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As Great as the Standard Model is…
We know there is much more we do not know 

     Dark Matter                     Baryogenesis                  Neutrino Masses



As Great as the Standard Model is…
We do not even understand all that we know  

Higgs Mass Hierarchy              Strong CP                  Flavour Structure
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The Mystery Portal
What we do not know may be connected to what we do not understand 

EW Baryogenesis, Supersymmetry, Axiflavon, Flavour in Randall-Sundrum 

Many such connections to Dark Matter:  

axion DM, WIMP DM, Asymmetric DM, Sterile Neutrino DM,  



WIMP Dark Matter & Flavour
Wimp DM flavour problem: 

WIMP Scale ~ 100 GeV 

Flavour Scale ~ 1000 TeV 

One simple solution, a flavour neutral mediator between the DM and the SM 
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Dark Matter & Flavour
How else to address the Flavour problem? 

For direct couplings to SM matter, 

Strong constraints without some kind of flavour structure in the dark sector
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A Familiar Solution
In SUSY with EWino DM the sparticles carry flavor 

Solutions to the SUSY flavour problem also tend to solve the WIMP flavour 
problem, 
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i.e. Bino

i.e. quark
i.e. squark

Flavour indicies

Gabbiani,Gabrielli,Masiero,Silvestrini,Vergata hep-ph/9604387



Flavoured Dark Matter
The particle content of the SM comes in triplicate,  
perhaps DM does as well 

New            DM flavor symmetry 

i.e. sneutrino DM (         ) or UED KK neutrino DM 

Thoughts along these lines can lead to new  
possibilities 

Skew-flavoured DM
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Quark Flavoured DM
If quark flavored DM, 
Light flavours lead to strong direct detection signals 

Very constrained 

Heavy flavour signals are loop suppressed  
Dominant signal from photon exchange 
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Quark Flavoured DM at Colliders
Coloured mediators can be pair produced at hadron colliders 

They decay through either short or long chains 

Signals depend on the pattern of DM masses  

What kinds of dark spectra are preferred?
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Minimal Flavour Violation
The SM has an approximate            flavour symmetry 

i.e.                             and similar 

This symmetry is broken, in the SM, only by the Yukawa matrices  
These matrices determine the structure of the CKM matrix and other SM 
flavour observables 

Minimal Flavour Violation (MFV) assumes that beyond the SM, all flavour 
violation is still determined by the SM Yukawa matrices 
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Yukawas as Spurions
Consider the Yukawa term  
where the    index signifies     flavour and the   index signifies      flavour 

The Yukawa matrix is taken to be           under  

Also, consider the DM interaction term  
where    denotes the DM flavour 

This terms breaks the                             flavour symmetry. 
MFV dictates that at leading order we associate DM flavour with      flavour 

The coupling takes the form
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MFV Dark Matter Mass Spectrum
A similar analysis plays out for the DM mass term 

MFV constrains the form to be 

The sign of     leads to two possible hierarchies, either light or heavy flavour 
as lightest dark matter, if splitting is small all flavours can remain today 

For heavy quark flavoured DM the collider signal  
leads to light quark jets,  
heavy flavour jets,  
and missing energy
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Beyond MFV
MFV keeps          mixing and other flavour observables small, but there are 
alternatives  

Allowing two sources of flavour violation, the SM Yukawas and the DM-SM 
coupling    , is called Dark minimal flavour violation or DMFV 

Instead of automatic flavour safety, the structure of     is determined from 
precision flavour constraints 

More freedom in the DM mass spectrum, determined by  

May lead to interesting flavour observables for both  
bottom FDM   
and top FDM 
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Lepton Flavoured DM
Right handed lepton DM 

Direct detection 

Collider �
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Dark sector structure from MFV
We again take the Yukawas as spurions of the broken flavour symmetry 

We associate DM flavour with Lepton flavour, and find 

Similar collider signature, though mediator pair production is Drell-Yan
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A Couplet from FDM
Because the Yukawas are small, the mass splittings        are small compared 
to the total mass 

If        is smaller than the electron mass then the flavour preserving process  
 
 
is small on cosmological scales,  

 
Then all lepton flavours contribute to the present day DM density 
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A Couplet from FDM
Imagine a small additional source of flavour violation     that leads to 
  

Produces monochromatic photons, whose frequency is set by the mass 
splittings in the dark sector 
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A Couplet from FDM
For concreteness take tau DM heaviest and electron DM lightest 

Generic mass splitting is keV from        to        ,       and eV for          to      

Predicts two closely spaced photon lines, the couplet, and a much softer line
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Secretly Asymmetric DM
Lepton flavoured DM can be a thermal relic, but there are other options 

In Asymmetric DM, the relic abundance is set by the same process that sets 
the Baryon abundance, explaining why 

For multicomponent DM, individual flavors can obtain  
asymmetries with the total DM number remaining zero 

After the symmetric DM population annihilates,  
one obtains ADM 

If the heavier states decay to the lighter ones after DM annihilations have 
frozen out, the total DM density will be symmetric (total DM number is zero), 
even though the cosmic abundance was set by the asymmetry 

Completely general, no need to assume FDM
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Secretly Asymmetric Flavoured DM
Assume high scale leptogenesis and right-handed lepton flavoured dark 
matter 

Leptogenesis generate asymmetries in each of the DM lepton flavours during 
thermal equilibrium 

After the symmetric DM population decays away, the abundance is set by the 
asymmetry. Leptogenesis + lepton FDM = ADM and maybe SADM 

MFV is not required, large mediator mass prevents measurable SM flavour 
violations
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Summary
The varied unknowns of particle physics may have common solutions, it is 
good to look for connections 

Flavoured dark matter provides a way to explore connections between SM 
flavour and dark matter 

Theory priors like minimal flavour violation can lead to striking signals, like a 
double photon line 

Structure beyond MFV may be seen in precision flavour observables 

Flavoured dark matter may be secretly asymmetric, connecting the dark 
sector to the baryon asymmetry and neutrino masses 


