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What if dark matter has flavor?

I consider a framework where DM fields are charged under SM flavor groups

and show dark matter can naturally be

stable

multi-component

Also discuss some phenomenological implications of such multiple dark states

of matter fermions



A large global flavor symmetry in the gauge sector

The matter fermions comprise five different gauge representations of Weyl fermions

There exist three species, or flavors in each representation
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A large global flavor symmetry in the gauge sector
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broken by Yukawa interactions 

remnant symmetry
broken spontaneously
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Flavor symmetry in the Standard Model



                                
      

                              

ℒSM−EFT = ℒgauge + ℒyukawa

+ ∑
i

1
Λd−4

i
𝒪d≥5

i

Flavor structure in physics Beyond the SM

What is the flavor structure in BSM?
If flavor symmetry maximally broken in BSM, 

we find

=> stringent bounds on heavy dynamics

=> BSM is not directly accessible?

1
Λ2

(sLγμdL)2 ⇒ Λ ≳ PeV − 100 PeV

contact int. from heavy BSM dynamics



All flavor violation are caused solely by the Yukawa matrices

• Promote the Yukawa matrices to spurious fields transforming like

Minimal Flavor Violation (MFV) hypothesis [Chivukula, Georgi ’87; Hall, Randall ’90; D’Ambrosio et al. ’02]
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All flavor violation are caused solely by the Yukawa matrices

• Promote the Yukawa matrices to spurious fields transforming like

• This makes Yukawa Lagrangian flavor singlet:

Minimal Flavor Violation (MFV) hypothesis [Chivukula, Georgi ’87; Hall, Randall ’90; D’Ambrosio et al. ’02]
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All flavor violation are caused solely by the Yukawa matrices

• Promote the Yukawa matrices to spurious fields transforming like

• This makes Yukawa Lagrangian flavor singlet:

• All new physics interactions should also be flavor invariant

              ℒNP = Cij (ūRi γμuRj) 𝒪μ Cij = c0δij + ϵ c1(Y†
uYu) + ϵ2 [c2(Y†

uYuY†
uYu)ij + c′￼2(Y†

uYdY†
d Yu)ij]

Minimal Flavor Violation (MFV) hypothesis [Chivukula, Georgi ’87; Hall, Randall ’90; D’Ambrosio et al. ’02]
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All flavor violation are caused solely by the Yukawa matrices

• Promote the Yukawa matrices to spurious fields transforming like

• This makes Yukawa Lagrangian flavor singlet:

• All new physics interactions should also be flavor invariant

              

             orders of magnitude lower BSM scale is allowed!

ℒNP = Cij (ūRi γμuRj) 𝒪μ Cij = c0δij + ϵ c1(Y†
uYu) + ϵ2 [c2(Y†

uYuY†
uYu)ij + c′￼2(Y†

uYdY†
d Yu)ij]

1
Λ2

(sLγμdL)2 :
1

Λ2
→

(YuY†
u)2

sd

Λ2
=

y4
t (VtsV*td)2

Λ2
∼

10−7

Λ2

Minimal Flavor Violation (MFV) hypothesis [Chivukula, Georgi ’87; Hall, Randall ’90; D’Ambrosio et al. ’02]
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• Consider a new QCD singlet in a non-trivial representation of SU(3)qL
× SU(3)uR

× SU(3)dR

χ ∼ (nqL
, mqL

) × (nuR
, muR

) × (ndR
, mdR

)

MFV stabilizes dark matter [Batell, Pradler, Spannowsky ’11]

's, 's are Dynkin coefficients; (1,0)=triplet, (1,1)=octetn m
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• Consider a new QCD singlet in a non-trivial representation of 

• General decay opeartors

SU(3)qL
× SU(3)uR

× SU(3)dR

χ ∼ (nqL
, mqL

) × (nuR
, muR

) × (ndR
, mdR

)

MFV stabilizes dark matter [Batell, Pradler, Spannowsky ’11]

 and 
flavor invariant

SU(3)c

 nχ = nqL
+ nuR

+ ndR

mχ = mqL
+ muR

+ mdR

's, 's are Dynkin coefficients; (1,0)=triplet, (1,1)=octetn m
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Ē
<latexit sha1_base64="CkVSeSj1ht7PqOGjo9vkGz1PP9c="></latexit>

D
<latexit sha1_base64="rRZu+PZTnDxsjvBNgiijiP1aQWU="></latexit>

E

<latexit sha1_base64="NTyZIlI+R/1IaylagyqIGu8+Olk="></latexit>qL
<latexit sha1_base64="Cpvz8fFdqOoaNTRXnPOaQ1p81WA="></latexit>

q̄L
<latexit sha1_base64="DXxL2V69GztYBYQT0jr3mdKY2WE="></latexit>

A
<latexit sha1_base64="WnZdFw6a5eEuvOh4sWzwV0u/t/w="></latexit>

Ā
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• Consider a new QCD singlet in a non-trivial representation of 

• General decay opeartors

SU(3)qL
× SU(3)uR

× SU(3)dR

χ ∼ (nqL
, mqL

) × (nuR
, muR

) × (ndR
, mdR

)

MFV stabilizes dark matter [Batell, Pradler, Spannowsky ’11]

 and 
flavor invariant

SU(3)c

 nχ = nqL
+ nuR

+ ndR

mχ = mqL
+ muR

+ mdR
For  to be stable, at least one of four equations should NOT be satisfiedχ

(nχ − mχ) mod 3 ≠ 0

's, 's are Dynkin coefficients; (1,0)=triplet, (1,1)=octetn m
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independent of spin and EW representation of 

Only the lightest flavored state is stabilized due to MFV

- All heavy flavors quickly decay, and only the lightest 
flavor is DM  (Batell+ ’11; Lopez-Honorez+ ’13)

- Some heavy flavors are decaying but long-lived enough 
to serve as DM  multi-component DM scenario

χ

→
[Mescia, SO, Wu, 2408.16812]

Flavored DM candidates

[Batell, Pradler, Spannowsky ’11]



A benchmark study of a dark matter family

• A gauge singlet,  triplet scalar

• Both mass and interactions controlled by the Yukawa couplings

SU(3)uR

2408.16812 with Mescia, Wu
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A benchmark study of a dark matter family

• A gauge singlet,  triplet scalar

• Both mass and interactions controlled by the Yukawa couplings

Scalar potential

SU(3)uR

S1

S2

S3

∝ y2
t

∝ y2
c

Mi

M Si
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A benchmark study of a dark matter family

• A gauge singlet,  triplet scalar

• Both mass and interactions controlled by the Yukawa couplings

Scalar potential

Dim-6 operators

SU(3)uR
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• Dominant mode depends on the mass splitting ΔM = M3 − M1
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•    DM

•    not DM and has to decay prior to 
the BBN (we require )

• DM is composed of two or three components 
in the white region

τSi
> τU →

τSi
< τU →

τSi
< 1 sec

all S1, S2, S3 
are DM

S1, S2 are DM    (no coupling to Higgs)

ϵ = 10−2 ≃
M3 − M1

y2
t M1

≃
M2 − M1

y2
c M1

λ = 0

Parameter spaces for multi-component DM
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Signatures from this dark matter family?

1. Gamma-ray and cosmic-rays from heavy decaying dark matter with Dondarini, Landini, Mescia

γ

Earth
γ, ν

p̄, e+DM halo

dwarf 
galaxy

χ3

χ1

We can also extend to

other hadronic decay modes 

cosmology (CMB, BBN, Lyman-α, 21cm line, etc.)

χ2,3 → χ1qq, χ1qqqq, …

χ3 χ1

[Dienes+ 1406.4868; Ghosh+ 1909.13292; Herms, Ibarra 1912.09458]χ2,3 → χ1γγ



2. Flavored DM from meson rare decays

• Apparent flavor violating decays can naturally occur

e.g.)  and    =>   mimic  and  processes!

• Mild excesses are reported by the Belle-II and NA62

b → sχ3 χ̄2 s → dχ1χ̄2 B → Kνν K → πνν

with Mescia, Swallow, Toni

K+ → π+νν̄
B+ → K+νν̄

@Belle-II
    BaBar

@NA62
    KOTO



2. Flavored DM from meson rare decays

• Apparent flavor violating decays can naturally occur

e.g.)  and    =>   mimic  and  processes!

• Mild excesses are reported by the Belle-II and NA62

b → sχ3 χ̄2 s → dχ1χ̄2 B → Kνν K → πνν

B+ → K+νν̄

Need more data, but future 
update might confirm some 
deviation in these decay modes

q^2 distribution is modified

χχ̄

with Mescia, Swallow, Toni

@Belle-II
    BaBar

@NA62
    KOTO



• The existence of DM requires BSM

• Non-trivial flavor structures in BSM may provide a new avenue for theories of dark 
matter

• quark flavored DM + MFV  multicomponent dark matter

• very rich phenomenology and cosmology

• still many questions

• relation to the flavor puzzles?

• extension to lepton flavor?

• U(3)5, U(2)5, or others?

→

Summary
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Back up



There is an unbroken Z3 symmetry

Z3 charge:    with  

All SM fields and Yukawa spurions are singlet
- quarks: 
- other SM fields: 

Flavored DM: 

-  is Z3 non-singlet if   stabilized

ψ → Uψ U = (ω2)nc−mc ⋅ (ω)nq−mq ⋅ (ω)nu−mu ⋅ (ω)nd−md

Q → (ω2 ⋅ ω) Q = Q
ϕ → ϕ

χ → (ω)nχ−mχ χ
χ (nχ − mχ) mod 3 ≠ 0 →

⊂ SU(3)c × SU(3)qL
× SU(3)uR

× SU(3)dR

where ω3 = 1

[Batell, Lin, Wang ’13]

Why flavored DM stabilized within MFV?



• A gauge singlet,  triplet scalar

• Scalar potential within MFV ( )

SU(3)uR

ϵ ≪ 1
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self-interaction

mass term

A benchmark study of a dark matter family 2408.16812 with Mescia, Wu



• A gauge singlet,  triplet scalar

• Scalar potential within MFV ( )

SU(3)uR

ϵ ≪ 1
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flavor independent flavor dependent
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• Scalar potential within MFV ( )
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S ⇠ (1,3,1)

flavor diagonal, so doesn’t lead heavy scalar decay
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• We can also consider higher dimensional operators

Dim-6 operators
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S3 ! S1tū, S2tc̄

Heavy scalar decay is triggered!



Partial decay widths for heavy scalars
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• Heavy components are also DM if 

• White region is allowed

- two-component between orange and blue regions

- three-component above the orange region

τSi
> τU

all S1, S2, S3 are DM

S1, S2 are DM

Impact of Higgs portal coupling (1/2)
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Impact of Higgs portal coupling (2/2)
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• Only a limited mass range M1~180-210GeV is allowed 
in the freeze-out scenario

• EFT is not justified in the region, Λ < M1
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� = 0 (no coupling to Higgs)

Closer look at the WIMP region
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