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12C0O J=1-0 (115GH2)

- ERDZA Y, DFHADEBE%ZHIE (X-factor; Bolatto+13)s

13CO J=1-0 (1 10GHz)

- ERDZA V2, P FEDEERINEWSZFT, 12C0 J=1-0& Lk
NZEDFRENR LY,

C180 J=1-0 (109GHz)

- BEFERZHD LK DR FEDEVEEICEE,

CO J=3-2 (345GHzfd3k)

- DFEDBREICHRE, CO J=1-07—% L&KL TYIEE (B
E - ZE) Z#5t (non-LTEHT)

— 10-15mMkDERETHNREE20" 2 EM TE D,

CO J=2-1 (230GHzf73f)
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CfAH—~A; Dame et al. (2001

Galactic Latitude

20° 10° o 350° 340° 330° 320° 310° 300° 290° 280°

« CfA1.2m

- 12C0O J=1-0

« Ho2EHEZLL FEOLNTWBIEAECOT— XA T—%
- HPBW ~ 8.6’

« QGrid size ~ 8 — 16’
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FCRAOH—A A (Jackson et al. 2006)

- FCRAO 14m (Galactic Ring Survey; GRS)
« 13CO J=1-0

- HPBW ~ 46” (or 0.76)

* Nyquist sampling

- (@Galactic longitude 18° — 55°

- Galactic latitude —1° — +1°
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Galactic Latitude

JCMTH—A~A (Dempsey+2013; Rigby+2016)

Galactic Longitude

« JCMT 15m

- 12C0O J=3-2 (COHRYS)

« 13CO & C'80 J=3-2 (CHIMPS, CHIMPS2)

- HPBW ~ 14"

*  Nyquist sampling

- (@Galactic longitude 10° — 65°

- Galactic latitude —0.25° — +0.25°, —0.5° — +0.5°
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FOREST Unbiased Galactic plane Imaging survey
with Nobeyama 45-m telescope

" Galactic
_Latitude

FOREST Unbiased
Galactic plane Imaging survey
with Nobeyama 45-m telescope

Galactic
Longitude ~

NORIKAZU OKABE




NRO45mY—A~ 4 FUGINETIE

5
R St Ny 4y il
D% 61/3'4 A % 4

A) FUGIN

) GRSH =1

) AT —RA
yaavE7H—~XA

B
C
D

(
(
(
(

1200 13CO C180 J=
HPBW ~ 20” (or 0.33’)
Nyquist sampling

L~ 10° - 50° 198° — 236°
B —ARNADSEREE2pcATZER TESHE . g .o 10— 41°

1-0

Japanese Virtual Observatory (JVO) 7 —% AR
http://jvo.nao.ac.jp/portal/nobeyama/

20



= n/w latency: 28 ms fps: 36
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Kennicutt—Schmidt(KS)&I
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Star formation efficiency in dense gas

« Herschel Observation (e.g., Andre+14; Konyves+15)
Mcore / Miiiament < 19%
- Star formation efficiency in Dense core: €.,
Ecore ~ 33%
= Star formation efficiency in a filament: €yense gas

Jojoureded K}11qe18

._.
ol

E’Iw

— o
€dense gas — IVlcore/MfiIament X Ecore ™~ 5%

Uy P

- Typical lifetime of dense cores ~10° yr (e.g., Andre+14)
- Consumption timescale of dense gas: tyense gas

tdense gas-1 ~ (1 0° yr)-1 X €dense gas — (ZOMyI’)'1
= taense gas ~ 20Myr (e.g., Andre+14; Lada+10)
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Torii et al. in prep.
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FUGIN 12COQO distribution
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Cloud-cloud collisions

* Trigger of (massive) star formation

— NGC1333 (Loren 1976); SgrB2 (Hasegawa+1994)

— Galactic super star clusters (Furukawa+2010, Fukui+2014, 2016)
— HII regions (Torii+2011, 2015, 2017, Ohama+2017a, 2017b, etc.)

— Colliding velocities: ~10-30 km/s

— CCC-driven star formation is dominated by massive GMCs having masses
> 107~ M., which accounts for a few 10% of the total star formation in the
MW (Kobayashi et al. 2017)

* Merger/coagulation of clouds

— Frequency of collisions in MW-like galaxies ~ 7-10 Myr (Tasker & Tan 11;
Dobbs+15).

— Collision cooling to form giant clumps in gas-rich galaxy disk (Li 2017).

— Little impact on the evolution of ISMs (Dobbs+15).
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Cloud-cloud collision (CCC) model

Before collision ®during ColligiQNLyer

large cloud

© p-v diagram

large cloud

small cloud {

-«

cavity ™

Y [pc]

small cloud ‘

bridge feature
Mean Brightness [K]

Density [g/cm?]

= 15 3

-6

- -4 2 0 2
z [pc] z [pc] Visr [km/s]

o Takahira+14, 18: Simulations of CCC between two dissimilar clouds.

« Haworth+15a, 15b: Synthetic CO J=1-0 observations with a radiative
transfer code using the Takahira et al.’s data, in which the observer
viewing angle is set to parallel to the colliding axis.

 When a smaller cloud drives into a larger cloud, a cavity is created on
the larger cloud.

* In the p-v diagram, two velocity peaks separated by emissions with
intermediate intensities (= broad bridge features) are observed.

* Bridge features are observable as long as the collision continues.
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Y [pq]

Y [pc]

Cloud-cloud collision (CCC) model

(a) 4.5 — 3.0 km/s

&

Integrated intensity [K km/s]

(c) =0.5 — +0.5 km/s

Integrated intensity [K km/s]

Y [pd]

Y [pc]

(b) 2.5 ——1.5 km/s

-10

Integrated intensity [K km/s]

12

0 5 10
X [pc]

Torii+2017a

Spatial distributions of the
molecular clouds based on the
synthetic CO J=1-0 data.

e The larger cloud shows a
ring-like gas distribution.

« The inner-radius of the ring
corresponds to the size of the
smaller cloud, showing
complementary distribution
between the two clouds.

small cloud large cloud
T T T T

10

Mean brightness temperature [K]

1)

Bridge feature

-6 -4 -2 (0] 2 32
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MHD numerical calculations Inoue & Fukui (2013)

Time = 0.900 Myr

24

Log n

Log [ n (cm™) ]
2.8
2.7
2.6
2.5
| —2.4

— 2.3 VCO“
— 2.2

23.5

23

22.5

22

215

T 1 ] | 11 ;
X 0 1 2 3 4 5 6 7 8
/ yr[pé]

. MJ C3 —6 T 3/2
M~ =% 9 1075M, fyr [ ——
trr G o/ V1 (10}()

M, =(c; ++AV)/(G?p) ey AV =1:125:90
« Amplified magnetic field and gas turbulence increase dM/dt

dM/dt=5 X 104 —4 X 103
M. /vr 33



Core mass function in Inoue & Fukui (2013)

R 1000 . ——T
e After collision
4 - . Before collision
" ‘ — (€) index —1.4
5.0 — 100}
E -
o
45 — ) X
$y = X —
S— %) '0" y
( 402 3 Op
Z (B) index —08 -‘. J_
I-3.5
1 (A) ‘index —0-.1..........';.,;.... =
XA- e X | TT———
01 1 1 1 il Il
Inoue & FUKUI (201 0.01 0.1 1 10 100 1000
mass [ Ms ]

* Inoue & Fukui(2013)I2&A N FEBEEDMHDEIEE
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o ELBIINI-CMF&LlF=RTEFHIH
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MHD numerical calculations (Inoue+2017)
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(a) RCW38 CO J=1-0 ]
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7223 (Fukui et al. 2016)
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* Ring cloud (Blue-shifted), Finger cloud (Red-shifted)

- HEZE: ~12 km/s
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Observations in RCW38 (Fukui et al. 2016)
e IIll—

Ring cloud: -8.3 — +9.1 km/s

08N 50™M 158
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Right Ascension (J2000)

P

58M 55°
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The Trifid Nebula, M20 (Torii+11, 17a)

Yusef-Zadeh+2005

D ~ 1.7 kpc (Lynds & Oneil 85)

Very young: ~ 0.3 Myrs (Cernicharo+98)
An exciting O7.5 star (~20 Mo)

 Low mass star formation (Rho+06; Cernicharo+98; Lefloch+08)
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The Trifid Nebula, M20 (Torii+11, 17a)

2km/s cloud 9km/s cloud Comparison

02'

Declination (J2000)

-23%04' B

18N 02M 355 25° 15% 18" 02™M 35° 258 15 18N 02M 355 255 158

Right Ascension (J2000) Right Ascension (J2000) Right Ascension (J2000)

 Two clouds are associated with M20.

* 2km/s cloud corresponds to the dark lanes, indicating it 1s
located in front of M20.

 9km/s cloud is at the rear or at the inside of M20.

* The two clouds shows complementary distribution.
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The Trifid Nebula, M20 (Torii+11, 17a)

* In the p-v diagram, the two clouds are 1 — small dloud _ large dloud ___
connected by the intermediate intensity e el
emission, indicating bridge feature. é ol

* The CO profile shows a intermediate g4l
velocity feature, which cannot be g 2 [ 0
interpreted as a wing feature, but resembles =~ o .. " e .

-6 -4 -2 0 2

the model profile of the CCC simulation. Velocity [krms]



The Trifid Nebula, M20 (Torii+11, 17a)

Visr:-1.9 - 5.6 km/s Visr: 5.6 - 13.1 km/s

 The two clouds have a
total molecular mass of

~1000 Mo.

e A collision between two
cloud with similar sizes.

- o Y o e ——

 The timescale of the
collision:

~3pc / 10km/s ~ 0.3 Myr

* Consistent with the age of
M20.

00' |2

02'

Declination (J2000)

-23%04' [EEE
18" 02™
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