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Data 
Megacam on MMT r,i,z + UKIDSS GPS/GCS J,H,K (not shown)

Model 
Hierarchical Bayesian model simultaneously infers the properties of 

each star and the full population. Results
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From Covey et al. (2007)

Using parameterized curves from 
Cardelli, Clayton & Mathis (1989)

We denote the intrinsic stellar colour as x ⌘ g�i, and denote the parameters

and data for each of N stars with the label s, the suite of hyper-parameters as

H = [µr,�2
r ,↵,�

2
], and the vector of observed colours for each star as Os

. The

hyper-parameters describe the mean and standard deviation of the distributions

in AV , RV , and their covariance (↵). We then compute the global posterior

distribution:

2MASS/NICER 
extinction from 

Ridge et al. 
(2006)

C o n c l u s i o n : W e i n f e r a 
correlation (⍴) between Av and Rv 
in two regions of Perseus; both 
regions exhibit a similar trend. 
This trend is significant above Av 
= 2 mags.

To connect this trend to physical 
models, we assume that for 
centrally condensed regions in 
molecular clouds, RV ∝ <a> ∝ n 
∝ AV, where n is the volume 
density and <a> the average size 
of dust grains.

The sense of the correlation is 
that Rv increases with increasing 
Av, consistent with other studies 
at higher column density, and well 
explained by grain growth in 
dense regions.
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Fig. 7.— H-band surface brightness (in color) with point-like estimators from background stars and galaxies overlain as circles where
the radius is proportional to the estimated AV . The correspondence is good, even up to high extinction values. The gradient seen in the
H-band surface brightness is roughly the same as the gradient seen in the extinction map (Figure 5) and is therefore probably not a result
of poor sky-subtraction. Masked regions are shown as white spots.

NH3 observations (Rosolowsky et al. 2008) within the
Bolo-4 region (specifically Bolo-6, Tkin = 10.09 ± 0.71,
Bolo-4, Tkin = 10.42 ± 0.61, and Bolo-1, Tkin = 8.54
± 1.27) we assume that the temperature is constant
throughout the region and estimate the temperature to
be 10.1 K ± 0.2. We are thus able to transform Bolocam
fluxes into column densities expressed in AV . The uncer-
tainty in ⌫ and probable spatial and line-of-sight tem-
perature variation dominate this analysis (Schnee et al.
2006; Shetty et al. 2009), providing systematic uncertain-
ties on the order of a few.

3.5. Herschel Column Density Estimates

4. COMPARISON OF DUST-BASED COLUMN DENSITY
MAPS

We compare the column density maps by examining
morphological features, comparing the maps point-by-
point and considering the distribution of column densi-
ties from each estimate.

4.1. Morphological Comparison

Figure 9 shows the four column density maps at their
native resolutions. The cores identified in the Bolocam
map (Bolo-1, Bolo-4, and Bolo-6 (Enoch et al. 2006)) are
recovered with varying degrees of success by the other
methods. For instance, Bolo-4 is seen in the GNICEST
map, but is not recovered in the MIPS map. Conversely,
Bolo-1 is seen clearly in the MIPS map but is essentially
missed by the GNICEST map. The Cloudshine map,
which has the best resolution, identifies additional cores
(labeled A,B, and C) which are picked up in some of
the other maps with varying degrees of fidelity. Of par-
ticular interest is the ability to identify structures such
as core A, which are missing from the calibration map
(GNICEST), but are present in other maps (i.e. just
above the noise level in the Bolocam map). These cores,
which are low in mass and small (< 3000), are not in-
cluded in the Bolocam catalog of Enoch et al. (2006) or

Dust extinction is just one 
way to estimate the column 
density of a molecular cloud

Scattered (aka Cloudshine) Extinction (GNICER)
Dust extinction (absorption + scattering) Dust emissivity and temperature
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Extinction = Absorbed + 
Scattered

Absorbed

Dust emissivity at each wavelength 
from interpolating Ossenkopf and 
Henning (1994)
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