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Abstract

We report discovery of two CO clouds which are likely falling down to the Galactic plane at more than 35 km s~ . The clouds show head-tail
distributions elongated perpendicular to the Galactic plane at l = 331°6 and b= 0° as revealed by an analysis of the Mopra CO J =1-0 survey
data. We derived the distance of the clouds to be 2.46 + 0.18 kpc based on the Gaia Data Release 3. The CO clouds have molecular masses
of 4.8 x 10° Mg and 3.5 x 10° M, respectively, and show kinetic temperature of 30-50 K as derived from the line intensities of the 13CO
J =2-1,12C0 J = 1-0, and 3CO J = 1-0 emission. The temperature in the heads of the clouds is significantly higher than 10 K of the typical
molecular clouds, although no radiative heat source is found inside or close to the clouds. Based on the results, we interpret that the present
clouds are falling onto the Milky Way disk and are significantly heated up by the strong shock interaction with the disk HI gas. We suggest that
the clouds represent part of the HI intermediate velocity clouds falling to the Galactic plane which were converted into molecular clouds by shock
compression. This is the first case of falling CO clouds having direct observed signatures of the falling motion including clear directivity and
shock heating. Possible implications of the CO clouds in the evolution of the Galactic interstellar medium are discussed.
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Fig. 1. (a) The Mopra ?>CO J = 1-0 integrated intensity map of the head-tailed molecular clouds. The lowest contour levels and intervals are 5.0 K km
s~ ! and 3.0 Kkm s~! . (b) Same as (a), but for 2*CO J = 1-0. The lowest contour levels and intervals are 1.6 Kkm s~* and 1.6 Kkm s~ . The
integrated velocity ranges are from —36 km s~ ' to —34 km s~ " . The yellow dotted lines show the Galactic plane (b = 0°). Alt text: Mopra 12-CO and
13-CO integrated intensity maps.
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same as in Figure 1(a). The data points are plotted above 4.5 K km s~* of the *2CO J = 1-0 integrated intensity. Alt text: Mopra 12-CO first and second

moment maps.



KapTbl B 160 MKM: HeT
MCTOYHUKOB Harpesa (Ao S0K)

Image 160 um Contours 12CO J=1 0 i A

N | s 1
332.0° 331.9° 331 8° 331 7 331 6 33] 5° 331 4

Galactic Longitude

¢ -36. 0 -34.0 km/s
+00.5° - =1
] MJy/sr
” . B ———————— g 20000
10040 -/ 17500 . (D) -36.0 - -34.0 km/s
Vs 17500
+00.3° v
Q ; 15600
b2 15000
g +00.0° - 12500
ool 12500 §
o . o
E £ 10000
_:’: +00.0° - §
g I 10000
E : 17500
-00.1° .
/e - 00.1° 15000
ﬁ} 500 00.1
-00.2° S|
1 12500
-00.3° |- . J S = : ;
1 F 15000 331.7° 331.6° 331.5°
L Galactic Longitude
00402 U Contour levels (IZCO J=1-0): min 5, Step 3 K km/s
; b,
i Q - 12500
-00.5° - -
Contour levels( COJ l 0) min 5, Step 3 K km/s 1
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Fig. 6. (a) The top schematic view of the Milky Way (NASA/JPL-Caltech/ESO/R. Hurt). The red arrow indicates the direction of I = 331°. Two yellow
circles are present at the intersections of the line-of-sight with the Scutum-Centaurus and Norma arms. (b) Spectra of Mopra **CO and *3CO J = 1-0 at
(1,b) = (331°627,—0°0604). Alt text: The top schematic view of the Milky Way and spectra of Mopra 12-CO and 13-CO.
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Fig. 8. The stellar density map of fixed stars obtained by Gaia DR3. The panels (a), (b), and (c) show from 1.02 kpc to 1.35 kpc, from 1.35 kpc pc to 2.28
kpc, and from 2.28 kpc pc to 4.0 kpc, respectively. The black contours in the right column are the same as Figure 1 (a). Alt text: The stellar density map
of fixed stars obtained by Gaia DR3.
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