
International Workshop on New Opportunities for Particle Physics (NOPP2026) 
Institute of High Energy Physics, August 16th, 2026

Overview of astro-neutrinos

ASHIDA, Yosuke (Tohoku University) 
芦田 洋輔 (東北大学) 

yosuke.ashida.a1@tohoku.ac.jp

mailto:yosuke.ashida.a1@tohoku.ac.jp


2

Astrophysics  
 ~ Astronomy + Particle Physics



γ ν

p GW

Neutrinos

Cosmic rays Gravitational Wave

MULTI-MESSENGER 
ASTRONOMY

TODAY

Photons



4

Neutrinos interact only weakly  
• Escape from extremely dense area 

• Travel over the long distance 

• Not deflected by cosmic magnetic field



5Neutrino Telescopes (So Far)
KamLAND (Japan)

Super-Kamiokande (Japan)

IceCube (South Pole)MeV

MeV ~ TeV TeV ~ PeV

Different expertise in target energy and flavor



6Neutrino Telescopes (Soon)
KamLAND (Japan)

JUNO (China)

Super-Kamiokande (Japan)

KM3NeT (Mediterranean Sea)

IceCube-Gen2 (South Pole)MeV

MeV ~ TeV TeV ~ PeV

Hyper-Kamiokande (Japan)

DUNE (US)
TRIDENT, HUNT, NEON  

(South China Sea)

P-ONE (East Pacific Ocean), Baikal-GVD (Lake Baikal), …

XLZD, …



7Astrophysical Neutrino Sources 

Transient ~ temporal emission 
• Supernova (CCSN) 

• Blazar 

• Gamma-ray burst (GRB)

• … etc 

Diffuse ~ continuous emission  
• Diffuse supernova neutrino background (DSNB) 

• Most familiar stars (Sun, Earth) 

• Active galactic nuclei (AGN)

• Galactic Plane

• … etc 



8Neutrinos from the Sun  

• Electron neutrinos are produced inside the Sun, which initiated  
neutrino oscillation studies (resolved by SNO and Super-K). 


• Neutrinos from different processes have been measured  
by many experiments (especially Borexino played greatly). 

Borexino



9Neutrinos from the Earth 

• Neutrinos are emitted from inside of the Earth through the decay of 
naturally occurring radionuclides, such as Uranium and Thorium. 


• First observed by KamLAND, and followed by other experiments. 

• JUNO with 207 days already showed a very clear signal. 

https://www.awa.tohoku.ac.jp/KamLAND/geonu2022/data-release.html

KamLAND

https://indico.global/event/15740/contributions/155563/attachments/72452/141000/JUNO-Neutrino2026-Vfinal.pdf

https://www.awa.tohoku.ac.jp/KamLAND/geonu2022/data-release.html
https://indico.global/event/15740/contributions/155563/attachments/72452/141000/JUNO-Neutrino2026-Vfinal.pdf


10Neutrinos from Collapsing Stars 

Efficient neutrino emission after carbon core 
(= pre-supernova neutrinos)

Bounce & Shock wave

Neutrino emission along shock transition

PNS

Neutrino emission from proto-neutron star cooling

H
He

C,O O,Ne,Mg
Si

Fe

ν

S. W. Li, L. F. Roberts, and J. F. Beacom, PRD 103, 023016 (2021)

~99% of energy released as “neutrinos”

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.023016
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Only one case so far, the historic SN 1987A 
We are waiting for the next one!



12Alerting Pre and Burst SN Neutrinos 

by K. Saito (The 11th SN workshop)

by G. Pronost (The 11th SN workshop)

Detection

Pointing

KamLAND

Super-K



• Observation of a failed SN in Andromeda, M31 (~780 kpc) was reported. 


• Super-K data in the corresponding period didn’t find any cluster events. 


• Numerical models on failed SNe are constrained from this non-detection. 

13Knowledge from Non-detection of “Failed” Explosion

Y. Suwa et al., The Open Journal of Astrophysics, Volume 8 (2025)

neutron star

black hole (failed SN)

core collapse

K. De et al., Science Vol 391, Issue 6786 (2026)
F. Nakanishi et al. (Super-Kamiokande Collaboration), ApJL 997, L9 (2026)

https://astro.theoj.org/article/147127-neutrino-constraints-on-black-hole-formation-in-m31
https://www.science.org/doi/10.1126/science.adt4853
https://iopscience.iop.org/article/10.3847/2041-8213/ae2c73


14Diffuse Flux of SN Neutrinos 

The accumulated flux of neutrinos released from stellar core collapse over the cosmic history 

= Diffuse Supernova Neutrino Background; DSNB 

Φ = ∫ [ν emission] ⨂ [Star formation] ⨂ [Universe expansion] 

Many predictions

Y. Ashida, K. Nakazato, ApJ 937, 1 (2022)

Y. Ashida, K. Nakazato, T. Tsujimoto, ApJ 953, 2 (2023)


K. Nakazato, R. Akaho, Y. Ashida, T. Tsujimoto, ApJ 975, 1 (2024)

https://iopscience.iop.org/article/10.3847/1538-4357/ac8a46
https://iopscience.iop.org/article/10.3847/1538-4357/ace3ba
https://iopscience.iop.org/article/10.3847/1538-4357/ad7826


15Recent DSNB Search Result from Super-K 

• A search based on 5003 days of Super-K data shows a 2.6σ significance (99.5% C.L.).

• 1.4σ (pure water phase only)

• 2.2σ (Gd water phase only)


• This is the first indication of the DSNB electron antineutrino signature!  

2.6σpaper in prep



16High-Energy Astrophysical Neutrinos

I. Bartos et al., ApJ 921, 45 (2021)

• IceCube had confirmed and is now precisely measuring the extragalactic astrophysical neutrino flux; also 
confirmed significant high-energy neutrino emissions from the galactic plane. 

• Followed by Baikal; KM3NeT started its operation (reported a ~220 PeV neutrino). 


• Remaining mysteries (but we may gradually approach the answer?) 

• Major contributor to the observed astrophysical flux

• Reason for the observed broken power spectrum  

• Flux of cosmogenic (GZK) neutrinos 

R. Abbasi et al. (IceCube Collaboration), PRD 110, 022001 (2024)

R. Abbasi et al. (IceCube Collaboration), PRL 135, 031001 (2025)

https://iopscience.iop.org/article/10.3847/1538-4357/ac1c7b/meta
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.022001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.135.031001


17Identified Sources
Blazar 0506+056

Seyfert galaxy NGC 1068

Seyfert galaxies



18Quasi- or Non-thermal SN Neutrinos 

Rapidly rotating and strongly magnetized PNS

Dense circumstellar material (CSM)

e.g.

J. A. Carpio et al., PRD 110, 083012 (2024) K. Murase, PRD 97, 081301(R) (2018)

K. Murase, PRD 109, 103020 (2024)

Increasing number of the reported coincidence…

2023uqf (Ibn ~723 Mpc)

2023syz (IIn ~160 Mpc)

2025cbj (IIn ~290 Mpc)

2017hcd (IIn ~159 Mpc)

2021foa (IIn/Ibn ~35 Mpc)

GeV

TeV~PeV

Yaron et al. 2017

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.083012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.081301
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.103020


19SN 2023uqf: Modeling of Optical-Neutrino Emissions 

• CSM structure is modeled by RHD calculations with STELLA to reproduce  
optical light curve of SN 2023uqf. 


• Neutrino emission is calculated for the optimized CSM structure. 


• Event rate of ~10–4 can explain ~O(1) for ~O(103) Ibn SNe × ~10 years.  

R. Sawada, Y. Inoue, Y. Ashida, ApJL 1005, 2 (2026)

https://iopscience.iop.org/article/10.3847/2041-8213/ae80bd


20Possibility of Multi-Energy Detection?

time

radius

bounce shock breakout

surface

origin?

pre-SN neutrinos ~MeV

SN burst neutrinos ~O(10) MeV

SN non-thermal neutrinos ~TeV

CSM density structure [g cm–3]

<latexit sha1_base64="+u4jh05pzX8uce+s80PnXKZo0wg=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwY5lRqS6LblwoVLAP6AxjJk3b0CQzJBmhDPMhbvwVNy4UceNC8G/MtF1o64HA4dx7c+85Ycyo0o7zbRUWFpeWV4qrpbX1jc0te3unqaJEYtLAEYtkO0SKMCpIQ1PNSDuWBPGQkVY4vMzrrQciFY3EnR7FxOeoL2iPYqSNFNgnXjfS6U0WpJ7kECueQS+WUawjeD3RzHceR3qAB0jeH3kiyQK77FScMeA8caekDKaoB/an2YITToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un47NZfDAKF3Yi6R5QsOx+nsiRVypEQ9NZ36mmq3l4n+1TqJ7535KRZxoIvBkUS9h0FjPk4JdKgnWbGQIwpKaW2GeAcLa5FkyIbizludJ87jiVivV29Ny7WIaRxHsgX1wCFxwBmrgCtRBA2DwCJ7BK3iznqwX6936mLQWrOnMLvgD6+sH67aihg==</latexit>

Ṁcsm / Lpre-⌫

<latexit sha1_base64="ok5HWD5gjYxocHsxtuGnNbv1U3A=">AAACHHicbVBLSwMxGMz6rPW16tFLsAheLLsq1WPRiweFCvYB3bJm07QNTbJLkhXKsj/Ei3/FiwdFvHgQ/Ddm20W0dSAwzDdfkpkgYlRpx/my5uYXFpeWCyvF1bX1jU17a7uhwlhiUschC2UrQIowKkhdU81IK5IE8YCRZjC8yObNeyIVDcWtHkWkw1Ff0B7FSBvJt4+v/MSTHGLFPY70AA+QvDv0RJxCL5JhpEPodUOdXKc/vtS3S07ZGQPOEjcnJZCj5tsf5g4ccyI0ZkiptutEupMgqSlmJC16sSIRwkPUJ21DBeJEdZJxuBTuG6ULe6E0R2g4Vn9vJIgrNeKBcWYB1PQsE/+btWPdO+skVESxJgJPHurFDJrIWVOwSyXBmo0MQVhS81eYtYOwNn0WTQnudORZ0jgqu5Vy5eakVD3P6yiAXbAHDoALTkEVXIIaqAMMHsATeAGv1qP1bL1Z7xPrnJXv7IA/sD6/Ad3xooI=</latexit>

Lcsm-⌫ / Ṁcsm

R. Sawada, Y. Ashida, ApJ 982, 2 (2025)

Correlation in temporal structure  
between pre-SN neutrinos and  

CSM-origin neutrinos? 

JUNO

IceCube, NH

https://iopscience.iop.org/article/10.3847/1538-4357/adb721


21Summary

Neutrino astronomy has been progressing over the last decade.  
• A unique probe, compensating other messengers (= multi-messenger astronomy).

• Potential study with neutrinos from different mechanisms (= multi-energy neutrino astronomy).

• Many telescopes in the world to make a dream work! (= multi-detector neutrino astronomy) 


Both diffuse and transient studies are important.   
• First indication of the DSNB signal at Super-K; HE diffuse is now being precisely measured. 

• HE diffuse sources are being resolved; AGN looks promising! 

• CCSNe stays among the most interesting sources in both LE and HE regimes. 


Many neutrino telescopes will start operating soon.   
• Hyper-K, JUNO, IceCube-Gen2, KM3NeT, TRIDENT/HUNT/NEON, DUNE, … 

• Next decade should be the most ever exciting era for neutrino astronomy!  

Thanks for your attention!



Supplements
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Detection of neutrinos from 

SN 1987A (Kamiokande else)

Detection of a neutrino from 

Blazar TXS 0506+056 (IceCube)

Observation of neutrino emission from

 Seyfert galaxy NGC 1068 (IceCube)

Confirmation of astrophysical diffuse 

high-energy neutrinos (IceCube)

thermal 
non-thermal

Detection of neutrinos from the Sun and Earth

(Kamiokande, KamLAND else)



24Detection Channel 

~MeV >GeV

Inverse beta decay 
(IBD) Deep inelastic  

(DIS)



25Core Collapse Fate and DSNB 
Y. Ashida, K. Nakazato, ApJ 937, 1 (2022)


Y. Ashida, K. Nakazato, T. Tsujimoto, ApJ 953, 2 (2023)

K. Nakazato, R. Akaho, Y. Ashida, T. Tsujimoto, ApJ 975, 1 (2024)

from K. Nakazato

Emitted ν spectrum is expected to depend on the remnant after core collapse (“fate”). 

• Information about the fate are accessible by other observations (pulser, failed SN monitoring, GW etc). 


Consider three major cases as a fate and calculate DSNB flux for each. 

• Canonical mass neutron stars (~1.4Msun)

• High mass neutron stars (~1.7Msun)

• Black holes (failed SNe)

Typical NS (~1.4Msun)

Heavier NS (~1.7Msun)

BH formation (failed SN)

Multiple lines for different choice 

of EOS (Shen, LS220, Togashi)

https://iopscience.iop.org/article/10.3847/1538-4357/ac8a46
https://iopscience.iop.org/article/10.3847/1538-4357/ace3ba
https://iopscience.iop.org/article/10.3847/1538-4357/ad7826


26Fitting with Other DSNB Models 

• Three models (which have different shapes) were tested. 

• The fitting consistently shows a significance of ~2.6σ against the null DSNB hypothesis. 

• Our analysis is not capable of model discrimination. 



• Two highest energy neutrinos: 1.04±0.16 PeV, 1.14±0.17 PeV


• High Energy Starting Event (HESE) sample confirmed the flux. 


• More improvements came up afterwards. 


• Better reconstruction tools (ML-based)


• Lower energy threshold

27First Observation of HE Astrophysical Neutrinos 



28Diffuse HE Neutrino Flux



First independent observation from IceCube

Baikal is located in North hemisphere!!



R. Abbasi et al. (IceCube Collaboration), PRL 136, 121002 (2026)

Evidence for Spectral Break

https://journals.aps.org/prl/pdf/10.1103/2gh9-d4q7?casa_token=oi9yOBUkV8UAAAAA%3AGkSDZW52iD5uOpPMfVRBcqT4CQLIUYaCoBW7hrg0RSC_oeO9N6Jphn96Zy3c10gjPhmjGLn110e8OA


31Galactic Plane in Neutrinos 





33Dense Circumstellar Material 

dense CSM

shockprogenitor

• Existence of dense CSM is proposed from optical surveys. 

• Its cause is still unknown; mass-loss rate increases at the very end? 


‣ Core convection  

‣ Mass exchange in a binary system 

‣ … etc 

Yaron et al. 2017

10–2 Msun yr–1

10–6 Msun yr–1

<latexit sha1_base64="bQ4zNpc+T3DNm/Ns2SPB7ZYriU0=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgxjJTpLosunFZwT6gU0smzbShmSQkGWEY6q+4caGIWz/EnX9j2s5CWw9cOJxzL/feE0pGtfG8b6ewtr6xuVXcLu3s7u0fuIdHbS0ShUkLCyZUN0SaMMpJy1DDSFcqguKQkU44uZn5nUeiNBX83qSS9GM04jSiGBkrDdxyoMYCBlIJaQRUD9l5bTpwK17VmwOuEj8nFZCjOXC/gqHASUy4wQxp3fM9afoZUoZiRqalINFEIjxBI9KzlKOY6H42P34KT60yhJFQtriBc/X3RIZirdM4tJ0xMmO97M3E/7xeYqKrfka5TAzheLEoShi0f86SgEOqCDYstQRhRe2tEI+RQtjYvEo2BH/55VXSrlX9erV+d1FpXOdxFMExOAFnwAeXoAFuQRO0AAYpeAav4M15cl6cd+dj0Vpw8pky+APn8wc1U5SA</latexit>

⇢ / r�2

<latexit sha1_base64="t/ZLGw6jGNg4bx1d7Oro2DLqXC4=">AAACJXicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVUj0oFL14ERSsCt1asmnaBrPJkswWyrJ/xot/xYsHRQRP/hXT7R7U+iDw5r0ZJvPCWHADnvfplObmFxaXysuVldW19Q13c+vGqERT1qJKKH0XEsMEl6wFHAS7izUjUSjYbfhwNvFvR0wbruQ1jGPWichA8j6nBKzUdY+DnoL0IuumgY6wUMZk+ATXg5gHeqjwaKozQzOs7w+slddUSQO1rOtWvZqXA88SvyBVVOCy677ZdTSJmAQqiDFt34uhkxINnAqWVYLEsJjQBzJgbUsliZjppPmVGd6zSg/3lbZPAs7VnxMpiYwZR6HtjAgMzV9vIv7ntRPoH3VSLuMEmKTTRf1EYFB4Ehnucc0oiLElhGpu/4rpkGhCwQZbsSH4f0+eJTcHNb9Ra1zVq83TIo4y2kG7aB/56BA10Tm6RC1E0SN6Rq/ozXlyXpx352PaWnKKmW30C87XN68wpL4=</latexit>

Ṁloss = 4⇡⇢vescr
2 = const.

SN 2013fs (“typical” II-P)



34Pre-SN Neutrino Release for CSM Formation 

Gravitational bind gets weaker due to 

pre-SN neutrino release, leading to stellar mass loss? 

<latexit sha1_base64="GB295kbZaEArFd8ecwcMAuC7coM="></latexit>

Ṁloss =
L⌫

c2
= 6.8⇥ 10�3

✓
L⌫

1011L�

◆
M� yr�1

Based on Kato et al. 2015, 2017

dense CSM

core

envelope

ν

ν

<latexit sha1_base64="+u4jh05pzX8uce+s80PnXKZo0wg=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwY5lRqS6LblwoVLAP6AxjJk3b0CQzJBmhDPMhbvwVNy4UceNC8G/MtF1o64HA4dx7c+85Ycyo0o7zbRUWFpeWV4qrpbX1jc0te3unqaJEYtLAEYtkO0SKMCpIQ1PNSDuWBPGQkVY4vMzrrQciFY3EnR7FxOeoL2iPYqSNFNgnXjfS6U0WpJ7kECueQS+WUawjeD3RzHceR3qAB0jeH3kiyQK77FScMeA8caekDKaoB/an2YITToTGDCnVcZ1Y+ymSmmJGspKXKBIjPER90jFUIE6Un47NZfDAKF3Yi6R5QsOx+nsiRVypEQ9NZ36mmq3l4n+1TqJ7535KRZxoIvBkUS9h0FjPk4JdKgnWbGQIwpKaW2GeAcLa5FkyIbizludJ87jiVivV29Ny7WIaRxHsgX1wCFxwBmrgCtRBA2DwCJ7BK3iznqwX6936mLQWrOnMLvgD6+sH67aihg==</latexit>

Ṁcsm / Lpre-⌫



35Neutrino Light Curve 

pre-SN ν CSM ν

No oscillation

R. Sawada, Y. Ashida, ApJ 982, 2 (2025)

https://iopscience.iop.org/article/10.3847/1538-4357/adb721


36Expected Event Rate (300 pc)
<latexit sha1_base64="Gp2N8INFRs6GDMNRbbPoKR/P8FM=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNEOmTvJ0IsnmeA+YC0lzdItLGlrkgqj9F/x4r/ixYMiu4n/jNnWw9x8EHh57/1Ifs+PGZXKsr6Nwtr6xuZWcbu0s7u3f2AeHrVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek449up37nmQhJo/BRjWPicjQIaUAxUlryzLoTCITTey91BIeSDrIsdeSTUIsSvID5zR/pQAavYdUzy1bFmgGuEjsnZZCj6ZkTpx/hhJNQYYak7NlWrNwUCUUxI1nJSSSJER6hAelpGiJOpJvONszgmVb6MIiEPqGCM3VxIkVcyjH3dZIjNZTL3lT8z+slKqi7KQ3jRJEQzx8KEgZVBKd1wT4VBCs21gRhQfVfIR4iXZnSpZZ0CfbyyqukXa3YtUrt4bLcuMnrKIITcArOgQ2uQAPcgSZoAQxewBv4AJ/Gq/FufBmTebRg5DPH4A+Mn1+jNqPB</latexit>

Nsigp
Nsig +Nbkg

> 2
<latexit sha1_base64="WUHXHk+pWrOBTrZGtsbvoDZeGHk=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdkepJil48SQX7Ae2yZNO0DU2yS5IV6tJf4sWDIl79Kd78N6btHrT6YODx3gwz86KEM20878sprKyurW8UN0tb2zu7ZXdvv6XjVBHaJDGPVSfCmnImadMww2knURSLiNN2NL6e+e0HqjSL5b2ZJDQQeCjZgBFsrBS65dsw6ymBNBtO0SXyQ7fiVb050F/i56QCORqh+9nrxyQVVBrCsdZd30tMkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPPDp+jYKn00iJUtadBc/TmRYaH1RES2U2Az0sveTPzP66ZmcBFkTCapoZIsFg1SjkyMZimgPlOUGD6xBBPF7K2IjLDCxNisSjYEf/nlv6R1WvVr1drdWaV+lcdRhEM4ghPw4RzqcAMNaAKBFJ7gBV6dR+fZeXPeF60FJ585gF9wPr4BVtKSPg==</latexit>

Nsig > 1Detectable range: and

JUNO

IceCube

pre-SN ν CSM ν

R. Sawada, Y. Ashida, ApJ 982, 2 (2025)

https://iopscience.iop.org/article/10.3847/1538-4357/adb721


• Estimation performed along distance and mass-loss efficiency. 


• Applicable up to ~500 pc, which could be extended  
to O(1) kpc. 

‣ Wider analysis window at JUNO 

‣ Background reduction at JUNO (e.g., reactor)

‣ Combined data from multiple experiments 


• A few candidate Walf-Rayet stars in ~1 kpc  
(closest is WR 11 at ~340 pc). 


• Hyper-K is probably able to detect both  
pre-SN and CSM neutrinos alone. 

37Applicable Parameter Space 

Larger/more detectors  
Improved analysis

R. Sawada, Y. Ashida, ApJ 982, 2 (2025)

https://iopscience.iop.org/article/10.3847/1538-4357/adb721

