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Messengers from a Supernova

Known particles Exotic particles

Photons 3 SN 1987A P:quns (ALPs)

e Ju
-

1. -~V e.g. KM et al., PRD 105 (2022) 063009;
P il 108 (2023) 063027
ey Betranhandy & O’Connor PRD 106
(2022) 063019
Fischer et al. PRD 104 (2021) 103012

v, Sterile
neutrinos

e.g. KM et al., PRD 111 (2024) 083046.
Rembiasz et al., PRD 98 (2018) 103010

Anfd

electron muon L sterile
neutrino neutrino neutrino neutrino ?

Georgescu, Nature Rev. Phys., 6 (2024) 84. /
S

©NAOJ

Neutrinos v <




Reactor Antineutrino Anomaly

[Mention et al., PRD 83 (2011) 073006]
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Giunti et al., PLB, 829 (2022) 137054

Deficit in reactor neutrino flux -> A hint of eV-mass sterile neutrinos?
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keV-mass Sterile Neutrinos as Dark Matter

Cosmological production

« Collisional production
[Dodelson & Widrow, PRL 72 (1994) 17]
« MSW effect
[Shi & Fuller PRL 82 (1999) 2832]

keVV-mass sterile neutrinos can
make up all the DM!

KATR;

Nreach overproduction

) ¢
=
=
© X rays
‘\\\\
\_\‘\
T—
underproduction !
10 10 103
m ¢(keV)

Gouvéa et al., PRL 124 (2020) 081802
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RENBHEET I

Towards Multi-D SN Simulations
with Sterile Neutrinos

BRFF=a—F

Y/ EE DA

-

Vsﬁ% ~eV

3D

EEMPBE DI

~keV

R E
2D Mori et al. (2@ H AT

1D

KR b

77AatX

>MeV

Mori et al. (2024)

Xiong et al. (2019)

Warren et al. (2014)

Rembiasz et al. (2018)

Wu et al. (2014)

Fuller et al. (2003)

Fuller et al. (2009)
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Active-Sterile Oscillations

[e.g. KM, Takiwaki, Kohri, & Nagakura, PRD 111 (2025) 083046]

Bounce shock

MSW resonance condition:

om? 3v/2 1
OB eSS TGFnb (Ye — g)

MSW resonance

The conversion prob. is given by the Landau-Zener formula

71_2
Pes(Eres) =1- exXp _?’}/

Y = &res/losc
dVeg /dr
eff
lose = (27 Eyes) /(m? sin 26)

-1

A = tan 20
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Sterile neutrinos hinder SN explosion!
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Shock Radius [10° km]
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Shock Radius

KM, Takiwaki, Kohri, & Nagakura, PRD 111 (2025) 083046.
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v" When sterile neutrinos are considered,

the shock revival is delayed.

v When ¢m?2sin26 is sufficiently large,

the shock is not revived until the end

of the simulations.
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Active-Sterile Oscillation

om?2 sin 20 small

l _.a-"'_'_'___:.".T— -f:.'_"_':',‘_'T'_'.. e P T b e e e — 10 | |
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277, e St
= 08} | £
,EEEd 07t dm?sin 20 large G%H 0f S
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mu 04T C - o | NoSterile
- {]3 | D ...... i %‘15 A
E---- v C----
.l] 2 i i i i :_ED L L I I i 1
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Energy [MeV] Radius [km]

KM, Takiwaki, Kohri, & Nagakura, PRD 111 (2025) 083046.

v" The v, survival prob. depends on §m?sin 20

v The neutrino heating rate is reduced!
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SN 1987A Explosion Condition

Reactor

10 ¢ o Anti- v —
i &4// Anomaly g)
Successful 9&74 =3 Condition for successful SN 1987A
explosion S
ea
> sin 20 < 0.45eV?/dm.
~w LF -
E i
o
v disapp_‘.‘exp_ E _ SN explodability can provide a new
- : constraint on sterile neutrinos!
0. bt b
0.001 0.01 0.1 |

sin’ 20

KM, Takiwaki, Kohri, & Nagakura, PRD 111 (2025) 083046. 10 /13



Neutrino Signals

: L D=10 kpc
Hyper-Kamiokande (v , events) P DUNE (v, events)
g : NoSteriI;.-,: ED'?}S NuSterilﬁé'l ' ' '
5 25 8 sm?sin20 small - T 03
E R 2> £ 0.25
e, R o
z 15 Z o2f
: 2 0.15
m . m -
,UE} 1} dmZ sin 20 |arge i E o
g g
E 05 - -t 'E-. NnNns

Observations of SN v . is useful to probe v ¢ with a small mixing angle!

(as long as th

e outer resonance is adiabatic)
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