Model independent dark matter
detection with GammaBayes

We Introduce a statistical framework to extract dark matter annihilation or decay fractions from gamma-ray data.
This allows a particle physics model independent approach to looking for a dark matter gamma-ray signature.

Dark Matter Signhal

tht bTh~

10 10"

100 100 ';I

10! 107" 4

102 4
102 ]

I T T T T rrrr| T T 1 T rrrry I T T T rrrrr| T T T rrrrr| T T 1 T rrrrf T T 1 T rrrr
1071 10V 101 10~1 10Y 101 1071 109 101

Mixture Modelling

In this study we create a mixture model
describing emission from individual
annihilation/decay channels.

The component weights of this model would
correspond to the annihilation/decay channel

Where, why and how?

We choose to investigate the Galactic Centre
with CTAO.

CTAO is an example of an imaging atmospheric
Cherenkov telescope array that detects cosmic
rays hitting the atmosphere.
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 What kind of information can we extract in the case of a 50 detection?
* What kind of information can we extract in the » We simulated 108 gamma ray events detected by CTAO with 5x10° events originating from Z, scalar
case of a non-detection? singlet dark matter with an Einasto density profile and mass of 1 TeV.
* Here, we can extract constraints on parameters * We use GammaBayes to extract the signal fraction, dark matter mass, background weights and

related to the flux, such as the velocity-weighted channel contributions
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annihilation cross-section (ov).
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 Simulating 10° we can see what are the smallest
values of (ov) that we can exclude with 95%
credibility.
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Next Steps

* To further increase the realism, we will need to increase the complexity of our background models.
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Preliminary GammaBayes CTAO GC Sensitivity
Thermal (0v)}0py (DarkSUSY)

* We can further generalise the dark matter model by using more generalised models, such as for the
dark matter density profile.

GC Sensitivity (WTW~ channel) reproduced
from CTA Consortium 2021

* We can also ask “if a signal is detected, what kind of follow ups would the community require to fully
believe this detection?”
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