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Preparing for the LHC era
• At the start of run I at the Tevatron

the outstanding issue was the top 
search.

Initiated many developments in LO 
multi-parton generation for 
PP W+jets (numerical recursion 
and algebraic generation of tree level 
amplitudes)
An unexpected challenge in the top 
discovery was the importance of 
matching issues between matrix 
elements and shower monte carlo’s.

• Detailed QCD studies at CDF/DØ
initiated development of “numerical”
partonic NLO jet MC’s (e.g. EKS, 
JETRAD). 

• In the coming years all new 
challenges for NLO are 
encapsulated by Higgs searches at 
CDF/DØ and ATLAS/CMS.



A semi-numerical approach
• The proof of any method, 

especially numerical methods, is 
actually applying the method to 
perform new calculations.

• We will need a minimum numerical 
accuracy (better than              ).

• For one-loop amplitudes in NLO 
calculations time is not that 
important:

We can generate 1,000,000 one-loop 
events, calculate the amplitude and 
store them in a file for use in a NLO 
parton MC.
As a benchmark one could take 1 
minute/event. This gives in one week 
on a 100 processor farm/grid 
100x60x24x7=1,008,000 events/week
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A semi-numerical approach
• These methods decompose a NLO scattering 

amplitude by numerically evaluating the (D-
dimensional algebraic) coefficients of the master 
integrals (the D=4-2e self energy, triangle and box 
integrals)

• The master integrals are evaluated as analytic 
formula.

• Instead of extracting the singular terms analytical 
(by subtraction) we can simply treat all “numbers” as 
Laurent series instead of complex numbers in the 
computer code (and code up multiplications, 
divisions… between Laurent series. 
(van Hameren, Vollinga, Weinzierl)
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A semi-numerical approach
• We numerically implemented a definite algorithmic 

solution (based on the integration-by-parts method) to 
calculate one-loop tensor integrals semi-numerical: 
(Chetyrkin, F. V. Tkachov; Tarasov; T. Binoth, J. P. Guillet, G. Heinrich; G. Duplancic, B. Nizic)

pN

l+qN

p1

l+q1

p2
l+q2

p3

p4

The generalized scalar integral coefficients need to be evaluated semi-numerically. 

Unfortunately no 
analytic expression
for this integral

Davydychev
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