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Abstract

We report the physical quantities oc molecular clouds in the extreme outer Galaxy (EOG) at Galactocentric raids of more
than 18 kpc. The EOG is the valuable place where it is possible to observe “galaxy formation processes” in the scale of a
molecular clouds (pc-scale). We performed high-resolution '2CO(1-0), '3CO(1-0), and '2CO(3-2) mapping observation of 8
molecular clouds in the EOG (called Digel Clouds) with NRO 45m telescope and JCMT. As a result, we detected 352 clumps
and identified 20 new candidates of star-forming region. Some properties of these clumps (Size - velocity width relation, Mass
function, Virial mass vs. CO luminosity) are apparently different from those in the other part of the Galaxy, which could
indicate that the environment has an impact on molecular cloud/star formation activity. We also report the distribution of
12CO(3-2)/'2CO(1-0) ratio of Digel Cloud 2, which may show evidence of interaction between HI shell and molecular clouds.
. . ¢ Dlgel Clouds Figure 1 : Image of the our Galaxy (NASA/JPL-Caltech)
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Figure 2 (Left) : HI, H> and total density in the Galactic mid plane vs Rg (Wolfire et al. 2003)

Unprecedem'eded dC"'Gl' at mUCh Closer' dlSTOnCC (D ~ 10 kPC) Figure 3 (Right) : Extrapolated gradients of Oxygen abundance along the Galactic disk for different sources (Ferndndez-Martin et al. 2017)

3. Results

‘Than distant galaxies (D > 50 kpc)

2. Observatlon

* Target: Digel clouds < 12CO(1 -0) molecular distribution
® Target: Digel Clouds biglctar., 1994 ® High-resolution observation enabled us to map overall structure of the clous in ~pc scale
. Discovered by the verv first survev of molecular clouds in * Detection of 352 clumps (using CLUMPFIND)  williams et al., 1994
the EOG ’ ’ ’ - Detection limit: Lco = 2.2 K km s°! pc?; Mco = 7Mo (« Assuming Xco= 2.0x102° cm2 (K km s™')")

- Typical size  :r=1-3 pc,dv =0.7-1.5 km s’/
* |dentification of 20 new candidates for star forming region

 Composed of eight molecular clouds (Cloud [-8)
- Star forming regions are clearly detected in Cloud | and

Cloud 2 from our NIR observation with Subaru telescope
e,g, [zumi et al., 2014, Yasui et al., 2006, 2008
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Figure 5 : NIR(Top) and MIR (Bottom)
pseudo color image of the
star forming region in Cloud 1

; Objective: Understanding properties of molecular cloud in .:
'- the EOG!!

Figure 4 : NRO 45 m 2CO(1-0) maps (Contour levels - Cloud 1,2,7,8:6,9,12,15,18,21 06;Cloud3:3,4,5,6,7 0;

Cloud4,5:4,5,6,7,80;Cloud 6:5,7,9,11, 13 0) and mid infrared pseudo color images around these Clouds. Izumi et al., 2017
The color images are produced by combining the 3.4,4.6, 12 um images from the WISE data (NASA/IPAC).
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** Properties of '*CO(I-0) clumps < HI shell - molecular cloud interaction
® Velocity width vs. Radius ® Mass function ® 12CO(3-2)/12CO(1-0) ratio of Cloud 2
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Figure 6: Size-velocity width relation of 12CO(1-0) molecular Figure 7: Mass function for molecular clouds in
clouds in several environments (Rubio et al. 2015) severalenvironment (¢.&. Bramer et &1, 2019) Figure 9: Left; HI distribution of SNR shell from DRAO ( 107.0 ~-95.5 km s) Th (@ contour show the 2CO(1-0) distribution of Cloud 2
1gurc >:. LCIL; istribution o SNell Irom VLSR = - U~ =Y. m S- € magenta contour SnoOw tne - istribution o ou
° VEIOC'tY width of the clumps in the outer « Power-law spectrum in the outer 6,9, 12,15, 18, 21 ) Middle: Blow-up image of right panel Right; Distribution of 12CO(3-2)/12CO(1-0) ratio of Cloud 2
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