A New Look at the Molecular Gas in M42 and M43:

Possible Evidence for Cloud-Cloud Collision
that Triggered Formation of the OB Stars

in the Orion Nebula Cluster
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Object Molecular Mass Molecular Relative Complementary  Bridging  Cluster Age  Number of  Reference
Column Density Velocity  Distribution Feature O Stars
[M..] [em 7] [kms '] [Myr]

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

RCW 38 (2 x 10%, 3 x 10°) (1 x 10,1 x 10%) 12 no yes ~0.1 ~20 (1]

NGC 3603 (7 x 10%, 1 x 10" (1 x 10,1 x 107) 15 no yes ~2.0 ~30 (2]

Westerlund 2 9 x 10*, 8 x 10% Qi 10,2 %10™) 16 yes yes ~2.0 14 (3, 4]

[DBS2003]1 179 (2 x 10°, 2 x 10°) 8 x 10*2, 5 x 10%) 20 yes yes ~5.0 >10 [5]

ONC (M42) (2 x 10*, 3 x 10%) (2 x 10%, 2 x 10%) ~7(a) yes no ~0.1 ~10 (6]

ONC (M43) (3 x 10%, 2 x 10%) 6 x 1072, 2 x10%?) ~7(a) yes no ~0.1 ~1 (6]

M20 (1 x 10%, 1 x 10%) (1 x 10*%, 1 x 10%) 75 yes yes ~0.3 | (7]

RCW 120 (5 x 10%, 4 x 10°) (3 x 10%2, 8 x 10*)) 20 yes yes ~0.2 | (8]
<5.0 [9]

N159W-South 9 x 10°, 6 x 10%) (1 x 1073, 1 x 10%) ~8(b) no no ~0.06 | [10]

N159E-Papillon (5 x 10°, 7 x 10°, 4 x 10?2, 4 x 107, ~9(c) no no ~0.2 1 [11]

8 x 107) 6 x 10%%)
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Object Velocity Range Reference
[km s ']
(1) (2) (3)
RCW 38 +3.0 to +34.0 [1]
NGC 3603 +1.2 to +20.9 12]
Westerlund 2 +1.2 to +8.7 [3, 4]
|IDBS2003| 179 —104.0 to —81.0 5
ONC +4.0 to ~14.9 6]
M20) —1.0 to =30.0 ¥4
RCW 120 —40.0 to +8.8 8]
NI139W-South +200.0 to +269.8 9
N159E-Papillon +200.0 to +269.8 [10]
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CO intensity (normalized)

|~
-
S

1.0

0.8

0.6

0.4

0.2

lllllllllllllllllll]l

® (a) RCW 38

I (b) NGC 3603

A (c) Westerlund 2
& (d) [DBS2003]179

1 lllllllllllllllllllll

o
.

i)

1.0

10.0

1.0

0.8

0.6

0.4

0.2

lllllll]lllllllllllll

® (f) M20
M (g) RCW 120

1 llllllllll]llllllllll

g
e

i)

1.0

0.8

0.6

0.4

lllllllllllllllllllll

@ (h) N159 W-South __]
A () N159 E-Papillion

1 lllllllllllllllll

2018/10/12

10.0

2018FEZ % 10EGMCst 2



(a)t=0Myr (~10pc<Y < 10pc) (b)t=1.6 Myr (-10pc<Y < 10pc) (©)t=16Myr (2pc<Y <2pc

10km/s

—_)
Box size [pc]

S > 3030 %30

Resolution [pc] 0.06
Collision velocity S
[km s ']
Parameter The Small Cloud  The Large  Note
Cloud
Temperature [K] 120 240
Freefall ume [Myr] 5.31 7.29
Radius [pc]  Js) 5 S
(a) (b) s . <
Comoressed Laver Mass M. ] 417 1635
Large cloud i 4 Velocity dispersion 1.25 1.71
Small cloud —1
[km s |
Density [cm ] 47 .4 25.3 Assumed
a Bonner—Ebert

Cav1ty

sphere
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(c) Image: 7.9-8.3 kmv/s, Contours: 12.9-14.9 km/s
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Tableb :

OMC-1 clump
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The Blueshifted Cloud

The Redshifted Cloud

Velocity range [km s ll
Length [pc]
Width [pc]
Mass M. |

4.0-11.1
8.9
6.5

1.5 x 10*

11.1-14.9
4.7
3.4

3.4 x 10°

JbER : key & keyhole

2P : U-shaped
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Conclusions

M42, MA3AE DR FEIIZDDREMD ZHFOAGEEELH S T & &L 1=,
blueshifted : 4.0-11.1km/s, 1.5 X 104 K[ZE &
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