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Left: The Lagrangian of QCD , Right: A theory plot from QCD.

Surely it's easy to go from one to the other...
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Feynman rules
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pp — 27 at NLO takes a whole course

I’d claim that no other field of science
has that long a distance
from theory to theoretical prediction

Perhaps there is a better way?

Amplitudes is a suggestion of
a different path
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Unexpected simplifications appear when you do QFT calculations

A:

The Parke-Taylor amplitude

The structure of that A reflects the underlying physics

Perturbativity: Tree-level, loop-level, non-perturbative

_ QCD, N=4SYM, SM, quantum gravity, string theory,
Theory. classical gravity (PN, PM, ...), inflationary cosmology,
theory independent, ...

Approach: From mathematical to phenomenological

Is Amplitudes another bifurcation?
| would say no. It is more of a different mindset...
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My own work

2% 98%

Perturbativity: Tree-level, loop-level, non-perturbative

5% 15%

QCD, N =4SYM, QED, SM, Quantum gravity,

Theory: 15% 65%
Classical gravity (PN, PM, ...), Theory independent, ...
80% 20%

Approach: From mathematical to phenomenological

Feynman integrals and intersection theory
Geometries in Feynman integrals
I\/Iy main projects alre Phenomenology of Higgs production

Geometries in post-Minkowskian classical gravity

Computer algebra
Hypergeometric functions
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For state-of-the-art two-loop scattering amplitude calculations
O(10000) Feynman diagrams — ((100000) Feynman integrals
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Linear relations bring this down to O(300) master integrals

Such relations may be derived using IBP (integration by part) 1dentities

/ I’k 0 g“ N (k)

=0
742 9kt DI (k) - - - D (k)

Systematic by Laporta s algorithm: Solve a huge linear system
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1

Ci; = (vi|v) (C =1 = ¢ = <v|vf>)

If only there were a way to define an inner product
on Feynman integrals....

The intersection number forms such an inner product
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u=5B" 1s the rwist — a multivalued function
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¢ = —4; o=d"r  isarational n-form
xl o o o 'CEP

The IBP 1dentity becomes 0= / d(u€) = / uV¢ where V := (d+ %u)

This generates an equivalence class of integrands

I = (¢|C] becomes a pairing between form and contour

(@] is a twisted cocycle, |C]is a twisted cycle

elements of a twisted cohomology group H" and homology group H,, respectively
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The Intersection Number

The intersection number (¢|®) between twisted cocycles
Developed by mathematicians since the 90s

U= H B/ : Multivalued function O = H T, % d% ; Rational differential form

I:/ugp: (p|C] f:/u_1¢: C|¢>
C C

Feynman integrals Dual integrals

The intersection number:

(o]@) = / (1) (=1 F) = ...

(ple) = Z Res;=p(¢¢) | with (d+ dlog(u))y = ¢
peP
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We also need the multivariate intersection number

Univariate:
(plp) = ) Res.—p(v@) with (d+ dlog(u))y = ¢
peEP
Multivariate:
a (™1™ = 3" Res, = (4" -1 (el V|™))

PEPn
(0i50=,, + QE?))¢§R) = ;"
It 1s a recursive formula

There are also alternative approaches, such as the use of multivariate residues

Also we allow the use of delta-forms from relative cohomology

(p]02) := Res,—o(¥)
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Intersection perspectives:

Intersection theory has (in my opinion) the potential to
outpace IBPs as the preferred method to derive FI relations

Yet there are still a number of open problems and loose ends

Find a good approach to integrals related by magic identities

Better understanding of multivariate intersection numbers

Replace the fibration with a fully multivariate approach?

Further investigate connections to symbols and Landau singularities

Make an Extremely Fast Code
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Particle physics phenomenology
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Higgs + jet production:
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The biggest challenge was the Feynman integrals

o / ddklddkg
Df 1(k) -+ Dy7(k)

/ X 7 | T ﬂ
E,-*‘ﬂ.
E F & H
Bonciani, Del Duca, HF, Henn, Moriello, Smirnov 1
JHEP, vol. 12(2016), p. 096 [arXiv:1609.06685] 7 o / dz _ K(k)
Bonciani, Del Duca, HF, Henn, et al. -1 \/(1 — 22) (1— k222)

JHEP, vol. 11(2020), p. 132 [arXiv:1907.13156]

HF, Hidding, Maestri, Moriello, Salvatori Elliptic structures appear
JHEP, vol. 16(2020), p. 093 [arXiv:1911.06308]



Slide from “Danish PANP meeting”

Osf =€eAf

What we actually do, is solve the diff-eqs numerically.

We use the Frobenius method: sequential series expansions near critical points
Moriello [2020], Hidding [2020]

This can be done to arbitrary precision, also close to branch points.

L]

do /dp; [pb/GeV]
O
'
G
5.-""3

Ptiiggs (GeV]

igo 200 400 600 300 1000

Plots for the final NLO cross section will be published this year!

April 21, 2022

H. Frellesvig
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NNLO H-production is next
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I think of my own work as taking place
within the amplitudes framework

My main research project concerns
Intersection Theory and Feynman Integrals

I also work on Higgs phenomenology
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Thank you for inviting me to speak
and thank you for listening

Hjalte Frellesvig




