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Abstract Gas to Dust Ratio (GDR) indicates the mass ratio of interstellar
gas to dust. It is widely adopted that the GDR in our Galaxy is 100∼150. We
choose three typical star forming regions to study the GDR: the Orion molecular
cloud — a massive star forming region, the Taurus molecular cloud — a low-
mass star forming region, and the Polaris molecular cloud — a region with no
or very few star formation activities. The mass of gas only takes account of the
neutral gas, i.e. only the atomic and molecular hydrogen, because the amount
of ionized gas is very small in a molecular cloud. The column density of atomic
hydrogen is taken from the high-resolution and high-sensitivity all-sky survey
EBHIS (Effelsberg-Bonn HI Survey). The CO J = 1 → 0 line is used to trace
the molecular hydrogen, since the spectral lines of molecular hydrogen which can
be detected are rare. The intensity of CO J = 1 → 0 line is taken from the Planck
all-sky survey. The mass of dust is traced by the interstellar extinction based on
the 2MASS (Two Micron All Sky Survey) photometric database in the direction
of anti-Galactic center. Adopting a constant conversion coefficient from the
integrated intensity of the CO line to the column density of molecular hydrogen,
XCO = 2.0×1020 cm−2·(K·km/s)−1, the gas to dust ratioN(H)/AV is calculated,
which is 25, 38, and 55 (in units of 1020 cm−2 · mag−1) for the Orion, Taurus,
and Polaris molecular clouds, respectively. These values are significantly higher
than the previously obtained average value of the Galaxy. Adopting the WD01
interstellar dust model (when the V-band selective extinction ratio is RV = 3.1),
the derived GDRs are 160, 243, and 354 for the Orion, Taurus, and Polaris
molecular clouds, respectively, which are apparently higher than 100∼150, the
commonly accepted GDR of the diffuse interstellar medium. The high N(H)/AV

values in the star forming regions may be explained by the growth of dust in the
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molecular clouds because of either the particle collision or accretion, which can
lead to the reduction of extinction efficiency per unit mass in the V band, rather
than the increase of the GDR itself.
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1. BACKGROUND INTRODUCTION

1.1 Gas to Dust Ratio

Gas to Dust Ratio (GDR) means the mass ratio of interstellar gas to dust. The abundance

and composition of dust in a galaxy represent the history of dust formation and destruction,

hence the measurement of GDR will provide important information and constraint for the

galaxy evolution[1].

The expression of GDR is not unique. According to the definition, for the GDR in

a given interstellar environment (for example a molecular cloud), the mass ratio can be

expressed by the density ratio, i.e.,

GDR ≡ ρgas
ρdust

, (1)

in which ρdust and ρgas are the mass densities of gas and dust, respectively.

If the dimensions (l) of gas and dust are equivalent, the GDR can be expressed as:

GDR =
d
∑

gas /dl

d
∑

dust /dl
=

d
∑

gas

d
∑

dust

, (2)

in which
∑

gas and
∑

dust are the surface densities of gas and dust, respectively.

Besides, the GDR can also be calculated by means of column density:

GDR =
N(gas)

Ndust
∝ N(gas)

AV
, (3)

in which N(gas) is the column density of all gaseous particles, i.e. the summation of the

column densities of atoms, molecules, and ions; Ndust is the column density of dust particles,

AV is the total extinction at the visible light waveband V, as AV = 1.086×Ndust ×Cext(V)

(Cext(V) is the extinction cross-section of dust at the V band), it is positively proportional

to Ndust, so the dust column density is often expressed by the extinction. This paper adopts

N(gas)/AV to express the GDR.

The commonly accepted GDR of the Galaxy is in the range of 100∼150, this is the

range of average values, and for the diffuse interstellar medium it is also an acceptable

range. The magnitude of GDR depends on not only the interstellar environment, but also

the dust composition to be considered. The calculation of dust mass is generally based on

the dust model fit with the infrared spectral energy distribution, if including only the hot

dust (Tdust > 30K), then the mass of dust is underestimated, the value of GDR tends to be

large; if including the cold dust (Tdust < 30K), the value of GDR will be relatively objective.
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