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Where’s the Dust?

MW ISM

SN CSM

Host ISM
IGM ???
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Tripp & Branch 1999

RB = 2.4 

“It’s dust + physics”
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Krisciunas et al. (2000)
SN1999cl: 

optical colors:  AV = 3.53 
NIR colors:      AV = 2.01 

RV = 1.8 

“unrealistic”
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Folatelli et al. (2010)
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Aside: Δm15 has issues

Carnegie SN Ia Progenitor Workshop



The Carnegie Supernova Project

A Little C-Magic
Define color stretch: 
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Intrinsic Colors vs. sBV
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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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Marginal Estimate

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
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These low RV are real.
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Whittet et al. (1978)Patat et al. (2015)

“objects show a pronounced continuum polarization at position angles remarkably well 
aligned with the local spiral arms of their hosts”
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RV isn’t the whole story.

Fitzpatrick & Massa (2007)
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CSPI + PARITEL using F99
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These low RV seem crazy.

Fitzpatrick & Massa (2007)
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Maybe CSM!
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Extinction Laws
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Spectral Features
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SN2008cd 

E(B-V) = 1.90 (07) 
RV   = 2.23 (31)
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SN2006X 

E(B-V) = 1.33 (02) 
RV   = 1.86 (06)
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SN2003cg 

E(B-V) = 1.27 (03) 
RV   = 2.21 (09)
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SN1999cl 

E(B-V) = 1.18 (04) 
RV   = 2.22 (14)
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SN2005A 

E(B-V) = 1.15 (02) 
RV   = 1.91 (09)
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SN2006cm 

E(B-V) = 1.05 (02) 
RV   = 2.27 (26)
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SN2006br 

E(B-V) = 0.98 (04) 
RV   = 2.44 (22)
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SN1986G 

E(B-V) = 0.83 (03) 
RV   = 2.63 (18)
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SN2009I 

E(B-V) = 0.77 (02) 
RV   = 2.60 (12)
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SN2007cg 

E(B-V) = 0.74 (05) 
RV   = 2.16 (30)
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SN2000ce 

E(B-V) = 0.66 (05) 
RV   = 2.99 (36)
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SN2008fp 

E(B-V) = 0.53 (04) 
RV   = 2.33 (31)
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SN2007bm 

E(B-V) = 0.53 (02) 
RV   = 2.02 (18)
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SN2002bo 

E(B-V) = 0.52 (17) 
RV   = 1.56 (17)
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SN2002cv 

E(B-V) = 5.25 (22) 
RV   = 1.60 (10)

SN 2002cv 117

Figure 14. Multidimensional maximum-likelihood estimates to derive AV

and RV towards SN 2002cv and SN 2002bo along with the host-galaxy
distance. Each contour corresponds to 3σ (outer curve), 2σ (middle curve)
and 1σ (inner curve). The values found were AV = 8.40 ± 0.35 mag and
RV = 1.60 ± 0.10 for SN 2002cv, AV = 1.00 ± 0.10 mag for SN 2002bo,
and µ = 31.76 ± 0.07 mag.

remind the reader of the shift in the R effective wavelength due
to the high extinction of SN 2002cv (see Section 2.2). This effect
is smaller at maximum light than in the later phases, and hence we
included the R-band measurements in our fit (Table 7). For a simul-
taneous fit to the data of the two SNe, the free parameters are AV,02cv,
AV,02bo, RV,02cv, RV,02bo and µ = µ02cv = µ02bo.

Table 8. Values of AV and RV derived from different methods.

Method AV,host (mag) RV

Colour evolution 8.99 ± 0.30 1.97 ± 0.30
Comparison of CCM 8.17 ± 0.57 1.52 ± 0.11

Multidimensional 8.40 ± 0.35 1.60 ± 0.10

Actually, following the results of method (i), we fixed for SN
2002bo a standard value RV = 3.1. Also, due to the different V −

NIR colour curves of SN 2002bo [see Krisciunas et al. 2004a and
method (i)], we did not include the NIR bands of this SN in our fit.

Fig. 14 shows the 1, 2 and 3σ confidence levels projected in the
planes of selected parameter pairs. The uncertainty in RV and AV can
be read from the 1σ contour. The maximum-likelihood test gives
the following results: AV = 8.40 ± 0.35 mag, RV = 1.60 ± 0.10 for
SN 2002cv, AV = 1.00 ± 0.10 mag for SN 2002bo, and a distance
modulus of µ = 31.76 ± 0.07 mag for NGC 3190.

We note that the value of µ found here is in excellent agree-
ment with µ = 31.77 mag, the distance modulus derived using the
relative distance of NGC 3190 from the Virgo cluster (1.48 mag,
Kraan-Korteweg 1986), and assuming a Virgo cluster distance of
15.3 Mpc (Freedman et al. 2001). An alternative estimate of the dis-
tance is obtained considering that NGC 3190 is a member of the Leo
III group (Garcı́a 1993); the surface brightness fluctuation (Tonry
et al. 2001a) distance of another possible member of the group,
NGC 3226, is µ = 31.86 ± 0.24 mag (Krisciunas et al. 2004b).
This is also in good agreement with our estimate above, which we
hereafter adopt.

In summary, the AV and RV estimates obtained with the three
different procedures are listed in Table 8. The weighted averages of
these values are AV = 8.66 ± 0.21 mag and RV = 1.59 ± 0.07.

Including the Galactic extinction component, E(B − V)Gal =

0.025 mag (Schlegel, Finkbeiner & Davis 1998), the total extinc-
tion suffered by SN 2002cv is AV tot = 8.74 ± 0.21 mag, making SN
2002cv one of the most highly extinguished SNe Ia ever observed.

With regard to the extinction law, we stress that all three methods
give a low value of RV . The small value of RV obtained for this source,
which is deeply embedded in a dust lane, appears consistent with the
scenario proposed by Goudfrooij et al. (1994) and Patil et al. (2007),
who suggest that the observed dust-grain size in the host-galaxy dust
lanes may be altered by different mechanisms, such as destruction
of grains due to sputtering in SN blast waves, grain–grain collisions,
or sputtering by warm and hot thermal ions (Goudfrooij et al. 1994).
A possible different mechanism for producing small dust grains is
erosion by the SN radiation field (Whittet 1992). In this case, the
dust must be located close to the SN, possibly even originating in
the progenitor evolution.

We should mention, however, the alternative explanation for the
small apparent value of RV proposed by Wang (2005), which invokes
the effect of a light echo from circumstellar dust. In this scenario,
the physical properties of the dust are much less important than its
distribution in the immediate neighbourhood of SNe Ia.

In conclusion, SNe Ia can be a very useful tool for studying the
properties of dust in distant galaxies.

5 P H OTO M E T R I C PA R A M E T E R S

The parameters characterizing the photometric behaviour of SNe Ia
are usually derived from B and V light curves. For SN 2002cv, the
B and V bands are heavily extinguished and no measurements were

C⃝ 2008 The Authors. Journal compilation C⃝ 2008 RAS, MNRAS 384, 107–122

Elias-Rosa+2008
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Nataf et al. 2013:   RI in the MW Bulge
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Summary Vague Notions
✦ Low RV is probably “normal” ISM. 
✦ Don’t need CSM, though it certainly exists 

in some cases. 
✦ Can the distribution of RV tell us something 

about the environments of Ia progenitors? 
✦ Where are the high E(B-V), RV = 3.1 

events?
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