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Top quarkmassdeterminationsfromὸӶὸ-production

ɆTop group@ Uni Wien: precisiontop massdeterminations

ɆTop pair-production: precisionstudiesat future linear colliders
üThreshold scans-> non-relativistictops

üDirect reconstructionfrom top decayproducts-> boostedtops

ɆUsualtools: 
üMultipurpose Monte Carlo (MMC)

üPerturbativefixed-order (FO)

ɆOurwork: focuson analyticcalculationsin factorizationapproaches
üSystematicallyimprovable(orderand/or expansion/logarithmic

accuracy)

üControlleduncertainities

üAnalyticresummationof large logarithms
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Projecteduncertaintiesfor ILC500

[PDG, 20]

[Zarneckiet al, 11]

Å ὸӶὸ(stable): 1#$ %7

Å ὸӶὸ top decay(NWA): 1#$ %7

Å ὦὡ ὺὰ ὦὡ Ӷὺὰ : 1#$ %7

[Czakonet al, 16, 17, 18]

[Gao et al, 13, 17]

[Heinrich et al, 14] [Denner et al, 18]



Top physicsgroup@ Uni Wien
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MC/Parton showeraspects Top productionat threshold

Differential top Electroweakeffects

Å Top decay-sensitive observables
Å UnstableW
Å Lepton spectraand (b-)jet

observables
Å QCD correctionsin differential 

distributions

Å Showereffectsin ά vs. ά
Å Soft and hadronizationimpacton 
ά

Å Single-purposeMC forὩὩ ᴼὸӶὸ

Threshold
Boostedtops

Å Implementation of MSR mass
scheme

Å Improvinginterpolationbetween
kinematicregimes

M. Procura

D. Lechner

I. Ruffa

S. Plätzer C. Regner
A.H. Hoang

D. Samitz A. Widl

Å Systematicinclusionof EW 
effects

Å Coherentresummationof
EW and QCD logs

Å Finite-lifetime effects

supportedby



2-jettiness: a casestudy

ɆN-jettiness†
üField-theoreticallywell-defined

üSimple, yet generalin its IR-structure

üTop mass-sensitive !

ɆImportant: 
üTreatingEW(QED!) effectsnecessitatesincludingthe beam (jets)

üNot veryrealisticconcerningbeam treatment

ü Important future direction: moredifferential observables!

ɆTree-level: Breit-Wigner 

ɆRadiativecorrections(QCD NLO and beyond) sizable
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Jet directions(pre-determined)

Particlemomenta

q1

e+ eī

q3
q2

Jet sectorboundarieswithout/with beam

[Stewart et al, 10]



Radiativecorrectionsto 2-jettiness forὸӶὸproduction

ɆOf interest: boostedjet regime: Ὁ ḻὴ ͯά , i.e. small †

ɆComplexbeyondLO becauseof multiple scales

ɆDue to scaleseparation, e.g. in the peakregion

üLargeQCD/QEDlogs:  ‌ ÌÎ† ,   ‌ ÌÎ†

ü(EW) Sudakovlogs: ‌ ÌÎὗȾά , ‌ ÌÎὗȾὓ

ɆFactorizationpropertiesof N-jettiness:

ɆEffectiveField Theory (EFT) approach:
üSoft-CollinearEffectiveTheory (SCET)

üboostedHeavy Quark EffectiveTheory (bHQET)
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Indicatespower-
suppressed/
non-singular terms

Resummationnecessary

Top physics= multiscaleproblem

[Fleming et al, 07]

[Stewart et al, 01]



Factorizationfor 2-jettiness in pure QCD

ɆFactorizationḳproduct or convolutionἆ

ɆEFTs providethe possibilityto resumlarge logarithmic
correctionsby renormalizationgroupevolution

ɆFormalismcanbeextendedto resumelectroweakSudakov
logarithmsconsistentlywith QCD logs
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ľJB(ũ)

S

JB(ũ)

CjÕO
Õ

[Fleming et al, 07]

[Chiuet al, 07, 08, 09]

ὐȟ
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QCD state-of-the-art (peakregion)

ɆState-of-the-art QCD:
üNLL QCD + LO EW (widthɜin peakregion)
ü2-loop bHQETjet function
ü2-loop SCET-bHQETcurrentmatching
üN3LL-study (peakregion)
ü2-loop SCET massive jet function

ɆQCD field-theoreticsubtleties:
üNon-perturbativecorrections, Renormalons
üTop massschemes(MSR mass)
üȣ

ɆEWonlyLOso far

ɆExtendformalism: systematicallyincorporatesubleadingEW effects
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Loop-orders of resummationingredients

[Hoang et al, 20]

[Lepeniket al, 18]

[Hoang et al, 20]

[Pathaket al, 15]

[Stewart et al, 08]

[Fleming et al, 07, 08]



Master formula(double-resonant case)

ɆLepton chirality‖ ρ,  quarkchiralityʍ ρ

ɆIsospindensitymatrix (in isospinspace):

ɆSwitchingoff QEDbelowelectroweakscale:
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Hard phasespace Beam polarizations, ὖᶰ ρȟρ Hard kinematics+ flux

HH

ὐȟ

ӶὐȟӶ

Ὓ

יִ

CM frame now: ᾀ ÃÏÓ—z Beam polarizationfunction

ὄ

Ὄ

ὄ

Formalismextensionof
[Chiuet al, 07, 08, 09]
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preliminary

preliminary preliminary

preliminary



Single-resonant case

ɆThereareimaginarypartsin           due to bW-cuts 

ɆResonant/non-resonant interferencecontributions
areobtainedby keepingtheseimaginaryparts

ɆLeads to peakshift O(30-50 MeV)

ɆWIP: includingQCD logs
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Ḑ
ɔ/Z ɔ/Z

[Hoang, Reisser, 04]



Summary and outlook

ɆSummary:
ɆExtension of QCD factorizationformalismto systematicinclusionof subleadingEW effectsfor inclusive 

boostedtop jet pair-production

ɆCoherentresummationof QCD logs and EW Sudakovlogarithms

Ɇ2-jettiness double-resonant crosssection(NNLL QCD + .,,Ȭ %7) for linear colliderenvironment(including
beam polarizationeffects)

ɆResonant/non-resonant interference

ɆOutlook:
ɆCoherenttreatment of resonant/non-resonantinterferenceand QCDeffects

ɆQED belowelectroweakscale

ɆRealisticbeam treatment (QED! Weak?!)

ɆExtendfactorizationformalismto moredifferential final-state

üTop decay-sensitive observables

üFragmentation

üȣ

ɆExtension of the formalismto LHC observables
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Backup



Sudakovevolution
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Chiralityof operatorsshown: left-left (for right-left and left-right: SU(2)-parts roughlyhalf the size)
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preliminary

preliminary preliminary

preliminary

unpolarized ILC polarization


