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1. Flavorful Dark Matter
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Gravitational effects from cosmology and astrophysics need the 
existence of Dark Matter! This is new physics beyond the standard 
model. WIMP is among the best candidates for DM. How it interacts 
with the SM sector, not known! Just gravity, may be other 
interactions or it may be specific particle-phlic or particle-phobic.

On the other hand, there are some  puzzles or anomalies in particle 
physics, such as the recently reported excess of B+ to K+ ѵѵ or K 
invisible. If confirmed, it must come from new physics beyond the SM.

Maybe these two problems are related?! Dark matter couplings to 
SM are flavor dependent may provid some hope.

Recent BELLE-II measurement

The SM prediction

There is an excess!



A flavorful dark matter solution
The B+ -> K+ invisible is due to B+ -> K+ Φ Φ (Φ dark matter)
At the quark level due to: b -> s Φ Φ

But also need to produce the right relic density for DM.                  H Higgs double

                                                                                                                                           After develops vev v/ѵ2, the right operators.
At the quark level due to: Φ Φ -> s s!

How to achieve the above? Not jusk saying so, but numbers also work in a renormalizable model!  
Introduce new particles:
Φ (1,1,0) as dark matter,  QL,R: (3, 2, 1/6), UL,R: (3,1,2/3, DL,R: (3,1,-1/3) heavy particles.

To stablize dark matter introduce Z2  parity: 
The above particles transform under Z2 change signs.  SM particles do not transform under Z2.                                            





2. Flavor Anomaly in B to K νν

Combining previous bound,

Room for new physics:

Also need to satisfy constraints



f0 and A0 use numerical fitting from “Dispersive analysis of B → K(∗) and
Bs→ ϕ form factors,” JHEP 12 (2023) 153, arrive:2305.06301 [hep-ph].



Can solve the Belle-II excess.

Without conflicting bounds 
from other decay modes!



3. Dark Matter Relic density and Other Constraints 
Dark matter relic density:  Φ Φ -> s s

Chiral realization

  



Solution: Allow  non-zero                 and                                        

Or make Φ Φ to annihilate into e+e-  or μ+μ- pairs for DM relic density 

Introducing heavy vector-like leptons, LL+LR  (1,2)(-1/2), EL+ER (1,1)(-1)

Produce the right relic density



e.g. threshold of electron recoil for Xenon experiment :  ~ 
100 eV

DM

short

long

No quenching!

Two tracks from the same vertex

4. Other Constraints 

Produce the right relic density



Left figure, mΦ is mediator mass, not the dark mass.

Problem: If only  a non-zero         , ruled out by PandaX4T data                                                                                        
                                                                         



Other constraints: No problems

B -> Xs γ; 

Bs-Bsbar, K-Kbar mixing; 

Bs -> ΦΦ; 

D -> πΦΦ; 

gg -> H,   H -> γ γ due to heavy quarks ...



4. Conclusion

It is viable to construct flavorful dark matter model .

At the same time solve some of the flavor anomalies, 
in particular B+ to K+ invisible reported recently by Belle-II.
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