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§Introduction



Dark matter

Convincing evidences

Burles et al [1999]
Planck [2018]

NASA Virgo simulations



Dark matter candidates

Hypothetical candidates

Sterile neutrino

• 𝜈𝑠 ≅ 𝜃 𝜈𝐿 + 𝜈𝑅
𝐶

Almost RH

• 𝜃 =  
𝑚𝐷

𝑀𝑀
≪ 1

Tiny active-sterile mixing

Axion

WIMP
etc modified L. Roszkowski’s diagram



Sterile neutrino is decaying DM

• Production: Dodelson-Widrow

mechanism [Dodelson and Widrow (1994)] 

𝜈𝑎 𝜃 𝑇
𝑓 𝜈𝑠

𝑉

𝑓 𝑓

• Decay [Pal and Wolfenstein (1982)]

𝜈𝑎 𝜈𝑎

𝜈𝑠 𝜈𝑎 𝜈𝑠

𝜈𝑎 𝛾

[Abazajian (2019)]
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Not compatible

We need an alternative 

production mechanism



§ Freeze in Production
• A kind of non-thermal production

By courtesy of K.Y. Choi



§Model

• Sterile neutrino DM in feeble gauged U(1) 

extended model 

• Gauged U(1) extension

• 𝑈(1)𝐵−𝐿 : +1 for baryon,  -1 for lepton [Davidson (1979), 

Mohapatra and Marshak (1980), …]

• Particle content • Masses

• 𝑚𝑍′
2 = 4𝑔𝐵−𝐿

2 𝑣𝐵−𝐿
2

• 𝑚
𝜈𝑅
𝑖 =

𝑦
𝜈𝑅
𝑖

2
𝑣𝐵−𝐿

• Singlet-like 𝜙
• SM-like ℎ

• The ℎ − 𝜙 mixing 𝛼



§§ Heavy 𝑍′ : 2𝑚𝑁 < 𝑚𝑍′

• Production by decay: 𝑍′ → 2𝑁 (hereafter 𝑁 = 𝜈𝑠)

• The free streaming length 𝜆fs bound

BBN: 𝜏𝜈𝑠 > 0.1 sec

[Kaneta, Kang and Lee (2017)]

Beam dump constraint

SN1987A constraint

0.01Mpc < 𝜆fs < 0.1 Mpc

𝜆fs < 0.01 Mpc

𝑚𝑁

[Eijima, Seto and Shimomura (2022)]



§§ Light 𝑍′ : 1MeV < 𝑚𝑍′ < 2𝑚𝑁

• 𝑍′ can be thermalized by the decay and the 

inverse decay

• The dominant production mode from 𝑍′

𝑍′

𝑍′

𝑁

𝑁
𝜙

𝑍′

𝑓

 𝑓

𝑁



§§ Light 𝑍′ : 1MeV < 𝑚𝑍′ < 2𝑚𝑁

longitudinal mode and 

scalar enhancements 

[Kaneta, Kang and Lee (2017)]

𝑚𝜙 =

𝑚𝑁 = 1 GeV

[Eijima, Seto and Shimomura (2022)]



§§ Very light 𝑍′:
𝑚𝑍′ < 1MeV < 2𝑚𝑁

• 𝑍′ and the decay products become dark radiation

𝑚𝑁𝑚𝑁

HB      RG

Δ𝑁eff = 0.5
0.2
0.06

• The gauge interaction is too 

feeble to generate DM.

• Only Higgs portal processes 

contribute instead.

• 𝑍′ generated through 𝑈(1)𝐵−𝐿
is a subject of constraint



§ Summary

• We reinvestigated sterile neutrino DM in gauged 
B-L model

• Production

 Heavy 𝑍′: free streaming constraints

 Light 𝑍′: longitudinal mode and scalar enhancements 

 Very light 𝑍′: only Higgs portal viable

• Mass

 ≳ 1 MeV

 𝜈𝑠 → 𝜈𝑎𝑙  𝑙, hadronic modes

 c.f.  X-ray from radiative decay for keV 𝜈𝑠


