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In perturbative quantum field theory, scattering processes can be . _ .
described through Feynman diagrams. At leading order only tree I-loop diagrams for pp—tt+ Nj| N =0 1 2 3
diagrams contribute, while the higher orders also involve loop gqg — tt+ Ng 47 630 9438 152070
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Already at the next-to-leading order (NLO), the number of required
loop diagrams and their complexity grow extremely fast with
the number of scattering particles. This challenge has triggered
the development of new techniques and automated tools for
NLO calculations.
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LO and NLO virtual and real ingredients of pp — ttbb
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OpenlLoops is a fully automated public tool for
one-loop calculations, which was developed within

our group.

It Is based on a process-independent algorithm,
where all one-loop diagrams are constructed through
the recursive multiplication of loop vertices and loop

propagators.

All needed loop integrals are reduced to a small set
of standard integrals that are known in analytic form.
The OpenlLoops algorithm depends only on the
Feynman rules of the SM and can be applied to any

scattering processes.

qhr...qH OpenlLoops is interfaced to some of the main

Z Z N Monte Carlo generators (Sherpa, Powheg) that
Pt I Do(q)...Dy—1(q) are used for the analysis of LHC data.

Lo N Moreover,  within

the theory community,

T OpenLoops is widely used to obtain nontrivial

| . one-loop amplitudes that are needed In the

Numerical Analytic context of Next-to-next-to-leading order (NNLO)
Coefficients Integration calculations.
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However, the increasing precision of LHC data
requires NNLO predictions for a number of q
highly nontrivial multiparticle processes that
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Local cancellation of threshold and UV
one-loop singularities in loop-momentum space

The strategy is to construct two-loop amplitudes by doing one of the loop integrations
with the existing OpenLoops technology, and the remaining loop integration numerically.
In this semi-numerical approach, the cancellation of two-loop singularities of UV

calculations general and automated techniques
are not available to date.

To address this challenge, our aim is to develop
an automated algorithm for NNLO calculations

and threshold kind requires local subtraction terms. | RN

At the same time, the numerical treatment of the loop momentum can be exploited such

as to achieve a direct cancellation of the infrared divergences due to virtual and real

radiation. This will require a fully general understanding of the singularity structure of Numerical

two-loop scattering amplitudes in our semi-numerical approach.
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