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Dark matter and neutrinos 
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Connected?



Neutrino mass from Seesaw
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• Introduce a SM-singlet fermion 𝑁:

• Small 𝜈 − 𝑁 mixing:

• Feeble coupling not to thermalize 𝑁:

ℒ𝑚𝑎𝑠𝑠 = 𝑦𝜈𝑣𝐻 𝜈𝑁 +
1

2
𝑀𝑁𝑁 →

1

2
𝑚𝜈𝜈𝜈 +

1

2
𝑀𝑁𝑁

ℒ𝑠𝑒𝑒𝑠𝑎𝑤= 𝑦𝜈 𝐿𝐻𝑁 +
1

2
𝑀𝑁𝑁 + ℎ. 𝑐.

𝑚𝜈 ≈
𝑦𝜈
2𝑣𝐻

2

𝑀2

𝜃 ≈ 𝑦𝜈
𝑣𝐻
𝑀

∼
𝑚𝜈

𝑀
≲ 10−6

𝑣𝐻
𝑀

⇒ 𝑦𝜈≲ 10−7
𝑀

𝑣𝐻
Γ < 𝐻 𝑇 = 𝑀 ⇒

𝑦𝜈
2𝑀

8𝜋
<
𝑀2

𝑀𝑝𝑙

*) negligible contribution 
to neutrino mass.



Neutrino-portal DM

• Dark sector with a fermion and a scalar:
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𝑦𝜈𝐿𝐻𝑁 + 𝜆𝑁𝜒𝜙

𝜒, 𝜙

𝑁

Higgs-portal: 𝜅 𝜙 2 𝐻 2

Feeble coupling: 𝜅 < 10−7



Conditions for freezed-in 𝑁,𝜙, 𝜒
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ℒ = 𝑦𝜈𝐿𝐻𝑁 + 𝜆𝑁𝜒𝜙 + 𝜅 𝜙 2 𝐻 2



Freeze-in production

• DM not in thermal equilibrium but producible from thermal 
particle scatterings (ex: gravitino, axino, RHsN)
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Production channels of 𝑁,𝜙, 𝜒
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ℎℎ → 𝜙𝜙
𝜅 𝜙𝜙 → 𝜒𝜒
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Freeze-in scenario I: 

IITH 2020-09-13 Anomalies 2020 10

ℎℎ → 𝜙𝜙 → 𝜈𝜈𝜒𝜒



Freeze-in scenario II:
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𝑁𝑁 → 𝜒𝜒/𝜙𝜙 → 𝜒𝜒/𝜈𝜈𝜒𝜒



Freeze-in scenario III: 
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𝜏𝜙 = 1010 𝑠𝑒𝑐

4 1012𝑠𝑒𝑐

𝑁 → 𝜙𝜒 → 𝜈𝜒𝜒



Energetic neutrinos from dark sector

• Energetic neutrinos produced from the 𝜙 decay:

• Feeble coupling 𝑦𝜈𝜆, determining the 𝜙 lifetime, can be made 
arbitrarily small.

• Relevant parameters: 𝜏𝜙, 𝑚𝜒(𝑚𝜙), and the neutrino energy
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𝜙 → 𝜈𝜒
𝜆𝑦𝜈

𝐸0 = (𝑚𝜙
2 −𝑚𝜒

2)/2𝑚𝜙



Observational consequences

• 𝜏𝜙 ≲ 𝑡𝑒𝑞~10
12𝑠𝑒𝑐: 𝜒 is 100% (stable) DM, and the produced 

neutrinos are red-shifted away for 𝜏𝜙 ≪ 𝑡𝑒𝑞 . 

• 𝑡𝑒𝑞 ≲ 𝜏𝜙 ≪ 𝑡0: 𝜙 behaves like a decaying DM. The produced 
neutrinos contribute to dark radiation constrained by the 
CMB measurement. Being red-shifted, they may be 
detectable. 

• 𝜏𝜙 ≳ 𝑡0~4 10
17𝑠𝑒𝑐: The decaying 𝜙 can be 100% DM, and its 

lifetime is strongly constrained by neutrino observations.
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𝜌𝐷𝑅 < 0.1 𝜌𝐷𝑀 at 𝑡𝑒𝑞
𝐸0
𝑚𝜒

𝜏𝜙

𝑡𝑒𝑞

1/2

≲ 0.1



Extra neutrino fluxes

• Cosmic flux from early DM decay:

• Galactic neutrino flux:
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Signals and observations
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Constraints 
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𝑡0

𝑡𝑒𝑞

DR constraint

DR constraint



Conclusion

• Neutrino-portal: 𝜆𝑁𝜙𝜒 with a decaying 𝜙 and a stable 𝜒 DM.

• Characteristic channels of freeze-in production:  

• The decay 𝜙 → 𝜒𝜈, involving 𝑦𝜈𝜆, can be very late to provide 
an additional source of energetic neutrinos.

• They contribute to dark radiation or exotic signals at neutrino 
detectors.
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i)  ℎℎ → 𝜙𝜙, 𝜙𝜙 → 𝜒𝜒, 𝜙 → 𝜒𝑁/𝜈, 
ii) 𝜈ℎ → 𝑁(∗) → 𝜙𝜒, 𝜙 → 𝜒𝜈
iii)  𝜈ℎ → 𝑁, 𝑁𝑁 → 𝜙𝜙/𝜒𝜒, 𝜙 → 𝜒𝜈


