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Supernova Key Project

Build a sample of 600 supernovae to: 

1.  Observe supernovae soon after explosion to search for signs of 
their progenitors 

2.  Measure Dark Energy 

3.  Do statistical population studies 

4.  Build the first statistical samples of exotic SNe 

5.  Obtain optical light curves and spectroscopy in support of UV 
observations, IR imaging and spectroscopy, host galaxy studies, 
high resolution spectroscopy, and late-time spectroscopy with large 
telescopes. 

LCOGT time over 3 years: 
1m time (lightcurves): 2200 hours / year 
2m time (spectroscopy):  700 hours / year

Goals 

Allocation 



What did we observe in year 1?

Output:  
SNe with at least 20 
photometry points: 209 

SNe with at least 1 LCOGT 
spectrum: 141 

Other 
7%

IAU 
20%

ASSASSN 
14%

LSQ 
32%

iPTF 
26%

Future:   
KMTNet 
Skymapper 
Gaia 

Input: Others:  
Pan-STARRS  
OGLE 
KAIT 
Amateurs
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Submitted publications within the past year.
18, all with LCOGT data, many others in prep.

1st Author Year Journal Title

Marion 2015 ApJ, submitted SN 2012cg: evidence for interaction between a normal Type Ia supernova and a non 
degenerate binary companion.

Childress 2015 MNRAS, submitted Measuring nickel masses in Type Ia supernovae using cobalt emission in nebular phase 
spectra

Morales-Garoffolo 2015 MNRAS, submitted SN 20011fu: A type IIb supernova with a luminous double-peaked light curve 

IceCube 2015 ApJ Detection of a Type IIn supernova in optical follow-up of IceCube neutrino events

Cao 2015 Nature Ultraviolet Radiation from Supernova-Companion Collision in a Type Ia Supernova

Fraser 2015 MNRAS, submitted SN 2009ip at late times - an interacting transient at +2 yrs

Pastorello 2015 MNRAS Massive stars exploding in a He-rich circumstellar medium. VI. Observations of two 
distant type Ibn supernova candidates discovered by La Silla-QUEST

Pastorello 2015 MNRAS Massive stars exploding in a He-rich circumstellar medium. V. Observations of the slow-
evolving SN Ibn OGLE-2012-SN-006

Hsiao 2015 A&A Strong near-IR carbon in the Type Ia supernova iPTF13ebh

Valenti 2015 MNRAS SN 2013by:  A Type IIL Supernova with a IIP-like light curve drop

Bose 2015 MNRAS SN 2013ab:  A normal type IIP supernova in NGC5669

Mauerhan 2015 MNRAS SN Hunt 248:  a super-Eddington outburst from a massive cool hypergiant

Pan 2015 MNRAS Type Ia supernova spectral features in the context of their host galaxies

Inserra 2015 ApJ OGLE-2013-SN-079:  A lonely supernova consistent with a helium shell detonation

Marion 2015 ApJ Early observations and analysis of the Type Ia SN 2014J in M82

Maguire 2014 MNRAS Exploring the spectral diversity of low-redshift Type Ia supernovae using the Palomar 
Transient Factory

Nicholl 2014 MNRAS Superluminous supernovae from PESSTO

Graham 2014 ApJ Clues to the nature of SN 2009ip from photometric and spectroscopic evolution to late 
times



02cx / 02es - like SNe
SN 2002cx was a peculiar SN Ia.  Properties of this class (see papers by 
Foley, Jha, Valenti, White, etc.): 

- Lower expansion velocities 
- Generally fainter than SNe Ia, but don’t follow Phillips relation 
- Don’t necessarily go nebular at late times 
- Theoretically:  a “failed Ia?”  They may leave a bound remnant.

White et al. (+DAH) 2015



iPTF14atg Cao et al. 2015

Testing 
theoretical 
prediction by 
Kasen 2010



iPTF14atg 
spectra

Cao et al. 2015

iPTF14atg is a peculiar 
subluminous Type Ia 
supernova, like SN 
2002es. 

02es max spectrum 
was blueshifted by 
2000 km/s 

+1wk 02es spectrum 
blueshifted by 1000 
km/s



iPTF14atg: lightcurves Cao et al. 2015

MB=-17.8; Δm15(B) = 1.2  
Lightcurves from LCOGT (Except PTF r) 
iPTF14atg is one magnitude fainter at peak than SN 2002es



Shocking in iPTF14atg: lightcurves Cao et al. 2015

Red: data from Swift

UV data from Swift

Gray: data from other supernovae
Blue dashed: Expected effect from 
shocking hypothesisArtist’s conception of 

NASA Swift satellite



SN 2012cg 
Companion shocking in a 

normal SN Ia



Shocking in SN 2012cg: lightcurves

Marion et al. 2015
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Shocking in SN 2012cg: colors Marion et al. 2015



Shocking in 
SN 2012cg: 
spectra

Expect dilution of 
spectrum by 
continuum, stronger 
at early times, 
shorter wavelengths

Marion et al. 2015

U B V



SN 2013dh 02cx-like
McCully et al., in prep



SN 2013dh 02cx-like

LCOGT 
• KAIT

McCully et al., in prep



McCully et al., in prep. — adapted from Stritzinger et al. 2014

Stritzinger et al.: The bright and energetic Type Iax SN 2012Z.

Figure 6:MB plotted vs. ∆m15(B) for a sample of CSP SNe Ia
(black dots), a handful of SNe Iax (blue squares) that span their
full range in luminosity, and SN 2012Z (red star). Note the error
bars associated with SN 2012Z are smaller than its symbol size.
The comparison SNe Iax plotted are SN 2002cx (Li et al. 2003;
Phillips et al. 2007), SN 2003gq (see Foley et al. 2013, and ref-
erences therein), SN 2005hk (Phillips et al. 2007), SN 2007qd
(McClelland et al. 2010), SN 2008A (see Foley et al. 2013, and
references therein), SN 2008ge (Foley et al. 2013), SN 2008ha
(Stritzinger et al. 2014), SN 2010ae (Stritzinger et al. 2014), and
SN 2011ay (Brown, private communication).
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SN 2013dh

SN 2013dh 02cx-like



McCully et al., in prep

Representative spectra, 
there are more. 

Velocities near 4000 km/s

SN 2013dh  
02cx-like



02cx - like 
SN 2013dh

HST spectrum

McCully et al., in prep



SN 2014ck 02cx-like
Tomasella et al. 2015



SN 2014ck Lightcurves
Tomasella et al. 2015

MB = -17.37 
Δm15(B) = 1.76



SN 2014ck Bolometric LC
Tomasella et al. 2015 Peak luminosity, 15 

day rise imply 
0.08±0.02 M⊙ 56Ni.   

Whole LC implies  
Mej ~0.25 M⊙



SN 2014ck spectra
Tomasella et al. 2015

SiII velocity at max: 2500 km/s 
Half that of 02cx 
Closer to 08ha (e.g. Ca lines)

Ek~2% of SN Ia 
Mej~0.25 M⊙ 



SN 2014ck composition
Tomasella et al. 2015

Optical spectrum at 2.2d.  
Blue inset shows w/o FeIII

NIR spectrum at 20d



SN 2014ck 
correlations
Tomasella et al. 2015



Conclusions

SN 2013dh (McCully et al. in prep) is an 02cx-like 
supernova with:  
- a large Δm15(B) = 2.1; MB = -16.5; v~4000 km/s  
- a UV spectrum that looks like a SN Ia, but with 

lower velocities. 

SN 2014ck (Tomasella et al. 2014)  
- Photometrically like 02cx, but has low velocities (2500 km/s in Si at max).   
- Inferred 56Ni: 0.08±0.02 M⊙, Mej ~0.25, Ek =2% of a SN Ia. 
- CoII, SiII, CII unambiguously seen — clearly a thermonuclear explosion. 
- Simultaneous permitted and forbidden Ca, Fe, Co lines at late times.  Ejecta 

clumpy? 
- There probably isn’t a correlation between vphot and Δm15(B) 

LCOGT SN Key Project:  On track for 600 SNe over 3 years.  Robotic lightcurves and 
spectra.  Rapid-follow-up.  

Early UV or blue light curve excesses are seen in:  
- An 02es-like (iPTF14atg; Cao et al. 2015)  
- Normal SN Ia (SN 2012cg; Marion et al. 2015).  
- The interpretation is shocking by a main sequence or 

red giant companion.


