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Formation of Dense Filaments by Parker Instability in Galactic Gas Disks
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We performed two dimensional numerical simulations of Parker instability taking into account the cooling
and heating functions of the interstellar medium. We found that when magnetic pressure exceeds the gas
pressure, long dense filaments are formed at the valley of magnetic field lines by Parker instability. Shock
compression of the spurs formed by Parker instability triggers the cooling instability, which forms cold (T
< 100K), dense (n > 150cm®) filaments. The length of the filaments can exceed 200pc. Initially vertical
dense filaments are deformed into inclined filaments when the Ram pressure at the left and right hand side
of the filament is different. These results indicate that filamentary high galactic latitude molecular clouds

can be formed by Parker instability.

1. Introduction

NANTEN CO observations found molecular
loops with large velocity gradient along the loop
in Galactic center region [1]. These molecular
loops can be formed by Parker instability [2],
which grows in gravitationally stratified gas layer,
such as disk of galaxies. To explain the formation
processes of molecular loops, it is necessary to
include physical processes such as cooling and
heating. Koyama and Inutsuka summarized
several thermal processes in the interstellar gas
[3], and Inoue et. al obtained the cooling and
heating function taking into account these effects
[4]. Mouschovias et al. simulated the Parker
instability including the cooling and heating
function and found that cold, dense cloud can be
formed at the valley of magnetic field lines. They
showed that Parker instability can trigger thermal
instability [5]. We carried out 2D MHD
simulations including cooling/heating to study
whether the loop-like structure near the Galactic
center can be formed by Parker instability by
using magnetohydrodynamic code "CANS+" which
adopts HLLD Riemann solver [6].

2. Numerical Methods
2.1 Basic equations
ap

7+V-(pv):0 (1)

¢

0(()1}) + V- (pvv) = —-VP + pg + WRBRE

) ot 4w

Q—B:Vx(va) (3)

ot

OE B’ B(B-v), ,

0T+V'[(E+P+§)v* o |=pv-g—pL (4)

P pv* B2

E= — 5

y—1 * 2 + 8T )

Cooling/heating function [4]
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Gravitational field model [7]
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here r is the distance from Galactic Center, which
is assumed as 1kpc, and other symbols have their
usual meanings.
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2.2 Initial condition

The initial condition ( 0, p, T) is determined by
solving the equations of the magnetohydrostatic
balance by assuming the thermal equilibrium in the
warm disk where T < 20000K. Isothermal corona
(T=200000K) is assumed to exist below and above
the disk. We examined the dependence on initial
plasma beta by taking S = pgas/Pmag as 1, 0.2 and
0.04 (named as model B1, B02 and B004). Figure 1
shows the initial condition of density and
temperature for model B1.

Fig. 1 Vertical distribution of o and T for model B1.



2.3 Perturbation
Symmetric perturbation
v, = 0.002 x Cy x sin(2mz/l) (15)
Asymmetric perturbation
0.002 x Cs x sin(2mz/l) 0<z <l/2
0.01 x Cs x sin(2wx/1)

(16)

otherwise

here Cs is sound speed and I is half of the box
size in x-direction.

2.4 Grid points and boundary condition

We used uniform grid size in x-direction. The
grid size in vertical direction (dz) increases with |z
when 40pc < |z| < 80pc. dz = 0.4pc when |z| is
smaller than 40pc and dz = 4pc when |z| larger than
80pc, The number of grid points is 800x 1280

We applied periodic boundary condition in
x-direction. The top and bottom boundaries are
absorbing boundaries.

3. Numerical Results
3.1 Dependence on the magnetic field strength
Figure 2, 3, 4 show the simulation results of
density with initial plasma beta 8 as 1, 0.2, 0.04
respectively. White curves show magnetic field
lines. We found that vertical long dense filaments
are formed when initial magnetic pressure exceeds
the gas pressure. The dense filaments can extend
higher from disk when S is smaller. The length of
the filaments can exceed 100pc when the disk is
strongly magnetized.
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Fig. 2 Distribution of
density at 60Myrs for
model B1.

Fig. 3 Distribution of
density at 40Myrs for
model B02.
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Fig. 4 Distribution of density at 30Myrs for model B004.

3.2 Bent spurs

Figures 5 shows the simulation results of density
for model BO04. Since the asymmetric perturbation
is imposed, the Ram pressure at left and right hand
of filaments are different. The vertical dense
filaments are deformed into inclined filament.
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Fig. 5 Distribution of density at 30Myrs for model
B004 for asymmetric perturbation

4. Summary

We performed 2D numerical simulations of
Parker instability taking into account the cooling
and heating functions of the interstellar medium by
adopting realistic gravitational potential. We found
that when magnetic pressure exceeds the gas
pressure, long dense filaments are formed at the
valley of magnetic field lines. Shock compression
of the spurs formed by Parker instability triggers
the cooling instability, which form cold (T < 100K),
dense (n > 150cm®) filaments. The length of the
filaments can exceed 100pc. These results indicate
that long-length filamentary and high galactic
latitude molecular clouds can be formed by Parker
instability when the magnetic pressure exceeds the
gas pressure. Initially vertical dense filaments are
deformed into inclined filaments when the Ram
pressure at the left and right hand side of the
filament is different and we speculate that the
inclined filament may have chance to be deformed
into loop-like dense clouds.
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