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• Physics at the Top Pair Threshold

• Effective Theory (A): stable top quarks

• Effective Theory (B): unstable particle EFT  

• Applications: 
at NNLL

at NLL   
squark pair production    

Measurements, experimental issues
Theory issues

Finite lifetime effects
Interference effects
Phase space UV-divergences, summation of logs
Phase space matching 

Outline

A. Sopczak’s talk
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Top Physics and the ILC



LCWS 2007, Desy, 30 May - 2 June, 2007André H. Hoang  - 4

Threshold Measurements
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Threshold Measurements

, Gounaris
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Threshold Measurements
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Theory Issues
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Theory Issues
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EFT – Shopping List
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vNRQCD (stable quarks)
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Cross Section at NNLL Order
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Cross Section at NNLL Order
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Cross Section at NNLL Order
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Cross Section at NNLL Order
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Cross Section at NNLL Order
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Cross Section at NNLL Order
Stahlhofen, AH   2006NNLL usoft running of             (mixing contributions)

spin-independent                      potentials

spin-independent                      potentials w.i.p.
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Cross Section at NNLO Order

Marquard, Steinhauser etal ‘06
, ‘06

talk by Y. Kiyo
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Cross Section at NNLL Order
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Reminder: ttH Production
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Reminder: ttH Production
Farrell, AH   2006
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Reminder: ttH Production

Current work:

NLL finite lifetime 
effects
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NRQCD (unstable quarks)
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NRQCD (unstable quarks)
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NRQCD (unstable quarks)

Requirement: inclusive with respect 
to top and antitop decay products 
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NRQCD (unstable quarks)

Guth, Kühn 1992



LCWS 2007, Desy, 30 May - 2 June, 2007André H. Hoang  - 26

NRQCD (unstable quarks)
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NRQCD (unstable quarks)
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Phase Space Matching
w.i.p.
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Phase Space Matching
w.i.p.

Boundary: cuts on 
invariant masses of 
top and antitop
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Phase Space Matching
w.i.p.

• “mild” powercounting breaking through use of momentum cuts
• mandatory for consistent predictions for P-, D-, etc. wave production (e.g. 

squark pairs)  even at LO

Current work:

• phase space matching at NLL and NNLL  for S-wave production (NNLL 
insertions + ultrasoft gluon effects)

• P- and higher partial waves
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Effect for Total Cross Section

‘05
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Conclusions & Outlook
• Status for total cross section (with invariant mass cuts):

• Total cross section depends on experimental selection cuts: formally a NLL effect. (But numerical 
size depends on cuts.)

• EW+finite lifetime effects generally small where cross section ist large, but important for the Q<2m 
tail region. (Could slightly affect mass determination.         Luminosity spectrum).

• More differential predictions are needed for more sophisticated selection cuts where additional 
theory input is required (e.g. contributions to distributions that cancel in the total cross section and 
are therefore usually neglected.

• LL  (QCD+ew): ok
• NLL (QCD): ok
• NLL (ew): completed soon (affect line-shape)
• NNLL (QCD): ok, except for prod. current 

(abolutely crucial for coupling measurements) 
dom. ultrasoft contributions completed soon

• NNLL (ew): partially known, could be relevant 
in the off-shell region below Q=2m

• LO  (QCD+ew): ok
• NLO (QCD): ok
• NNLO (QCD): ok
• NNLO (QCD): completed soon 

Combination 
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Backup Slides
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Degrees of Freedom



LCWS 2007, Desy, 30 May - 2 June, 2007André H. Hoang  - 35

Degrees of Freedom
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