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Type lIn SNe

» Narrow Ha lines, high bolometric and Ha luminosity — Indication
of circumstellar interaction (Chevalier 1982, Chevalier 1998, Weiler 2001,
Chevalier & Fransson 2003 +++)
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Type lIn SNe

« High mass-loss rates (1e-4 -1e-1 M, /yr) — high luminosity of
emission due to interaction

 Diverse properties — no typical SN

[
o
W

Mass-loss rate (M /yr)

[
o
(n

14C Shell

w
A
—

G

[

0
)

©
=
e

0
)

@]
@
=

v
L
—-—
e

o

By
=

3
)

o
-

107’/ ' '
107 10t 10° 10

shock velocity (v3)




Radio Flux

Type lIn SNe

» Detection of radio emission — Indication of electron acceleration at
shocks

» FFA absorbed radio emission — Indication of very dense CSM
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Type lin SNe

Dense material( yFra :

i

| | y-rays
neutrinos

— — _ {Murase et al. 2011, Margutti et al.
—_—— = 2014; Murase et-al 2014; Petropoulou
= b ——€5-al= 2016, Petropoulou et al. 2017)



Model ingredients

CSM: power-law density
profile (n~ 1/ r?)

Shock dynamics:
free expansion

Proton spectrum:
power law with
evolving max, energy

Physical processes:
adiabatic expansion &
pp collisions




Model parameters

Single source » Shock + wind velocity
e Ejecta + CSM mass

- Fraction of magnetic energy density (€,)

« Fraction of proton energy density (ap)
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* Fraction of Type lIn SNe

 Redshift evolution of CC rate

Source population 6



Properties of simulated sources

Novelty
» Monte Carlo calculations for
diffuse neutrino emission

10,000 simulated sources
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Diffuse neutrino emission

* 10,000 simulated sources . CC rat
e 100,000 redshifts .« 40 ra]} (e:C SNe |l
e 100 sets of 100,000 redshifts S e S

e Constraint on
(fixed) proton
energy fraction:
€ <0.2
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e ~10% to IceCube
flux, If € differs

among sources
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Point-source neutrino emission

— HKKMS 2007

= =  Time average
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—— [JKKMS 2007 === Timeaverage == 1 year

4+—— Source S1

Parameter

S1 S2

Fw [cm]

M.j [Mg]
Mc.t‘.m [ME)]
Vsh [km 1"5"_|]
€B

€p

ri [cm]

Fo [cm]

n; [em™]
Ky g cm™!]

My [Me yr ']

fi [d]
Duration [yr]

32x 100  32x10Y
10
10
9.5 x 10°
3x 107
3x 1072
44%x10"  45x%x 10"
32x 100  32x10Y
1011 1012
45x%x 10  45x10P
0.1 0.01
5.4 0.54
1 10.7
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Expected IceCube neutrino rate

- HKKMS 2007
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Constraints on €

Cumulative # of lIn

# of events for IceCube
discovery
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# of events for IceCube
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Distance (Mpc)



Summary

SNe IIn may account for ~10%
of IceCube flux above 100 TeV,
If the wide spread In

their properties
IS taken into account.

Diffuse neutrino measurements
can constrain € <0.2,

If 4 % of CC SNe were of type lIn
and € IS same In all sources.

Identification of a SN IIn as a
neutrino point-source is possible with
IceCube (up-going sample)
1 yr after breakout,
if D<18 Mpc for g <0.2

or D<7 Mpc for g <0.03.

Thank you!
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Calculation of muon neutrino number

A Atmospheric background
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Point-source searches with IceCube

Up-going events High-energy starting events (HESE)
« Larger statistical sample « Smaller statistical sample

« Larger effective volume « Smaller effective volume

« Atm. background not removed « Atm. Background removed

» Poorer energy determination » Accurate energy determination

Neutrino Events in IceCube

L]
R down-going Back grounds
\K = Cosmic ray induced
K —a atmospheric muons

down-going events

* Main Signal

= Neutrino induced muons
up-going events

_____

v, < 1PeV



SN IIn -neutrino coincidence?

Tinax (MID )t
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ID 16 from 4yr HESE sample:
e Cascade-like event

e 1.13 days after T max

e Angular offset ~7 degrees

Host Galaxy

NGC 6946
NGC 4141
NGC 7259
NGC 1832
NGC 4902
NGC 4806
UGC 5460

ESO 430-G20

IC 4363

MCG-02-16-02

NGC 3448
NGC 2770

AQT73505-6907

NGC5337
NGC 4108
NGC 5806

R.AL(J2000)

200:34:454
12:09:48.33
22:23:08.3
05:12:03.3
13-01-01.72
12:56:14.0
10:08:10.58
0%:07:11.9
14:04:13.0
06:04:36.71
10:54:34.13
(09:09:34.96
07:35:05.2
13:52:24.1
12:06:45.56
14:59:59.5

Detection of ID16 deviates from
background expectation at ~2.80

Dec. (J2000)

+60:05:57.8
+58:51:01.6
-28:56:52.4
-15:41:52.2
-14-31-34 8
-29:29:54.8
+51:50:57.1
-28:03:26.3
-09:38:16.8
-12:37:40.6
+54:17:56.9
+33:07:20.4
-69:07:53.1
+39:41:28.6
+67:00:24.00
+01:54:26.2

A

0.0002
0.006
0.006
(0.007
009
0.008
(0.004
0.003
0.003
0.00°7
0.005
0.006
0.005
0.007
0.008
0.005

Dy, (Mpc)

0.7
28.0
26.4
16.0
397
36.0
16.0
15.1
12.5
32.9
20.0
28.5
24.0
32.1
37.3

20.1




SN IlIn -neutrino coincidence?
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Assuming that in SN2011th e, = 0.2 (e, the largest allowed value
from the diffuse neutrino flux measurements), 1ts mass-loading pa-
rameter has to be at least K2'''™ ~ 87 K>' ~ 4x 10" g cm™". Radio
observations of SN2011fh could place strong constraints on K2!'™
and, ultimately, exclude (or not) a physical connection to neutrino

ID 16.




Radio spectra & light curves
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Parameters: v_=9000 km/s, A =10" gr/s (0.05M__/yr), Mej=10M _

eB=0.01, ep=0.1, Ke =0.001, Te=105K
: (Petropoulou et al. 2016, MNRAS 460)




Radio light curves

Role of CSM density

v=10 GHz

log F, (mly)

a
[#al
-‘-‘-“ .
o)
0
=
—]
=11
]

log t (days)

Denser CSM - Higher Peak luminosity — Later peak time — Larger % of

peak luminosity dominated by secondary synchrotron
(Petropoulou et al. 2016, MNRAS 460)
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