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® In general we do not know how to compute amplitudes exactly.
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@ Scattering amplitudes

= Need to resort to perturbation theory:.
An = AS\?) + Qg Ag\lf) + ag AS\?) + ... as = coupling constant
= Precision increases with the number of terms we compute.
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® Ay’ receives contributions from Feynman diagrams with L loops.
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= Fach diagram translates into an analytic formula.

® In principle: can compute anything we like.
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Scattering amplitudes

DIFFERENTIATION INTEGRATION [© xkcd.com]
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= | loop: usually doable.
- ) ;oop: some 2 — 2 and 2 — 3. \HAT THE HECK IS A
BESSEL FUNCTION??

= 3 1oop: some 2 — 1 and 2 — 2. PHONE CALLS To Y—»(OH NO)
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@ Infrared singularities

® leading order (LO): ® Next-to-LO (NLO):
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Individually divergent, but sum 1s finite.

® Next-to-next-to-LO (NNLO):
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@ Computer algebra
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The computation of multi-loop amplitudes leads to large analytic
expressions.

= Typically handled with computer algebra programs
(Mathematica, FORM,...)

= (Connections to IAL.

Prelimnary work:

= ANATAR: A Mathematica package to generate multi-loop

amplitudes and to manipulate them. [CD, Mukherjee, Vasques]

= EllipticPolyLLogTools: A Mathematica package to manipulate

d Certain ClaSS Of SPeCial funCtionS. [ Baur, Broedel, CD, to appear]
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® We focus on the renormalisation of the QCD sector of SMEFT:

octp) SMEFT
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Ogt)Qb = (@ItR)GIJ(@JbR) + h.c.,
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Ogt)Qb = (Q TAtR)EIJ(Q TAbR) + h.c.,
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octp) SMEFT

® Preliminary work:

= Renormalisation of the fields, mass and strong coupling.

[CD, Vasques, Ventura, Vryonidou]

® Next step: Compute top-pair production at two loops 1n the
SMEFT. [CD, Ventura, Vryonidou]

® Possible project discussed with . Maltoni: SMEFT corrections
to gluon-fusion from Higgs potential.
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@ Possible projects

® Connections with IAL: Computer algebra, ...

= Focus on what 1s needed for phenomenological-relevant
computations.

® Loop computations and SMEFT:
= RGEs?
= Specific processes at 2 loops/NNLO?

= [oop computations relevant to RA2?



