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Introduction

What is flavored dark matter?

© Bing 2024

Basic assumptions

dark matter comes in three generations

dark flavor triplet couples to SM flavor triplet
via new mediator field

new flavor-violating coupling matrix λ
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Introduction

The flavored DM model space

Model-building choices

the nature of DM

scalar or fermion
real or complex representation

➢ 4 options

the SM fermion portal

quarks or leptons
left- or right-handed. . .

➢ 5 options

the flavor structure

Minimal Flavor Violation (MFV) or
beyond

➢ vast flavored DM model space!

not all options of DM nature and SM
fermion have been explored

many previous studies were restricted to
MFV

Minimal step beyond MFV

Dark Minimal Flavor Violation (DMFV)

dark flavor symmetry U(3) or O(3)

broken only by new coupling matrix λ

Agrawal, MB, Gemmler (2014)
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Introduction

More on Dark Minimal Flavor Violation (DMFV)

DMFV principle Agrawal, MB, Gemmler (2014)

extend concept of Minimal Flavor Violation, where all flavor violation originates from SM
Yukawas

DMFV: one new source of flavor violation – coupling matrix λ

other flavorful interactions can be expanded in powers of λ

e.g. MDM = mDM

[
1+ ηλ†λ+O(λ4)

]
reduced number of new physical parameters, yet interesting non-MFV phenomenology
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Introduction

Previously studied DMFV models
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Tool Chain

Towards efficient study of the flavored DM model space

Analysing models one-by-one “by hand” is an interesting phenomenology playground and a
great exercise for PhD students, but is not very efficient!

TO DO: analyse constraints on parameter space from
DM relic abundance
direct and indirect DM detection experiments
flavor physics
collider searches

Goal

create a tool-chain that connects available tools to explore different contstaints
on flavored DM models in a (semi-)automatic manner

use to efficiently identify viable parameter space and make model-specific predictions
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Tool Chain

The tool-chain setup
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Tool Chain

The tool-chain setup
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Application

Application: Majorana DM coupled to right-handed leptons

8 M.Blanke Towards a Comprehensive Exploration of Flavored Dark Matter Models



Application

The model
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Application

Viable mass ranges
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Application

Viable mass ranges
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Application

Viable coupling parameters
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Application

Viable coupling parameters
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Application

Current limitations of the setup

parameter scan for concrete model may require “smart sampling” to efficiently target
viable region

relic abundance calculation currently only for canonical WIMP freeze-out, but can be
extended to other scenarios available in micrOMEGAs

indirect detection constraints on flavor-violating annihilation channels only approximated

full one-loop contributions to direct detection not implemented in micrOMEGAs

SModelS database of LHC searches limited, may miss constraints if topology not
exactly reproduced ➢ LHC sensitivity potentially underestimated

EFT approach of Matchete, smelli not applicable for very light DM masses
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Summary

Conclusions and outlook
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