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Identification Method using the results of Dendrogram 

 * Dendrogram : treat as a tree that represents the hierarchy of  
                          the structures

# 00 Aims

Verification of Identification method

- Establishment of method of molecular cloud identification 
- Calculation of basic physical parameters of molecular clouds 
- Reveal inner-structures of molecular clouds 
- Identify far distant clouds 
- Reveal size function and mass function of molecular clouds 
- Distribution of clouds in the galaxy
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# 01 Introduction
- FUGIN survey 
  * FUGIN : NRO45m + FOREST 
     NRO 45m : High spacial resolution (~ 15” @ 12CO) 
                          0.2 pc @ 2.0 kpc (sagittarius arm) 
                          —>   detectable inner structures in clouds 

     FOREST  : detect multi lines simultaneously    
                           12CO : detect the structure with low column density 
                           13CO : detect the inner structure in the clouds 
                           C18O : detect the dense gas in the clouds 



# 01 About FUGIN

Survey Strategy 
  - Area : the first quadrant (10d < L < 50d ; -1.0 < b < 1.0) 
               the third quadrant (198d < L < 236d ; -1.0 < b < 1.0) 
  - Line : 12CO, 13CO, C18O 
  - effective velocity resolution : 1.0 km/s @ 3 mm   
  - effective angular resolution : 20” @ 12CO 
  - final map 
    * l,b grid = 8”.5, velocity grid = 0.65 km/s 
       velocity range = -100 km/s < v < 200 km/s 
       Noise level : 0.8 - 2.7 K @ dV = 1.3 km/s (12CO)



# 02 Results of FUGIN data
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Structure Identification using the results of Dendrogram

leaf1 leaf2
leaf3

branch

trunk

Dendrogram can identify the structures with various scales at the same time 
 —> We can identify the molecular cloud as well as the internal structures

# 03 Molecular Cloud Identification



< Cloud candidates > 
  - select separate velocity  
  - final identified structures : 93799 
  - Physical parameters of Trunks 
      dV = 1.0 - 18.3 km/s, R(“) = 19.8 - 2190” , N(H2) = 3.8x1022 - 3.4x1027 cm-2  

# 04 Molecular Cloud Identification
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< Example of Identified Structures >

Molecular Cloud Identification

 - final identified structures : 93799 
  - Physical parameters of Trunks 
      dV = 1.0 - 18.3 km/s, R(“) = 19.8 - 2190” , N(H2) = 3.8x1022 - 3.4x1027 cm-2  
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< Decision of Distance > 
  - Using kinetic distance estimated using the LSR velocity  
  - Near / Far distance problem

# 05 Distance of Molecular Structures
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Figure 1. Sketch of the HISA method to resolve the KDA. In the inner Galaxy, a single Galactocentric radius (determined by the radial velocity of the cloud)
corresponds to two distances along the line of sight, a near (in blue) and a far (in red) kinematic distance. The near and far kinematic distances correspond to the same
radial velocity Vr , which is the projection of the orbital velocity V0 of a cloud around the GC onto the line of sight. At the tangent point, the orbital velocity of a cloud
is parallel to the line of sight. In this case, the radial velocity is maximal and the near and far kinematic distances are identical. The cold H i embedded in a cloud
located at the near kinematic distance absorbs the 21 cm radiation emitted by a warm H i background located at the far distance. Consequently, the H i 21 cm spectrum
toward a near cloud exhibits an absorption line that is coincident with a 13CO emission line from the cloud. A cloud located at the far distance does not lie in front of
a warm H i background emitting at the same velocity as that of the cloud. Therefore, there is no absorption feature in the H i 21 cm spectrum toward a cloud located at
the far kinematic distance.

the line of sight, is the same at the near and far distances (see the
top right panel of Figure 2). At the tangent point, the near and far
distances are identical (d = R0 cos(l) and r = R0 sin(l)) and the
orbital velocity of a cloud at this point is parallel to the line of
sight. In this case, the radial velocity of a cloud is maximal and
equal to its orbital velocity. In the outer Galaxy (r > R0), there
is a unique solution to the distance problem. The radial velocity
decreases monotonically with distance to negative values.

The KDA has undoubtedly been a major obstacle to the
understanding of the structure of the inner Milky Way. Earlier
investigations of the spiral structure of the Milky Way using
molecular data (e.g., Clemens et al. 1988; Gordon & Burton
1976; Kolpak et al. 2003; Liszt et al. 1984; Sanders et al. 1984;
Solomon et al. 1979) have used various methods to resolve
the KDA. For instance, Clemens et al. (1988), who used the
University of Massachusetts–Stony Brook 12CO survey to probe
the structure of the 5 kpc molecular ring, resolved the KDA by
exploiting the different angular extent of the gas at the near
and far kinematic distances. Kolpak et al. (2003) used 21 cm
continuum absorption toward H ii regions to resolve the KDA.
This method requires an H ii region to be embedded in the
molecular cloud of interest. A consistent, systematic method
to resolve the KDA for molecular clouds is thus needed. The
method should be applicable to all molecular clouds, whether
or not they contain a maser or an H ii region.

In this paper, we present distances to molecular clouds iden-
tified in the Boston University–Five College Radio Astron-
omy Observatory (BU–FCRAO) Galactic Ring Survey (GRS;
Jackson et al. 2006; Rathborne et al. 2009). We resolve the KDA
by looking for H i self-absorption (HISA) and 21 cm contin-
uum absorption in the Very Large Array Galactic Plane Survey
(VGPS; Stil et al. 2006) toward the 13CO emission peaks of the
clouds. The HISA and 21 cm continuum absorption methods
are described in Section 2. In Sections 3 and 4, we describe the

data used for this analysis and the details of the methodology
used to determine distances to the GRS clouds. Sections 5, 6,
and 7 present and discuss the results and their implications on
the determination of the Milky Way’s structure. The summary
and conclusion are given in Section 8.

2. H i SELF-ABSORPTION AND 21 cm CONTINUUM
ABSORPTION AS A MEAN TO RESOLVE THE KDA

The structure and composition of molecular clouds have been
discussed by Goldsmith & Li (2005), Goldsmith et al. (2007),
and other authors. They showed that various molecules, such
as 13CO and 12CO, coexist with molecular (H2) and atomic
(H i) hydrogen within the cold (Tkin = 10 K) central regions
of molecular clouds. The atomic hydrogen stems from both the
remnant material before the cloud formed and predominantly
from a continuous series of dissociative ionizations of H2 by
Galactic cosmic rays followed by recombinations. It can be
shown that the H i density within dense molecular clouds does
not depend on the overall gas density (Dyson & Williams 1980).
Because this atomic hydrogen is shielded from outside radiation
by the outer layers of the cloud, it is much colder than the rest
of the Galactic atomic hydrogen, which has a temperature of
75–100 K and up to 104 K for the warm component (Kulkarni
et al. 1982). Galactic cosmic rays constitute the only mechanism
to heat the inner regions of molecular clouds, and explain their
temperature of about 10 K. Several authors (e.g., Knapp 1974;
Flynn et al. 2004; Jackson et al. 2004) showed that the high
column densities and the low temperature of H i in molecular
clouds make molecular clouds sufficiently opaque and cold to
allow the formation of absorption lines in the ubiquitous and
warm background Galactic 21 cm radiation.

Absorption or self-absorption of the H i 21 cm line provides a
technique to resolve the near/far KDA. The interstellar medium

Check - The different of parameters between  
               the distant clouds and the local clouds
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corresponds to two distances along the line of sight, a near (in blue) and a far (in red) kinematic distance. The near and far kinematic distances correspond to the same
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located at the near kinematic distance absorbs the 21 cm radiation emitted by a warm H i background located at the far distance. Consequently, the H i 21 cm spectrum
toward a near cloud exhibits an absorption line that is coincident with a 13CO emission line from the cloud. A cloud located at the far distance does not lie in front of
a warm H i background emitting at the same velocity as that of the cloud. Therefore, there is no absorption feature in the H i 21 cm spectrum toward a cloud located at
the far kinematic distance.

the line of sight, is the same at the near and far distances (see the
top right panel of Figure 2). At the tangent point, the near and far
distances are identical (d = R0 cos(l) and r = R0 sin(l)) and the
orbital velocity of a cloud at this point is parallel to the line of
sight. In this case, the radial velocity of a cloud is maximal and
equal to its orbital velocity. In the outer Galaxy (r > R0), there
is a unique solution to the distance problem. The radial velocity
decreases monotonically with distance to negative values.

The KDA has undoubtedly been a major obstacle to the
understanding of the structure of the inner Milky Way. Earlier
investigations of the spiral structure of the Milky Way using
molecular data (e.g., Clemens et al. 1988; Gordon & Burton
1976; Kolpak et al. 2003; Liszt et al. 1984; Sanders et al. 1984;
Solomon et al. 1979) have used various methods to resolve
the KDA. For instance, Clemens et al. (1988), who used the
University of Massachusetts–Stony Brook 12CO survey to probe
the structure of the 5 kpc molecular ring, resolved the KDA by
exploiting the different angular extent of the gas at the near
and far kinematic distances. Kolpak et al. (2003) used 21 cm
continuum absorption toward H ii regions to resolve the KDA.
This method requires an H ii region to be embedded in the
molecular cloud of interest. A consistent, systematic method
to resolve the KDA for molecular clouds is thus needed. The
method should be applicable to all molecular clouds, whether
or not they contain a maser or an H ii region.

In this paper, we present distances to molecular clouds iden-
tified in the Boston University–Five College Radio Astron-
omy Observatory (BU–FCRAO) Galactic Ring Survey (GRS;
Jackson et al. 2006; Rathborne et al. 2009). We resolve the KDA
by looking for H i self-absorption (HISA) and 21 cm contin-
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(VGPS; Stil et al. 2006) toward the 13CO emission peaks of the
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are described in Section 2. In Sections 3 and 4, we describe the

data used for this analysis and the details of the methodology
used to determine distances to the GRS clouds. Sections 5, 6,
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the determination of the Milky Way’s structure. The summary
and conclusion are given in Section 8.
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as 13CO and 12CO, coexist with molecular (H2) and atomic
(H i) hydrogen within the cold (Tkin = 10 K) central regions
of molecular clouds. The atomic hydrogen stems from both the
remnant material before the cloud formed and predominantly
from a continuous series of dissociative ionizations of H2 by
Galactic cosmic rays followed by recombinations. It can be
shown that the H i density within dense molecular clouds does
not depend on the overall gas density (Dyson & Williams 1980).
Because this atomic hydrogen is shielded from outside radiation
by the outer layers of the cloud, it is much colder than the rest
of the Galactic atomic hydrogen, which has a temperature of
75–100 K and up to 104 K for the warm component (Kulkarni
et al. 1982). Galactic cosmic rays constitute the only mechanism
to heat the inner regions of molecular clouds, and explain their
temperature of about 10 K. Several authors (e.g., Knapp 1974;
Flynn et al. 2004; Jackson et al. 2004) showed that the high
column densities and the low temperature of H i in molecular
clouds make molecular clouds sufficiently opaque and cold to
allow the formation of absorption lines in the ubiquitous and
warm background Galactic 21 cm radiation.
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FIG.  3.—Longitude-velocity map of CO emission integrated over a strip ~4° wide in latitude
centered on the Galactic plane (see §2.2)—a latitude range adequate to include essentially all
emission beyond the Local spiral arm (i.e., at |v| > 20 km s–1). The map has been smoothed
in velocity to a resolution of 2 km s–1 and in longitude to a resolution of 12´. The sensitivity
varies somewhat over the map, since each component survey was integrated individually
using moment masking at the 3-σ level (see §2.2).
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< Near/Far Check list> 
  - Average I.I. (Average Intensity)  
  - Virial ratio 
  - hight of the structures 
  - distribution of Arm in L-V diagram 
  - (Image : distribution of intensity)
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Figure 1. Sketch of the HISA method to resolve the KDA. In the inner Galaxy, a single Galactocentric radius (determined by the radial velocity of the cloud)
corresponds to two distances along the line of sight, a near (in blue) and a far (in red) kinematic distance. The near and far kinematic distances correspond to the same
radial velocity Vr , which is the projection of the orbital velocity V0 of a cloud around the GC onto the line of sight. At the tangent point, the orbital velocity of a cloud
is parallel to the line of sight. In this case, the radial velocity is maximal and the near and far kinematic distances are identical. The cold H i embedded in a cloud
located at the near kinematic distance absorbs the 21 cm radiation emitted by a warm H i background located at the far distance. Consequently, the H i 21 cm spectrum
toward a near cloud exhibits an absorption line that is coincident with a 13CO emission line from the cloud. A cloud located at the far distance does not lie in front of
a warm H i background emitting at the same velocity as that of the cloud. Therefore, there is no absorption feature in the H i 21 cm spectrum toward a cloud located at
the far kinematic distance.

the line of sight, is the same at the near and far distances (see the
top right panel of Figure 2). At the tangent point, the near and far
distances are identical (d = R0 cos(l) and r = R0 sin(l)) and the
orbital velocity of a cloud at this point is parallel to the line of
sight. In this case, the radial velocity of a cloud is maximal and
equal to its orbital velocity. In the outer Galaxy (r > R0), there
is a unique solution to the distance problem. The radial velocity
decreases monotonically with distance to negative values.

The KDA has undoubtedly been a major obstacle to the
understanding of the structure of the inner Milky Way. Earlier
investigations of the spiral structure of the Milky Way using
molecular data (e.g., Clemens et al. 1988; Gordon & Burton
1976; Kolpak et al. 2003; Liszt et al. 1984; Sanders et al. 1984;
Solomon et al. 1979) have used various methods to resolve
the KDA. For instance, Clemens et al. (1988), who used the
University of Massachusetts–Stony Brook 12CO survey to probe
the structure of the 5 kpc molecular ring, resolved the KDA by
exploiting the different angular extent of the gas at the near
and far kinematic distances. Kolpak et al. (2003) used 21 cm
continuum absorption toward H ii regions to resolve the KDA.
This method requires an H ii region to be embedded in the
molecular cloud of interest. A consistent, systematic method
to resolve the KDA for molecular clouds is thus needed. The
method should be applicable to all molecular clouds, whether
or not they contain a maser or an H ii region.

In this paper, we present distances to molecular clouds iden-
tified in the Boston University–Five College Radio Astron-
omy Observatory (BU–FCRAO) Galactic Ring Survey (GRS;
Jackson et al. 2006; Rathborne et al. 2009). We resolve the KDA
by looking for H i self-absorption (HISA) and 21 cm contin-
uum absorption in the Very Large Array Galactic Plane Survey
(VGPS; Stil et al. 2006) toward the 13CO emission peaks of the
clouds. The HISA and 21 cm continuum absorption methods
are described in Section 2. In Sections 3 and 4, we describe the

data used for this analysis and the details of the methodology
used to determine distances to the GRS clouds. Sections 5, 6,
and 7 present and discuss the results and their implications on
the determination of the Milky Way’s structure. The summary
and conclusion are given in Section 8.

2. H i SELF-ABSORPTION AND 21 cm CONTINUUM
ABSORPTION AS A MEAN TO RESOLVE THE KDA

The structure and composition of molecular clouds have been
discussed by Goldsmith & Li (2005), Goldsmith et al. (2007),
and other authors. They showed that various molecules, such
as 13CO and 12CO, coexist with molecular (H2) and atomic
(H i) hydrogen within the cold (Tkin = 10 K) central regions
of molecular clouds. The atomic hydrogen stems from both the
remnant material before the cloud formed and predominantly
from a continuous series of dissociative ionizations of H2 by
Galactic cosmic rays followed by recombinations. It can be
shown that the H i density within dense molecular clouds does
not depend on the overall gas density (Dyson & Williams 1980).
Because this atomic hydrogen is shielded from outside radiation
by the outer layers of the cloud, it is much colder than the rest
of the Galactic atomic hydrogen, which has a temperature of
75–100 K and up to 104 K for the warm component (Kulkarni
et al. 1982). Galactic cosmic rays constitute the only mechanism
to heat the inner regions of molecular clouds, and explain their
temperature of about 10 K. Several authors (e.g., Knapp 1974;
Flynn et al. 2004; Jackson et al. 2004) showed that the high
column densities and the low temperature of H i in molecular
clouds make molecular clouds sufficiently opaque and cold to
allow the formation of absorption lines in the ubiquitous and
warm background Galactic 21 cm radiation.

Absorption or self-absorption of the H i 21 cm line provides a
technique to resolve the near/far KDA. The interstellar medium
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- Physical parameters of Trunks 
      dV = 1.0 - 18.3 km/s, R(pc) = 0.03 - 72.4 pc, M(Mo) = 0.1 - 3.0x106 Mo 
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銀河系内における分子雲の分布

・比較的サイズが大質量の構造で調査（Mc > a few x 103 Mo） 

・銀河系内域（Rg < 7 kpc) 

　—> 2450個の分子雲で調査

物理量：dV = 1.4 ~ 14.9 km/s, R = 0.8 ~ 72 pc, Mc = 1000 ~ 3.0 x 106 Mo
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銀河系内における分子雲の分布
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 < 結果 >
銀河系内の分子雲分布調査 
  - 103 Mo以上の分子雲（2450個）について調査 
  - 105 Mo以上の分子雲は概ね腕状に分布 
　　sagittarius, scutum, norma腕を確認 
  - 腕間領域には104 Mo以上の分子雲はほとんど存在しない 
　　たたし、sagittarius-scutum腕間の一部に104 Mo程度の分子雲が存在 
  

渦状腕ごとの相違  
  - scutum腕とnorma腕では有意義な違いは見られない 
  - sagittarius腕は線幅、質量が小さい（？） 




