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6. Position-velocity diagrams along the molecular filaments

• Distance: 2.0 kpc (Xu+ 2009)

• Massive star forming region

in the inter-arm
Ø Open cluster NGC 6823 (Massey +95)

Ø SNR G59.5+0.1 (Xu & Wang 2012)
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3. CO integrated intensity map

4. 12CO velocity channel map

5. 12CO J=2-1/1-0 intensity ratio at 22, 27, 33 km/s components

Herschel B: 70 μm, G: 160 μm, R: 350 μm

12CO J=2-1 data obtained by the 1.85 m 

radio telescope (Onishi+2013, Nishimura+2020)

Peak T R: 12CO G: 13CO B: C18O

• Three velocity components at 22, 27, 33 km/s

• “Λ-shaped” velocity structure

NGC 6823

OB-type stars

• Cavity structures around the cluster

Ionization feedback by the clusterShock compression produced by cloud 

collisions (Arzoumanian+18, Haworth+15, Fukui+21)
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• Enhance the intensity ratio 

around the NGC 6823 cluster

(R2-1/1-0〜0.8-1.0)

Length: ~30 pc, Width:  ~ 5 pc, 

Mass: ~ 4 × 104 M◉
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Abstract
We have performed new large-scale 12CO, 13CO, and C18O J =1–0 observations of the Vulpecula OB association as a part of the Nobeyama 45m Local Spur CO survey project. We revealed 

the three velocity components including filamentary structures, which are likely to be physically associated with these high-mass star-forming regions based on the results of high 12CO J = 

2– 1 to J = 1-0 intensity ratio. These clouds are connected in the velocity space, and the NGC 6823 open cluster exists at the intersection of these clouds. Therefore, we suggest that the 

multiple cloud interaction scenario can explain the origin of the massive cluster formation in the Vulpecula OB association.

Large-scale CO survey toward the inter-arm region in the Milky Way

CO peaks at infrared sources IRAS 19419+2336 and NGC 6823 cluster

Three molecular filaments (filament A, B, C) at the NGC 6823 cluster

Three clouds are likely to be 

physically associated with 

Sh 2-86

7. Comparison with physical properties of giant molecular filament

Giant molecular filament in the Local spur has the length of 

1/3-1/2 and total mass of 1/10 comparing with High Velocity 

Stream in W51 and GMC-16 in M33.

Name Length Width vFWHM N(H2)peak Total mass Mline

[pc] [pc] [km s−1] [cm−2] [M⊙] [M⊙/pc]

(1) (2) (3) (4) (5) (6) (7)

Filament C in Sh 2-86 ∼30 ∼5 ∼3 1 × 1022 ∼4 × 104 ∼1 × 103

HVS in W 51† ∼90 ∼10 ∼5 2 × 1022 ∼3 × 105 ∼3 × 103

Filament B in GMC-16 ‡ ∼70 ∼5-6 ∼4 5 × 1022 ∼4 × 105 ∼6 × 103

√

Filament C in Vul OB1 (Local Spur) (a)

High Velocity Stream in W51 (FUGIN)(b)
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