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Overview of Supernova Neutrinos



• Mainly work on Hyper-K and SNEWS 2.0 

• Have dabbled in … 
• Liquid Argon (DUNE) 
• Liquid Scintillator (LSC@Yemilab, 

arxiv:2309.13435) 
• WbLS (Theia) 

• Maintainer of SNEWPY, SNOwGLoBES & sntools 

• Writing a book on software tools for SN neutrinos
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About Me

Jost Migenda

—> Talk to me to get e!ly drafts of chapt"s & Jupyt" noteb#ks!

https://arxiv.org/abs/2309.13435
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Agenda

Jost Migenda

NNN 2023 L. Cremonesi,  “Neutrino oscillation experiments”

All neutrino oscillation experiments are the same…

Produce 
neutrinos

[possibly all in the same flavour]

Check what you 
produced

[optional]

Propagate! 
[a few km 

to a few kpc]

Look for a deficit 
or excess!

Neutrino 

oscillations

Matter  
Effects

11

Linda, yest"day:
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Even applies to sup"n$a neu%ino &p"iments:
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• Stellar evolution before core-collapse is a whole separate field 

• See e.g. codes like TULIPS (E. Laplace), BPASS 
(J.J. Eldridge, E. Stanway et al.), MESA 

• Note: “20 Msol progenitor” refers to Zero Age Main 
Sequence (ZAMS) mass—relation to pre-explosion 
structure of progenitor is complicated … 

• Common progenitors e.g. by Woosley & Heger, 
Sukhbold et al. 

• Alternative mechanisms (ECSN, PISN, Ia) are beyond the 
scope of this talk!
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Production

Jost Migenda



• SN1987A: two dozen events in 
Kamiokande, IMB, Baksan 

• Confirmed basic picture: 
• ν burst ≈99% of energy 
• ~1053 erg, ~1058 ν 
• ν arrive ~hours before light 

• Energy loss argument can constrain exotic particles 

• Simulations still limited by available computing power 
➔ take any numbers with a grain of salt
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What We (Think We) Know …
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G. Raffelt, arXiv:hep-ph/9903472

“issues concerning the neutrino–matter interaction, 
the nuclear equation of state, the possible effects of 
neutrino oscillations, grid resolution, the possible role 
of rotation and magnetic fields, and the accuracy of 
the numerical algorithms employed remain to be 
resolved.” 

— Wang, Vartanyan, Burrows, Coleman (arXiv:2207.02231)

https://arxiv.org/abs/2207.02231
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1) The Star Collapses
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[Janka et al., Phys.Rep. 442, pp. 38–74]

!!!
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• Fast flavor conversion 
(  interactions lead to flavor 
transformations on ~cm scales, see e.g. 
arXiv:2301.11938 and refs therein) 

• Adiabatic MSW (as seen in 
solar neutrinos) with normal 
or inverted mass ordering 

• Non-adiabatic MSW 
because of shock wave 

• Your favorite exotic scenario: 
NSI, steriles,  decay, … 

• Earth matter effect

ν − ν

ν

"

https://arxiv.org/abs/2301.11938
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Neutrino Interactions

Jost Migenda

Slide '( Kate Sch)b"g, SN@LNGS 2023

Supernova-relevant neutrino interactions
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❌ ❌
e.g. SK, HK, IceCube*, KM3NeT* * rate-only, can’t reconstruct individual events
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Direct Dark Matter Detectors
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❌
Lang et al. arXiv:1606.09243
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All Together Now!

Jost Migenda

• … and various other detector types/materials 

• Exploiting complementarity of different detectors will 
be essential for disentangling flavour transformations; 
e.g. we could get … 

•  from Hyper-K 

•  from DUNE 

•  from JUNO (  scattering) & DARWIN

ν̄e

νe

∑ ν ν − p



• Directionality ➔ next slides! 

• Distance may affect optimal follow-up strategy 
• Dust obscuration near GC ➡ 
• Compare with list of candidate stars 

(arXiv:2307.08785) 
• From 1/r2 scaling or advanced methods 

• SN Model Discrimination with just a few 100 events 
• First developed in HK (JM, arXiv:2002.01649) 
• Also possible in LS (arXiv:2301.08079), 

LAr, … as long as you have per-event time & 
energy information! 

• Exotic events, e.g. black-hole formation, type Ia, …

19

What Can We Learn?

Jost Migenda

⬆ Optical     Near-IR ⬇

arXiv:1602.03028

https://arXiv.org/abs/2307.08785
https://arxiv.org/abs/2002.01649
https://arxiv.org/abs/2301.08079


• Determining the SN direction is essential 
• For alerting astronomers & enabling multi-

wavelength observations of the shock-breakout 
• If failed SN: search for disappearing progenitor 
• Reconstruct size of earth matter effect 

• Multiple methods 
• Anisotropic neutrino interactions  
• Triangulation by multiple detectors 
• Oscillations patterns? High-E  within ~hours?ν

20

Supernova Pointing

Jost Migenda

e.g. Scholberg et al. 
PRD81 (2010) 043007

PRD68 093013; PRD97, 081307; ApJ 945, 98

} this talk
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❌

But see Fischer et al., 
arXiv:1504.05466
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❌ ❌
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Pointing in Super-K
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From Takeda-san's talk at this workshop:

Fr( Takedaさん, SN@LNGS w-ksh,
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Pointing in DUNE
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Fig.es '( Kate Sch)b"g, SN@LNGS w-ksh,

Pointing to the supernova with DUNE

10.25 MeV electron 20.25 MeV neutrino

eES neCC 

Forward-pointed Quasi-isotropic* * potential for 
  Fermi/GT separation

DUNE Preliminary DUNE Preliminary

~300 events/40 kt @10 kpc ~3000 events/40 kt @10 kpc

Work by:
James Shen
Janina Hekenmüller
Josh Queen

Channel-tagging (interaction classification) matters

directional
signal on an
~isotropic
background

10 kpc, 40 kton
GKVM model

DUNE Preliminary

DUNE PreliminaryNote direction ambiguity, 
can only be resolved 
statistically

νe CCν + e



• Cherenkov/scintillation light separation possible in principle, but 
very tricky to do in a realistic detector 

• First demonstrations in Borexino (statistical only, arXiv:2112.11816) 
and SNO+ (slow scintillator, arXiv:2309.06341) 

• Significant R&D program towards THEIA
28

Pointing in (Wb)LS

Jost Migenda

Cherenkov/scintillation photons separation 
Timing WavelengthAngular distribution

Large area picosecond 
photodetectors LAPPDs 

(~70 ps TTS) or other 
fast photodetectors

• Dichroic filters

• Red-sensitive PMTs

• Filtering

Angular resolution

7

T. Kaptanoglu et al.  
Phys. Rev. D 101, 072002 (2020)B.W.Adams et al. NIM A Volume 795, 1 (2015)

Cherenkov (Č)

Scintillation

Fig.e '( Z!a Bagdas!ian



• Simple in principle, but hard to do in practice 
• Earth diameter is ~40 ms ➔ need O(1) ms accuracy 

per detector, which requires high statistics 
• Systematics: e.g. DUNE ( ) & HK ( ) see 

different time structure 

• Less accurate (≳10º, depending on detectors, direction, 
SN model, …) 

• But much faster! (Only need to reconstruct time of first 
few events)

νe ν̄e
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Triangulation

Jost Migenda

J Tseng, SNEWS triangulation (1 June 2023) 2

Triangulation

● Simple geometric problem:  neutrino burst
arrives at different times at different detectors

● Maximum time difference ~40ms

● Very fast pointing back to supernova
● Generally expect not as good as directional events, e.g., electron elastic scatters

● Timescale:  Super-Kamiokande pointing in ~3.5min [see Takeda, this conference]

● Redundant over individual detector downtimes

Why point?
Find the supernova! 

Early light observations are valuable….

For this application, want to point with low latency

We’re racing 
the shock! 

May have less than
a half hour, or even
just minutes

arXiv:1211.6770

10

FIG. 13. Sky areas determined by combining IceCube timing information with DUNE, JUNO, and Super-K (left) or Hyper-K
(right) at 10 kpc and assuming NO.

FIG. 14. Sky areas determined by combining timing infor-
mation from JUNO and IceCube at 10 kpc and assuming
NO. This information will be available even if there is no
anisotropic interaction information available from detectors
with intrinsic directionality.

FIG. 15. Sky areas determined by combining timing informa-
tion from SK and IceCube at 10 kpc and assuming NO. This
represents information from detectors which are currently ac-
tive.

real-time strategies for optimization of worldwide neu-
trino pointing capabilities, considering improved knowl-
edge of detector responses and backgrounds, will be a
topic of future investigation.
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10–30 ms (!) in JUNO



• SuperNova Early Warning System 
looks for coincident event bursts 

• Started >20 years ago, running in 
automated mode since 2005 

• 2022: 7 participating detectors ➔

30

SNEWS 1.0

Jost Migenda

Super-K 
KamLAND

LVD 
KM3NeT

HALO 
NOνA

IceCube

“3 P’s” of a good alert (K. Scholberg, 2000) 
✅ Prompt: send alert within ~min 
❌ Pointing: (left up to individual 

experiments) 
✅ Positive: false-alarm rate 

< 1 per 100 years
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✅ Prompt 

❌ Pointing 

✅ Positive

• Fast 

• Full-featured 

• FAR

• Since 2019: re-imagined SNEWS for today’s new age of multi-
messenger astronomy (arXiv:2011.00035 / DOI:10.1088/1367-2630/abde33) 

• Basic implementation works, first experiments sending data & 
discussing MoUs 

• Regular “fire drills”, working with astronomy community for 
monitoring candidates & developing optimal follow-up strategy 

• Move from “3P’s” to “3F’s” of a good alert:
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SNEWS 2.0

Jost Migenda

✅ Fast 

✅ Full-featured 

✅ FAR

Be/" al"ts if &p"iments  
sh!e m-e data (,ti*al!)

No m-e “b0 who 1ied w)f”

https://arxiv.org/abs/2011.00035
https://doi.org/10.1088/1367-2630/abde33
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SNEWS 2.0 

Server

Analysis tools for 

( Coincidence 

( Triangulation 

( …

Observation messages, 
heartbeats & commands

Publish alert if a likely 
supernova is detected

Astronomers, 

GW detectors, 

general public

Publicly available on GitHub: 
• SNEWS Publishing Tools 
• Online analysis tools 
• SNEWPY

( 
Simulation tools

Develop analysis 

algorithms, set 

alert thresholds for 

experiments, 

etc.

Participating 

Experiments
Participating 

Experiments
Participating 

Experiments

https://github.com/SNEWS2/SNEWS_Publishing_Tools
https://github.com/SNEWS2/snewpdag
https://github.com/SNEWS2/SNEWS_Coincidence_System
https://github.com/SNEWS2/snewpy


NNN 2023 L. Cremonesi,  “Neutrino oscillation experiments”

All neutrino oscillation experiments are the same…

Produce 
neutrinos

[possibly all in the same flavour]

Check what you 
produced

[optional]

Propagate! 
[a few km 

to a few kpc]

Look for a deficit 
or excess!

Neutrino 

oscillations

Matter  
Effects

11

S O F T W A R E
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Agenda

Jost Migenda

Even applies to sup"n$a neu%ino &p"iments:



ν 
flux
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Determining the Detector Response

Jost Migenda

Event Generator

Detector Simulation

Reconstruction

obs. 

events

• Implement cross sections, energy 
& angular distribution of outgoing 
particles, and more 

• Existing event generators 

• MARLEY (mainly Ar) 

• sntools (H2O, LS, WbLS) 

• … and some proprietary ones

{Cust( p" 
&p"iment

https://www.marleygen.org
https://github.com/JostMigenda/sntools
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Determining the Detector Response
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Event Generator

Detector Simulation

Reconstruction

obs. 

events

SNOwGLoBES 

(1 smearing matrix per 

detector & channel, 

relates Eν to Eobs)

• github.com/SNOwGLoBES/
snowglobes 

• Orders of magnitude faster & 
covers many use cases 

• Still need event generator for 
advanced studies (e.g. 
directionality, n capture)

https://github.com/SNOwGLoBES/snowglobes
https://github.com/SNOwGLoBES/snowglobes
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• … a simple and unified interface to hundreds of 
supernova simulations.

• … a large library of flavor transformations that relate 
neutrino fluxes produced in the supernova to those 
reaching a detector on Earth.

• … and a Python interface to SNOwGLoBES 
to integrate into your existing workflows.

36

SNEWPY O"ers …

Jost Migenda

Wh"e to get fl2es '( diff"ent SN models?

H+ to apply %ansf-mati*s to 3 fl2

H+ to embed SNOwGLoBES in a Pyth*-based w-kfl+?

bef-e reaching the detect-?

ApJ 925 (2022) 107 
JOSS 6 (2021) 03772 

github.com/SNEWS2/snewpy

https://dx.doi.org/10.3847/1538-4357/ac350f
https://dx.doi.org/10.21105/joss.03772
https://github.com/SNEWS2/snewpy
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SNEWPY O"ers …

Jost Migenda

Wh"e to get fl2es '( diff"ent SN models?

H+ to apply %ansf-mati*s to 3 fl2

H+ to embed SNOwGLoBES in a Pyth*-based w-kfl+?

Can use these 

in y5r code!
bef-e reaching the detect-?

ApJ 925 (2022) 107 
JOSS 6 (2021) 03772 

github.com/SNEWS2/snewpy

https://dx.doi.org/10.3847/1538-4357/ac350f
https://dx.doi.org/10.21105/joss.03772
https://github.com/SNEWS2/snewpy


• sntools: event generator for SN neutrinos in water Cherenkov 
& liquid scintillator detectors 

• Used by Hyper-K, SNO+, JUNO, THEIA & more … 

• Open Source: 
• github.com/JostMigenda/sntools 
• JOSS paper: DOI:10.21105/joss.02877 

• Integrates SN models & flavor transformations from SNEWPY 
• For devs: Save work & eliminate major source of bugs 
• For users: Smooth transition from quick initial estimates 

(SNOwGLoBES) to advanced analyses (sntools)

37

Integrating SNEWPY in sntools

Jost Migenda

Simil! f- IceCube’s ASTERIA gen"at- (DOI:10.5281/zenodo.3926834)

https://github.com/JostMigenda/sntools
https://doi.org/10.21105/joss.02877
https://doi.org/10.5281/zenodo.3926834


• SNEWS-internally 

• By other software (e.g. sntools, ASTERIA) 

• In non-SNEWS papers:

38

Usage of SNEWPY

Jost Migenda

arXiv:2203.05141 ⬇

arXiv:2109.13242 ⬆

⬅  arXiv:2210.11676

DOI:10.1051/epjconf/202328005002 ➡

https://arxiv.org/abs/2203.05141
https://arxiv.org/abs/2109.13242
https://arxiv.org/abs/2210.11676
https://doi.org/10.1051/epjconf/202328005002
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Software matters!

Jost Migenda

That input file contains 
the flux of νµ or ντ and not 

the sum of both!

Based on three real examples I have witnessed.
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values in the paper.

Our previous event 
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• Software can make or break a physics result! 
• If we all write the same code from scratch, 

we waste time & produce more bugs! 
• Less physics & worse physics! 

• SNEWPY offers shared & well-tested implementations 
for common tasks 

• Easy to integrate into custom tools ➔ enables smooth 
transition from quick estimates (SNOwGLoBES) to 
advanced analyses (e.g. sntools) 

• Have a new SN model? New flavour transformation? 
Make them easily available to everyone!

40

Software Matters!

Jost Migenda

*

Talk to me f- e!ly drafts of b#k chapt"s & Jupyt" noteb#ks!



• “All neutrino oscillation experiments are the same” … but 
SN  experiments have some special features 

• Next galactic SN is a once-in-a-lifetime opportunity; 
we need to fully exploit complementarity between 
different detectors 

• SNEWS 2.0 brings together SN  community, astronomers 
& GW experiments for multi-messenger observations 

• Software matters! Use established open-source tools & do 
not re-invent the wheel! 

• Please join the public Supernova Seminar Series!

ν

ν

41
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N&t Tuesday!



Backup Slides



• 1997: ATel & GCN started distributing alerts 
• Human-readable, unstructured, via mailing list 
• Good strategy for SNEWS 1.0 

• Today: up to 107 alerts per night (LSST) 
• Specialized brokers distribute & filter alerts for end 

users, large degree of automation 
• Many robotic & fully automated telescopes 

• SNEWS is important forum to bring neutrino & astronomy 
communities together and prepare follow-up strategy 

➔ Ensure maximal science output!

43

Follow-Up: A New Era

Jost Migenda

http://www.astronomerstelegram.org
https://gcn.gsfc.nasa.gov


• GRANDMA (Global Rapid Advanced Network Devoted to the Multi-messenger 
Addicts, arXiv:2008.03962) 

• Network of 25 telescopes, “coordinates telescope observations of transient 
sources with large localization uncertainties”

• AAVSO (American Association of Variable Star Observers, aavso.org) 
• Network of “amateur” astronomers in 100+ countries, archive database with ~106 

observations/year, can send out alerts with observation requests to members 
• Amateur astronomers often more flexible (e.g. photometry in different 

observation bands, spectra, higher cadence, larger FOV, …) 
• Starting campaign to regularly observe SN candidate list

• REFITT (Recommender Engine for Intelligent Transient Tracking, arXiv:2003.08943) 
• AI-based engine to plan & coordinate follow-up strategy, taking into account 

available facilities (wavelengths, sensitivity, current weather, …)

• … and more!

44

SNEWS + Astronomy Community

Jost Migenda

https://arxiv.org/abs/2008.03962
https://www.aavso.org/support-and-data-access-researchers
https://arxiv.org/abs/2003.08943
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Participating in SNEWS 2.0

Jost Migenda

Effectively 
SNEWS 1.0

Experiments can share more data 
to enable more new features

Exp"iments can st!t simple and j6n m-e ti"s $" time!



✅ Prompt 

❌ Pointing 

✅ Positive

• Fast 

• Full-featured 

• FAR

• Since 2019: re-imagined SNEWS for today’s new age of multi-
messenger astronomy (arXiv:2011.00035 / DOI:10.1088/1367-2630/abde33) 

• Basic implementation works, first experiments sending data & 
discussing MoUs 

• Regular “fire drills”, working with astronomy community for 
monitoring candidates & developing optimal follow-up strategy 

• Move from “3P’s” to “3F’s” of a good alert:
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SNEWS 2.0

Jost Migenda

✅ Fast 

✅ Full-featured 

✅ FAR

Be/" al"ts if &p"iments  
sh!e m-e data (,ti*al!)

No m-e “b0 who 1ied w)f”

https://arxiv.org/abs/2011.00035
https://doi.org/10.1088/1367-2630/abde33


• Lower latency 
• More flexible SNEWS policy 
• DAQ design of individual 

experiments is important 

• Pre-supernova neutrino alert 
• ~hours warning from Si burning 
• KamLAND already shares 

significance, some other 
experiments are sensitive 

• Low statistics ➔ severely 
distance limited (<1 kpc)
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✅ Fast

Jost Migenda
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• Want to know as much additional information as 
possible to inform follow-up strategy 

• Pointing (“3 P’s”) 

• Distance 

• Event type 

• …
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✅ Full-Featured

Jost Migenda



• Two ways to determine direction 
• Directional information from reconstructed events 
• Triangulation between different experiments

49

✅ Full-Featured

Jost Migenda

• Mainly from ν-e scattering in WCh 
detectors 

• Good accuracy (e.g. Super-K: ~5º at 
10 kpc) 

• Slow, requires full event reconstruction 

• Up to each experiment, SNEWS can 
combine info from detectors & 
progenitor lists
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Figure 6: Distributions of cos ✓SN with the Wilson model at 10 kpc for the five energy bins: (a) 7 < E < 10 MeV,
(b) 10 < E < 15 MeV, (c) 15 < E < 22 MeV, (d) 22 < E < 35 MeV and (e) 35 < E < 50 MeV, where E is the measured
total electron energy, and (f) all energies combined. The superimposed solid lines are the fitted likelihood functions.

Figure 7: Reconstructed direction on a sky map in the equatorial system obtained by a MC simulation with the Wilson
model at 10 kpc. Red points are the directions of elastic scattering events, blue points are event directions of inverse beta
decay and charged currents on oxygen, and the star point is the reconstructed SN direction.

17

SK: IBD + 16O-CC (blue) and e scattering (red) events, 
arXiv:1601.04778



• Two ways to determine direction 
• Directional information from reconstructed events 
• Triangulation between different experiments
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✅ Full-Featured
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• Arrival time difference up to 
~40 ms between detectors 

• If clocks synchronised & 
common definition of t0, 
can identify direction 

• Less precise, but very fast 
• Identify suitable telescopes, 

start slewing

10

FIG. 13. Sky areas determined by combining IceCube timing information with DUNE, JUNO, and Super-K (left) or Hyper-K
(right) at 10 kpc and assuming NO.

FIG. 14. Sky areas determined by combining timing infor-
mation from JUNO and IceCube at 10 kpc and assuming
NO. This information will be available even if there is no
anisotropic interaction information available from detectors
with intrinsic directionality.

FIG. 15. Sky areas determined by combining timing informa-
tion from SK and IceCube at 10 kpc and assuming NO. This
represents information from detectors which are currently ac-
tive.

real-time strategies for optimization of worldwide neu-
trino pointing capabilities, considering improved knowl-
edge of detector responses and backgrounds, will be a
topic of future investigation.
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• Two ways to determine direction 
• Directional information from reconstructed events 
• Triangulation between different experiments
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✅ Full-Featured

Jost Migenda

• Instead of just t0, use time 
series matching to improve 
accuracy 

• Similar experiments only 
(e.g. IBD-dominated) 

• Rapid changes in flux (e.g. 
BH cut-off) very powerful

Table 6: Time delay for each detector pair, assuming the signal emission coming from the three di↵erent sources.
The time delay uncertainty for each detector pair from Table 3 is given in the last column.

Galactic Centre Betelgeuse Cygnus �t
IceCube – Hyper-Kamiokande -25.8ms 15.7ms 8.7ms 0.55±0.01ms
IceCube – KM3NeT/ARCA -21.7ms 9.4ms 28.2ms 6.65±0.15ms

IceCube – JUNO -29.6ms 21.7ms 4.9ms 1.95±0.04ms
Hyper-Kamiokande – KM3NeT/ARCA 4.1ms -6.2ms 19.6ms 6.70±0.15ms

Hyper-Kamiokande – JUNO -3.9ms 6.1ms -3.8ms 1.99±0.04ms
KM3NeT/ARCA – JUNO -8.0ms 12.3ms -23.3ms 7.4±0.2ms

Figure 3: Mollweide projection of confidence area
in equatorial coordinates for a CCSN at the Galac-
tic Centre (black dot) computed using triangulation
between four detectors (black squares): IceCube,
KM3NeT/ARCA, Hyper-Kamiokande and JUNO.
Top: confidence area assuming true delays, bottom:
fitted positions distribution for 100000 realisations of
the delay sets.

ergy and in time, or with respect to the event rates. A
proper estimation of such e↵ects is possible considering
simulations with a detailed emission model and precise
detector parameters. This new method relies on the
agreement among the di↵erent collaborations for mak-
ing their full light-curve available to SNEWS while the
method in [17] only requires sending the time informa-
tion of the first events.

The results of this work can also be compared with
the expected performance of Super-Kamiokande using
the directionality information from the elastic scatter-
ing channel. The 68% C.L. area for the combination
of four detectors in this work is similar to the area

expected with the actual Super-Kamiokande configu-
ration (⇠69 deg2 [12]). With gadolinium doping, this
area might be reduced down to ⇠13 deg2 [12]. The ex-
pected CCSN 68% C.L. area for the JUNO IBD events
reconstruction analysis will be better than 254 deg2 [26].
The triangulation method can be proposed as a low
latency analysis. The confidence areas from Super-
Kamiokande, JUNO and this triangulation analysis are
independent and can be combined in order to obtain a
joint refined measurement.

5 Conclusion

Detectors in current and future operation will be ca-
pable of collecting a significant number of neutrinos
from the next galactic CCSN explosion. This will al-
low for detailed studies of the time profile. The de-
termination of the neutrino arrival time is crucial for
the source localisation that may help for a potential
multi-messenger follow-up.

The detected neutrino light-curves can be used to
deduce the delay in the arrival time of the supernova
emission at di↵erent sites on Earth. This paper de-
scribes the chi-square and cross-correlation methods
used to estimate such delays and their uncertainties.
Since a direct comparison of the experimental curves
is used, these methods do not rely on any model for
the alert algorithm implementation.

Supernova emission consists of a neutrino flux with
a di↵erent light-curve for each flavour. Therefore, the
compared experimental light-curves should consist of
events detected through the same neutrino interaction
process. This is the case for most detectors sensitive
to the electron anti-neutrino interactions via inverse
beta decay in water. The method can be extended to
detectors sensitive to di↵erent channels accounting for
systematic biases, which can be estimated on a model
dependent basis.

The methods are tested using a time dependent
parametrisation of the neutrino luminosity. The de-
tectors are described with two parameters, the e↵ec-
tive mass and the background rate. The signal and
background are sampled assuming Poisson distribu-
tions. These simulations may be further improved by
the respective collaborations using accurate detector
simulations. Detailed CCSN fluxes can be used in the
simulation to estimate the performance of the methods
for any given model.

9

IC+ARCA+HK+JUNO (arXiv:2003.04864)



• Distance may affect the optimal 
observation strategy 
• Dust obscuration near GC 
• If close: direction may let us create 

“shortlist” of candidate stars 
• Estimate from event rate 

(or in more advanced ways, see supplementary slides) 

• Event type 
• Sudden cut-off in ν signal can indicate 

black hole formation 
• Identify non-core-collapse events? 

(SN Ia, PISN, binary merger, …)
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✅ Full-Featured

Jost Migenda

⬆ Optical     Near-IR ⬇

arXiv:1602.03028

arXiv:1602.03028



• GW alerts have demonstrated that it’s fine to send out 
uncertain alerts if false alarm rate is included 

• No “Boy who cried wolf” effect 

• Astronomers can set their own FAR threshold 

• Allowing higher FAR enables sensitivity at farther 
distance, e.g. for LMC & exotic transients
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✅ FAR

Jost Migenda



J Tseng, SNEWS (IOP SN/MMA 7 April 2022)

Distance
● Neutronization burst (!e) self-limited 

by electron captures
○ Potential standard candle, stable vs 

progenitor mass
○ Yield can be used to estimate distance to SN

● 1MT water Cherenkov detector
○ Average 112 EES events at 10kpc
○ 5% uncertainty on distance

● SNO+ and JUNO should also get a 
sizable number of proton elastic 
scattering events
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Kachelriess et al., PRD71 (2005) 063003



J Tseng, SNEWS (IOP SN/MMA 7 April 2022)

Distance
● Anti-!e yield ratio of (100,150)ms / (0,50)ms related to “compactness”

○ Can also be related to mass → similar sensitivity, smaller detectors using IBD
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Segerlund et al., arxiv:2101.10624 (2021)


