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We have performed a survey for dark clouds in the Large and Small Magellanic Clouds (LMC
and SMC) utilizing the two star catalogs in the near infrared wavelengths, namely, the 2 Micron
All Sky Survey Point Source Catalog (2MASS PSC) and the SIRIUS Point Source Catalog
(SIRIUS PSC). In order to probe into dark clouds deeply embedded in the star distribution in the
LMC and SMC, we developed a new technique named “X percentile method” to measure the color
excess by dark clouds, which is robust against contamination by the unreddened foreground
stars. As a result, a number of dark clouds were revealed for the first time in the near infrared
extinction. Comparing the extinction maps with other datasets tracing the molecular gas and
atomic gas, we quantified the gas-to-dust ratio Av/N[H] in these galaxies to find a significant
variation of the ratio over them, while its average values are much lower than that in the Milky

Way.
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Fig.1 Schematic illustration of the model used to estimate the color excess caused by a dark cloud in the
LMC. (Left) We set uniform background extinction and locate a dark cloud within the LMC. The position
and thickness of the cloud are taken to be Z% and 7% of the total thickness of the LMC along the line of
sight to the observer. K and Eo are the total color excess caused by the background and the cloud,
respectively. (Righ? In panel (a), we generate a number of stars which have an intrinsic color distribution
that follows a Gaussian distribution with a standard deviation o, and we distribute the stars randomly in
the LMC including the inner region of the cloud. The color distributions shown in panels (b) and (c) are the
reddened distributions observed toward the reference field (i.e., a cloud-free region) and the dark cloud,
respectively. Exo and Exmn are the color excesses measured. Enis the color excess measured by the classical
methods using either the simple mean or median color of the stars.
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Fig.2 Ex vs. Xo (open circles) and Exn vs. Xo (filled circles) diagrams calculated for Z= 0, 30, and 70% are
shown in panels (a), (b), and (c), respectively. In the calculations, common parameters listed in the box in
panel (a) are used. The distribution function of the star colors @(o is taken to be Gaussian with a standard
deviation of o= 0.1 mag. Broken lines indicate the true color excess by the cloud (£ = 0.2 mag). Black and
gray arrows indicate the color excesses measured using the classical method based on the simple mean
and median star colors, respectively.
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Fig.3 (Lefd Star density map of the LMC. The distribution of stars brighter than 16 mag in J/band is
shown in units of arcmin=2. (Right) Extinction map of Av measured in the range 80%<Xy<95% from the
color excesses K H) and E(H-Ks).
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Fig.4 Sample of the extinction maps derived from Fxa at different Xo values: for a fixed value of X1 = 95%,
the maps in panels (a), (b), and (c¢) are calculated for Xo = 20, 50, and 80% respectively. In all panels, the
lowest contour and the contour interval are set to Av = 0.5 mag.
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Fig.5 (Top-Left) Color excess map of KJ — H) measured in the range 80%<Xo <95% of the SMC.
(Bottom-Left) Same as the top-left panel, but superposed on the optical image. (Right) Color excess maps
of E\J— H) around the Region 1-3 indicated in the bottom-left panel on a finer scale. In all panels, contours
start from EJ— H) = 0.05 mag with a step of 0.03 mag.
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Fig.6 (Top-Left) Extinction map around the cloud LMC-154 in the LMC. The lowest contour and the
contour interval are Av = 0.5 mag. Labels “A*D” mark the positions where the data shown in the
top-right panels are sampled. (7op-righ?) Sample of Exy (filled circles) and Exm (open circles) measured as
a function of Xy around the cloud LMC-154 (Xi is fixed to 95%). Data shown in panels (a)-(d) are sampled
by averaging some pixels around the positions labeled “A”—“D” in the top-left panel. Solid lines denote the
best-fitting model values with parameters [£b, 7, Z1 = [0.24 mag, 40%, 10%], [0.19 mag, 15%, 15%l], [0.17
mag, 5%, 25%], and [0.28 mag, 10%, 65%] for the data shown in the panels from (a) to (d) in this order.
(Bottom) Distribution of model parameters that best fit the observed color excess FJ— H): (a) color excess
due to dark clouds £, (b) position of the near side of the clouds Z and (c) position of the far side of the
clouds (Z+7). For comparison, locations of the clouds are indicated in the panels (b) and (c) by black and
white contours at £ = 0.09 mag, respectively.
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Fig.7 (Top) Same as the top panels in Fig.6, but for clouds A to J in the SMC in Fig.5. Filled and open
circles are Exo and Exm, respectively. The best fitting parameters [Ey, 7] Z] are given in the parentheses in
units of [mag, %, %), respectively. (Bottom) Panel (a) shows the background color excess Fhg in Region 1 in
Fig.5 inferred from the E(J—H) maps measured at various Xo. The other panels (b), (c), and (d) show the
distributions of the model parameters (see Fig.1). Contours are drawn at every 0.03 mag starting from E(J
— H) =0.05 mag in panels (a) and (b), and at every 20% starting from Z=20% in panel (c), and at every 10%
starting from 7'= 10% in panel (d).
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