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Type I seesaw with three RHNs for the generation of 
neutrino mass and its connection to dark matter physics.

Dodelson-Widrow/Shi-Fuller Mechanism for keV RHN DM:
Application to the RHN sector realizing a heavy DM from 
the Ladau-Zener production.

Scotogenic Model of Ma:
Extension with Majoron – PNGB of 𝑈 1 𝐵−𝐿. 

Neutrino portal DM:
Freeze-in and energetic neutrino signals
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 Singlet Majorana fermion 𝑁 coupling to the neutrino Yukawa term:

 Typical size of  the Yukawa for seesaw: 

 Two masses for atmospheric and solar neutrinos → one RHN can be 
cosmologically stable:
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 Neutrino  propagation in thermal background (MSW effect) of 

𝑓 = 𝛼, 𝜈𝛼 , 𝑞 where 𝛼 = 𝑒, 𝜇, 𝜏.
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 Sterile neutrino (𝜈𝑠 = 𝑁) production through the  𝜈𝑎-𝜈𝑠 mixing in the 

plasma: thermal effect of the total number density (𝑛𝑎 + 𝑛 ത𝑎) and 

lepton asymmetry (ℒ𝑎 = (𝑛𝑎 − 𝑛 ത𝑎)/𝑠).

 The 𝜈𝑎 → 𝜈𝑠 transition rate:
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 The Model: −ℒ𝑁 =
𝑦𝑖𝑗

2
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2
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𝜆𝜙𝐻

4
𝜙 2 𝐻 2 +

𝜆𝜙

4
𝜙 4 + ℎ. 𝑐.

 Assume 𝑦11 ≪ 𝑦12 ≪ 𝑦22 to make 𝑁1 DM, and 𝑁2 (& 𝜙) in thermal 

equilibrium.

 It leads to the thermal Hamiltonian:

8

EJC, Kadota, Yun, work in progress

𝐻 ≈ p 𝐼 +
1

2p

𝑀1
2 + 2𝛿𝑀11

2 2𝛿𝑀12
2

2𝛿𝑀12
2 𝑀2

2 + 2𝛿𝑀22
2

tan2𝜃𝑚 ≈
4𝛿𝑀12

2

𝑀1
2 −𝑀2

2 − 2𝛿𝑀22
2

𝛿𝑀𝑖𝑗
2 ≈

1

16
𝑦𝑖𝑙𝑦𝑗𝑙

∗ 𝑇2

⇒ Resonace at 𝑇res ≈ 2 2
𝑀1

2 −𝑀2
2

|𝑦22|



 Adiabaticity condition:

 Non-adiabatic 𝑁2 → 𝑁1
transition (Landau-Zener):

 𝑁1 DM number density:

 Stability requirement:  
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 Favorable parameter space for 𝑀 ∼ 𝑀1 ≳ 𝑀2
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 Radiative neutrino mass generation with dark matter 

candidates: 𝑍2-odd  RHN 𝑁 and a 𝑆𝑈 2 𝑊 inert doublet 𝜂

13

−ℒ ∋ 𝜆5 Φ†𝜂
2
+ 𝑌𝜈𝐿𝜂𝑁 +

1

2
𝑀𝑁𝑁 + ℎ. 𝑐

𝑚𝜈 =
𝜆5𝑣Φ

2

32𝜋2𝑚𝜂
2 𝑌𝜈𝑀𝑓1 𝑥 𝑌𝜈

𝑇 (𝑥 = 𝑀2/𝑚𝜂
2)

𝝀𝟓

𝑴

Ma, 0601225

𝑚𝜈 ∼ 𝜆5 𝑌𝜈
2

෩Λ

32𝜋2
 → 𝜆5𝑌𝜈

2~10−10 for ෩Λ~300GeV



Highly constrained parameter space
 Lepton flavor violation: 

 DM abundance (freeze-out): 

.
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 Scotogenic Model extended with 𝑈 1 𝐵−𝐿:

 Supposed to change the DM property due 

to the new coupling 𝑦𝑁:
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 New LFV mode: 𝜇 → 𝑒𝐽

 Additional stellar cooling process of Majoron emission:
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Nb) Majoron may drive a successful leptogenesis.
EJC, Jung, 2311.09005
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 The model with 𝑍2 odd singlets in the dark sector:

 The standard freeze-out WIMP DM can be realized 

through the sizable RHN coupling.
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 Considering feeble couplings; 𝑦𝜈 , 𝑦𝜈𝜆, 𝜅 ≪ 10−7
𝑚𝑋

TeV
, 𝑁, 𝜒, 𝜙 are 

never thermalized, but DM 𝜒/𝜙 can be produced from thermal 

particles (freeze in).

 Freeze-in channels:

 Energetic neutrinos produced at the final stage 𝜙 → 𝜈𝜒  can 

contribute to DR and may be detectable today.
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Bandyopadhyay, EJC, Mandal, 2005.13933
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𝜏𝜙 = 1010 𝑠𝑒𝑐

4 1012 sec ≳ 𝑡𝑒𝑞
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Connecting origins of neutrino mass and dark matter.

DM may arise from thermal effect in the RHN sector with
self (Yukawa) interaction. 

To allow RHN DM in Scotogenic Model, it can be readily
extended with majoron (driving leptogenesis?).

Freeze-in may work in the framework of neutrino portal DM, 
which leads to ultra-relativistic neutrino signals.
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