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. collision time scale estimation

- our numerical simulation




what is a trigger of high mass star formation 7

- Cloud-Cloud Collisions -

High Density Region
High Mass Cores ?
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Recent Cloud Collision Observation Papers

CO(J=2-1) and infrared images of NGC3603
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Cloud Cloud Collision evidence in Spitzer bubbles

partial arc-like structures of 8 micron
and off-center star formation regions

two velocity components of CO with Av ~ 20 km/s

Spitzer 8micron 4pc
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CCCs Simulation
Habe & Ohta(1992), Anathpindika(2010)
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cloud cloud collision rate ?

® two estimations of collision time scale of GMCs

a) Teol ~ 240Myr

for random clouds with cioud ~ 10km/s
e.g. McLeod 2012

b) Teol ~ 10 — 30Myr

from GMCs simulations of galaxy scale

Tasker and Tan 09, Tasker | |

Fujimoto et al. 14ab, Dobbs et al. |5
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CCCs in galaxies

Fujimoto et al. (2014)

CCCs in molecular cloud simulations of whole galaxy
— frequent enough for massive star formation
In our Galaxy ( Tan 2900)
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Takahira et al. (14, 15) Habe & Ohta (92)

« Turbulent clouds (Larson) collisions
. 3D Hydrodynamic AMR code (ENZO)

. High resolution: Al > 0.014pc
.ILarson relatiop

. Radiative cooling S o~ 09R"

b (km/s)

. Self-gravity

Cloud Model

Small Medium Large
M,[M] || 7613 14935 26722

Small =7613Mge 1. [pc] 144 20.9 28.0
Medium = 14935M,  nlem™°] | 24.47 15.94 11.86
Large — 26722M@ te [Myr] 10.4 13.0 15.0

oy, km/s] | 2.62 3.17 3.57
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Veol = 9,10, 20,30km/s
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Probability Density Function (PDF)

turbulent clouds (before collision)
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Small-Large clouds ENZO code
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Core Number Evolution
5km/s 10km/s 20km/s
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density threshold for core definition:

1 x 1072%gem ™3 shock compression
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cumulative Core Mass Function pen = 10799 /em?

1000§I \I“L‘ T I II: I I\E I \I| I 2\ T
100 i—
a=1.6
N(>M) Z 10 _
? ? ( Orion molecular
1 0l SN cores, Tatematsu 93)
1000§I \I“L\ T \E T IIE T I\I T [ T %é\ T
B I BE
100 “...: ==
1°§‘20km/s :A ~~~~~~ \ ;*3(
66—11 \6\1| |\r| Ilﬂ]‘_% —/.
G)
N resolution limit Salpeter (1955)
M-L Model

Core mass range is M > 10 M_sun
for high velocity collision
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summary

- turbulent clouds collisions with v="5—30km/s
- partial arc-like structure (Spitzer bubbles)

- core mass function limited to A > 10M Wwith
power index « =1.6~2.3 for v > 10km/s

massive cores with accretion rate M > 10~ Mg /yr

(McKee & Tan 2004)
- our results support CCCs have the important role

in high mass star formation




