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Type IIn SNe 
●  Narrow Ha lines, high bolometric and Ha luminosity → Narrow Ha lines, high bolometric and Ha luminosity → Indication 
of circumstellar interaction (Chevalier 1982; Chevalier 1998; Weiler 2001;  Chevalier 1982; Chevalier 1998; Weiler 2001;  
Chevalier & Fransson 2003 +++)Chevalier & Fransson 2003 +++) 

Fillipenko 1997 Smith 20161



  

Type IIn SNe 
●  High mass-loss rates (1e-4 –1e-1 MHigh mass-loss rates (1e-4 –1e-1 M☼☼/yr/yr)) →  → high luminosity of 
emission due to interaction (Salamanca et al. 1998, Chugai et al. 2004, 

Chandra et al. 2015, Moirya et al 2014 +++)) 

●  Diverse properties → Diverse properties → no typical SN no typical SN 

Margutti et al 2017 Credit: A. Kamble  
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Type IIn SNe 
●  Detection of radio emissionDetection of radio emission → Indication of electron acceleration at  → Indication of electron acceleration at 
shocksshocks

●  FFA absorbed radio emission → FFA absorbed radio emission → Indication of very dense CSMIndication of very dense CSM

Kamble et al 2016
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Type IIn SNe

CSM

FS

Shocked 
CSMShocked 

ejecta

ejecta

(Murase et al. 2011, Margutti et al. (Murase et al. 2011, Margutti et al. 
2014; Murase et al 2014; Petropoulou 2014; Murase et al 2014; Petropoulou 

et al. 2016, Petropoulou et al. 2017)et al. 2016, Petropoulou et al. 2017)
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Model ingredients

(Petropoulou et al. 2017)(Petropoulou et al. 2017)

Shock dynamics: 
free expansion

CSM: power-law density 
profile (n~ 1/ r2) 

Proton spectrum: 
power law with 
evolving max, energy

Physical processes:  
adiabatic expansion & 
pp collisions

PROTONS

NEUTRINOS
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Model parameters

Single source

Source population

● Shock + wind velocity

● Ejecta + CSM mass

● Fraction of magnetic energy density (ε
B
)

● Fraction of proton energy density (ε
p
)

● Fraction of Type IIn SNe
  

●  Redshift evolution of CC rate
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Properties of simulated sources

Density at breakout (cm-3)
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Novelty 
● Monte Carlo calculations for

 diffuse neutrino emission

● 10,000 simulated sources

Mass-loading ~ dM/dt / v
w



  

Diffuse neutrino emission
● CC rate  (Hopkins & Beacom 2006)
● 4% of CC are SNe IIn 

● Constraint on 
(fixed) proton 

energy fraction:
ε

p
 <0.2

●  ~10% to IceCube 
flux, if ε

p
 differs 

among sources

● 10,000 simulated sources
● 100,000 redshifts 

● 100 sets of 100,000 redshifts
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Point-source neutrino emission

Source S1

Source S2
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Expected IceCube neutrino rate
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Constraints on ε
p

# of events for IceCube 
discovery

# of events for IceCube 
sensitivity

Distance (Mpc)
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Summary

Thank you!

●

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 ε

p
 <0.2,

 if 4 % of CC SNe were of type IIn 
and ε

p
 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 ε
p
 <0.2

 or  D<7 Mpc for  ε
p
 <0.03.



  

Backup Slides



  

Calculation of muon neutrino number

1) Atmospheric background
2)Diffuse Astrophysical 

Flux
3)Point source flux



  

Point-source searches with IceCube

Up-going events
● Larger  statistical sample
● Larger effective volume
● Atm. background not removed
● Poorer energy determination

High-energy starting events (HESE)
● Smaller statistical sample
● Smaller effective volume
● Atm. Background removed
● Accurate energy determination



  

SN IIn -neutrino coincidence?

ID 16 from 4yr HESE sample:
● Cascade-like event
● 1.13 days after T_max
● Angular offset ~7 degrees

Detection of ID16 deviates from 
background expectation at ~2.8σ



  

SN IIn -neutrino coincidence?



  

Radio spectra & light curves Radio spectra & light curves 

Parameters: Parameters: vv
shsh

=9000 km/s, A=9000 km/s, A
ww
=10=1016 16 gr/s (0.05 Mgr/s (0.05 M

sunsun
 /yr), Mej=10M /yr), Mej=10M

sun, sun, 

εB=0.01, εp=0.1, ΚεB=0.01, εp=0.1, Κ
epep

=0.001, T=0.001, T
ee
=10=105 5 KK

10 GHz10 GHz 100 GHz100 GHz

Frequency TIme

(Petropoulou et al. 2016, MNRAS 460)(Petropoulou et al. 2016, MNRAS 460)



  

  Radio light curvesRadio light curves

Role of CSM density

Denser CSM → Higher Peak luminosity → Later peak time → Larger % of Denser CSM → Higher Peak luminosity → Later peak time → Larger % of 
peak luminosity dominated by secondary synchrotronpeak luminosity dominated by secondary synchrotron

(Petropoulou et al. 2016, MNRAS 460)(Petropoulou et al. 2016, MNRAS 460)
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