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> precise ttbar production threshold scan allows to extract correlated parameters
like αs and mt with high accuracy

> large width Γt serves as effective infrared cutoff for QCD corrections
� high precision theoretical predictions feasible

> theoretically well-defined relation between “threshold mass” and MSbar mass
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LC experiment
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theory prediction

Need a precise Monte 
Carlo description of

the ttbar LC threshold:

(e.g.) Whizard
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2 Motivation Heavy quark threshold resummation

Non-Relativistic QCD approximation (NRQCD)

> close to ttbar threshold: top velocity

> resummation of singular terms close to threshold (v = 0) [e.g. Hoang et al. ’01] : 

low energy effective theory w/ matching conditions:
renormalization group improved framework vNRQCD

Image: [Beneke et al. ’13]

Coulomb potential gluon ladder resummation:

phase space of two
massive particles
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2 Motivation Heavy quark threshold resummation

Non-Relativistic QCD approximation (NRQCD)

> close to ttbar threshold: top velocity

> resummation of singular terms at threshold [e.g. Hoang et al. ’01] : 

non-resonant electroweak
corrections only here

can be mapped onto
effective ttV vertex :

t

t

γ/Z

s-wave: LL + NLL

Whizard approach



3 Whizard teaser

> Whizard is a universal event generator for elementary processes at colliders:

� e+e-: LEP and TESLA/NLC � ILC, CLIC , TLEP . . .

� pp: Tevatron � LHC, HL/E-LHC, VLHC, XXX . . .

Whizard teaser



3 Whizard teaser

> Whizard is a universal event generator for elementary processes at colliders:

� e+e-: LEP and TESLA/NLC � ILC, CLIC , TLEP . . .

� pp: Tevatron � LHC, HL/E-LHC, VLHC, XXX . . .

> Whizard contains:

O’Mega: Automatic matrix elements for arbitrary elementary processes,
supports SM and many BSM extensions

Phase-space parameterization module

VAMP: Generic adaptive integration and (unweighted) event generation

Intrinsic support or external interfaces for: Feynman rules, beam properties,
cascade decays, shower, hadronization, analysis, event file formats, etc., etc.

SINDARIN: free-format steering language

Whizard teaser



3 Whizard teaser

> Whizard is a universal event generator for elementary processes at colliders:

� e+e-: LEP and TESLA/NLC � ILC, CLIC , TLEP . . .

� pp: Tevatron � LHC, HL/E-LHC, VLHC, XXX . . .

> Whizard contains:

O’Mega: Automatic matrix elements for arbitrary elementary processes,
supports SM and many BSM extensions

Phase-space parameterization module

VAMP: Generic adaptive integration and (unweighted) event generation

Intrinsic support or external interfaces for: Feynman rules, beam properties,
cascade decays, shower, hadronization, analysis, event file formats, etc., etc.

SINDARIN: free-format steering language

> Whizard release v2.2.0 imminent

� find out more during Jürgen Reuter‘s talk in tomorrow‘s tools session !

Whizard teaser
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� default parameters: M1S = 172 GeV, Γt = 1.5 GeV, αs(M1S) = 0.1077
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v = 0.1, 0.2, 0.4
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Coulomb potential
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LO

LL (vmax = 0.6)

“matched NLL/NLO”

matching scale

Kthresh ~ 0.7

Kcont ~ 1.5

LL (vmax = 0.6)

hits the typical K factor size
in continuum

[Amjad et al. ‘13]
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4 Whizard ttbar threshold implementation

LO

matched NLL/NLO

matching scale

“true” NLO continuum 
needs virtual NLO matrix 
elements: ~ 2015

“proper” NLL/NLO matching*
at intermediate energy: ~ 2015

*together with M Stahlhofen

“true” NLL threshold* 
possible on short time 
scale: v2.2.2

Whizard ttbar threshold implementation (~ 2015)
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> ttbar LC threshold model not officially released yet (v2.2.0 unofficial)
� feedback/wishlist of (potential) users highly appreciated!

> current status of model layout & parameter setup :

� model name: SM_tt_threshold

� parameters: wtop (top width)
mtop (top pole mass)
m1S (M1S mass)
vsoft (soft renormalization scale)
match (NLL threshold vs. NLO continuum

matching via K factors � default true)

� top on-shellness cut enforced internally: ∆M ≤ 30 GeV

> more/less flexibility desirable?
� eliminate one mass parameter to avoid confusion? � Which one?
� access/vary vNRQCD cutoff by hand?
� set threshold order (LL/NLL) manually? (as soon as NLL is there…)
� …?

Whizard ttbar threshold model & parameters


