Ii§ 4 AR K

T (ERyEF) ()

FAL RS F B AR 2476 &

pill

AR EOHM 202445 3 A 22 H

FALR G DR W BRI TR RSB F R
AL 6K 1 HR%E S

AL G SCRE B Instability and Evolution of Shocked Clouds Formed by

Collisions between Filamentary Molecular Clouds

WrEEEA  E & TR Xk

RKIAFHEI—A HeBIE
HH

KA Ea—A B
M B

KA Ea—A B
LRI

IEPRE R g
CEI

=

=

RALRZE REFEBEPEAOITERE HEHIR




BERXDOEEF

2§ o FOR

# 3L H : Instability and Evolution of Shocked Clouds Formed by Collisions between

Filamentary Molecular Clouds

BB 747 Ay MROTFEFAEOHEIC LY GRS NI EREOREEM L L

Stars are believed to form through the gravitational collapse of high-density regions
within molecular clouds. These dense regions are in the form of elongated filamentary
structures, along which protostars are found. Understanding the star formation
processes within filaments is therefore crucial for constructing a unified star formation
scenario. Moreover, observations suggest that filaments exist not in isolation but in
multiples, and active massive star and star cluster formation is often found at their
intersections. One of the promising mechanisms for forming the intersections
triggering star formation is the collisions of filaments. This study focuses on the
instability of compressed clouds formed by the collision of filaments and investigates
their subsequent evolution using magneto-hydrodynamical simulations. We assume
isothermal filaments in magnetohydrostatic equilibrium states, considering vertical
magnetic fields consistent with observations. A model is specified with magnetic field
strength, line mass, collision speed, and the angle between the long axes of the
filaments. We compare two configurations: head-on collisions with an angle between
the filaments of 0 degrees and orthogonal collisions with an angle of 90 degrees.

We conducted two-dimensional and three-dimensional ideal magnetohydrodynamic
simulations, respectively.

In the case of a head-on collision, the final evolution can be divided into two: the
radial collapse mode, where the shocked cloud eventually globally collapses, and the
stable mode, where the shocked cloud settles into a stable oscillation with a finite
amplitude. The collapse mode occurs when the initial total line mass exceeds the
magnetized critical line mass, which is the maximum value of a filament with a lateral
magnetic field that can be supported against self-gravity. It is shown that this collapse
proceeds in a run-away fashion and is expressed by a self-similar solution. On the other
hand, the stable mode is achieved when the total line mass is below this magnetized
critical value. The shocked region oscillates stably around a magneto-hydrostatic
equilibrium solution. Considering that filaments move at various relative speeds to
each other, we investigate how the initial collision speed affects the evolution of the
shocked regions by changing the collision speed from approximately the sound speed
to about ten times the sound speed. Although we observe that the time taken to reach

the phase of runaway contraction varies with the collision speed in the collapse mode,



there are no significant differences in the final evolution mode. Thus, it is concluded
that the total line mass determines the time evolution of the shocked regions that are
formed by head-on collisions of identical filaments; the shocked region evolves as the
collapse mode (stable mode) when the total line mass is higher (lower) than the critical
line mass.

Next, in the orthogonal collision model, the evolution can be mainly divided into three:
the collapse mode, the stable mode, and the expansion mode. Although the former two
modes have similar properties as those found in the head-on collision models, the latter,
expansion mode, is only found in the orthogonal collision models. In the collapse and
the stable modes, the intersection evolves into an oblate shape flattened along the
magnetic field lines, whereas, in the expansion mode, it expands in the collision
direction significantly. The results obtained from the orthogonal collision models show
that the outcomes depend on the collision speed and field strength. When the collision
speed is comparable to the sound speed, the collapse occurs if the total mass of the
intersection exceeds the magnetized critical mass, not the magnetized critical line mass.
In the cases of supersonic collisions, the results depend on the importance of the
magnetic field. For weak magnetic fields, collisions between heavier filaments are
required for the collapse mode to occur as the collision speed increases. In the case of
a strong magnetic field, the velocity dependence of the outcomes of the orthogonal
collisions becomes weak. Compared to head-on collisions, orthogonal collisions are
more likely to trigger collapse even from collisions between filaments with smaller line
masses. Therefore, in filament collisions with a strong magnetic field, orthogonal
collisions are more likely to induce star formation than head-on collisions.

Based on these results, in actual star formation, the impact of collisions between
filaments does not depend much on velocity if the filaments are massive and are
sufficiently supported by the magnetic field. Therefore, basically, if the mass or line
mass of the shocked clouds exceeds a critical value, they will collapse, and star
formation can be induced. On the other hand, for relatively light filaments, there are
cases where collapse is not evident in supersonic collisions, suggesting the potential

for suppressing star formation.
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