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Vs = 14 TeV, 3000 fb™* per experiment

1 = Tota ATLAS and CMS

Why to study Higgs decays? — S e
— Theory Uncertainty [%)]
1. Measurements of the Higgs-sector =
become more precise STE
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large variety of problems o
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Expected relative uncertainty

There is great potential in tightly constraining BSM models through the Higgs-sector:
- increasing experimental precision must be matched by theory
- a large variety of models must be explored



https://inspirehep.net/literature/1718163

How to organize higher order corrections?

Observables are connected to Greens functions to the Path integral
(T (O(24)0 / DID(2)]e @O0 (2,)O(zy) ..

Couplings need to satisfy a~O(1) to evaluate this expression
- perturbative expansion of the exponential

Higher order terms lead to an improvement of the prediction for observables
— organized in terms of fixed loop expansion

The loop-corrections are not finite and need to be regularized
and renormalized to get a meaningful prediction for observables




How to automatize these calculations?

By now the formal calculations are standard and many tools exist to calculate Feynman
diagrams and observables

R A. Djouadi, J. Kalinowski, M. Spira;
SARAH, FeynArts, FormCalc, LoopTools M. Krion: M. MGbleftoer. M. Spia,

Problem: Many of these Tools are very model specific

Develop FlexibleSUSY and the extention FlexibleDecay to extend the available
models for automatized high-precision calculation of model properties

FlexibleSUSY is a spectrum-generator
generator:

— It generates codes for a large models
- State-of-the-art Higgs mass prediction

FlexibleDecay adds the ability to calculate Higgs
decays:

- higher order SM effects are taken into account
- the BSM effects are renormalized in the
decoupling renormalization scheme
" opas Lang (NCBD


https://inspirehep.net/literature/442662
https://inspirehep.net/literature/1696560
https://wwwth.mpp.mpg.de/members/heinemey/feynhiggs/cFeynHiggs.html
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https://arxiv.org/abs/hep-ph/9704448
https://arxiv.org/abs/1810.00768

Why to use the decoupling renormalization scheme?

Regularization and Renormalization are a standard procedure as well
- many schemes available like OS, MS,...

The most common scheme (MS) suffers from large contributions due to the
presence of the unknown BSM part

— Introduces large uncertainties

— makes the whole calculation problematic

Idea: We separate the BSM effects from SM effects
and hide them in SM renormalization constants
— BSM contributions drop out in the decoupling limit
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How to apply the decoupling scheme, theoretically?

We separate parameters in SM-like and BSM parameters

Renormalization conditions
for SM-like parameters:

dec MS
PBSM _PSM

Or in terms of
renormalization constants

Sy, = P + 3P — PR3

The bare parameter of the BSM theory can
be written in decoupling-and on-shell scheme

Py = Pg&y + 0 PSS —PBSM+5PBSM
The corresponding definition exists also in the SM

Py = PMS 4+ 5pPMS = pOs 4 5p98




How to apply the decoupling scheme, practically?

Explore the S;-Leptoquark model with ¢ the
Leptoquark field transforming as (s.1.-;)

T .
Ly =Y (QY ic°Ly)¢t + Y ¢S ;0" + hec.

Ly =—gre(H H)¢'¢ o

To properly predict decay properties in the ) J
decoupling scheme at one-loop we require
the renormalization constants:

omt, 6024, 07, 6Zy and 62, B




How to calculate the triangle diagrams?
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We can use the tensor structure and expand:
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From the triangle diagrams we get BSM contributions to form-factors
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The first diagram introduces divergences

_—

Due to dimensional regularization Due to a large Leptoquark mass

— will be handled by using the
decoupling renormalization

scheme

— will be taken care of by
choosing any appropriate
renormalization scheme



How to calculate the renormalization constants?
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The counter term removes all divergencies in the

amplitude:
— we get meaningful observables

- Amplitudes show the decoupling behavior

— delicate corrections are not spoiled by the BSM

contributions
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What about more complicated models?

We analyzed the HSESM and 2HDM:

- the approach stays the same

— due to the different structure to the SM the decoupling scheme renormalization
constants take a much more difficult form

SPAS, = 5PMS + 6POS — 0P

— T

This term stays the same Contrary to the previous model the
SM contribution do not cancel




I
Summary & Outlook

* Higgs decays are a important to constrain and test BSM models
* FlexibleSUSY provides a framework to analyze many models

* The decoupling renormalization scheme does not spoil higher order corrections
with large BSM contributions

* The presented renormalization scheme must be implemented in FlexibleDecay

 Compare with analytic calculation and other tools

* Use FlexibleDecay for phenomenological explorations of Higgs properties




Backup: Momentum conventions

The momentum conventions along the calculations are taken over from

LoopTools.
P1 D2 )
From Momentum conservation we get:
k;%kl : k1 =p1
i ko2 = p1 + p2
: N—1
k#”ﬁ ;
5 kn-1= Z pi
my : i=1
< :
k4 kn_1

PN

PN-1



https://feynarts.de/looptools/LT215Guide.pdf

Backup: Feynman rules for the leptoquark model
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Backup: Structure of triangle diagrams

Coupling contains left and right projectors

7’ > 1; (p151)

h--mmmm— - f = U;(p1){Fr Pr + Fr Pr}v;(p2)

— l;r (P2 52)




_________________________________________________________
Backup: Renormalization of the SM

eo = Ze€ Inverse Propagators for the Higgs and Fermions are
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_________________________________________________________
Backup: Higgs-and Fermion renormalization constants

Applying the renormalization conditions yields
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