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• Why neutrinos

• Which neutrinos

• How neutrinos

• What neutrinos

• Where neutrinos



How did we detect SN1987A
we can do better than that
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E. Amaldi et al., 
Europhys.Lett., 3, 

1325 (1987).



High-energy explosions of massive stars 

Star binding energy is converted into:  
all flavor-neutrinos, GW, EM radiation 

Why neutrinos are interesting? 

Direct probes and messengers of SN dynamics 

Highest luminosity 

Neutrinos provide early alerts of the explosion

Supernovae: cosmic fireworks
Setting the stage

W Baade, F Zwicky PNAS (1931)
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SN1987a

ESA/Hubble & NASA

G. Gamow and M. Schoenberg, Phys. Rev. 59, 539 (1941)
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SN1987a

ESA/Hubble & NASA



27 M⦿ CC-SN

a b c d

How does a star explode ?
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Neutrinos drive the firework

Star's collapse

Neutronization

Accretion

Cooling

Wikipedia - Supernova

Main SN phase

 MPA Supernova Archive

27 M⦿ CC-SN 
@ 10 kpc



27 M⦿ CC-SN

27 M⦿ CC-SN 
@ 10 kpc

details of a SN neutrino signal
all flavors emission

 MPA Supernova Archive 6

Neutronization

Accretion

Cooling

a b c d

➜ Which flavor should we look at ?



27 M⦿ CC-SN

27 M⦿ CC-SN 
@ 10 kpc

details of a SN neutrino signal

 MPA Supernova Archive 7

Neutronization

Accretion

Cooling

a b c d

vx is the most 
intense flavor

vx is the most 
energetic flavor

Sensitive detection 
channel for vx is needed

all flavors emission



27 M⦿ CC-SN

➜ Which flavor should we look at ?

27 M⦿ CC-SN 
@ 10 kpc

details of a SN neutrino signal

 MPA Supernova Archive 8

Neutronization

Accretion

Cooling

a b c d

Tam
borra @

 IN
SS2021

Nota Bene: neutrino flavor oscillations 
in the stellar envelope are not included

we know little about v oscillation inside SNe



27 M⦿ CC-SN

➜ Which flavor should we look at ?

27 M⦿ CC-SN 
@ 10 kpc

details of a SN neutrino signal

 MPA Supernova Archive 9

Neutronization

Accretion

Cooling

a b c d

Tamborra @ INSS2021Spectral swap!

we know little about v oscillation inside SNe
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IceCUBE 

Chn: IBD
 

𝞶: anti-𝞶e
 

Mass: 1 M
ton 

SN Dista
nce: <60

 kpc 

Bonus: M
ass & tim

ing

KM3NeT
 

Chn: IBD
 

𝞶: anti-𝞶e
 

Mass: 1-7
 Mton 

SN Dista
nce: <50 

kpc 

Bonus: M
ass & tim

ing

IC

SK

All SN events ESe- + residual IBD

SK-Gd 
Chn: IBD 
𝞶: anti-𝞶e 
Mass: 22 kton 
SN Distance: ≫60 kpc Bonus: Mass & pointing
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JUNO 
Chn: IBD + eES + pES 𝞶: all  
Mass: 20 kton SN Distance: ≫60 kpc Bonus: Mass & Resolution
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SN as labs for Fundamental Physics
extracting the most out of a SN
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Using the vs: energy arrival time source location

*

*

* not covered in this talk



Locating the neutrino source
where is the SN ?

Anisotropic interactions

Pointing

Detection channels

What:

How:

Triangulation

Time delay of neutrino 
arrival

Large statistics & many 
detectors

JF. Beacom et al., Phys.Rev. D 60 (1999) 033007

Directionality

Directional detector

High-Energy neutrino 
follow up (GeV)

R. Tomas et al., Phys.Rev. D68 (2003) 093013

~GeV

🕵
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📐
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🧭

➪ SK-Gd, Dune, SNO+ ➪ Juno+SK, Juno+IC, ...
➪ IC, ...



K. Scholberg, J. Phys. G 45 (2018) 014002

Statistics + Normalization

F. Pompa et al., Phys. Rev. Lett. 129, 121802 (2022)

Statistics needed

➪ IceCube, HK, Dune, Juno

➪ Progenitor independent 
measurement

Neutrino fundamental properties
SNe, unique neutrino sources

20

𝞶e Neutronization burst

➜ 𝞶 Mass Ordering

➜ 𝞶 absolute mass

Suppression of ve

Sensitive to MSW effects 

"Smearing" of ve burst

Time of Flight measurement

➪ Katrin is already better

👀
📈📉

📈📉
👀

⚰

🎁 💔
Nat. Phys. 18, 160–166 (2022)



Shock-wave instabilities (SASI)

Neutrino signal time distribution
physics of core-collapse

ResNova time response to SN signals

L. Pattavina et al., JCAP 10 (2021) 064

BH vs NS requires time 
resolution of O(≪10 ms)

➪ Fast detectors: IC, ResNova, ...

21

𝞶 Signal duration

➜ SN remnant


➜  SN explosion 
mechanism

Cooling phase rate

➪ Very large-stats: IC, HK, ...

3D feature of SN models 
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➜ SN remnant


➜  SN explosion 
mechanism

Cooling phase rate

3D feature of SN models 
Interplay vs and GWs
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𝞶 Signal duration

➜ SN remnant


➜  SN explosion 
mechanism

Cooling phase rate

3D feature of SN models 
Interplay vs and GWs
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Where should we look for SN?
SN rate spatial distribution is not uniform

Around us 
(<20 kpc)

1.63±0.46 SN/100y [R. Rozwadowska et la., New Astron. 83 (2021) 101498] 

3.2(+7.3 -2.6) SN/100y  [S. M. Adams et al., Astrophys. J., 778, 164 (2013)]
Galactic CCSN rate

Very Far 
(3 Mpc)

25

Very Near 
(<500 pc)

High-intensity v fluxes

➪ Modular detectors: ResNova

Fully covered

➪ Current technology

Weak v fluxes

➪ Mton-scale technology: HK

~40 candidates

M
ukhopadhyay, et al., 2020 A

pj. 899 153

S. A
ndo et al., Phys.Rev.Lett. 95 (2005) 171101

🎧 🔍 🩺

MW



Diffuse SN neutrino background
not one SN, but all SNe!

The integral of: 
•Failed- and CCSN  
•SN explosion dynamics 
•Star Metallicity 
•Star formation rate 
•Neutrino mass hierarchy

Strong model 
dependence

A
. Suliga et al., Phys. Rev. D

 105, 043008 (2022)Reactor vs
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SN rate at z 

Averaged SN spectrum
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Diffuse SN neutrino background
not one SN, but all SNe!

SK most stringent limits (anti-ve)

K
. A

be et al., Phys. Rev. D
 104, 122002 (2021)


DSNB in all flavors possible with CEvNS

The integral of: 
•Failed- and CCSN  
•SN explosion dynamics 
•Star Metallicity 
•Star formation rate 
•Neutrino mass hierarchy

Strong model 
dependence
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SN rate at z 

Averaged SN spectrum
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SN rate at z 

Averaged SN spectrum
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Summary

➜ SN1987A neutrinos took 160,000 y to reach our detectors 

➜ Big technological leap since SN1987A 

➜ High-sensitivity all flavors v detection is coming to town 

➜ SN202X will offer a wealth of opportunities and answer some big questions 

➜ SNEWS2.0 online network of v-sensitive detectors  

➜ Missing SN202X will be worse than no SN observation

https://iopscience.iop.org/article/10.1088/1367-2630/abde33/pdf


Beyond this talk

•Repurpose veto detectors 
for SN neutrinos 

•Main Detectors for SN 
neutrinos 26/10

24/10


