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Summary 

Luminous Infrared Galaxies (LIRGs, with 1011 L


 < LIR 

< 1012 L ) are believed to be forming stars at a rate that 

should yield on average one core-collapse supernova 

(CCSN) event per year, and yet hardly any have been 

found. Our search for core-collapse supernovae in LIRGs 

with adaptive optics on Gemini North has enabled us to 

place the first empirical constraints on the fraction of 

supernovae missed by optical surveys. We have 

commenced a search with the GeMS/GSAOI facility on 

Gemini South, and have found 3 new supernovae not 

seen in any optical survey. 

Supernovae Discovered/Confirmed with LGSAO 

We have previously used NIRI with the ALTAIR Laser 

Guide Star Adaptive Optics (LGSAO) facility on Gemini 

North to monitor 8 LIRGs over 5 semesters and discover 

some of the first such supernovae. For full details on the 

observational strategy, image matching, photometry, and 

extinction determination from template light curve 

fitting, please see Kankare et al. 2008 (ApJL, 689, L97); 

2012 (ApJL, 744, L19); and 2014 (MNRAS, 440, 1052).  

Missing CCSN fraction as a function of redshift 

Our case study of the Arp 299 system, together with an 

analysis of the distribution of extinctions towards CCSNe 

in normal spiral galaxies, allows us to estimate the 

fraction of CCSNe missed by rest-frame optical surveys 

as a function of redshift. We find that 2 out of 13 CCSNe 

discovered in galaxies within 12 Mpc and having 

inclinations <60° had AV > 3.7 mag, and would have been 

missed by optical surveys of more distant, normal 

galaxies. Using Arp 299 as our reference for the missing 

fraction in local LIRGs; correcting for inclination-related 

extinction effects; and making various assumptions about 

the contributions to star formation by “normal” spiral 

galaxies, LIRGs, and ULIRGs as a function of redshift, 

we arrive at the missing fractions shown in Fig. 1. In 

essence the missed fraction rises from ~20% locally up to 

~40% at z~1.2, and stays roughly constant up to z~2 

(Mattila et al. 2012, ApJ, 756:111). Application of these 

missing fraction corrections results in CCSN rates as a 

function of redshift that are then consistent with the 

cosmic SFR (Dahlen et al. 2012, ApJ, 757:70). 

Fig 1. Our new predictions (red solid line, with ranges marked by dashed 

lines) for the variation with redshift of the fraction of CCSNe that would 

be missed by rest-frame optical searches, compared with the earlier 

prediction of Mannucci et al. (2007 – solid grey line). 

The 2013 Supernova in IRAS 18293-3413 

Fig. 2 below compares one of our first GeMS/GSAOI 

images of the LIRG IRAS 18293-3413 from May 2013 

with the best previous LGSAO image using NACO on 

the VLT in 2004. In addition to demonstrating the 

advance in adaptive optics performance over the past 

decade, the difference of these 2 images reveals not  one, 

but two supernovae! SN 2004ip was discovered by us 

(Mattila et al. 2007, ApJ, 659, L9) but has long since 

faded away; while a new SN is seen 0".5 (200 pc) from 

the nucleus. Follow-up imaging in June 2013 confirmed 

this new source as a fading supernova. 

Fig 2. (left) GeMS/GSAOI image in the Ks band of the LIRG IRAS 

18293-3413 from May 2013; (centre) VLT/NACO image from Sep 2004; 

(right) the difference of the two images reveals SN 2004ip as a negative 

residual, and a new SN present only in the 2013 image as a positive 

residual. 
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Two Supernovae in 2015 

Images obtained in the GeMS/GSAOI block in March 

2015 reveal 2 more CCSNe discoveries in the LIRGs 

IRAS 17138-1017 and NGC 3110. Fig. 3 below 

compares our GeMS/GSAOI images with natural seeing 

optical images in which neither SN is detectable, 

emphasising why near-IR LGSAO imaging is so 

essential to capturing CCSNe that would otherwise be 

missed. 

 

 

Fig 3. (top) Ks-band GeMS/GSAOI images of the LIRG IRAS 17138-1013 from March 2013 (far left) and from March 2015 

(centre left), with an optimal image subtraction (Alard & Lupton 1998) of these two images at centre right. A new SN is clearly 

visible in the latter, and highlighted by the green tick marks. The image at far right is an R-band optical image from March 

2015 in natural seeing conditions with the 2.5 m Nordic Optical Telescope. (bottom) Similar sets of images for the LIRG NGC 

3110, except that the image at far left is from NACO on the VLT in Feb 2011. 


