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Cross Sec-ons for Top Produc-on 

MC, Mitov, Moch ’07 ’08 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Bonciani, Ferroglia, Gehrmann, Maitre, 
von Manteuffel, Studerus ’08 – ’10 

Ferroglia, Neubert, 
Pecjak, Yang ’09 

Kniehl, Korner, Merebashvili, Rogal ‘08 

1‐loop amplitudes 
from C+j: 

DiCmaier, Uwer, Weinzierl ’07 
Bevilacqua, MC, Papadopoulos, Worek ‘10 
Melnikov, Schulze ’10 

Subtrac-on terms: (long list of papers) 

Bern et al. ‘94 – ’99, Catani & Grazzini ‘00 

MC ‘11 



Virtual Point 
Two‐loop amplitude for gg ‐> C 

Ferroglia, Neubert, 
Pecjak, Yang ‘09 

Bonciani, Ferroglia, Gehrmann, 
von Mantuffel, Studerus ‘10 

MC, Bärnreuther, in prepara-on 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Sec-ons 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Cross Sec-ons for Top Produc-on 



Cross Sec-ons for Top Produc-on 

cancella-on of 
leading divergences 

leading threshold 
behavior 



Subtrac-on Schemes 
•  NLO 
  1) Catani‐Seymour (smooth interpola-on between limits, remapping 
       of phase space allows for arbitrary phase space generators) 
  2) FKS (Frixione‐Kunszt‐Signer) (decomposi-on of phase space 
       according to collinear singulari-es, energy‐angle parameteriza-on, 
       residue subtrac-on) 
•  NNLO general and successful 
   1) Sector Decomposi-on (Binoth,Heinrich ’04, Anastasiou,Melnikov,Petriello ‘05) 

    2) Antenna Subtrac-on (Gehrmann De‐Ridder, Gehrmann, Glover ’05) 

•  NNLO special for colourless par-cles – Catani, Grazzini ’07 
•  NNLO in the making (main problem ‐ integra-on of subtrac-on terms) 
   1) “generalized” Catani‐Seymour – Weinzierl ’03 (many others unfinished) 

   2) “generalized” FKS – Somogyi, Trocsanyi, Del Duca ’06  
   3) “new stuff with variable change” ‐  Anastasiou, Herzog, Lazopoulos ‘10 

     STRIPPER (SecToR ImProved Phase space for real Radia-on) MC ‘10 



STRIPPER Ideas 
 About the phase space: 

1.  parameteriza-on of the massless system with energies and angles modified 
 to allow for a descrip-on of all collinear singular configura-ons with only two 
 variables 

2.  level 1 decomposi-on into sectors allowing for only one type 
 of collinear singulari-es 

3.  level 2 decomposi-on into sectors defining the order of singular limits 

About the subtrac-on terms: 

1.  Subtrac-on at the endpoint derived from known sos and collinear limits of 
QCD amplitudes 

2.  No analy-c integra-on of the subtrac-on terms 



Phase Space 

all collinear limits with only 
two variables 



Level 1 Decomposi-on 
most difficult  non‐trivial only because 

of sos‐collinear divergences 

trivial, because NLO type 
aCach to first sector (contains same divergences) 

general case 

top quark pair produc-on 

p1 

triple collinear 

double collinear 

collinear‐singular 
configura-ons at NNLO 



Level 2 Decomposi-on 

Example from S1I 

s156 = −β2(η̂1ξ̂1 + η̂2ξ̂2 − β2ξ̂1ξ̂2η3)

−1
2
β2η1ξ1

(
2 + η2ξ2ξ̄2 − 2β2ξ1ξ2η31ξ̄2

)

triple‐collinear sector 

remove II & III in the 
double‐collinear sector  



Subtrac-on Terms 

apply four -mes 



Subtrac-on Terms 

Example: 



Two‐Par-cle Phase Space 

Boost into CM system 

five dimensional vectors 

ordinary four‐vectors 



Matrix Elements 

Timings 

Cut graphs 



Cutoff 

10‐7  10‐6 



ε‐Contribu-on Example 
Analy-c result: 

Two parts of the numeric result: 

Sum: 



LO Cross Sec-ons 

HELAC 



Pointwise Convergence 



Double‐Sos Limit 
Catani & Grazzini ‘00 

New: 



Conclusions 

Maybe, we can finish the NNLO top program at some point 

and maybe, one can use the same tools for other applica-ons 


