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Minimal Flavor Violation

 Consider the lepton sector of the Standard Model

ℒ𝑆𝑀 ⊃ 𝑖ത𝐿𝐷𝐿 + 𝑖 ҧ𝑒𝑅𝐷𝑒𝑅 + ത𝐿𝑌𝑙𝑒𝑅𝐻

𝐿~

𝑙𝑒
𝑙𝜇
𝑙𝜏

, 𝑒𝑅~

𝑒𝑅
𝜇𝑅
𝜏𝑅

 All but the Yukawa term are symmetric under a large Global symmetry

𝐺𝐿𝐹~𝑆𝑈(3)𝐿 ⊗𝑆𝑈(3)𝑒𝑅
𝐿~ 3,1 , 𝑒𝑅~ 1,3

 MFV hypothesis demands that the SM Yukawa matrices be the only 

sources of flavor breaking. Treats Yukawas as spurions transforming non-

trivially under flavor:

ത𝐿𝑌𝑙𝑒𝑅𝐻 ⇒ 𝑌𝑙~(3, ത3)

 Models are constructed by adding flavored particles and constructing 
operators invariant under 𝐺𝐿𝐹



Minimal Flavor Violation: Stability Analysis

𝒪𝑑𝑒𝑐𝑎𝑦 = 𝜒𝐿,𝑅ต𝐿…
𝐴

ตത𝐿…
𝐵

ถ𝑒𝑅 …
𝐶

ถҧ𝑒𝑅 …
𝐷

ต𝑌𝑙 …
𝐸

ถ𝑌𝑙
†…

𝐹

𝒪𝑤𝑒𝑎𝑘

Denote the irreducible representation of a SM singlet DM 𝜒 under 𝐺𝐿𝐹

𝜒 ∼ (𝑛𝐿, 𝑚𝐿)𝐿× (𝑛𝑒, 𝑚𝑒)𝑒𝑅

Condition for 𝒪𝑑𝑒𝑐𝑎𝑦 to be allowed: 

𝑆𝑈(3)𝐿: 𝐴 − 𝐵 + 𝐸 − 𝐹 + 𝑛𝐿 −𝑚𝐿 𝑚𝑜𝑑 3 = 0
𝑆𝑈(3)𝑅: 𝐶 − 𝐷 − 𝐸 + 𝐹 + 𝑛𝐸 −𝑚𝐸 𝑚𝑜𝑑 3 = 0

⇒ 𝐴 − 𝐵 + 𝐶 − 𝐷 + 𝑛𝐿 −𝑚𝐿 + 𝑛𝐸 −𝑚𝐸 𝑚𝑜𝑑 3 = 0

Assume 𝜒 has lepton number 𝑞𝐿𝑁 and demand for lepton 

number conservation

𝐴 − 𝐵 + 𝐶 − 𝐷 + 𝑞𝐿𝑁 = 0

𝑛𝐿 −𝑚𝐿 + 𝑛𝐸 −𝑚𝐸 − 𝑞𝐿𝑁 𝑚𝑜𝑑 3 ≠ 0
Batell et al (2011)

Chen et al (2016)

And write the most general decay operator



𝜒𝐿~ 3,1 𝐺𝐿𝐹~ 𝜒1, 𝜒2, 𝜒3 𝐿, 𝜒𝑅~ 1,3 𝐺𝐿𝐹~ 𝜒1, 𝜒2, 𝜒3 𝑅 , where 𝐺𝐿𝐹~𝑆𝑈(3)𝐿 ⊗𝑆𝑈(3)𝑒𝑅

ℒ𝑖𝑛𝑡 ⊃
1

2Λ𝑀𝐹𝑉
( ҧ𝜒𝐿𝜎𝜇𝜈𝑌𝑙𝜒𝑅)𝐵

𝜇𝜈

Magnetic dipole moment (𝑀𝐷𝑀)

+
𝑖

2Λ𝑀𝐹𝑉
( ҧ𝜒𝐿𝜎𝜇𝜈𝛾5𝑌𝑙𝜒𝑅)𝐵

𝜇𝜈

Electric dipole moment (𝐸𝐷𝑀)

+
1

2Λ𝑀𝐹𝑉
ҧ𝜒𝐿𝜎

𝜇𝜈𝑌𝑙𝜒𝑅 𝐻†𝐻

H−mediated

𝑚𝜒 ҧ𝜒𝐿𝑌𝑙𝜒𝑅 ⟹𝑚𝜒1:𝑚𝜒2:𝑚𝜒3 = 𝑚𝑒:𝑚𝜇: 𝑚𝜏

and the masses of the DM partners get related by: 

Lepton flavored DM under MFV

𝑛𝐿 −𝑚𝐿 + 𝑛𝐸 −𝑚𝐸 − 𝑞𝐿𝑁 𝑚𝑜𝑑 3 ≠ 0

MFV + Lepton number conservation renders specific DM representations 

automatically stable up to all orders

𝝌𝑳 𝝌𝑹 𝒒𝑳𝑵 𝑴𝑭𝑽 𝑳𝑵𝑪 𝑺𝒕𝒂𝒃𝒍𝒆 𝑶𝒑𝒆𝒓𝒂𝒕𝒐𝒓𝒔

(3,1) (1,3) −1 ✔️ ✔️ ✔️ ҧ𝜒𝐿𝜎𝜇𝜈𝑌𝑙𝜒𝑅 𝐵𝜇𝜈 , ҧ𝜒𝐿𝜎𝜇𝜈𝑌𝑙𝛾5𝜒𝑅 𝐵𝜇𝜈 , ҧ𝜒𝐿𝜎
𝜇𝜈𝑌𝑙𝜒𝑅 𝐻†𝐻

(3,1) (3,1) −1 ✔️ ✔️ ✔️ ҧ𝜒𝐿𝜎𝜇𝜈𝜒𝑅 𝐵𝜇𝜈, ҧ𝜒𝐿𝜎𝜇𝜈𝛾5𝜒𝑅 𝐵𝜇𝜈, ҧ𝜒𝐿𝜎
𝜇𝜈𝜒𝑅 𝐻†𝐻

Introduce a chiral, fermionic DM transforming nontrivially under flavor group:



Flavored DM Freeze-in and Detection

 Higgs mediated term ⇒ IR freeze-in

 Dipole moment like terms ⇒ UV freeze-in (sensitive to reheating temperature)

 Electric dipole moment like operator lead to direct detection signals enhanced 

by 1/𝑣2𝐸𝑅 giving the strongest constraints

𝜒𝐿~ 3,1 𝐺𝐿𝐹~ 𝜒1, 𝜒2, 𝜒3 𝐿, 𝜒𝑅~ 1,3 𝐺𝐿𝐹~ 𝜒1, 𝜒2, 𝜒3 𝑅, where 𝐺𝐿𝐹~𝑆𝑈(3)𝐿 ⊗𝑆𝑈(3)𝑒𝑅

ℒ𝑖𝑛𝑡 ⊃
1

2Λ𝑀𝐹𝑉
( ҧ𝜒𝐿𝜎𝜇𝜈𝑌𝑙𝜒𝑅)𝐵

𝜇𝜈

Magnetic dipole moment (𝑀𝐷𝑀)

+
𝑖

2Λ𝑀𝐹𝑉
( ҧ𝜒𝐿𝜎𝜇𝜈𝛾5𝑌𝑙𝜒𝑅)𝐵

𝜇𝜈

Electric dipole moment (𝐸𝐷𝑀)

+
1

2Λ𝑀𝐹𝑉
ҧ𝜒𝐿𝑌𝑙𝜒𝑅 𝐻†𝐻

H−mediated

𝑚𝜒 ҧ𝜒𝐿𝑌𝑙𝜒𝑅 ⟹𝑚𝜒1:𝑚𝜒2:𝑚𝜒3 = 𝑚𝑒:𝑚𝜇: 𝑚𝜏

and the masses of the DM partners get related by: 



Results:      𝐺𝐿𝐹~𝑆𝑈(3)𝐿 ⊗𝑆𝑈(3)𝑒𝑅
χ𝐿~ 3,1 , χ𝑅~ 1,3

 Conditions:

 Λ𝑀𝐹𝑉 > 𝑇𝑅𝐻

 𝑚𝜒1 , 𝑚𝜒2 , 𝑚𝜒3 < Λ𝑀𝐹𝑉

 The lightest DM partner 𝜒1 also has the 

smallest coupling, form the complete 
relic abundance (𝑚𝜒2 ≫ 𝑇𝑅𝐻)

 Future direct detection experiments 

will probe parts of the parameter 

space



Results:      𝐺𝐿𝐹~𝑆𝑈(2)𝐿 ⊗𝑆𝑈(2)𝑒𝑅
χ𝐿~ 2,1 , χ𝑅~ 1,2

 Conditions:

 Λ𝑀𝐹𝑉 > 𝑇𝑅𝐻

 𝑚𝜒1 , 𝑚𝜒2 < Λ𝑀𝐹𝑉

 The lightest DM partner 𝜒1 also has the 
smallest coupling, and forms the 
complete relic abundance (𝑚𝜒2 ≫ 𝑇𝑅𝐻)

 XENON1T already rules out parts of the 
parameter space with future 
experiments probing it more 
extensively.



Thank you!

Summary

 We consider a lepton flavored dark matter particles in the paradigm of 

Minimal Flavor Violation to motivate a small coupling for freeze-in 

production of dark matter

 Lepton number conservation in conjunction with MFV leads to stability at 

cosmological scales

 We show with the example of a model that such a stable particle can 

reproduce the observed relic density through freeze-in

 And we get viable freeze-in models that can be probed in present/ future 

direct detection experiments



For relic density:

For direct detection:
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