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Red Supergiant

(not drawn to scale)

== Neutrinos and supernovae

e Supernovae are among the brightest objects in the sky
o SN1054, probably an electron- capture SN VISIb|e during day for

e coes 23 days, at night for 2 years IER] T
K Promr:zutht}m Star )5 ;%
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L :
Stalled Shock
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T 1-few e And yet, core collapse supernova (CCSN) are expected
Black Hole Core-Collapse lose ~99% of their energy via neutrinos
Formation Supernova Explosion
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SN1987A

Kamiokande
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SN198/A neutrinos around the world
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Red Supergiant

(not drawn to scale)

== Neutrinos and core-collapse supernovae
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Kistler et al, Ap) 778:81 (2013)

Race against time ;
,g, 103 : _
e Neutrinos are the starting gun ? _
e The race takes place once in a lifetime 102§ " ¢ 0,
= ue Supergiants ]

o You don't know when o ¢ 0,
o Youdon't know how long it lasts a 10 I
o You want all hands on deck: : 2":251 |
every possible radiation and wavelength ‘ oo 0| ]
1 PR SR |

10 10> 108 10* 105 100
Shock propagation time [sec]
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Current members
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< Automated operation since 2005 |
< 10s coincidence window ' ,
% Expected fake rate ~1/century
> High burden on experiments - ‘
for high-quality input alarms #
> (Coincidence delayed as
much as 20min
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SNEWS risks

e \With fake rate ~ 1/century (and no galactic SN since 2005)...

Are you still on?
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Coincidence - what then?

P
0O £

e Unfeasible to answer such questions in 2005
e More sensitive detectors and techniques...




SNEWS .
SNEWSZ: goals | @ N

e Reduce threshold for generating alerts
o Aim for false alarm rate ~1/month: firedrills, “proof of life”, backgrounds

e Reduce alert latency
e Provide pointing information

e Implement a pre-supernova alert
o Build on KamLAND monitoring

e Develop a follow-up strategy to prepare the astronomy community
e Engage amateur astronomers and citizen science communities
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SNEWS? calculations (pointings)

e Provide rapid calculation of observationally relevant quantities
e Direction
) _ Significance
e Distance u - time series
eutrino
e Features Experimentsr
' Coincidences,
—— Directional
: Analysis | | error boxes -
Server Plugin — - Elrgr?!
= Buffer, Analysis
time sort Plugin
Extra alarm ‘ MMA
information Analysis etraies
Plugin
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Where: direction strategies

e FElectron elastic scattering
e Triangulation with burst timing
e Triangulation improved with light curve matching
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Electron elastic scattering

e Mostly used in water Cherenkov detectors
o Often seen in solar neutrino analyses
o Starting to be seen in liquid scintillator as well

e Small fraction of SN neutrino interactions
e Super-Kamiokande (32kT): 4.3 -5.9° at 10kpc

Declination (deg.)

Right ascension (deg.)
J Tseng, SNEWS (IOP SN/MMA 7 April 2022)
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Detector A

Burst timing

e Coincidence within 10s
e Maximum time difference between arrival times ~40ms

e Very fast, but less precise
o Good to start slewing telescopes

Detector B

Need to be careful:
e Detector clocks synchronized
e Agree on definition of burst time

8.8M progenitor,
electron-capture SN
(low yield)

SK+IceCube IceCube+JUNO+DUNE+HK

5S> UNIVERSITY OF Linzer, Scholberg, PRD 100 (2019) 10, 103005
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Time series matching

e Improve At for pairs of comparable time series, e.g., of IBD events
o Cross correlation, x?, other metrics

o  Most statistical power from rapid changes in flux
IceCube+JUNO+HK+KM3NeT

15220-527.0co, one averaged trial, d10ms At

JUNO, ~6100 events
SuperkK, ~5000 events

Events per 0.002s bin

-30"

—-60°

27M , progenitor

0 Confidence level, % 100

Coleiro et al., EPJ C 80 (2020) 9, 856
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Time series matching

e Most rapid change: black hole formatio
e [lllustrative improvement in 1o contours
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— Kerr (a=0.5M)
floti—e. e Kerr (a = M)
== Schwarzschild

Black hole cut-off

e How abrupt?

o  Simulations usually don't use full GR 107
o  Stop when approximations fail

Cut-off Amplitude
T 717177t

lIIlII!l

o  Many simulations also consider only radial neutrino R E;:%R/IM
emissions -
e Non-radial neutrino trajectories soften cut-off e I I W EP U A T
o  Characteristic V27M time constant from leakage near 0 02 t be 03 lTime(msl)'z

photosphere of non-rotating BH

w
S
TTTT|

m  O(0.1)ms for non-rotating BH

m  Systematic uncertainty with current experiments
o  Longer smearing for extreme rotation
o  Cut-off may encode information about PNS mass and :

rotation “°§'\
e Neutrino echoes B A N

o  Scattering of neutrinos off surrounding material Ty podiion am)
o  Further softens cut-off, obscures v27M time constant

Y Position (km)
s 8
T T
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Direction: result

e Successive improvement as experiment data comes in

a. Bursttimes — rough triangulation
b. Time distributions — improved triangulation
c. Experiment pointing using EES — likely to dominate in the end

e Report pointing as a skymap of confidence levels
- superimpose on candidate stars

- 0.8

0.6

0.4

- 0.2

0.0
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Pre-supernova neutrings
% 46 |
.% 44 |
e Late-stage silicon burning emits at DY
increasing rate I A o
9 6 3 0 -2 0 2 4 6 8
o DeteCtab|e fOF Sta I’S Up tO 1 kpC Log (time relative to bounce [s])
. . . Nearby Galactic CCSN Candidates: Marker Area o (Source Distance) ™2
e (anincrease warning time by hours
o KamLAND pioneered publishing a
pre-supernova significance
e |nvestigating whether IBD events

can point back to SN
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Distance

e Anti-v_yield ratio of (100,150)ms / (0,50)ms related to “compactness”

o Can also be related to mass — similar sensitivity, smaller detectors using IBD

IceCube, normal mass ordering

3.5
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e 104 3.0
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Why i S dlstance relevant7

-5
8.5 kpc E - 8.5 kpc E
SK-Gd 3 deg § 0 i SK- Gdadeg i 0
Optical . B s5 NearIR
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> 2 > =
5 5
158 155
] SK pointing
1 20 0 (% galactic
CCSN rate)
25 . 25
15 10 -5 0 5 10 15 45 10 5 0 5 10 15
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e Sizable fraction of the galaxy obscured by dust
e May change optimal observation strategy
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Fujibayashi et al., Ap) 919 (2021) 2, 80

Not all supernovae are alike W,
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Software developed in SNEWS?2 - . N b 5
streamlines running diverse SN Oscillations (standing ~ '. R
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Failed supernovae

e Black hole formation is interesting and
better for pointing

o Butwill likely fail to revive shock / explosion
— may not see in visible spectrum!

N6946-BH1
HST WFPC2

e Search for disappearing massive stars
— failed SN 0.16"%%3 . at 90% CL

e Consistent with search in PTF/ZTF
surveys over 10 yr, 231 galaxies, >17M
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Follow-up communities
_—

-~
( ) \ /
e American Association of Variable Star Observers ( aayv O

o Recording amateur observations since 1911
o Played critical role in early observations of SN1987A N
o Developing narrowfield search strategies

e Global Rapid Advanced Network Devoted to the

Multi-messenger Addicts
o Network of robotic telescopes o G
o Experienced with follow-up,

amateur astronomer engagement

e Engage with fire drills and
preparation
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Conclusion

ORI
e Neutrinos start the race to get the most bang out of a galactic

core-collapse supernova
e SNEWS has been providing automatic coincidence detection since 2005

e SNEWS2 aims not only to detect coincidences, but provide critical
information to guide follow-up in the observer community
e SNEWS2 is working with the observer community to develop follow-up

strategies - more welcome! d
@ SNEWS »
‘ SUPERNOVA EARLY WARNING SYSTE! >
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