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Formation of Massive Gas Clumps by Fast HI Gas Collision

v Fast HI gas collision simulation eed et a. 21, 2024

; 100pe

—_— S "‘:-_-_—-__—_i_—____—- x

Green
v = 100 km/s Region
B,=1uG > 10° cm™

Massive (> 10'M_) & compact ( < 10 pc) clumps seem to be

formed by the global gravitational collapse of molecular clouds
created in the shocked layer



Formation of Massive Gas Clumps by Fast HI Gas Collision

Fvolution >

v 3 stages of massive clump formation

» Formation of » Massive clump » Feedback
small clouds formation
: Small clouds merge Massive stars are
small cloud Tormation by gravity to form formed in clouds,

by thermal instability massive clouds. causing feedback.



Formation of Small Clouds in Shocked Region

v Thermal |nstab|I|ty Field ( 1965)
10° SRR

Thermal equilibrium curve
( Cooling = Heating )

Q) HI gas have three (O @ O)
Q thermal equilibrium point
== 10*
N\@ O Cold Neutral Medium (CNM)
QA | O Warm Neutral Medium (WNM)
sl | 7 Heating ® Unstable equilibrium point
%% 1 10 100 1000
n [/cc]
» At @ point
Density y .2 Cooling
—= Gas becomes

more dense due to
the pressure gradient
force.

Strong cooling

In dense region. .

Pressure Pressure
W




Formation of Massive Gas Clumps by Fast HI Gas Collision

Fvolution >

v 3 stages of massive clump formation

» Formation of » Massive clump » Feedback
small clouds formation
: Small clouds merge Massive stars are
small cloud Tormation by gravity to form formed in clouds,

by thermal instability massive clouds. causing feedback.



Massive Clump Formation by Gravitational
Collapse of Shocked Sheet

Number density v Strong initial B-field simulation
@boundary Time B() =3 4G

=~ms 0 1 4Myr |

lE 5 [N » Dense regions are not

% | created due to strong B-field
=4 X | n>10* cm™

®)

-2 | » Low density clumps which

N 0 Y are supported by B-field
| A n~ 10° cm™
> T aeda et al. (2021)

v Gravitational collapse condition of shock compressed layer
(Mouschovias & Spitzer Jr, 1976;Nakano & Nakamura, 1978)

. ~1 1
M 0 L B
— 2n/G=12(— 0 0 ) sg
o, " . sin 45¢ 100pc 1uG lem=3 /) ______.

Gravitational collapse against B-field (Fiducial model)

sin & - L BO —1 no
=04 ( — — <1
...... sin45° 100pc 3uG lem=3 /) ...

Gravitational collapse suppress due to B-field




Formation of Massive Gas Clumps by Fast HI Gas Collision

Fvolution >

v 3 stages of massive clump formation

» Formation of » Massive clump » Feedback
small clouds formation
: Small clouds merge Massive stars are
small cloud Tormation by gravity to form formed in clouds,

by thermal instability massive clouds. causing feedback.



Evolution of the Mass of Formed Gas Clumps

v Evolution of clumps formed by gas collision simulation
—One connected region( > 10* cm™) is identified as the clumps at each time.

20 20 -
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» M ~ 10° M, clumps remain even with feedback
(after forming many massive stars).

» By contrast, M ~ 10° — 10* M, clumps are decreased

(evaporated by feedback?)
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Effect of Feedback in Clump Formation

v Comparison of escape velocity and sound speed of HIl region
> Ve > Cpp e.g., Bressert et al. (2012)

T Gravity prevents gas escape

> Vegc < CHIT
HIl region expands against gravity

v The difference in the evolution of gas clumps with different escape

velocities

]OOpC _ .......................... . 5
’j@ﬁ N > Escape velocity(small) > Escape velocity (Large} &~ &
4 g CER ‘ ............................................ g L
.{;.".; ............. S —2
| I
o

B : Green

> 10° cm™
s :
e, Red
Size: 20pc | 4l region

The clumps with large escape velocity maintain a dense
structure for a long time and form a star > YMC
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