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Motivation for this work 

• Understand the diversity of Type II SN 
population 
 

• Explore something different 
      - find someone smart 
      - someone who likes to talk 
      - who is (apparently) never busy 
      - someone who can explain things simply 
 



• Sensitive all sky surveys 
• PSF ~ 6-9 arcsec 
• 3, 4, 12, 12 μm cameras 
• Two orders of magnitude 

deeper than IRAS. 

2010 

(Wright et al. 2010) 

(Meeting in IPMU on 2011 Nov 16) 



WISE : most sensitive mid-IR all sky 
survey to date 

 



• Every position scanned 
multiple times in all bands 

• 95 min. orbit 
• 11s scan cycle time 
• ~12 obs. per “epoch” 
• Re-visited 6 months later 

2010 

(Scan coverage) 



Spot the black hole! 

GX 339-4:   Gandhi+11 

Total time ~1 day  (speeded up) 

Band  W3 
(12 micron) 

13 scan images 
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SN 2009js 
in NGC 918 : 

serendipitous 
catch by-eye 

(Nov 20 2011) 
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Kanata monitoring 



Discovery 
and initial 

classification 

SN 2009js is 
similar to  

well-known 
subluminous  

SN 2005cs 



Type IIP lightcurves 

Epoch (post-discovery)  
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Explosion epoch uncertain to within 
5.5 days 

Epoch (post-discovery)  
0 20 80 100 120 60 40 -20 



Reddening 

AV(Gal)= 0.95 mag 
(Schlafly & Finkbeiner 2011) 

 
 
 
 
 

AV(host)=0.18±0.38 
 

Based upon V-I color 
(Olivares et al. 2010) 
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Late-time archival data 
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Late-time archival data 

ESO archival data 
ESO Large program 

P.I. S. Benetti 



Long-term optical evolution 
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Subaru spectroscopy 

SN 2009js is similar to SN 2005cs 



Subaru spectroscopy 

SN 2009js is similar to SN 2005cs 

Na I 5891 
 (Gal) 

Na I 5891 
 (z=0.005) 



Long-term optical evolution 



SN 2008in : 
intermediate luminosity SN 



Similarity to SN 2008in 
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Quasi-bolometric luminosity 

⇒ LUBVRI 



Similarity to SN 2008in 



SN 2009js : classification 
• Type IIP 
 

SN 2005cs 
1) Spectra very similar 
2) Long-term evolution 
          similar 
 

SN 2008in 
1) Plateau luminosity  
         closely matched 
2)   Plateau length  
         matched 
 



Photospheric velocity comparison 

(Sahu+06) 

(Elmhamdi+03) 

(Pastorello+09) 

(Roy+11) 
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Plateau parameters from  
light curve fitting 

(Definitions according to Olivares et al. 2010) 



SN 2009js : classification 
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SN 2009js : properties 
• M(56Ni)=0.004-0.008 Msun 
• E~0.14 ±0.1 foe 
• Mej=9±5 

SN 2005cs 
 
M(56Ni)~0.003Msun 

SN 2008in 
 

M(56Ni)~0.015Msun 
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SN 2009js : properties 
• M(56Ni)=0.004-0.008 Msun 
• E~0.14 ±0.1 foe 
• Mej=9±5 Msun 

SN 2005cs 
 
M(56Ni)~0.003Msun 

E~0.17 foe 
Mej~8-16 Msun 

SN 2008in 
 

M(56Ni)~0.015Msun 
E~0.5 foe 

Mej<20 Msun 
 

(Litvinova & Nadezhin 1985, Popov 1993, 
    but see Maguire et al. 2010) 
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SN 2009js : less adiabatic cooling 
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SN 2009js : less adiabatic cooling 
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Serendipitous catch at early epoch 

 



SN 2009js : first sublum. SN in mid-IR 

Apparent 
significant excess 

at 4.5 μm 



If there is dust… 
Epoch~107 days 

Amorphous Carbon dust model 
Mdust ~ 3x10-5 Msun 

42 



WISE epochs 6 months apart 

4.6 μm 

+470 days +295 days +107 days 



Summary  
(Gandhi et al. 2012 submitted) 

• Type IIP 
 

SN 2005cs 
1) Spectra very similar 
2) Long-term evolution 
          similar 
 

SN 2008in 
1)   Plateau length  
         matched 
2)   Plateau luminosity  
         closely matched 
 

Shares characteristics with both subluminous and intermediate luminosity events 



What next? 

• There must be more SNe serendipitously 
detected by WISE (problem is PSF). 
 

• Only ~10 subluminous events studied so far. 
None in mid-IR other than SN 2009js 
(SN2005cs is undetected, Szalai+12) 
 

• Do subluminous SNe produce less dust? 
Bridge between normal SNe and AGB stars? 



以上。 
ありがとうございました。 
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