
Numerical simulation of filamentary 
molecular cloud in magnetic field 

（磁場に貫かれた 
フィラメント状分子雲の 

安定性）

工藤哲洋（長崎大） 
花輪知幸（千葉大） 
富阪幸治（国立天文台）



Introduction
• Many molecular clouds show 
filamentary structures. Interstellar 
magnetic field are perpendicular 
to the filamentary axis. 

• However, the stability of these 
clouds are not well known. 

• We study the nonlinear stabilities 
of the clouds by MHD numerical 
simulation.

and Rizzo et al. (1998), who obtained a mean polarization
angle of 52°with a standard deviation of 23T � nR , for stars
close to the rim of Lupus I.

3.2. Polarization Properties

When viewed in Galactic coordinates, the main body of the
Lupus I molecular cloud is almost aligned in the north–south
direction. We take advantage of this fact to perform a detailed
analysis of the distributions of polarization degree and position
angles over the main filament and the surrounding infrared
patch clouds. Lupus I was observed as part of the Herschel
Gould Belt survey (André & Saraceno 2005), and although the
mapped area is slightly smaller than the one covered by our
polarimetric sample, it has a higher angular resolution than the
IRAS maps and will be useful for the following analysis. In
Figure 5 we display the Herschel/SPIRE 350 μm dust emission
map obtained for Lupus I4 reprojected in Galactic coordinates.
Five regions of interest are delimited by the boxes in this
Figure. Three rectangles in the main Lupus I filament delimit
regions of enhanced infrared emission that will be referred to as
the “North,” “Middle,” and “South” clumps, respectively, from
north to south. Each of these clumps are elongated, given that
the two externals present almost the same direction as the
whole filament ( 164galR x n, east of north), while the middle
one, at 33galR x n, is tilted by almost 50° in the direction from
the north to east.

Figure 4. Obtained polarization degree vectors overlaid on the IRAS 100 μm emission map of Lupus I and its surrounding region. The length of each vector correlates
linearly with the measured degree of polarization according to the scale indicated in the upper left corner, and its orientation gives the direction of the plane-of-sky
component of the local magnetic field. The positions of different classes of young stellar objects, from Rygl et al. (2013), are indicated according to the following
code: unbound cores (white circles), prestellar cores (green circles), class 0 (red circle), class I (triangles), class II (squares), and class III (stars). The directions of
increasing Galactic longitude (l ) and latitude (b) are shown in the upper left corner.

Figure 5. Herschel/SPIRE 350 μm dust emission map for Lupus I. The main
filament is dominated by three regions of enhanced emission delimited by the
rectangles (colored purple), designated as the “North,” “Middle,” and “South”
clumps according to their Galactic latitude. The black lines roughly indicate the
direction of the filaments. The two secondary infrared emission patches
are delimited by the boxes identified by “A” and “B.” Directions of increasing
R.A. (α) and decl. (δ) are shown in the upper left corner.4 Retrieved from the Herschel Gould Belt Survey Archives at http://gouldbelt-

herschel.cea.fr/.
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Schematic picture of the filamentary molecular cloud
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Method

• The initial filamentary cloud is 
dynamically equilibrium 
(Stodolkiewicz 1963, Ostriker 1964). 

• Magnetic fields are uniform and 
perpendicular to the filamentary 
axis. 

• Input rondom noise. 

• Ideal MHD, self-gravity, isothermal.

initial setup

Mag. F.

Mag. F.



Results
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Results : Nonlinear evolution
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� = 0.36 � = 0.49 � = 0.64

initial plasma β on the axis.

strong magnetic field

no runaway collapse runaway collapse
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Summary

• Magnetic fields do not stabilize the self-gravitational 
instability of filamentary molecular clouds.  

• When the magnetic field is not strong, the core 
shows runaway collapse. When the magnetic field is 
strong enough, the starless core is formed. 

• Near the critical magnetic field, the core collapses 
along the filamentary axis but expands to the 
perpendicular direction.


