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1. Sterile neutrinos

Sterile neutrinos: Hypothetical right-handed neutrinos

Motivation: 
ms ~ eV             → Reactor antineutrino anomaly
ms ~ keV          → Candidate for dark matter
ms≳100 MeV  → explains active neutrino masses 

through the seesaw mechanism

We consider mixing between 
νs and ντ:

This mixing induces production 
processes of νs in SNe [1-5]:

ντ + ντ → ντ + νs
- -

νμ + νμ → ντ + νs
- -

νμ + ντ → νμ + νs

νμ + ντ → νμ + νs
- - + their charge conjugate

→ Additional cooling of a proto-neutron star 

If νs is heavier than π0, νs can decay:

νs → π0 + ντ → 2γ + ντ

→ Additional heating in a collapsing star

Question: How can  heavy sterile neutrinos affect 
supernova dynamics?

2. Supernova simulations

Code: 3DnSNe-IDSA [7]
Dimension: 2D

EoS: LS220 [8]
Progenitor: 20M☉ [9]

We performed SN simulations coupled with 
the νs transport [6]

We solve the νs transport equation 

with the ray-by-ray approximation and a closure relation
               .

3. Results

The parameter space for heavy 
sterile neutrinos [1].
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3-A. Explosion properties
Shock radius Explosion energy

Because of additional 
heating, rsh, Eexp, and MNi 
increase.

Ni mass

3-B. Decay Neutrinos:

3-C. Gravitational waves

νs → π0 + ντ → 2γ + ντ

Decay neutrinos are a smoking gun of sterile neutrinos!

Gravitational wave signal 
becomes weaker because 
the mass accretion is 
suppressed.

4. Conclusion
We performed 2D SN simulations coupled with heavy sterile neutrinos 
[6]. We found that the explosion becomes more energetic. A high-
energy neutrino bump produced by the sterile neutrino decay would 
work as a smoking gun of
the particles. GW signals 
would become weaker, 
but they are still 
observable if d~10 kpc. 
We are working on eV-
mass νs as well, which 
could explain the reactor 
anomaly.
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Cooling and heating rates induced by 
sterile neutrinos at 0.1 s after the 
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Schematic picture for an SN model 
with sterile neutrinos.
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ντ spectrum
 (0.35 s after the core bounce)

When ms=200 MeV, sterile 
neutrino decay induces a 
high-energy bump in the ντ 
spectrum.

Event number observed by Hyper-K
(d=8.5 kpc, integrated until 0.4 s 

after the core bounce)

Decay neutrinos could be 
observed by Hyper-K, 
if a supernova happens at 
the Galactic Center. 
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