caswell, Lepage: Phys. Lett. B 167 (1986) 437]

[Bodwin, Braaten, Lepage: Phys. Rev. D 51 (1995) 1125]

; hard modes (∼ m) contribute only to matching coefficients, which

can be calculated perturbatively
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2. The Vector Current

ψγµψ = cv(µ) φ†σiχ+ O(v2) Aµ

t̄

t
γµ

; matching equation for cv:
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threshold expansion of ΓQCD: only hard modes contribute to cv
; diagrams have to be calculated at threshold

cv is known at O(α2
s)

[Czarnecki, Melnikov: Phys. Rev. Lett. 80 (1998) 2531]

[Beneke, Signer, Smirnov: Phys. Rev. Lett. 80 (1998) 2535]
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tt̄γ Vertex at Threshold

• tensor structure:

Γµ = γµF1 +
[q/ , γµ]

4mt

F2 +
q/ qµ
q2

F3

here only F1 and F2 are needed:

Γ = F1 + F2

; projector on F1 and F2:

P̂µ
v Γµ =

1

8(D − 1)m2
t
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2
+mt
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Partial Fractions

• reduction to “2-point functions”:

threshold kinematics: q21 = q22 = m2
t , q

2 = (q1 + q2)
2 = 4m2

t
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t ) k
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=
1

2

(
∫
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(k2 + q · k) (k2)2
+

∫
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(k2 − q · k) (k2)2

)
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• 2-loop case:

⇒
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• 3-loop nl case:

⇒

• new types of diagrams (not yet calculated):
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Reduction to Master Integrals

Laporta’s algorithm:

Crusher

[Marquard, Seidel]

⇒ 12 3-loop master

integrals
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3. Results
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Numerical Analysis

• peak of normalised cross section:

R1 ∼ |Ψ1(0)|
2

(

c2v(mt) +
C2

Fαs(µs)

12
cv(mt)(dv(mt) + 3)

)

+ . . .

R1 ≈ RLO
1

(

1 − 0.243NLO + 0.435NNLO −

{

0.268N3LO′ (old)
0.195N3LO′ (new)

+ . . .

)
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4. Summary and Outlook

• calculation of higher order corrections to matching coefficient

of vector current is necessary for precise extraction

of top quark properties at ILC

• O(α2
s) result for cv was reproduced

• non-singlet O(α3
snl) contribution was calculated

next step:

• full O(α3
s) contribution for cv
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