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Milky	  Way	  dust	  



•  SNe	  Ia	  are	  not	  standard	  candles!	  
– ”Standardizable”	  =	  apply	  color	  and	  stretch	  
correc@ons	  (σB	  	  ≈	  0.13	  mag)	  

– already	  standard	  in	  the	  NIR!	  (σJ,H	  ≈	  0.15	  mag)	  

– Less	  dust	  absorp@on	  (AB	  /	  AH	  ≈	  6	  )	  

•  Thermal	  emission	  from	  heated	  circumstellar	  
dust?	  
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Even SN with low extinction benefit from observations in
the H-band by reducing the uncertainty in the dust es-
timate. Table 4 lists summary statistics of the marginal
posterior distribution of each host galaxy dust parameter
for each SN, obtained from the MCMC samples.

5.2. Intrinsic Correlation Structure of SN Ia Light
curves in the Optical-NIR

We use the hierarchical model to infer the intrinsic
correlation structure of the absolute SN Ia light curves.
This correlation structure captures the statistical rela-
tionships between peak absolute magnitudes and decline
rates of light curves in multiple filters at different wave-
lengths and phases. We summarize inferences about light
curve shape and luminosity across the optical and near
infrared filters; a more detailed analysis of the intrin-
sic correlation structure of colors, luminosities and light
curve shapes will be presented elsewhere.

5.2.1. Intrinsic Scatter Plots

The hierarchical model fits the individual light curves
with the differential decline rates model and infers the
absolute magnitudes in multiple passbands, corrected for
host galaxy dust extinction. For each individual SN light
curve, we can use the inferred local decline rates dF to
compute the ∆m15(F ) of the light curve in each filter. In
the left panel of Figure 4, we plot the posterior estimate
of the peak absolute magnitude MB versus its canoni-
cal ∆m15(B) decline rate with black points. The error
bars reflect measurement errors and the marginal uncer-
tainties from the distance and inferred dust extinction.
This set of points describes the well-known intrinsic light
curve decline rate versus luminosity relationship (Phillips
1993). We also show the mean linear relation between
MB and ∆m15(B) found by Phillips et al. (1999), who
analyzed a smaller sample of SN Ia. The statistical trend
found by our model is consistent with that analysis. The
red points are simply the peak apparent magnitudes mi-
nus the distance moduli, B0 − µ, which are the extin-
guished peak absolute magnitudes MB + AB. Whereas
the range of extinguished magnitudes spans ∼ 3 magni-
tudes, the intrinsic absolute magnitudes lie along a nar-
row, roughly linear trend with ∆m15(B).
In the right panel, we plot the intrinsic and ex-

tinguished absolute magnitudes of SN Ia in the H-
band. In contrast to the left panel, the differences
between the intrinsic absolute magnitudes and the ex-
tinguished magnitudes are nearly negligible. Notably,
there is no correlation between the intrinsic MH in
the NIR and optical ∆m15(B). This was noted previ-
ously by Krisciunas et al. (2004a) and Wood-Vasey et al.
(2008). The standard deviation of absolute magnitudes
is much smaller in H than in B, demonstrating that
the NIR SN Ia light curves are good standard can-
dles (Krisciunas et al. 2004a,c; Wood-Vasey et al. 2008;
Mandel et al. 2009). Theoretical models of Kasen (2006)
indicate that NIR peak absolute magnitudes have rela-
tively weak sensitivity to the input progenitor 56Ni mass,
with a dispersion of ∼ 0.2 mag in J and K, and ∼ 0.1
mag in H over models ranging from 0.4 to 0.9 solar
masses of 56Ni. The physical explanation may be traced
to the ionization evolution of the iron group elements in
the SN atmosphere.
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Fig. 4.— (left) Post-maximum optical decline rate ∆m15(B) ver-
sus posterior estimates of the inferred optical absolute magnitudes
MB (black points) and the extinguished magnitudes B0 − µ (red
points). Each black point maps to a red point through optical
dust extinction in the host galaxy. The intrinsic light curve width-
luminosity Phillips relation is reflected in the trend of the black
points, indicating that SN brighter in B have slower decline rates.
The blue line is the linear trend of Phillips et al. (1999). (right)
Inferred absolute magnitudes and extinguished magnitudes in the
near infrared H-band. The extinction correction, depicted by the
difference between red and black points, is much smaller in H than
in B. The absolute magnitudes MH have no correlation with the
∆m15(B). The standard deviation of peak absolute magnitudes is
also much smaller for MH compared to MB .

These scatter plots convey some aspects of the popu-
lation correlation structure of optical and near infrared
light curves that is captured by the hierarchical model.
In the next section, we further discuss the multi-band
luminosity and light curve shape correlation structure in
terms of the estimated correlation matrices.
Figure 5 shows scatter plots of optical-near infrared

colors (B−H,V −H,R−H, J−H) versus absolute mag-
nitude (MB,MV ,MR,MH) at peak. The blue points are
the posterior estimates of the inferred peak intrinsic col-
ors and absolute magnitudes of the SN, along with their
marginal uncertainties. Red points are the peak apparent
colors and extinguished absolute magnitudes, including
host galaxy dust extinction and reddening. These plots
show correlations between the peak optical-near infrared
colors and peak optical luminosity, in the direction of in-
trinsically brighter SN having bluer peak colors. In con-
trast, the intrinsic J −H colors have a relatively narrow
distribution, and the near infrared absolute magnitude
MH is uncorrelated with intrinsic J −H color.

5.2.2. Intrinsic Correlation Matrices

Using the hierarchical model, we compute posterior in-
ferences of the population correlations between the dif-
ferent components of the absolute light curves of SN Ia.
This includes population correlations between peak ab-
solute magnitudes in different filters, ρ(MF ,MF ′), cor-
relations between the peak absolute magnitudes and
light curve shape parameters (differential decline rates)
in different filters, ρ(MF ,dF ′

), and the correlations be-
tween light curve shape parameters in different filters,
ρ(dF ,dF ′

). They also imply correlations between these
quantities and intrinsic colors. This information and its
uncertainty is captured in the posterior inference of the
population covariance matrix Σψ of the absolute light

Dust	  ex@ncted	  /	  corrected	  
peak	  magnitudes	  in	  op@cal	  B-‐band	  

Dust	  ex@ncted	  /	  corrected	  
peak	  magnitudes	  in	  near-‐IR	  H-‐band	  

(Mandel	  et	  al.	  2011)	  



0.01 0.10

CSP:	  Contreras	  (2010)	  +	  Stritzinger	  et	  al.	  (2011)	  	  
69	  Sne,	  <z>	  =	  0.027,	  many	  epochs!	  	  	  
2.5m	  du	  Pont	  (+1m	  Swope,	  6.5m	  Magellan)	  

Barone-‐Nugent	  et	  al.	  (2012)	  
12	  (PTF)	  SNe,	  <z>=0.056	  
8.2m	  Gemini	  &	  VLT	  HAWK-‐I	  

Weyant	  et	  al.	  2013	  
11	  SNe	  (5	  PTF),	  <z>	  =	  0.041,	  3-‐6	  NIR	  epochs	  
3.5m	  WIYN	  

Stanishev	  et	  al.	  2014	  (in	  prep.)	  
16	  SNe,	  <z>=0.091,	  1-‐2	  NIR	  epochs	  
2.5m	  NOT,	  8.2m	  VLT	  





iPTF13s	   0.060	   RATIR	  
iPTF13ez	   0.044	  	   RATIR+CSP	  
iPTF13d	   0.039	  	   RATIR	  
iPTF13abc	  0.074	   RATIR+NOT	  
iPTF13ahk	  0.026	   RATIR+NOT	  
iPTF13anh	  0.062	   RATIR+CSP+NOT	  
iPTF13aro	   0.085	   RATIR+NOT	  
iPTF13asv	  0.035	   RATIR+NOT	  
iPTF13ayw	  0.054	   RATIR+NOT	  
iPTF13azs	   0.034	   RATIR+NOT	  
iPTF13bkw	  0.064	   RATIR+NOT	  
iPTF13crp	   0.062	   RATIR+NOT	  
iPTF13daw	  0.070	   RATIR+NOT	  
iPTF13ddg	  0.084	  	   RATIR	  
iPTF13dge	  0.016	  	   RATIR+NOT	  
iPTF13dkj	   0.036	   RATIR+NOT	  
iPTF13dkx	   0.030	   RATIR+NOT	  
iPTF13duj	   0.016	   RATIR+CSP+NOT	  
iPTF13dwl	  	  0.080	   CSP	  
iPTF13dym	  0.042	   RATIR+CSP+NOT	  	  
iPTF13dyt	   	  0.11	  	   CSP	  

iPTF13dzm	  0.016	   RATIR+NOT	   	  
iPTF13ebh	  0.013	   RATIR+CSP	  
iPTF13efe	   0.070	   RATIR+CSP	  
iPTF14w	   0.019	  	   CSP	  
iPTF14uo	   0.090	  	   RATIR+CSP	  
iPTF14yw	   0.017	   RATIR+CSP	  
iPTF14yy	   0.043	   RATIR+CSP	  
iPTF14aaf	   0.059	   CSP	  
iPTF14aje	   0.028	   RATIR+CSP	  
iPTF14ale	   0.093	   RATIR	  
iPTF14ans	   	   	   CSP	  
iPTF14apg	  0.080	   RATIR	   	  
iPTF14atg	   0.021	   RATIR	  
iPTF14bbr	   0.065	   RATIR+HAWKI	  
iPTF14bdn	  0.016	   RATIR	  
…	   	  

Summary:	  
+	  38	  SNe	  Ia	  followed	  in	  BVugrizYJH	  
+	  Redshid	  range:	  0.01	  –	  0.1	  
+	  Typically	  4	  NIR	  epochs	  (2	  to	  13)	  
=	  NICE	  SAMPLE!	  



Panel B) SN 2013cv (iPTF13asv) at z=0.035
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Panel A shows the state-of-the-art H-band Hubble diagram (and residuals) 
with all published data of near-by supernovae (open and filled circles), 
discovered by PTF [9] (green points), and the preliminary analysis of 11 SNe 
observed at the Nordic Optical Telescope, as well 2 SDSS SNe observed with 
,6$$&�DW�9/7�LQ�3���DQG�3����UHG�SRLQWV��6WDQLVKHY�HW�DO���LQ�SUHS����
Shown in the grey region are the redshifts of the 16 SNe Ia of the first batch 
of iPTF from 2013 with follow-up in the NIR with the 1.5-m RATIR. 
The RATIR data reached SNR > 30 for z < 0.04, as shown in Panel B 
for iPTF13asv (SN 2013cv) at z=0.035  (Cao et al. in prep.). 
)RU�61H�DW�ODUJHU�UHGVKLIWV��H�J���L37)��DEF��61�����EK��DW�] ������
in Panel C (Silverman et al. 2013) the SN is clearly detected in all bands up 
to Y-band, while in J and H only upper limits could be derived.
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iPTF NOT/RATIR follow-up

P48+P60	  (Bgriz)	  +	  NOT/ALFOSC	  (UBVRI,	  2.5m)	  and	  SPM/RATIR	  (rizYJH,	  1.5m)	  
+	  4m/8m	  VISTA/VLT	  @me	  to	  follow	  SNe	  at	  z	  >	  0.06	  during	  P93	  

Panel B) SN 2013cv (iPTF13asv) at z=0.035
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Panel A shows the state-of-the-art H-band Hubble diagram (and residuals) 
with all published data of near-by supernovae (open and filled circles), 
discovered by PTF [9] (green points), and the preliminary analysis of 11 SNe 
observed at the Nordic Optical Telescope, as well 2 SDSS SNe observed with 
,6$$&�DW�9/7�LQ�3���DQG�3����UHG�SRLQWV��6WDQLVKHY�HW�DO���LQ�SUHS����
Shown in the grey region are the redshifts of the 16 SNe Ia of the first batch 
of iPTF from 2013 with follow-up in the NIR with the 1.5-m RATIR. 
The RATIR data reached SNR > 30 for z < 0.04, as shown in Panel B 
for iPTF13asv (SN 2013cv) at z=0.035  (Cao et al. in prep.). 
)RU�61H�DW�ODUJHU�UHGVKLIWV��H�J���L37)��DEF��61�����EK��DW�] ������
in Panel C (Silverman et al. 2013) the SN is clearly detected in all bands up 
to Y-band, while in J and H only upper limits could be derived.
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iPTF NOT/RATIR follow-up

iPTF13abc	  (SN2013bh)	  at	  z=0.074	  
2000cx-‐like,	  Published	  in	  Silverman	  et	  al.	  2013	  	  

iPTF13asv	  (SN	  2013cv)	  at	  z=0.035	  
See	  Yi’s	  talk!	  
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iPTF	  2013-‐2014	  
0.013	  <	  z	  <	  0.093	  

CSP:	  Contreras	  (2010)	  +	  Stritzinger	  et	  al.	  (2011)	  	  
69	  Sne,	  <z>	  =	  0.027,	  many	  epochs!	  	  	  
2.5m	  du	  Pont	  (+1m	  Swope,	  6.5m	  Magellan)	  

Barone-‐Nugent	  et	  al.	  (2012)	  
12	  (PTF)	  SNe,	  <z>=0.056	  
8.2m	  Gemini	  &	  VLT	  HAWK-‐I	  

Weyant	  et	  al.	  2013	  
11	  SNe	  (5	  PTF),	  <z>	  =	  0.041,	  3-‐6	  NIR	  epochs	  
3.5m	  WIYN	  

Stanishev	  et	  al.	  2014	  (in	  prep.)	  
16	  SNe,	  <z>=0.091,	  1-‐2	  NIR	  epochs	  
2.5m	  NOT,	  8.2m	  VLT	  

iPTF	  NIR	  sample:	  
-‐ 	  Preliminary	  photometry	  for	  10	  (of	  38)	  iPTF	  SNe	  
-‐ 	  10	  with	  both	  RATIR	  and	  CSP	  follow-‐up	  	  
-‐ 	  Currently	  collec@ng	  reference	  images	  for	  2013	  data	  
-‐ 	  rizYJH	  1.5m	  RATIR	  data	  (+	  CSP	  and	  4/8m	  VISTA/VLT)	  



Goobar	  et	  al.	  (2014)	  
Amanullah	  et	  al.	  (2014)	  



SPIRITS	  (Spitzer	  Infrared	  Intensive	  Transients	  Survey)	  



SN 2014J
SN 2011fe
SN 2012cg
SN 2006X
SN 2009ig
SN 2005df

May 15 - July 21 visibility window

 B (+0)

J (+3)

H (+5)

K (+7)

I1 (+9)

I2 (+11)

No	  second	  bump	  	  
in	  the	  MIR…	  



B-‐V	  
Lira	  law	  

McClelland	  et	  al.	  (2013)	  
Doubly	  (I1)	  vs	  singly	  (I2)	  ionized	  
Fe-‐peak	  elements	  at	  >200d	  

I1-‐I2	  

SN 2014J
SN 2011fe
SN 2012cg
SN 2006X
SN 2009ig
SN 2005df

May 15 - July 21 visibility window

 B (+0)

J (+3)

H (+5)

K (+7)

I1 (+9)

I2 (+11)



SN2014J at +6 days
Reddened SN 2011fe
Reddened W7 model

1 2 3 4 5



SN2014J at +29 days
Reddened SN 2011fe
Reddened W7 model

1 2 3 4 5

Ni	  II	  &	  Fe	  II	  
(model	  from	  
M.	  Kromer)	  



SN2014J at +130 days
Reddened SN 2011fe
Reddened W7 model

1 2 3 4 5

Ni	  II	  &	  Fe	  II	  
(model	  from	  
A.	  Jerkstrand)	  



Dust shell at 
rd ~ 1017 cm 

Heated to 
~ 500 K 
(Fox, 2010) 

Upper limit on 
CS dust mass 
For SN 2011fe,	  
Md	  <	  7	  ×10-‐3	  M	  

(Johansson et al, 2012) 



-‐ 	  CS	  dust	  ex@nc@on	  law	  provides	  good	  fit	  to	  SN	  2014J	  (Amanullah	  et	  al.	  2014)	  	  	  	  
-‐ 	  No	  variable	  Sodium	  absorp@on	  in	  high-‐res	  spectra…	  
-‐ 	  Relevant	  dust	  masses	  for	  CS	  ex@nc@on	  ~10-‐4	  M	  	  (Amanullah	  &	  Goobar,	  2011)	  

3.6μm	  (x	  10)	  

4.5μm	  

Now…	  


