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Introductions

High-energy theory and phenomenology at NBI
Oleg Ruchayskiy, Inar Timiryasov,Kevin Urquia

Blegdamsvej 17, building M
*The group is working on physics beyond the Standard Model with feebly interacting particles

*Theoretical developments (what are they good for) and experimental searches
(how to find them at CERN and beyond)
il i

Sterile neutrino dark matter .i .i .E
Astrophysical searches: X-ray,

FIFF
Production mechanisms: g

Leptogenesis, Einstein-Cartan gravity J° g s s

Heavy Neutral Leptons
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also known as right-handed neutrinos, heavy sterile neutrinos] 107 -
* Phenomenology of direct experimental searches: L \‘/\J
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Higgs boson — inflaton

* Higgs inflation in Einstein-
Cartan gravity

¢ Primordial black hole
production

— Trccee
— sHRR
— HLHC,
— BAUlimits

SHiP, ATLAS
¢ Indirect searches and EFT
* Baryon asymmetry of the Universe: Leptogenesis
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Introduction

Higgs plus jet production at the LHC.

Leading order QCD is one-loop

NLO/two-loop is not yet completely known
with full mass dependence...
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Introduction

Higgs plus jet production at the LHC.

Leading order QCD is one-loop

NLO/two-loop is not yet completely known
with full mass dependence...

Three processes in one:

pp — Hj is important in its own right
H—3j Higgs decay
pp — H  Real radiation at next order
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Introduction
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Integrals

The biggest challenge is the evaluation of the Feynman Integrals.
O(10°) integrals — O(10%) “master integrals” (independent basis)
The integrals must be sorted into “integral families”
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Integrals

The biggest challenge is the evaluation of the Feynman Integrals.
O(10°) integrals — O(10%) “master integrals” (independent basis)
The integrals must be sorted into “integral families”

g [ At PR P
817--+/09 imd/2 ind/2 P Piy Py PEy PRy PR Py

There are eight such integral families:

A ; B ic iD
: E : E 7RO
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Integrals

Bonciani, Del Duca, HF, Henn, Moriello, Smirnov
JHEP, vol. 12(2016), p. 096 [arXiv:1609.06685]
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HF, Hidding, Maestri, Moriello, Salvatori
JHEP, vol. 06(2020), p. 093 [arXiv:1911.06308]
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Integrals
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Integrals

The computational approach is the method of differential equations

asf = EAf
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Integrals

The computational approach is the method of differential equations
asf = EAf

Three different “complexity classes”:

1) Result given in terms of polylogarithms such as Li, (z fo dnyln 1

2) Result looks polylogarithmic but no closed expression can be found.

3) Result given as iterated elliptic integrals.
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Integrals

1)
2)
3)

The computational approach is the method of differential equations
asf = EAf

Three different “complexity classes”:

yy Lln 1

Result looks polylogarithmic but no closed expression can be found.

Result given in terms of polylogarithms such as Li, (z fo

Result given as iterated elliptic integrals.

All cases present in family A
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asf = GAf

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.
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asf = GAf

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.
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Plots for the final NLO cross section will be published this year!
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What else do | work on?
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What else do | work on?

Main project: Intersection Theory and Feynman Integrals

Ji = /cuﬁbi = (¢ilC] 1= ZCiJi & ci = {rldi)

(¢pr]¢i) is the intersection number - a pairing between differential forms

We can extract the coefficients with a direct projection!
Mastrolia, Mizera [2019]; HF, Gasparotto, Laporta, Mandal, Mastrolia, Mattiazzi, Mizera [2019,19,21]
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| also work on elliptic Feynman integrals with the NBI group
HF, Vergu, Volk, von Hippel [2021]; HF [2021]
as well as other projects
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(¢r|d;) is the intersection number - a pairing between differential forms
We can extract the coefficients with a direct projection!
Mastrolia, Mizera [2019]; HF, Gasparotto, Laporta, Mandal, Mastrolia, Mattiazzi, Mizera [2019,19,21]
| also work on elliptic Feynman integrals with the NBI group
HF, Vergu, Volk, von Hippel [2021]; HF [2021]
as well as other projects

Thank you for inviting me,

and thank you for listening!
Hjalte Frellesvig
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