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Introduction



Feynman Integrals
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Integration-by-Parts Identities
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Solve complicated integrals through simple integrals
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Ditterential Equations
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Integration ¢ Solving DEQs

Homogeneous Parts
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s-Factorized Form

“Rotate” the basis K = R~ (g, x )I :

Ansatz K = Y._, €K™ (x):
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Algorithm



Steps

1. Preliminaryf-basis using clever ordering

2. Rotate into e-factorized K-basis




Building Blocks

Feynman Integrand J [
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Example: Electron Seli-Energy
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"Rotation”
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SUMImary

Feynman Integrals are building blocks of scattering amplitudes
Their analytic computation can be achieved using DEQ and &-factorization

Proposed approach constructs this transformation algorithmically

More examples to follow!
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Motivation

Hadron Collision
Hadron 1
/ Final States

( Loop Corrections ) \ /—( Feynman Inte%

£
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Comparlson to'Experlment ( (_ Computation Methods ) \

Analytic: e-factorization, Mellin-Barnes
Semi-analytic: DiffExp, AmFlow

Numeric: Sector Decomposition, Tropicalisation

\_ v
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Motivation IBPs
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Selt-Energy sectors
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Scaleless Integrals

* To show the above expectation is too generous, consider an example of a Scaleless Integral.

1 1
I EJ — m j — -~
kyky 1 Dil™ ke - o™ - kuky [ke - Api| [z - A(pi + pj)] -
rescale back k, k, |
v v
=] — J—m-nt-, g
. # 0 in dimensional regularization, hence: A—-1DI=0 wm [=0

scaleless integrals fully reducible
vanish in dimreg sectors
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More on Difterential Equations

* Instead of computing integrals, we will solve a system of differential equations!

Main idea:

1. Derivative of a Master Integral will give a different integral within the same family
2. This integral can again be reduced to a linear combination of Master Integrals

3. We obtain a relation between a derivative of an Ml and a linear combination of Mls

* Integrals depend on scalar values (e.g. u, s, t), it makes sense to take derivatives with respect to them

vector of Master Integrals

H

ol z ds, \ 0
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scalar variable 22
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