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Outline
✦ Lira Law
✦ sBV and SNooPy2
✦ Intrinsic colors, Reddening laws
✦ Standard Candleness in NIR
✦ Some grouchiness
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BV a better match at high-z
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Late-time B-V Slope
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The Problem with Δm15

CSPII Meeting, Oct. 28 2012



The Carnegie Supernova Project

Only matters at Low-L?
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A Little C-Magic
Define color stretch:

sBV =
t [(B − V )max]

30 days
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Hints in the Optical
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NIR Really shows it
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SNooPy2...  Now with:
✦ GP-generated templates (sBV and Δm15) 

instead of GLoEs
✦ Eric Hsiao seal of approval for K-corrections
✦ Easy-install bootstrap script for installing 

python environment.
✦ Bolometric light-curve generator.
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SNooPy2 uses GP’s to “Krig”
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Unfortunately, sBV doesn’t fix the NIR bump.
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Intrinsic Colors vs. sBV
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Intrinsic Colors vs. sBV
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Intrinsic Colors vs. sBV

RV −RH

RV

AV

RV =
AV

E(B − V )
� E(V −H)

E(B − V )
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NIR pins down RV

RV = 1

RV = 3
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Goobar maybe fits u better?
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SN2004ef
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SN2004ey
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Fig. 7.— The distribution of inferred host galaxy dust extinc-
tion AV . The hierarchical model estimates the extinction to each
SN using the optical and near infrared light curves, and models
the dust population. (top) The AV estimates and uncertainties of
each SN ranked from highest to lowest extinction. (bottom) The
histogram of the modal AV estimates plotted against the fitted
exponential distribution for the dust population.

linear in AV . Fitting the hierarchical model then entails
computing posterior estimates of (AV , rV ) for individual
objects and the population trend, parameterized by β,
σ2
r . For SN at low AV , the rV parameter for each in-

dividual SN cannot be estimated precisely, since it only
enters into the extinction model, Eq. 9, and thus, the
likelihood, multiplied by AV . For these SN, there is not
enough information in individual light curves to distin-
guish between the individual rV estimates, and so the
model pools them towards the group mean or trend. At
high AV , the rV parameter can be estimated more pre-
cisely for each SN, so they can be individually distin-
guished. In the top panel, we show the AV , RV values for
each SN for three joint samples from the MCMC chain. A
joint sample of {As

V , R
s
V },β,σ2

r represents a single prob-
able realization of these parameters given the data, and
is labelled by a single color. The RV estimates at low
AV show considerable scatter between samples, reflect-
ing the underlying uncertainty. At high AV , there is less
scatter between individual SN and between samples, re-
flecting the increased precision for estimating RV . In the
bottom panel, each point and error bar represents the
marginal estimate, averaging over all the MCMC sam-
ples, of (AV , RV ) for each SN.
In Figure 9, we show the bivariate marginal probabil-

ity density of the regression parameters β = (β0,β1),
obtained from the MCMC samples. The joint mode, and
the 68% and 95% highest posterior density contours are
shown. The intercept β0 represents the population mean
value of rV at vanishing AV → 0, and β1 represents the
population mean linear trend of rV against AV . Also
shown is the value of rV corresponding to the Milky Way
interstellar average RV = 3.1. The intercept β0 at van-
ishing AV is uncertain, but consistent with the Milky
Way average within 1σ. The regression slope β1 is pos-
itive with zero excluded from the 95% credible region.
The marginal estimates of each of the regression param-
eters are listed in Table 1. The marginal estimate of
β0 = 0.35± 0.05 can be compared against rV = 0.32 for
the Milky Way average. The characteristic value of RV

TABLE 1
µ Prediction Errors for RV scenarios

Assumptions Inferred Opt. Opt+NIR
on RV population Hyperparameters [mag] [mag]

RV = 3.1 · · · 0.20 0.13
Complete Pooling RV = 1.6± 0.1 0.15 0.13

No Pooling · · · 0.16 0.12
PP: m = 0 µ−1

r = 1.7± 0.1, 0.16 0.12
σr = 0.04 ± 0.02

PP: m = 1 β0 = 0.35 ± 0.05 0.15 0.11
β1 = 0.15 ± 0.03
σr = 0.04 ± 0.02

PP: 4-Steps c.f. Table 3 0.15 0.11

Note. — Optical and Optical+NIR rms prediction errors at
cz > 3000 km s−1 for different dust population models. Esti-
mates of hyperparameters are the marginal posterior means and
standard deviations. The rms prediction errors are the 0.632 boot-
strap cross-validation estimates. Sampling variance of prediction
errors is typically ±0.01 mag.

as AV → 0, β−1
0 , is uncertain because of the difficulty of

determiningRV for low-extinction objects. The marginal
posterior density of β−1

0 has a non-gaussian profile: the
mean is 2.9, the mode is 2.7, and the interval contain-
ing 68% of the highest probability density is [2.3, 3.3].
The marginal probability that β−1

0 < 2 is p = 0.02. The
marginal estimate of the slope is β1 = 0.15± 0.03. This
is a strong indication of a differential trend of rV vs. AV
in the host galaxy dust population of nearby SN.
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Fig. 8.— Apparent correlation between host galaxy dust visual
extinction AV and the dust law slope RV in the sample of SN
Ia. This model assumes a dust population where R−1

V has a linear
trend with AV with some rms scatter σr . The linear regression
coefficients and residual scatter (β, σ2

r) are estimated from the
marginal global posterior distribution. (top) The points of each
color and the regression relation are different probable realizations
of the (AV , RV ) for each SN and dust population hyperparameters,
β and σ2

r , obtained from snapshots of the MCMC . The RV esti-
mates at low extinctions have more uncertainty than those at high
extinction, as reflected by the scatter of points with different col-
ors. (bottom) Averaging over all probable realizations, we plot the
inferred marginal posterior mode of (AV , RV ) and their marginal
uncertainties for each SN with the marginal estimates of the re-
gression model. When the individual RV estimates for single SN
are very uncertain, they tend to be pulled toward the population
mean value (for its extinction AV ) using partial pooling. The data
favor an apparent non-zero correlation between AV and the dust
slope R−1

V . SN Ia light curves with low to moderate extinction are
consistent with the Milky Way average RV ∼ 3.1 for interstellar
extinction, but for highly extinguished SN, a low value of RV ! 2
is favored.

Mandel et al. 2011



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

LSQ11ot

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

LSQ11ot

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

LSQ11ot

CSP OBJECTS



06X

05A

06br07bm08fp

07S

06os

07ca

05bo

LSQ11ot

CSP OBJECTS



Literature



03cg

99cl

00ce

02bo

98bu

Literature



Consistent RV for one host?



Consistent RV for one host?



The Carnegie Supernova Project

Polarization of SN1986G
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A single β may “work” 
for cosmology, but may 

not for individual 
galaxies
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RV = 1.7
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RV = 1.7
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RV = 1.7
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The Carnegie Supernova Project

Why are Ia’s red?
✦ It’s ISM dust.  Mostly.
✦ Looks like we can’t count on RV being a 

constant for SNe Ia.
✦ Maybe consistent within a single host?
✦ Need to see if RV correlates with host 

properties.

CSPII Meeting, Oct. 28 2012
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NIR Standard Candleness
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Color Corrections
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Is there a NIR stretch correction?
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✦ Typically 0.15 mag intrinsic dispersion, but 
highly correlated among filters.

✦ If allow peculiar velocities to vary:  
vpec ≃ 480 km/s

✦ Dispersion goes down to about 0.08 mag.
✦ CSPII will sample in the Hubble flow.
✦ Maybe low-s objects work in NIR?

NIR Phillips Relation

CSPII Meeting, Oct. 28 2012
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Now a few words from...
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NIR’s great, but...
✦ Reducing dispersion doesn’t get you very 

far.  You need to reduce systematics
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According to SNLS

Sullivan et al., 2011
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NIR’s great, but...
✦ Reducing dispersion doesn’t get you very 

far.  You need to reduce systematics
✦ Dust is not the biggest systematic; 

calibration is.  We currently don’t know our 
Y-band zero-point to be better than 0.03 
mag.  Y-X colors of Vega?  BD+17???
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Effects of a 
zero-point 

offsets 
between low 
and high-z
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How well can we calibrate ground-based NIR?

See Blake & Shaw (2011)
CSPII Meeting, Oct. 28 2012
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NIR’s great, but...
✦ Reducing dispersion doesn’t get you very 

far.  You need to reduce systematics
✦ Dust is not the biggest systematic; 

calibration is.  We currently don’t know our 
Y-band zero-point to be better than 0.03 
mag.  Y-X colors of Vega?  BD+17???

✦ Precipitative Water Vapor may be the 
limiting factor.  Can we correct for this?

CSPII Meeting, Oct. 28 2012


