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• Massive star explodes, leaving a 
neutron star or black hole 

• ~99% of energy emitted as 
neutrinos 

• Unique insights into astro-, 
particle and nuclear physics 
under extreme conditions 

• Problem: just 1–3 SN/century in 
our Milky Way!
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Introduction: Supernova

Jost Migenda

NASA/ESA, Hubble Key Project Team, High-Z SN Search Team 
http://www.spacetelescope.org/images/opo9919i/

SN1994D in galaxy NGC 4526

Note: In this talk, “supernova” is short for “core-collapse supernova”. 
Type Ia SNe have a different physical mechanism and produce fewer 
neutrinos, so I’ll ignore them. (Apart from SN1994D, because this photo is so pretty.)



• Once-in-a-lifetime event 
➔ Extract as much multi-
messenger information as 
possible! 

• Neutrinos emitted minutes 
to hours before light 

• Can build a SuperNova 
Early Warning System with 
neutrino detectors
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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



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

• Now: 7 participating detectors ➔
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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 almost complete 

• Negotiating MoUs & regular “fire drills” in coming months 

• Move from “3P’s” to “3F’s” of a good alert:
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https://arxiv.org/abs/2011.00035
https://doi.org/10.1088/1367-2630/abde33
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✅ Fast 

✅ Full-featured 

✅ FAR

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

• Pointing (“3 P’s”) 

• Distance 

• Event type 

• …

7

✅ Full-Featured
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• Two ways to determine direction 
• Directional information from reconstructed events 
• Triangulation between different experiments
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✅ Full-Featured
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• 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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• 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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FIG. 16. Areas corresponding to 1�, 2�, and 3� at 10 kpc
generated using time di↵erences between DUNE, JUNO, and
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• Two ways to determine direction 
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✅ Full-Featured
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• 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, …)

11

✅ Full-Featured
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⬆ 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

12

✅ FAR

Jost Migenda
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SNEWS 2.0 
Server

Analysis tools for 

🛠 Coincidence 

🛠 Triangulation 

🛠 …

Heartbeats, alerts & 
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/SNEWS_Heartbeats
https://github.com/SNEWS2/snewpy


SNEWPY offers …

• … a simple and unified interface to hundreds of 
supernova simulations.

14
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https://mybinder.org/v2/gh/JostMigenda/PyHEP2022/main?labpath=snewpy_demo.ipynb
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Offline Simulation Tools: SNEWPY
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Can use these 

in your code!

➔ Try in a Binder!

https://mybinder.org/v2/gh/JostMigenda/PyHEP2022/main?labpath=snewpy_demo.ipynb


• SNEWS-internally 

• By other software: 
• sntools (DOI:10.21105/joss.02877) 
• ASTERIA (DOI:10.5281/zenodo.3926834) 

• In non-SNEWS papers:

15

Usage of SNEWPY

Jost Migenda

arXiv:2203.05141

arXiv:2109.13242

smooth transition from 

quick initial estimates 

to advanced analyses

https://doi.org/10.21105/joss.02877
https://doi.org/10.5281/zenodo.3926834
https://arxiv.org/abs/2203.05141
https://arxiv.org/abs/2109.13242


• 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!

16

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”

17

SNEWS 🤝 Astronomy Community
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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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• 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!
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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

Experiments can start simple and join more tiers over time!



• SuperNova Early Warning System was re-invented for the 
age of multi-messenger astronomy 

• SNEWS 2.0 is almost ready 
• Regular fire drills in coming months 
• MoUs with first experiments (including KM3NeT) 

under discussion 

• Very active field, ongoing improvements

19
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Let’s make the most of this 
once-in-a-lifetime opportunity! 🤝



Backup Slides



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

22

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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• Scalable Cyberinfrastructure for Multi-Messenger Astrophysics 
• NSF-funded project used by IceCube, LIGO, … 
• Develops HOPSKOTCH: “a scalable, high-throughput low-

latency platform for handling real-time data streams for MMA 
applications” 

• SNEWS & SCiMMA started close collaboration in 2020 
• SNEWS: Don’t need to implement & maintain basics like 

identity/access management, pub-sub infrastructure, … 
• SCiMMA: Real-world test of early protoype, rapid user 

feedback 

• Paper: “Collaborative Experience between Scientific Software 
Projects using Agile Scrum Development” (arXiv:2101.07779, 
DOI:10.1002/spe.3120)
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Collaboration with SCiMMA

Jost Migenda

https://arxiv.org/abs/2101.07779
https://doi.org/10.1002/spe.3120


• Developing SNEWS Publishing Tools on top of HOPSKOTCH 

• Publish or subscribe 
from notebook or CLI 

• schema_version 
and meta included in 
every message schema
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SNEWS Publishing Tools

Jost Migenda

https://github.com/SNEWS2/SNEWS_Publishing_Tools


• Developing SNEWS Publishing Tools on top of HOPSKOTCH 
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SNEWS Publishing Tools

Jost Migenda

https://github.com/SNEWS2/SNEWS_Publishing_Tools


• Developing SNEWS Publishing Tools on top of HOPSKOTCH 

• Publish or subscribe 
from notebook or CLI 

• schema_version 
and meta included in 
every message schema

25

SNEWS Publishing Tools

Jost Migenda

https://github.com/SNEWS2/SNEWS_Publishing_Tools


• Publicly available on GitHub 

• Coincidence System 

• Heartbeat Handler 

• SNEWPDAG 
• Directed Acyclic Graph built from different plugins 
• Estimate distance, triangulate direction, compare 

with progenitor distribution, …

26

Real-time Analysis Tools

Jost Migenda

Triangulate based on arrival time …

… and with time series matching

https://github.com/SNEWS2

