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Atmospheric Cherenkov Telescopes (IACTs) data, the spectrum appears 
to steepen between the Fermi-LAT energy range and the TeV bands 
(Kumar for the VERITAS Collaboration, 2015). Previous investigations 
have described the observed radiation from Cas A in the GeV to TeV 
energy range using hadronic and/or leptonic interaction models (Banik 
and Bhadra, 2017; Ahnen et al., 2017; Zhang and Liu, 2019; Liu et al., 
2022; Berezhko et al., 2003; Vink and Laming, 2003; Yuan et al., 2013; 
Saha et al., 2014; Zirakashvili et al., 2014). A spectral cut-off energy 
of approximately 3.5 TeV was reported by the MAGIC (Ahnen et al., 
2017), indicating that Cas A might not be a PeVatron at its present age. 
However, SHALON observatory detected gamma-ray emission from the 
SNR in the energy range 0.8 TeV to 30 TeV (Sinitsyna and Sinitsyna, 
2023). Recently, the LHAASO collaboration identified gamma ray flux 
from Cas A with spectral index 3.18 ± 0.16 from 1 TeV to 25 TeV ener-
gies (Cao et al., 2024), indicating a higher energy for spectral cut-off.

Here, the expected gamma-ray flux reaching at earth from Cas A, 
produced due to hadronic interaction of SNR originated cosmic ray 
protons with its ambient (proton) matter, is estimated. We consider a 
broken power law energy spectrum of accelerated protons with spec-
tral index 𝜁1 = −1.7 below 40 GeV and 𝜁2 = −2.45 above 40 GeV to 
reproduce the observed gamma-ray spectrum. A recent model reported 
a total ejected energy of 𝜋𝑡𝐴 = 2.3 × 1051 erg with an envelope mass 
𝑓𝑙𝑘𝑣 = 4𝑓⊙ by reproducing the observations of the angle averaged 
radii and velocities of the forward and reverse shocks in CAS A (Orlando 
et al., 2016). Therefore, the accelerated proton spectrum is normalized 
to the explosion energy 𝜋𝑡𝐴 = 2.3 × 1051 erg considering 10% con-
version efficiency of the supernova explosion energy into accelerated 
protons. Here, we consider a ambient matter density of 𝑘* = 4 +,−3

which is consistent with the previous x-ray observations (Orlando et al., 
2016). The maximum attainable energy by a accelerated proton in the 
SNR is found out to be 110 TeV in order to explain the latest LHAASO 
observed high energy gamma-ray flux. The estimated gamma-ray flux 
along with the observed spectrum are shown in Fig. 1.

The associated neutrino flux due the such hadronic interaction pro-
cess is also estimated and shown in Fig. 2. Using the effective area of 
the IceCube detector (IC86) (IceCube Collaboration, 2021) at the decli-
nation of the source (Dec. 58◦48.9′), the expected total muon neutrino 
event is found out to be about 𝐴-. = 0.1 events for threshold energy of 
10 TeV in 10 years. Our estimate of expected muon neutrino events is 
consistent with the non-detection of any neutrino event so far from the 
Cas A direction in IceCube multi-year observations. But, with a lower 
threshold energy of 1 TeV, the expected total muon neutrino event 
in IceCube detector is found out to be about 1.1 events in 10 years. 
The future IceCube-Gen2, which has at least 5 times greater sensitivity 
(Aartsen et al., 2021), may be able to detect TeV energy neutrinos from 
Cas A after multi-years of observation.

3.2. IC 443 SNR

IC 443 is a well-studied supernova remnant (SNR) at all wave-
lengths. IC 443 is a core-collapse SNR and located in the outer Galactic 
plane at a distance of nearly 1.5 kpc (Woltjer, 1972). The angular di-
ameter of the SNR is about 0.75° which corresponds to 20 pc (Poveda 
and Woltjer, 1968; Welsh and Sallmen, 2003). The age of IC 443 is 
uncertain, various estimates suggest that it is a middle-aged SNR (age 
∼ 3 − 30 kyr (Petre et al., 1988; Troja et al., 2008; Olbert et al., 2001; 
Chevalier et al., 1999)). In gamma-ray domain, the EGRET telescope 
first detected the IC 443 above 100 MeV energy (Sturner and Dermer, 
1995; Esposito et al., 1996). Subsequently, gamma-ray emission from 
the source is detected by Fermi LAT (Abdo et al., 2010b), MAGIC (Al-
bert et al., 2007b) and VERITAS (Acciari et al., 2009) in GeV to TeV 
energy band. Tracers of shocked gas visible at many sites around the 
shell provide convincing evidence of interactions between the SNR and 
molecular clouds (Claussen et al., 1997; Seta et al., 1998; Rosado et al., 
2007). The near proximity of the thick shocked molecular clouds and 
GeV-TeV gamma-ray emission zones identified by EGRET, Fermi LAT, 

Fig. 1. The estimated differential gamma-ray flux reaching Earth from the CAS 
A SNR. The observed gamma-ray flux by Fermi-LAT (Abeysekara et al., 2020), 
MAGIC (Ahnen et al., 2017), VERITAS (Abeysekara et al., 2020), SHALON 
(Sinitsyna and Sinitsyna, 2023), and LHAASO (Cao et al., 2024) are shown. 
The black continuous line denotes the expected gamma-ray flux reaching at 
earth from Cas A SNR.

Fig. 2. The estimated differential neutrino flux reaching Earth from the Cas A 
SNR.

MAGIC, and VERITAS suggests that IC 443 may be a candidate for a 
hadronic cosmic-ray source (Humensky, 2008; Abdo et al., 2010b). Very 
recently, the LHAASO collaboration detected very high energy gamma-
ray flux from IC 443 with a spectral index of 2.92 ± 0.14 from 1 TeV to 
25 TeV energy range (Cao et al., 2024).

The expected gamma-ray flux, which is considered to be produced 
in hadronic interactions between SNR-originating cosmic ray protons 
and their ambient matter, is estimated here and shown in Fig. 3, to-
gether with all observational results. The supernova explosion energy 
for this SNR is not well understood. Hence, we adopt the conventional 
value 𝜋𝑡𝐴 = 1 × 1051 erg (Banik and Bhadra, 2017) considering 10% 
conversion efficiency of the supernova explosion energy into acceler-
ated protons. Here, we considered a density of 𝑘* = 20 +,−3 for dense 
molecular environment of the SNR (Ackermann et al., 2013). It is found 

Diffusive Shock Acceleration in Supernovae

• Young supernova “remnants”: 
believed to be responsible for the origin of cosmic rays
diffusive shock (Fermi) acceleration: detailed simulations

• Naively, early cosmic-ray production is negligible
most of energy is in a kinetic form until the Sedov time
ex. uniform ISM: cosmic-ray energy ∝ dissipation energy ∝ t3

• But situations are different   
when circumstellar material (CSM) exists

Cas A

Simulations 

• Collisionless shock: plasma-mediated 
npl, nc >> nCoul -> shocks are formed via plasma instabilities 

• Injection & Energy fraction? Magnetic fields? CR feedbacks? 
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Evidence of Strong Interactions w. Dense CSM

Margutti+ 16 ApJSN 2014C (Ib->IIn)SN 2010jl (IIn)

IIn, SLSN-II: strong interactions w. dense wind or CSM (Mcs~0.1-10 Msun)

Ofek+14 ApJ

Fransson+14 ApJ



Evidence for “Confined” CSM around Progenitors

• May be common even for Type II-P SNe
dMcs/dt~10-3-10-1 Msun yr-1 (>> 3x10-6 Msun yr-1 for RSG)

• Confined CSM (Rcs <~ 1015 cm): mass ejection or inflation

early spectroscopy
(Yaron+ 16 Nature Phys.)

SN 2013fs

light curve modeling
(Forster+ 18 Nature Astronomy
see also Morozova+ 17 ApJ)

CSM

no CSM



Multimessenger Emission from Interacting SNe

Star

wind/shell wind/shell

ejecta

kinetic energy → thermal + non-thermal via shocks

SN

shocks

dense environments = efficient n emitters (calorimeters)

KM, Thompson, Lacki & Beacom 11, KM & Thompson & Ofek 14 



Interacting SNe as PeVatrons? 
• Quasi-parallel, Bohm limit

Emax=3 PeV

KM, Thompson & Ofek 14 MNRAS



Cosmic-Ray Origins?
SNe IIn as the origin of CRs above the knee?

knee
2nd knee

Apel et al. 13 APh

Ekanger, Kashiyama & Kimura 26ankle-like feature 

It seems that we need Galactic sources that
can accelerate CRs beyond the knee

17

FIG. 6. Breakdown of the flux from H, He, CNO, and Fe compared to the broken flux from IceTop data. Note that each
component has similar flux below → 1016 eV, but becomes relatively heavier at higher energies. The models shown in each
panel are the T1, T2, s = 2.4, and Amp o! models also shown in Figs. 2 and 4.
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AMES (Astrophysical Multimessenger Emission Simulator)

Purpose:
Simulation tool for “observers” to generate n and broadband EM 
spectra and light curves 
- “Source dependent” python module (GRB, SN, TDE, AGN)
- Physics processes based on C++
- Input: standard model parameters

Current status:
ex. GRB (GRB leptonic afterglow): public
https://github.com/pegasuskmurase/AMES-GRBAfterglow

Interacting SN module with simply dynamics: ready
SN model templates:
https://github.com/pegasuskmurase/ModelTemplates/tree/main/SNHEMM
Interacting SN module with 1D hydrodynamical calculations



Shock Dynamics& Time-Dependent Model

parameters for dynamics: determined by photon (opt, X, radio) observations

Equation of motion

→ self-similar solution (Chevalier 82)

Kinetic luminosity

shock radius

SN ejecta: Eej ~ 1051 erg, Mej ~ 10 Msun

w=2 for a wind CSM
d~10-12 for stars

CSM parameter

velocity distribution
Eej(>Vej) ∝ Vej

-7-Vej
-5

faster-velocity components in ejecta are decelerated earlier 

where



Neutrino Fluence

Fluence for an integration time at which S/B1/2 is maximal
(determined by the detailed time-dependent model)

thick: s=2.2
thin: s=2.0

First prediction of HE neutrinos from SN w. confined CSM (KM 18 PRDR) 

KM 18 PRDR



w. pre-SN mass loss

w.o. pre-SN mass loss

light curve

~100-1000 events
for typical CCSNe

# ~1000 events for 
Betelgeuse even
w.o. confined CSM

KM 18 PRDR

expected # 
of nµ tracks
(w. V=1 km3)



Key Points
• Testable & clear predictions (no need for jets/winds)  

free parameters: eCR & s (typical values: eCR~0.1 & s~2.0-2.3)
• Time window: 

duration ~ calorimetry (fpp~tdyn/tpp>1)
e.g., ~days to weeks for SNe II (II-P/II-L/IIb), ~hours (Ibc), ~months (IIn)

• Energy range: multi-energy
IceCube/KM3Net: TeV-PeV (even Glashow resonance anti-ne & nt events) 
Hyper-K/IceCube-Upgrade/KM3Net-ORCA: GeV-TeV

• Astrophysical implications
a. Pre-explosion mass-loss mechanisms

How does a dense wind/shell form around the star ? 
b. PeVatron origin 

Are supernovae the origin of CRs up to the knee energy at 1015.5 eV?   
c. Real-time observation of ion acceleration for the first time

Onset of CR ions acceleration & collisionless shock formation
d. Particle physics implications – large statistics 

flavor studies, BSM searches



Detection w. Large Hadron Collider
LHC ATLAS

calorimeter rV=4 kt

starting events

Wen, Arguelles, Kheirandish & KM 24 PRL
B: Betelgeuse
EC: Eta Carinae



Detectability of “Minibursts”

Kheirandish & KM 23 ApJL

- CCSN rate enhancement 
in local galaxies (ex. Ando+ 05 PRL)

- Neutrino telescope networks are   
beneficial for nearby SNe at Mpc

- II (CCSM): detectable to ~3-4 Mpc
IIn: detectable to ~10 Mpc



Multiwavelength Photon Spectra

KM 24 PRD

p0 → ggp± → e±
inverse-Compton

p± → e±
synchrotron

photoelectric
absorption

gg→e+e-
matter attenuation

synchrotron self-absorption
free-free absorption



Example: SN 2023ixf
Hiramatsu+ 23 Jacobson-Galan+ 23

- M101 @ 6.9 Mpc
- Optical 
dMcs/dt~10-2-10-1 Msun yr-1

Rcs ~ a few x 1014 cm
- X-ray
dMcs/dt~(0.3-1)x10-3 Msun yr-1

Rcs ~ 1015 cm
- Radio
VLA detection at ~30 d

Nayana+ KM 25 ApJ



Multimessenger Spectra & Light Curves

radio flux

KM 24 PRD, Kheirandish & KM 23 ApJL

neutrino & gamma-ray fluences

• Neutrino: consistent w. IceCube nondetection (Nn~0.0007-0.02)
• Gamma: consistent w. Fermi LAT nondetection
• X: consistent w. bremsstrahlung emission
• Radio: NOEMA data could be consistent w. hadronic emission

Nayana+ KM 25 ApJ

is ∼10−11 erg cm−2 s−1 at 1 MeV, which allows us to
hadronic MeV gamma-ray emission from SNe II with
CCSM at d ≲ 2–3 Mpc. The detectability of radio emission
is strongly affected by free-free absorption even in the
high-frequency band at ∼100 GHz. For CCSM-interacting
SNe II and IIn, we indicate the cases without the free-
free absorption as upper limits, and the integration
time is assumed to be 300 s for ALMA (Atacama Large
Millimeter/submillimeter Array) [130] and 1 hr for ngVLA
(next-generation Very Large Array) [131], respectively.
One sees that CR-induced synchrotron emission can be
detected more easily than pionic gamma rays, although
nondetection of radio signals is not surprising for SNe
with dense CSM. Note that for SNe with ordinary CSM
(i.e., SNe II-P, II-L/IIb, and Ibc without CCSM) the radio
detectability is even conservative because it is enhanced by
synchrotron emission from primary electrons.

B. Application to SN 2023ixf

A nearby Type II SN observed in the galaxy M101
at d ¼ 6.9 Mpc [34] provided unique opportunities to

investigate the interaction with CCSM. Early spectroscopic
observations suggest Ṁw ∼ 10−3 − 10−2M⊙ yr−1 and Rcs ∼
ð0.5–1Þ × 1015 cm [34–36]. Although modeling of light
curves may favor large values of Ṁw [37], we adopt D$ ¼
0.1 and Rcs ¼ 5 × 1014 cm [34] as the case motivated by
optical observations. Detailed observations indicate that the
CSM structure is complex, and the CSM profile may be
steeper around Rcs ∼ a few × 1014 cm [40,41]. This is sup-
ported by x-ray observations, whose spectrum is consistent
with thermal bremsstrahlung emission with a photoelectric
absorption feature [38,39], and we also adopt D$ ¼ 0.003
and Rcs ¼ 1015 cm. The apparent discrepancies among
different observations may suggest that the CCSM is not
spherical, which has been inferred by high-resolution spec-
troscopy and polarization measurements [132,133].
In Fig. 10 left, we show neutrino and photon light curves

for these two parameter sets of D$ and Rcs. For D$ ¼ 0.1,
the system is mostly calorimetric during the interac-
tion with CCSM, and the light curves of neutrinos and
gamma rays are nearly flat although gamma rays at early
times are subject to Compton or Bethe-Heitler attenuation.

FIG. 9. Detection horizons of hadronic gamma rays at Eγ ¼ 1 GeV with Fermi-LAT sensitivities (left panel) and Eγ ¼ 50 GeV with
the CTA sensitivity (middle panel). The right panel shows detection horizons of hadronic radio emission at 100 GHz with ALMA and
ngVLA sensitivities, where upper limits are shown for SNe II (CCSM) and SNe IIn by ignoring external matter attenuation. Note that for
CCSM SNe II D$ ¼ 0.01 is used without Lph.
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FIG. 10. Left panel: light curves of high-energy neutrinos at Eν ¼ 1 TeV, high-energy gamma rays at Eγ ¼ 1 GeV, soft gamma rays
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panel: energy fluxes of nonthermal electromagnetic emission (at t ¼ 106 s) with (thick) and without (thin) external matter attenuation.
The preliminary gamma-ray upper limit by Fermi-LAT is overlaid. In all three panels, d ¼ 6.9 Mpc and scr ¼ 2.2 are used, and Lph is
included based on Ref. [37].
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Possible Neutrinos from SNe IIn/Ibn?

Figure 1: Neutrino flare determined at SN 2017hcd’s position. The colored vertical lines are
the individual neutrino events detected, with their heights being the weights (calculated with ω =
3.5; see section ‘IceCube data analysis’) and their colors being the reconstructed muon energies
(indicated by the right-side color bar). The time durations of the flare, from the box and Gaussian
time profile (marked by the 54-days cyan line and cyan dashed curve respectively) are shown. The
whole X-axis time duration is the a priori window Twin, within which the flare was searched. The
central times of the durations precede the shock breakout time (marked by the gray dotted line) of
the SN by →10 days; the latter was determined from the ATLAS o-band light curve (orange dots;
see section ‘Photometric data and light-curve analysis’). The estimated explosion time of the SN
is marked by a blue dashed line.

9

4

FIG. 2. Rest-frame time above half peak flux (t1/2) versus
peak magnitude for a flux-limited sample of Type Ibn SNe
from ZTF [87] (brown circles) and a selection of LFBOTs from
the literature [79, 84, 88, 89] (squares). SN 2023uqf (blue star)
lies in the overlap region between these populations, close to
AT 2020mrf. See SM for further details.

FIG. 3. CSM-interaction fit of the SN 2023uqf lightcurve (see
SM for further details). The time of detection of IC231004A
is indicated with the dashed line, alongside the estimated ex-
plosion window. Upper limits are shown with arrows.

lightcurve. The lightcurve fits provide a tight constraint
on the time of supernova explosion (texp = →2.4+1.2

→1.3d
relative to first detection), suggesting that the supernova
exploded shortly before the detection of IC231004A. The
best fit CSM mass is 0.27+0.41

→0.12 M↑, while the best fit

ejecta mass is 0.74+2.80
→0.56 M↑, both typical for a Ibn (see

SM for further details). The CSM mass and ejecta mass
here are also broadly consistent with hydrodynamical
simulations of Type Ibn supernovae [78, 92]. However,
while these fits are useful to compare our source with
other supernovae, we caution that there can be substan-
tial discrepancy between such fits and true physical pa-
rameters [see e.g 93–95, for more detailed discussion]. We

emphasize that these parameter estimates include only
+/-1ω statistical uncertainties and do not include sys-
tematic uncertainties from the choice of model.

No X-rays were detected in any of our observations,
yielding a deep 3ω upper limit of Lx < 7 ↑ 1041 erg s→1

at 25 days after neutrino detection (see SM). We can
therefore exclude X-ray emission of the kind observed
for AT 2018cow [96]. Similarly, no radio source was de-
tected in our multi-epoch 10 GHz observations, yielding
a 3ω upper limit of LRadio < 1038 erg s→1. Taken to-
gether, we see no evidence of either a relativistic jet, or
of non-thermal emission resembling that of AT 2018cow
[96]. However, our observations cannot constrain X-ray
emission from the CSM shock, which has been observed
in other interacting supernovae with typical luminosities
of order 1040 erg s→1 or less in [97–99]. We also cannot
exclude additional absorption in the source.

To sum up our observations, SN 2023uqf has an ex-
treme lightcurve that is faster and more luminous than
most Type Ibn supernovae. However, as illustrated in
Figure 1, SN 2023uqf clearly resembles a typical Type
Ibn supernova spectroscopically. It does not resemble
AT 2018cow, the only LFBOT for which a spectroscopic
sequence was obtained. The X-ray and radio observa-
tions further disfavour non-thermal emission of the kind
observed in AT 2018cow and some of the other LFBOTs.
SN 2023uqf is thus among the more luminous and rapid
objects in the Type Ibn population, and reconfirms that
optical lightcurves alone cannot be used to cleanly sep-
arate LFBOTs from extreme Type Ibn supernovae [see
e.g. 78, 80–83]. Whether these two populations form a
broader continuum is an open question [81, 83, 100, 101].
In any case, the spectroscopic observations of SN 2023uqf
confirm that this supernova is capable of neutrino pro-
duction via CSM interaction, and the physical properties
of the supernova are also consistent with this picture.

Neutrino Production in SN 2023uqf

We consider in turn the three classes of supernova
neutrino production models from the literature for SN
2023uqf:

• On-Axis Relativistic Jet - Neutrinos would be
expected shortly after supernova explosion [31–36],
alongside non-thermal emission at gamma-ray, X-
ray and radio wavelengths. However, no GRB was
detected by Fermi-GBM [102] in coincidence with
IC231004A [103], nor has any Type Ibn supernova
been previously associated with a long GRB (see
Corsi and Lazzati [104] for a recent review of GRB-
supernovae). Our deep and cadenced observations
in X-ray and radio further disfavour the presence
of any on-axis relativistic jet, as does the lack of
a GRB afterglow detection in serendipitous optical

Stein + KM 25

Ji+ 26

IceCube-231004A: ~400 TeV

SN 2023uqf: bright Ibn

archival analysis: 
~11-13 signals

SN 2017hcd: IIn



Best Gamma-Ray Limits from SNe IIn

Interesting limits: ep<0.05-0.1 (w. weak dependence on CR index) 
brighter SNe or more SN samples or improved sensitivity

KM, Franckowiak, Maeda, Margutti & Beacom 19 ApJ

no Bethe-Heitler
spherical CSM

95% CL

SN 2010jl



Gamma-Ray Detection Prospects

• Single SN: detectable up to ~5-50 Mpc
• Statistical approaches should also be powerful

KM 24 PRD
KM, Franckowiak, Maeda, Margutti & Beacom 19 ApJ

Fermi LAT (1 GeV g rays) CTA (50 GeV g rays)



Take Away
- Proposal and development of the time-dependent model for 

high-energy n/g-ray emission from different classes of SNe
- Type II: ~100-1000 events of TeV n from the next Galactic SN
- Interacting SNe as “multimessenger” & “multi-energy” neutrino source
- Optical follow-up searches the Rubin/Subaru-PFS era

MeV n
thermal

GeV-PeV n
shock

~0.1-1 day~10 sec

Ln

time

GeV-TeV n?
wind



Pulsar/Magnetar-Driven Supernovae

requirement: rotation energy is converted into thermal energy

Hotokezaka, Kashiyama & KM 17 ApJ

Nicholl et al. 13 Nature

“Rapidly rotating pulsars” are popularly invoked to explain some SNe Ibc

magnetar w. B~1014 G 

ultra-stripped supernova (USSN)

super-luminous supernova (SLSN)

pulsar w. B~3x1012 G 
Fang, Metzger, KM+ 19 ApJ

fast blue optical transient (FBOT)



- Neutron-loaded outflows from highly magnetized protoneutron stars
- Bulk wind acceleration → neutron decoupling → neutrino production
- No cosmic-ray acceleration is necessary 

GeV-TeV Neutrinos from Pulsar/Magnetar-Driven SNe

(KM, Dasgupta & Thompson 14 PRD)

taken from Carpio, Ekanger, Bhattacharya, KM & Horiuchi 24 PRD



- Neutron-loaded outflows from highly magnetized protoneutron stars
- Bulk wind acceleration → neutron decoupleng → neutrino production
- Faster-rotating/more strongly magnetized PNSs are better

Carpio, Ekanger, Bhattacharya, KM & Horiuchi 24 PRD
KM, Dasgupta & Thompson 14 PRD

GeV-TeV Neutrinos from Pulsar/Magnetar-Driven SNe

Quasithermal neutrinos
(no cosmic-ray acceleration)
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- Neutron-loaded outflows from highly magnetized protoneutron stars
- Bulk wind acceleration → neutron decoupling → neutrino production
- Faster-rotating/more strongly magnetized PNSs are better

GeV-TeV Neutrinos from Pulsar/Magnetar-Driven SNe

Hyper-K for a Galactic SN @ 10 kpc

Carpio, Ekanger, Bhattacharya, KM & Horiuchi 24 PRD



What Do We Need?

Targets: long-duration HE n/short-duration GeV-TeV n transients
• Multimessenger coincident searches (e.g., AMON events) 

would be powerful for subthreshold events
• Neutrino multiplet followups would also be useful

• Optical: spectroscopic information is relevant
(SN brokers would be useful)

• Better hard X/g-ray sky monitors needed
(ex. >~10 times better than Swift for LL GRBs)

• Coincidences w. UV transients may also help
(ex. ULTRASAT)

• Radio facilities may also help
(ex. DSA-2000, ngVLA)



Multiplets

- Need for long-duration multiplet alerts
lower FAR (< 1/yr)
likely to be low redshifts if SN-like

- Discriminating optical transients is a key

- Sensitivity: ~(30-3000) Gpc-3 yr-1
more improved w. KM3Net/IceCube-Gen2

Yoshida, KM+ 22 ApJ
Multiplet signal (0.03 Rsn)

coincident
closest SNe

~4 coincident
SNe w. a 23 mag
sensitivity limit


