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Dark Matter & Production  

 Dark matter constitutes ~1/4th of total energy density

 DM particle must

 Be stable on cosmological scales 

 Reproduce relic density: Ωℎ2 = 0.12

 Production mechanism: Freeze-out

WIMP “miracle”:

A Weakly Interacting 

Massive Particle with

𝛼 ∼ 0.01
m𝜒 ∼ 100 𝐺𝑒𝑉

𝜎 ∼
𝛼2

𝑚𝜒
2

reproduces the observed 

relic density

(Bernal et al 2017)

Direct 

Detection
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 Freeze-in mechanism

 Non-thermalized: small couplings

 𝑆𝑀 𝑆𝑀 ⟶ 𝐷𝑀,𝐷𝑀

 Ωℎ2 ∝ 𝜎𝑣

 Small couplings make detection

difficult 

Freeze-in & Lepton Flavored Dark Matter    

Electron Yukawa 

is a small parameter in the SM

Lepton Flavored Dark Matter

Minimal model with fermionic dark matter

under 

Minimal Flavor Violation
leads to photon mediated 

direct detection process 

Light 

mediator 
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Minimal Flavor Violation: Quark sector
5

 Consider the quark sector of the Standard Model

ℒ𝑆𝑀 ⊃ 𝑖 ത𝑄𝐷𝑄 + 𝑖ത𝑢𝑅𝐷𝑢𝑅 + 𝑖 ҧ𝑑𝑅𝐷𝑑𝑅 − ത𝑄𝑌𝑢𝑢𝑅 ෩𝐻 − ത𝑄𝑌𝑑𝑑𝑅𝐻

𝑄~

(𝑢, 𝑑)
(𝑐, 𝑠)
(𝑡, 𝑏)

𝐿

, 𝑢𝑅~

𝑢𝑅
𝑐𝑅
𝑡𝑅

, 𝑑𝑅~
𝑑𝑅
𝑠𝑅
𝑏𝑅

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

𝑄 → 𝑈𝑄𝑄 , 𝑢𝑅 → 𝑈𝑢𝑅𝑢𝑅, 𝑑𝑅 → 𝑈𝑑𝑅𝑑𝑅
𝐺𝐿𝐹~𝑆𝑈(3)𝑄 ⊗𝑆𝑈(3)𝑢𝑅⊗𝑆𝑈(3)𝑑𝑅
𝑄~ 3,1,1 , 𝑢𝑅~ 1,3,1 , 𝑑𝑅~ 1,1,3

 MFV hypothesis demands that the SM Yukawa matrices be the only 

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

trivially under flavor:

ത𝑄𝑌𝑢𝑢𝑅 ෩𝐻 ⇒ 𝑌𝑢~ 3, ത3, 1 , ത𝑄𝑌𝑑𝑑𝑅𝐻 ⇒ 𝑌𝑑~(3,1, ത3)

 Models are constructed by adding flavored particles and constructing 

operators invariant under 𝐺𝐿𝐹



Minimal Flavor Violation: Stability Analysis

𝒪𝑑𝑒𝑐𝑎𝑦 = 𝜒𝐿,𝑅 ต𝑄…
𝐴

ตത𝑄…
𝐵

ถ𝑢𝑅 …
𝐶

ถത𝑢𝑅 …
𝐷

ถ𝑑𝑅…
𝐸

ถҧ𝑑𝑅…
𝐹

ถ𝑌𝑢…
𝐺

𝑌𝑢
† …
𝐻

ถ𝑌𝑑 …
𝐼

𝑌𝑑
† …

𝐽

𝒪𝑤𝑒𝑎𝑘

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

𝜒 ∼ 𝑛𝑄, 𝑚𝑄 𝑄
× 𝑛𝑢, 𝑚𝑢 𝑢𝑅 × (𝑛𝑑 , 𝑚𝑑)𝑑𝑅

Condition for 𝒪𝑑𝑒𝑐𝑎𝑦 to be allowed: 

MFV:

𝑆𝑈(3)𝑄: 𝐴 − 𝐵 + 𝐺 − 𝐻 + 𝐼 − 𝐽 + 𝑛𝑄 −𝑚𝑄 𝑚𝑜𝑑 3 = 0

𝑆𝑈(3)𝑑: 𝐶 − 𝐷 − 𝐺 + 𝐻 + 𝑛𝑢 −𝑚𝑢 𝑚𝑜𝑑 3 = 0
𝑆𝑈(3)𝑢: 𝐸 − 𝐹 − 𝐼 + 𝐽 + 𝑛𝑑 −𝑚𝑑 𝑚𝑜𝑑 3 = 0
SM color:

𝑆𝑈(3)𝑐: 𝐴 − 𝐵 + 𝐶 − 𝐷 + 𝐸 − 𝐹 𝑚𝑜𝑑 3 = 0

Stability ⟹ 𝑛𝑄 −𝑚𝑄 + 𝑛𝑢 −𝑚𝑢 + 𝑛𝑑 −𝑚𝑑 𝑚𝑜𝑑 3 ≠ 0

Batell et al (2011)

And write the most general decay operator
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Allowed ⟹ 𝑛𝑄 −𝑚𝑄 + 𝑛𝑢 −𝑚𝑢 + 𝑛𝑑 −𝑚𝑑 𝑚𝑜𝑑 3 = 0

3⊗ ത3 ⇒ 1
3⊗ 3⊗ 3⟹ 1
ത3⊗ ത3⊗ ത3 ⟹ 1

𝑛3 − 𝑛ഥ3 𝑚𝑜𝑑 3 = 0

𝑄~ 3,1,1 ,
𝑢𝑅~ 1,3,1 ,
𝑑𝑅~ 1,1,3 ,
𝑌𝑢~ 3, ത3, 1 ,
𝑌𝑑~(3,1, ത3)



Minimal Flavor Violation: Lepton Sector

 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
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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

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

Chen et al (2016)

And write the most general decay operator
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3⊗ ത3 ⇒ 1
3⊗ 3⊗ 3⟹ 1
ത3⊗ ത3⊗ ത3 ⟹ 1

𝑛3 − 𝑛ഥ3 𝑚𝑜𝑑 3 = 0



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: 

Lepton flavored DM under MFV

𝑛𝐿 −𝑚𝐿 + 𝑛𝐸 −𝑚𝐸 − 𝑞𝐿𝑁 𝑚𝑜𝑑 3 ≠ 0

MFV + Lepton number conservation ⇒ DM representation automatically stable up to all orders

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

𝝌𝑳 𝝌𝑹 𝒒𝑳𝑵 𝑴𝑭𝑽 𝑳𝑵𝑪 𝑺𝒕𝒂𝒃𝒍𝒆 𝑶𝒑𝒆𝒓𝒂𝒕𝒐𝒓𝒔

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

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

(8,1) (1,8) −1,1 ✔️ ✔️ ✔️ ҧ𝜒𝐿𝜎𝜇𝜈𝑌𝑙𝑌𝑙
†𝜒𝑅 𝐵𝜇𝜈 , ҧ𝜒𝐿𝜎𝜇𝜈𝑌𝑙𝑌𝑙

†𝛾5𝜒𝑅 𝐵𝜇𝜈 , ҧ𝜒𝐿𝑌𝑙𝑌𝑙
†𝜒𝑅 𝐻†𝐻
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Lepton Flavored DM: Freeze-in

 Higgs mediated 

term ⇒ IR freeze-in

 Dipole moment 

like terms ⇒ UV 

freeze-in (sensitive 

to reheating 

temperature)

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: 
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𝑇𝑅𝐻 = 5 𝐺𝑒𝑉: 𝑇𝑅𝐻 = 50 𝐺𝑒𝑉:



Plasmons: A brief digression
11

 An additional production channel was identified for

freeze-in mechanism (Dvorkin et al 2019).

 Decay of photons that acquire an in-medium

plasma mass. This was already known in the SN

cooling process.

 These plasmon decays were shown to be a

dominant channel for DM production for sub-MeV

DM masses (lighter than the electron).

 Thus including this channel was shown to lead to

significant reduction in the predicted signal strength

for DM searches.

 In UV freeze-in the plasmon production is also

maximum at largest temperature and there is no

competition between the 2 ⟶ 2 process and the

decay process
1

2Λ𝑀𝐹𝑉
( ҧ𝜒𝐿𝜎𝜇𝜈𝑌𝑙𝜒𝑅)𝐵

𝜇𝜈

Magnetic dipole moment (𝑀𝐷𝑀)

,
𝑖

2Λ𝑀𝐹𝑉
( ҧ𝜒𝐿𝜎𝜇𝜈𝛾5𝑌𝑙𝜒𝑅)𝐵

𝜇𝜈

Electric dipole moment (𝐸𝐷𝑀)

(Chang et al 2019)



Lepton Flavored DM: Direct Detection
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: 
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For direct detection:

𝑑𝜎𝑁
𝑑𝐸𝑅

= 𝑍2𝛼2𝑐𝑊
2 𝑦𝑒

2
1

Λ𝑀𝐹𝑉
2

1

𝑣2𝐸𝑅
𝐹 𝐸𝑅

2, for EDM,

𝑑𝜎𝑁
𝑑𝐸𝑅

= 𝑍2𝛼2𝑐𝑊
2 𝑦𝑒

2
1

Λ𝑀𝐹𝑉
2

1

𝐸𝑅
+

1

2𝑚𝑁𝑣
2 −

1

𝑚𝜒1𝑣
2 𝐹 𝐸𝑅

2, for MDM dipole − charge.



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
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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.
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Summary

 We consider 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



16
Neutron Star as Dark Matter Probes

 For any astrophysical object existing in a DM-rich environment,

DM particles can scatter with the constituents, get “captured”

and deposit kinetic energy.

 Neutron Stars are one of the most compact astrophysical

objects known to us efficient capture.

 Assuming the NS is made up of 𝑛, 𝑝, 𝑒 and 𝜇: laboratory to probe

flavored DM, especially muon.

 Old neutron stars are expected to have energies of 𝑂 100 𝐾.

 This leads to a heating and can bring up the temperatures to

𝑂 1000 𝐾 ∼ 𝑂(𝜇𝑚).

 Detection at near future IR telescopes like the James Webb

Space Telescope.

Baryakhtar et al arXiv:1704.01577 [hep-ph]

Garani et al arXiv: 1906.10145 [hep-ph]

Bell et al: arXiv: 1904.09803 [hep-ph]

Joglekar et al arXiv:2004.09539 [hep:ph]

Dasgupta et al arXiv: 2006.10773 [hep-ph]



17
Neutron Star as Dark Matter Probes

 Assuming the NS is made up of 𝑛, 𝑝, 𝑒 and 𝜇: laboratory to

probe flavored DM, especially muon.

 Although there is only 1 𝜇 per 100 𝑛 in a typical neutron

star, it still leads to high absolute number densities of

muons 𝑂(1044/𝑐𝑚3) making it a rare and interesting probe

for DM interacting with the muons

 For concreteness we consider a 𝑈(1)𝐿𝜇−𝐿𝜏 model with

fermionic DM.

 Kinetic heating occurs through elastic scattering process

𝜒𝜇 → 𝜒𝜇

 Same parameter space as DD, but complementary:

 DD is limited by threshold recoil energy, while kinetic heating
is dictated by chemical potential etc.

 DM relative velocities are different 𝑣𝐷𝑀
𝐷𝐷 ∼ 10−3, 𝑣𝐷𝑀

𝑁𝑆 ∼ 0.2

Joglekar et al arXiv:2004.09539 [hep:ph]
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Neutron Star as Dark Matter Probes

𝐶𝑔𝑒𝑜𝑚 = 𝜋𝑅∗
2

𝜌𝜒

𝑚𝜒
𝑣 0 1 +

3

2

𝑣𝑒𝑠𝑐
2 𝑅∗

𝑣𝑑
2 𝜉(𝑣∗, 𝑣𝑑)

𝑑𝜎

𝑑𝐸𝑅
=

𝑔′ 4𝑞𝜒
2𝑞𝜇

2

2𝜋

𝑚𝜇

𝑢𝜒
2 + 𝑣𝑒𝑠𝑐

2 𝑟 (2𝑚𝜇𝐸𝑅 +𝑚𝑍′
2 )

An account of uncertainties:

𝑇𝑘𝑖𝑛 = 𝑇𝑚𝑎𝑥𝑚𝑖𝑛 1,
𝐶

𝐶𝑔𝑒𝑜𝑚

1/4
𝜌𝜒

0.4 𝐺𝑒𝑉𝑐𝑚−3

1/4

The magnitude of heating depends on astrophysical 

and particle physics parameters through:

𝐷𝑀 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑛𝑑 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦: 𝜌𝐷𝑀, 𝑣𝑑

𝑁𝑆 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦: 𝑣∗

𝑁𝑆 𝐸𝑜𝑆 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡: 𝑛𝜇 𝑟 , 𝜇𝜇 𝑟 , 𝑣𝑒𝑠𝑐(𝑟)

𝐶 = න
0

𝑅∗

𝑑𝑟 4𝜋𝑟2 𝑛𝜇 𝑟 න𝑑𝑢𝜒
𝜌𝜒

𝑚𝜒
𝑓𝑣∗ 𝑢𝜒 𝑢𝜒

2 + 𝑣𝑒𝑠𝑐
2 𝑟 𝜁(𝑟)න

𝐸𝑅
𝑚𝑖𝑛

𝐸𝑅
𝑚𝑎𝑥

𝑑𝐸𝑅
𝑑𝜎

𝑑𝐸𝑅

𝜁 𝑟 = min(1, 𝛿𝑝(𝑟)/𝑝𝐹(𝑟)) takes Pauli blocking into account where 𝛿𝑝 𝑟 ≃ 2𝑚𝑟𝑒𝑑𝑣𝑒𝑠𝑐(𝑟) and 𝑝𝐹 𝑟 = 2𝑚𝜇𝜇𝜇(𝑟)

𝑇𝑚𝑎𝑥 =
𝜌𝜒

4𝜎𝑆𝐵

𝛾 − 1

1 − 𝑣𝑒𝑠𝑐
2 𝑣0

3

8𝜋

𝑣𝑒𝑠𝑐
2

𝑣∗𝑣𝑑
𝐸𝑟𝑓

3

2

𝑣∗
𝑣𝑑

1/4

≃ 1700 𝐾 for standard values 

Baryakhtar et al arXiv:1704.01577 [hep:ph]
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𝑁𝑆 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦: 𝑣∗ 𝐷𝑀 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 & 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦: 𝜌𝐷𝑀, 𝑣𝑑

arXiv:0910.3684v1 [astro-ph.GA] arXiv:1601.04707v2 [astro-ph.CO]
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BSK-21: BSK-20:

Benchmark NS models considered:
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Thank you!

Summary

 We have studied flavored DM phenomenology in stability conditions, relic density 

production, direct detection and indirect detection.

 We have systematically found representations of lepton flavored DM that are 

automatically stable in a MFV paradigm under lepton number conservation.

 Such lepton flavored DM can be probed at future direct detection experiments.

 We have studied the robustness of using old neutron stars as probes of DM and 

shown that astrophysical uncertainties cumulatively lead to 𝑂(1) variation in the 

NS surface temperature from kinetic heating via DM. 
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