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Messengers from a Supernova
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Sterile Neutrinos

 Right-handed neutrinos that do not participate in the weak interaction

« Can give light neutrino masses through the seesaw mechanism
[Gell-Mann, Ramond, Slansky (1979), Yanagida (1979)]

 Mixing with active neutrinos v = cosf,. vy + sinf. v,

Ve = —sinf- vy + cosb- o

> In this study, we focus on mixing with v .
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v, Production Processes
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Mastrototaro et al., JCAP (2019)
Collision integral:
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Fitting formula (Fuller, Kusenko & Petraki, PLB 670 (2009) 281)
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v, Decay Process

« Heavy sterile neutrinos are unstable:
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SN Simulation Coupled with v,

Code: 3DnSNe [Takiwaki, Kotake & Suwa MNRAS 461 (2016) L112]

Neutrino transport: IDSA [Liebendsrfer, Whitehouse, & Fischer ApJ 698 (2009) 1174]
Dimension: 2D EoS: LS220 [Lattimer & Swesty, NPA 535 (1991) 331]
Progenitor: 207, [woosley & Heger Phys. Rep. 442 (2007) 269]

Sterile neutrino transport:

0E E v energy density
o _|_ v o f — Qcool ™ I{/g L »
Ot F v flux
with the ray-by-ray approximation and a closure relation F = c&

Feedback to hydrodynamics (internal energy):
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Explosion Mechanism of Core-collapse SNe

Core collapse Core bounce Shock propagation

~1000 km

SN explosion Shock breakout
oC\}- l a few days
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SN Models

(Entropy plot) Model with sterile neutrinos
Model without sterile neutrinos (m,=200 MeV, sin2 =2x107)
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Sterile neutrinos can assist SN explosion!
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Shock Radius & Explosion Energy

[KM, Takiwaki, Kotake, & Horiuchi, arXiv:2402.14333]
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v'Sterile neutrinos assist the explosion!

v Explosion energy exceeds 10°! erg if sin¢6 >~10-"'.
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Extra Cooling & Heating Rates
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Neutrino Signal

v . spectrum

— [KM, Takiwaki, Kotake, & Horiuchi, arXiv:2402.14333]
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High energy neutrino bump, a smoking gun!
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Gravitational Wave Signals

[KM, Takiwaki, Kotake, & Horiuchi, arXiv:2402.14333]
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« GW signals are weakened.

« Extra heating prevents the mass accretion. 14 /24



Summary
Heavy sterile neutrinos (m,~150-200 MeV) would help SN explosion.

1. Explosion becomes more energetic.
2. A high-energy bump of neutrino signals can appear.

3. GW signals become weaker.

Results for light sterile neutrinos (m,~1 eV) are under preparation!
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