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Why supernovae (SNe)?

Blazars’ contribution to the diffuse neutrino flux
(Talks by Ishihara-san and Hayashida-san)
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Aartsen+17, AplJ

Difficulties also in spectral slope

(see talks by Murase-san)
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Supernova with chocked jet? (low-luminosity GRB?)

Sakamoto-san’s talk

ellar envelope

GRB 980425/SN 1998bw

 Sill

Murase & loka 2013

SN 1994|

~7,000 km/s
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Wavelength (A)

Observed as “broad-line” SNe
(~1 % of core-collapse SNe)
c.f. Long GRBs (~0.1 % of core-collapse SNe)
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Challenges in identifying SNe as neutrino sources

Event rate ~ Star formation rate

>3 v detected

2 v detected
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— 1 v detected

z=0.02

redshift of neutrino source Aartsen+17, A&A
Redshift Distance SN brightness
Singlet z~1 7 Gpc 26 mag
Doublet z~ 0.06 280 Mpc 19 mag
Triplet z~ 0.02 90 Mpc 17 mag
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8m telescope!!

1m telescope



Strategy for multiplet event is straightforward

, *32% probability of a chance
IceCube-160217 (trlpIEt, z V< 0.05 ) alignment of background

I I MASTER (no filter) - - SN1998bw at z = 0.05
1T T ASAS-SN (V-band) - - SN1998bw atz = 0.1 ||
— LCO (UBVgri-bands) SN1998bw at z = 0.15
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Strategy for singlet event

Tomo-e ZTF LSST
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Subaru HSC transient surveys (~26 mag sensitivity)
~1800 SNe in 0.5 yr (~6 deg?)
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R.A. (degq)
Yasuda, MT, Tominaga+18, submitted

~50 SNe / deg2 / 1 visit

(c.f. ~500,000 objects / deg?)
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How many supernovae in 1 visit (26 mag)?

R Vv At ()
N~RVAtfa~10| ———5—— —
Ja (105 Gpc—3 yr—1> (100 Gpc3> (20 days) (1 deg2>

z< 0.1
Mabs At Local rate N
Type Zmax N
ypP (mag) ° GEVS) (Gpc3 yri) (deg2) (deg2)
la -19 1.3 20 0.3 x105 10-30 0.01
“. -17 0.7 50 0.7 x 105 10 - 30 0.05
(H-rich)
1l .18 1.0 50 0.1 x 105 4-12 | 0.007
(CSM)
lbc
-17 0.7 20 0.2 x 105 1-3 0.006
(H-free)
Broad line
-18 1.0 20 0.01 x 105 0.2-0.6 | 0.0003
(hypernova)
For IceCube-170922A T T

0.15 deg? (50 %) and 0.97 deg2 (90%) Local rate  x 3

8



How to identify broad-line SNeatz~1?
(among >10 of Type la/ll SNe)

(1) Photometric classification SN la at z=1.25
° ° HSC1l6aplb (z=1.253)
- Need good time sampling 1= 044710 36, = 0.04+/-0.09, chiz= 145716
cadence of 2-3 days 50 days

continuous monitoring for ~50 days (20 days
in rest frame)

- Need color information
>= 3 filters
(no redshift information in advance)

57700 57725 57750 57775 57800 57825 57850 57875
MJD

Yasuda, MT, Tominaga+18
(2) Spectroscopic confirmation
- Need realtime spectroscopy
Multi-object spectroscopy? (Subaru/PFS)
30m-class telescope (late 20207?)



How to estimate the explosion date?

1 X Type Ib/lc SNe
Observations are sensitive ype Ib/

to SNe around the peak
=> measure maximum date
=> assume “rise time”

(13 +- 2 days for GRB-SN, Cano+16)

20 days
in rest frame

~5 days uncertainty should
remain for objectsatz~ 1

Number of unrelated broad-line \
SNe in a window of At ~ 5 day Daysosime o 20
~ 0.05-0.15 / deg?

Drout et al. 2011



Summary: how to identify SNe as neutrino sources

® Multiplet events (z < 0.1)
® Follow-up with 1-2m telescopes => spectroscopy
® Low contamination

® Singlet events (z~ 1)
® Follow-up with Subaru/HSC and LSST

® High contamination

® Dense, multi-color imaging
=> photometric classification and estimate of explosion date
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