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Astrophysical Neutrinos
elusive and powerful probes of the Universe



The Optical Sky
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The Microwave Sky
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The Gamma Ray Sky
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The Neutrino Sky?
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The Neutrino Sky
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Cribier et al., 1995



Neutrinos from Hot, Dense Environments

Many particles are produced, neutrinos escape more easily
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For example…
the core of the Sun:
temperature: 27 million degrees F
density: 160 g/cm^3

𝑝 + 𝑝	 → 2He + 𝑒! + 𝜈"
𝑒! + 𝑒# → 	𝜈 + �̅�
𝜋 → 	𝜇 + 𝜈$
…



Solve Mysteries in Astro- and Particle Physics
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Solar neutrinos may help solve solar metallicity problem



Solve Mysteries in Astro- and Particle Physics
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SNO, 2007

Solar neutrinos were 
one piece to discover 
neutrino oscillation, 
which proves that 
neutrinos have 
masses 



This Talk:
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Supernova neutrinos
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Core-collapse Supernovae
The death of Massive Stars (> 8 M☉)

Figures remade from Raffelt’s talk 11/30



Core-collapse Supernovae
The death of Massive Stars (> 8 M☉)

Figures remade from Raffelt’s talk

Simulation link
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https://www.youtube.com/watch?v=bxKwMGgAkdQ


Huge Amount of Energy and Neutrinos

We can detect the neutrinos if it’s nearby!
13/30

Among the most energetic events 
in the Universe

Optically, they can outshine the 
entire host galaxy for weeks

Release 10^46 J of energy >> Sun 
traveling at the speed of light

Mostly in neutrinos



It Happened Once! Supernova 1987A

Kamioka-II 1988
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Provide Information on Nucleosynthesis
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Provide Information on the Remnant
What is the fate of SN 1987A? We still don’t know!

Alp et al., 2018
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Provide Information on the Remnant
What is the fate of SN 1987A? We still don’t know!

Cigan et al., 2019

17/30



Provide Information on the Remnant
We can directly measure remnant formation using neutrinos!

Li et al., 2020
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Provide Information on 𝜈 Properties
Neutrino-neutrino collider

19/30Chang et al., 2022



Provide Information on BSM

20/30Chang et al., 2018

Could produce light dark 
matter, milli-charged particles, 
axions, …



Ongoing Efforts

21/30Li et al., 2023

ArgoNeuT, 2018Examples…



High-energy 
astrophysical neutrinos
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Cosmic Rays
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A one-hundred-year puzzle 
– where are they from?

PDG, 2022



Figure credit: Palladino et al.
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Neutrinos as Cosmic Messengers
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IceCube Has Detected Astro 𝜈
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But… Diffuse Flux…

All sky, uniform 
in direction fluxes

Pointing does 
NOT obviously 
help to find the 
sources
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Promising Sources

IceCube, 2022
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Promising Sources

IceCube, 2022
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Provide Information on Particle Properties
Neutrino decay

Bustamante et al., 2017

Neutrino-matter interaction

Song et al., 2020



Conclusions
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