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Why numerical approach

* Long time that numerical approach can check analytical results.
 Need for NNLO (even higher order) radiation effects @ LHC

* Multi-scale Feynman (master) integrals could become extremely difficult in the
analytical approach, e.g. elliptic integral.

 Pheno analysis cares only about the numbers: production rates, distributions,
asymmetries etc.

« Compromise to the numerical approach.



Popular numerical approaches

e Sector Decomposition
 Mellin-Barnes

e Differential equations



Sector Decomposition
arXiv:0803.4177
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First generate primary sectors to eliminate Delta function
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Determine a sub-set of parameters ti

S={tays---sta.}

Then divide Into r sub-sectors
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All the coefficients of divergences are finite (complicated).
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NLO: eps/-3, eps™-2, eps™-1, eps”O, eps/M
NNLO: epsA-5, ...

# Integrals >> # sectors



Strategy for sector decomposition

 |terative decomposition strategy:

C. Bogner and S. Weinzierl, Comput. Phys. Commun., 178: 5696-610 (2008)

* Geometric strategy:

I. Kaneko and 1. Ueda, Comput. Phys. Commun., 181: 13562-1361 (2010)

* Heuristic strategy eftc.
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Implement Quasi-Monte-Carlo
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_ 3 F;
IC_e2e'yES32e ?
1=0
Vegas/CPU QMC/GPU
Po —7.959 £ 0.009 — 10.5862 £ 0.009z | —7.949 + 0.003 — 10.5857 + 0.0052
P 3.9+ 0.1 —28.12 £+ 0.1z 3.831 £ 0.005 — 28.022: 4 0.0052
Py —3.9 + 0.8 +92.37 4 0.82 —4.63 £+ 0.07 + 92.132 + 0.077

Integration Time 45540s 19s



Tools for sector decomposition

 FIESTA
https://github.com/fiestalntegrator/fiesta

* pySecDec
https://github.com/gudrunhe/secdec

o SeDe.|l
In preparation



Czakon’s subtraction at NNLO
arXiv:1005.0274
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Thank you!



