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Another	  Good	  reason:	  
Infrared	  Light	  Curves	  are	  Different	  



Evidence for a SN Ia 
companion! 
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ABSTRACT

We report evidence for excess blue light from the Type Ia supernova SN 2012cg at fifteen and sixteen
days before maximum B−band brightness. The emission is consistent with predictions for the impact
of the supernova on a non-degenerate binary companion. This is the first evidence for emission from
a companion to a normal SN Ia. Sixteen days before maximum light, the B − V color of SN 2012cg
is 0.2 mag bluer than for other normal SN Ia. At later times, this supernova has a typical SN Ia light
curve, with extinction-corrected MB = −19.62 ± 0.02 mag and ∆m15(B) = 0.86 ± 0.02. Our data
set is extensive, with photometry in 7 filters from 5 independent sources. Early spectra also show
the effects of blue light, and high-velocity features are observed at early times. Near maximum, the
spectra are normal with a silicon velocity vSi = −10, 500 km s−1. Comparing the early data with
models by Kasen (2010) favors a main-sequence companion of about 6 solar masses. It is possible that
many other SN Ia have main-sequence companions that have eluded detection because the emission
from the impact is fleeting and faint.
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1. INTRODUCTION

It is widely accepted that Type Ia supernovae (SN Ia)
are the thermonuclear explosions of carbon-oxygen white
dwarfs, and many of them appear to explode near the
Chandrasekhar mass (MCh; e.g. Hillebrandt & Niemeyer
2000). Two general progenitor scenarios are commonly
considered for a white dwarf to accrete sufficient mass
to approach the Chandrasekhar limit. In the single de-
generate (SD) model, a non-degenerate binary compan-
ion star deposits matter onto a white dwarf. As the
white dwarf nears the Chandrasekhar mass, a thermonu-
clear runaway is initiated (Whelan & Iben 1973; Nomoto
1982). The double degenerate (DD) scenario postulates
that two carbon-oxygen white dwarfs will merge via grav-
itational inspiral and explode by subsequent carbon ig-
nition (Webbink 1984; Iben & Tutukov 1984). Other
models are being explored, such as one in which the trig-
gering mechanism of the SN Ia explosion is the head-on
collision of two white dwarfs in a 3-body system (Kushnir
et al. 2013).
There is some evidence that both the SD and DD sce-

narios contribute to the SN Ia population (see Maoz
et al. 2014, for a recent review). For example, Hub-
ble Space Telescope deep pre-explosion imaging of the
site of SN 2011fe rules out evolved companion stars with
M > 3.5M⊙ (Li et al. 2011; Graur, Maoz & Shara 2014).
This result does not rule out the SD scenario, even for
this individual case, but it does cut a swath through
the allowable parameter space. On the other hand, the
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One good reason to observe SN Ia 
in the infrared 

 



Seeing	  through	  the	  dirt	  



Seeing	  through	  the	  dirt	  



In the IR SN IA really are standard candles! 

And there’s less trouble with dust. 

Op;cal	   Infrared	  



Could we get this 2x advantage for the high-
z supernovae?  RAISIN 



SN	  IA	  in	  the	  IR	  =	  RAISIN	  
	  

	  



Medium-‐Deep	  Fields	  
	  
Good	  light	  curves	  at	  z~0.4	  
Every	  4	  days	  griz	  
7	  square	  degrees	  0.26”/pixel	  
Dozens	  of	  supernova	  candidates	  every	  
month!	  

PanSTARRS:	  	  A	  Supernova	  Discovery	  Machine	  



Find	  SN	  Ia	  with	  Pan-‐STARRS:	  
difference	  imaging	  with	  Harvard’s	  Odyssey	  
Cluster	  



Get	  spectrum	  with	  MMT	  
(or	  Magellan,	  Gemini	  or	  Keck)	  

358	  Spectroscopic	  SN	  Ia	  



Get IR with WFC3  

Goal: better knowledge of dark energy 
by avoiding systematic errors 
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Dark	  Energy	  Survey	  
External	  Collaborators:	  	  Spectra	  of	  SN	  Ia	  with	  MMT	  &	  
Magellan	  to	  demonstrate	  targets	  for	  RAISIN2	  	  
w/	  Masao	  Sako	  and	  Bob	  Nichol	  and	  others…	  



DES Y1 SN Ia with host photo-z prior (0.44<z<0.55)
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Simulated	  Hubble	  Diagram	  



More	  RAISINS,	  thank	  you	  HST	  TAC!	  
Based	  on	  IR	  +	  Op;cal	  for	  
25	  addi;onal	  SN	  Ia	  at	  
z~0.5	  from	  DES	  
	  
Low-‐z	  from	  CFAIR2	  +	  
Carnegie	  
	  
Smaller	  systema;c	  
errors	  in	  distances	  based	  
on	  good	  behavior	  of	  SN	  
Ia	  in	  the	  IR	  at	  low-‐z	  &	  at	  
cosmological	  distances	  
	  
σ  ∼ +/- 0.07
(Betoule	  σ = +/- 0.06)	  
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Figure 6: The probability density of the host galaxy dust extinction (left) and the predicted
distance (right) for the RAISIN1 SN Ia light curve shown in Figure 5, computed using the BayeSN
statistical model. The combination of optical and HST NIR data (red) improves constraints on
both the dust extinction and distance modulus (0.11 mag), compared to the optical data alone
(blue)(0.17). The precision in the distance modulus estimate improves by (0.17/0.11)2 = 2.4x.
The expected distance modulus at this redshift in LCDM is denoted by a black vertical line.
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Figure 7: Cosmological inferences for (w,ΩM ) based on
simulated samples of SN Ia from our RAISIN1 and proposed
RAISIN2 programs. A flat universe and 200 low-z SN Ia are
assumed. Constraints from the SN Ia distance-redshift
likelihood are shown as blue and red curves (solid:
statistical, dashed: statistical+systematic). Recent BAO
(black) and Planck (green) constraints are illustrated. The
1-σ cosmological constraints (blue curves) from the 23
optical + NIR SN Ia light curves of the RAISIN1 sample at
z ≈ 0.35 will be improved by adding the RAISIN2
observations (red curves). The 1-σ statistical uncertainty in
w from combined constraints is expected to be σw = 0.08
(0.09 stat+sys) for RAISIN1 (blue ellipses). The proposed
RAISIN2 addition of 25 SN Ia at z ∼ 0.50 with optical light
curves from DES and rest-frame NIR data from HST will
reduce the combined σw to 0.056 (0.071 stat+sys) (red
ellipses). This decreases the area of the error ellipse by a
factor of 1.4. This is a significant improvement in knowledge
from a modest increment of data.
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The	  IR	  is	  not	  strongly	  correlated	  with	  the	  
Op;cal	  (and	  that	  is	  good!)	  



Two	  Ques;ons	  

1>	  	  Why	  is	  it	  that	  supernovae	  that	  differ	  in	  their	  
op;cal	  emission	  are	  less	  different	  in	  the	  IR?	  	  
(Could	  mask	  differences	  in	  their	  origin…	  even	  for	  
2012cg…)	  
	  
2>	  	  If	  you	  think	  you	  know	  the	  answer	  to	  #1,	  can	  
you	  test	  it	  with	  spectrum	  synthesis	  in	  the	  NIR	  
and	  comparison	  to	  the	  spectra	  compiled	  by	  the	  
CSP	  &	  CfA?	  
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