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Outline

• Quark masses in QCD

• Why we want        to very high precision

• Top Threshold Scan at ILC 

• Fitting Methods at Tevatron

• Reconstruction at LHC and ILC 

• Conclusions
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Need for a precise Top mass

Electroweak precision observables
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Need for a precise Top mass

Mass of Lightest MSSM Higgs Boson
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Need for a precise Top mass

Dark Matter Constraints in MSSMmSUGRA



Ringberg Workshop on  QCD of Jets, January 8-10 2007André H. Hoang  - 10

Top Threshold Scan

• Effective Theory: NRQCD
• Two correlated renormalization scales 

• Theory unstable top quark

vNRQCD
Luke, Manohar, Rothstein; 
Stewart, Hoang

cuts off nonperturvative effectsΓt
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vNRQCD

+
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Threshold Cross Section
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NNLL Cross Section

• top 1S mass
• NNLL renormalization 

group improved NRQCD
• fully analytic results

⇒ δm1S,th
t ≈ 100 MeV
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Fitting Methods at Tevatron
Template Method (CDF II)

Dynamics Method (D0 II)
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Fitting Methods at Tevatron

Experimental Issues
• Jet Energy scale
• underlying events
• b-tagging
• detector effects

What mass is measured?

• Top mass used in the MC ?
• Stable under higher order 

corrections ?
• A problem hard to address

Problem becomes relevant now !
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Reconstruction at LHC and ILC

ATLAS (l+jets)

~

~
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Analytic Approach Fleming,Hoang,
Mantry,Stewart

e.g. Double differential hemisphere top mass distribution

Dijet Event

Integrate 
out mboosted HQET SCET

Jets with Jets with 
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Factorization Formula
In SCET:

• Soft cross talk 
between jets

• Non-perturbative
• Does not see top 

width due to time 
dilatation.

• Agrees with soft 
function for massless
dijet

• Jet functions (generalized 
“Breit-Wigners”)

• Perturbative
• Top width acts as IR-cutoff.
• Depends on a short-

distance mass !!

See Sonny’s talk for details ! 
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Conclusion
needs to be known as precise as possible.

Only measurements of Lagrangian masses are meaningful. Pole 
mass is irrelevant, i.e. not (never!) a physical observable.

Threshold scan at the ILC the best understood (and probably most 
precise) method to determine         . Not yet clear whether it 
whether/when ILC will be built. 

Factorization approach to reconstruction feasible. Methods are are
totally free of non-perturbative effects at leading order can be 
explored.

Important Lesson: The top mass you measure depends on the 
method you use.  
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