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Figure 3. Contour plots of the density (colour) and magnetic field lines (solid lines) at times τ = −13, −8, −3, 2, 7 and 12 in the (y′, z′) plane. The colourbar
gives the correlation between the colours and the natural logarithm of the density [e.g. ‘4’ denotes a dimensionless density of exp (+4) # 54.6]. The unit of
length is the thermal-pressure scale height in the reference state, C2

ref (0)/g = 35.45 pc, the unit of density is ρref (0) = 2.1 × 10−24 g cm−3 and the unit of
time is Cref (0)/g = 6.05 Myr.

mass-to-flux ratio of typical cold H I clouds yields (M/#)/
(M/#)crit # 0.1–0.3, where (M/#)crit ≡ (63G)−1/2 is the critical
mass-to-flux ratio calculated by Mouschovias & Spitzer (1976).

5 SU M M A RY A N D D I S C U S S I O N

We have performed two-dimensional simulations of the nonlinear
evolution of the Parker instability properly accounting for phase
transitions between the warm and cold neutral media. The evolu-
tion is initiated by small-amplitude velocity perturbations that have,
and at later times lead to, evolution that preserves the symmetry of

the dominant midplane-crossing (‘even’) mode – the mode that al-
lows field lines to cross the galactic plane. This mode has been
shown by BMP97 to be naturally selected when starting from a
spectrum of random velocity perturbations. The qualitative features
of the nonlinear evolution are similar to those found by calculations
that ignored phase transitions: arches of magnetic field lines rise
high above the galactic plane, accompanied by accumulations of
mass in the resulting magnetic valleys. However, there are impor-
tant quantitative differences between the two sets of calculations.
Phase transitions, a consequence of realistic heating and cooling
included in the present calculation, lead to structures (cold clouds
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Figure 4. Contour plot of the density (solid lines) at time τ = 12 in the (y′, z′)
plane. The velocity vectors (arrows) are also shown and the maximum value
of the velocity [=2.74Cref (0) " 15.7 km s−1] is printed above the figure.
The unit of length is C2

ref (0)/g = 35.45 pc. Note the presence of distinctive
S-shaped shocks extending far above and below the galactic plane.

Figure 5. Contour plots of the density (colour) and magnetic field lines (solid lines) at time τ = 12 in the (y′, z′) plane, zoomed in on (a, left-hand panel) a
CNM ‘sheet’ in a magnetic valley and (b, right-hand panel) a CNM cloudlet. In (a), the velocity vectors (arrows) are also shown and the maximum velocity
[=1.49Cref (0) " 8.5 km s−1] is given. In (b), the maximum density [=9.80ρref (0) " 2 × 10−23 g cm−3 " 10 cm−3] of the cloudlet is given. The unit of length
is C2

ref (0)/g = 35.45 pc.

with typical densities much greater and temperatures much smaller
than those achieved by isothermal calculations, and which are in ex-
cellent quantitative agreement with observations of cold H I clouds.

The main result of this work is that the Parker instability is
directly responsible for the formation of interstellar clouds and
cloud complexes, despite recent claims to the contrary by Kim
et al. (1998, 2001), Kim, Ostriker & Stone (2002) and Santillán
et al. (2000). Cold H I clouds are seen to form whose masses
("105 M%), mean magnetic-field strengths ("4.3 µG), rms
magnetic-field strengths ("6.4 µG), mean densities ("20 cm−3),
mass-to-flux ratios ("0.1 − 0.3 relative to critical), temperatures
("50 K), turbulent velocity dispersions ("1.6 km s−1) and spa-
tial separations ("500 pc) are all in agreement with observations.
The maximum number density is "103 cm−3 and the maximum
magnetic-field strength "20 µG. These physical conditions are such
that, had we included the additional phase transition from atomic
to molecular hydrogen, molecular clouds would have formed very
rapidly within these giant H I clouds.

We find that the fraction of ISM mass in the WNM is approx-
imately 60 per cent, in excellent agreement with observations by
Heiles & Troland (2003). The bulk of the CNM has a sheet-like
morphology. We also note the presence of cold ‘cloudlets’ of size
"1 pc strung along field lines. These cloudlets are both qualita-
tively and quantitatively similar to those first discovered by Heiles
(1967). The median column density of a typical cloudlet is "0.3 ×
1020 cm−2.

An apparent discrepancy between this work and the observational
results of Heiles & Troland (2003) is the amount of WNM in the
thermally unstable phase. In the simulation, the maximum percent-
age of WNM in the unstable phase is "10 per cent. By contrast, the
observed percentage is "48 per cent by Heiles & Troland (2003).
The discrepancy is easily understood as a consequence of the fact
that the observations see the ISM as it is today, after clouds not only
have formed but also some of them have given birth to stars, includ-
ing OB associations, which alter the physical conditions of their
parent clouds as well as the amount of matter in the warm unstable
phase. In other words, to account for the observed amount of gas in
the thermally unstable phase, a calculation must include feedback
from at least some of the energetic events that occur on relatively
short timescales after clouds and stars have formed (e.g. stellar
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密度大雲
Mouschovias(2009)：放射冷却を考慮
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パーカー不安定性により分子雲は形成される
のか？された場合、分子雲の磁場、乱流の強
さはどのくらいか？



課題：
より銀河面にある星間ガスの状況に近い設定
にしてシミュレーションをしよう。

基礎編：
重力場、ガスの温度、比熱比、磁場などはどの
ようなパラメータ、初期条件をとるべきか。

応用編：
ガスの放射冷却（加熱）を与えて、分子雲が
形成される様子を調べる。


