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Sterile neutrinos
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Neutrinos oscillate, and therefore have a mass

Right-handed (sterile) neutrinos necessary to generate masses

νe νμ ντ

νs νs νs

Adapted from 

Vagnozzi (2019)
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Sterile neutrino dark matter
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Sterile neutrino dark matter
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mνs
≳ 1 keV

• Warm dark matter
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Sterile neutrino dark matter
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• Decay into X/Gamma-rays• Warm dark matter
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Sterile neutrino dark matter
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Γνs→νa γ ∝ θ2
s m5

νs
mνs

≳ 1 keV
• Decay into X/Gamma-rays• Warm dark matter
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Non-resonant production
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Non-resonant production
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Non-resonant production
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Non-resonant production
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Non-resonant production
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Γs = Γa(T) ⋅ < Pa→s >

Pa→s = 2θs sin(ωt)
2

Production rate

where

Dodelson & Widrow (1994)
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Resonant production
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In the presence of matter effects

< Pa→s > ≃
1
2

4Δ2θ2
s

4Δ2θ2
s + Γ2

a/4 + (Va − Δ)2

Δ =
m2

s − m2
a

2p
> 0 Decoherence


by scatterings
Matter


potential

Caveat:  unless there is a huge lepton asymmetry Va < 0 L ∼ 105 B

νs

νa

ℓ±

ℓ±

νs

Va ≃ Δ
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Neutrino gauge interactions
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Gauge the anomaly-free lepton number symmetries

 becomes massive ( )A′￼ mA′￼
≪ 1 eVSSB

,     ,      ,      U(1)B−L U(1)Le−Lμ
U(1)Le−Lτ

U(1)Lμ−Lτ

A dark “electromagnetic field” can modify the dispersion 
relation of active neutrinos

<latexit sha1_base64="Xoq+uNiOJ1Az4u4wH3WcoPmHsxc="></latexit>
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Cosmological dark EM fields
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The dark photon can acquire a VEV (~misalignment mechanism)

A′￼

V(A′￼)V(A′￼)

A′￼

Initial conditions:

inflationary fluctuations

Late times:

oscillations in the matter potential



Gonzalo Alonso-Álvarez (McGill) Pheno 2021 symposium, 26/05/2021

(Multi-)resonant production
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(Multi-)resonant production

8

10°210°1

T [GeV]

0.000000

0.000025

0.000050

0.000075

0.000100

0.000125

0.000150

0.000175

In
te

gr
an

d
[G

eV
]°

1

mA0 = 10°10 eV

g0A0 = 10°7 GeV νs
yield
dYνs

dT

νa

νs

0.01T [GeV]



Gonzalo Alonso-Álvarez (McGill) Pheno 2021 symposium, 26/05/2021

Parameter space
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Conclusions & outlook
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• An  dark photon can mediate resonant keV 
sterile neutrino dark matter production


• Associated phenomenology:


- Atmospheric neutrino oscillations


- CMB & dark photon-induced  decay


- Component of dark photon dark matter

Lμ − Lτ

νa
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Conclusions & outlook
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• An  dark photon can mediate resonant keV 
sterile neutrino dark matter production


• Associated phenomenology:


- Atmospheric neutrino oscillations


- CMB & dark photon-induced  decay


- Component of dark photon dark matter

Lμ − Lτ

νa

Thanks!
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Backup
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Dark photon parameter space
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