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The Standard Model and dark matter
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Evidence for dark matter

Galaxy rotation curves Gravitational lensing

DISTRIBUTION OF DARK MATTER IN NGC 3198
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Separate observations point towards the existence of “hidden” matter



What is dark matter?

ETel ic MELaTg

Properties 26.8%

Dark Matter

. . 68.3%
* Does not interact with regular matter Dark Energy

* Interacts weakly with itself

 Stable
What dark matter is not What dark matter might be
e Barionic matter * Particle > WIMP

* Neutrinos * Something else - Modified gravity models



Standard Model Extensions

Standard
Model

? Dark Matter

To include dark matter in the Standard
Model we need to extend it.

Extensions to the SM will be very
constrained by experimental measurements.

The N2HDM is one of the simplest Standard
Model extensions that allows the existence
of dark matter candidates.



Next to Minimal 2-Higgs Doublet Model (N2HDM)
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Particles and parameters are not physical



Change of basis

Get minimum . V
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Gauge parameters as
functions of physical
parameters

Use conditions from diagonal mass matrices to write gauge parameters as
functions of the physical parameters

Get physical fields
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N2HDM - Physical basis

Fields ' h,Hy, X, A, H*

Dark Singlet Phase  — {m2, m%, mz, mj,, mlzqi, v, a, B, mé,, Ag, A, A5}
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One-loop corrections

In quantum field theory, higher orders of perturbation theory are represented by sets
of Feynman loop diagrams.
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One-loop corrections




One-loop corrections

* Experiments are becoming more precise so theorists must reduce errors in their
predictions to keep up.

» Leading order (LO) in perturbation theory is mostly not enough so we need to go
at least to NLO.

* Calculation of loop contributions often leads to divergences:
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Renormalization

* Method to treat divergences that arise from loop calculations.
* The divergences are isolated through the process of regularization.
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* The divergences are absorbed by renormalizing the fields and parameters of the
model.



Renormalization

Parameters are shifted and fields are rescaled:
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“bare” parameter couterterm
renormallzed

parameter

The counterterms absorb the divergences.

For n parameters and m fields, we need (n + m) renormalization conditions in order to fix
all the counterterms.

After renormalization, all UV divergences should cancel out.



What'’s next?

 Complete the renormalization of the model.
* Scan the parameter space in order to apply experimental constraints.

 Study the constrained model with respect to the Higgs invisible
decays.



