Fragmentation of Filamentary Molecular Clouds
Threaded by Perpendicular Magnetic Field

B direction matters.
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Magnetic Field 1s Perpendicular to the Main Filaments.
Striations (sub filaments) are parallel to B.

Serpens South (K-band) Sugitani+11
Serpens South (K-band) Sugitani+11
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Fragmentation of a Filamentary Cloud 1s a Classic Problem.

ACTA ASTRONOMICA
Vol. 13, (1963) No 1

- 1963
a half century ago!

On the Gravitational Instability of Some Magneto-hydrodynamical
Systems of Astrophysical Interest

Part III
by

J.S. Stodotkiewicz

Stodolkiewcz 63, Ostriker 64, Nagasawa 87, Nakamura+93, 95,
Hanawa+93, Matsumoto+94, Fiege & Pudritz 00



Equilibrium model:
Longitudinal Magnetic Field

cf. Nagasawa 87
Nakamura+ 93, 95

1D

By: hoop stress
cf. Fiege & Pudritz 00

symmetric around the axis
r2 \ 7
IO(T) =po |1+ SH 2

—1
.
Be(r) = Bo (1 " 8H2>
By
ST Po

ArGpoH? = ¢ +

supported 1n part by magnetic fields.
Stodolkiewicz 63

Unstable against fragmentation
Jeans wavelength
several times of the filament diameter



Stability of Magnetized Sheet Cloud
(Nakano & Nakamura 78, Nakamura+ 91, Nagai+98)

B > 27V GY  stable

A 4 A A always unstable
NG| M t .1 l‘ i (supercritical)
/ ]
B suppresses fragmentation ///////
fragmentation

no magnetic force parallel to B



B direction matters.

1. Magnetic Force 1s Perpendicular to B.
2. Critical Mass, Ber= 2mNG X

displacement

3

displacement

W&
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X

Bj unchanged B 1s bent.

always supercritical may be subcritical




Idealized Equilibrium Model

_ 1 4 w? +y\ 7 X
PO = Pc ! 8H2 )
H2 _ Cg
47Gp,’ 1D model + uniform B 4
By = Bpe,,

1sothermal cloud

3D perturbation




Caveats
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Equilibrium Ideal MHD Egq.

2 2\ —2
_ Y 9
po_pc<1' SH?2 ) | a_iz_v'(pv),
2 dv 5 :
H? = 5 — =——c;VInp—-Voy+ 73 x B,
47Gp,’ acg

BO:BOeiba WZV(UXB),

x: magnetic field, z: filament axis j = v 4X B,
-

cs: sound speed At = 47 Gop.

— po -+ b0(z, y)e coskz,
e [&,(z,y) cos kze, + &y(x,y)coskze, + &, (z,y)sinkze,]
Boe; + €7 [by(x,y) coskze, + by(z,y) coskze, + b,(x,y) sinkze,],

e [jz(z,y) sin kze, + Jy(x,y)sinkze, + j.(z,y) cos kze,],
Yo + e"t&b(x, y) cos kz,
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Numerical Methods

Displacement vector £ = / vdl
%, %,
b0 = =5~ (posa) = - (Po&y) — kpolz, d?
Oz 5 9y ’ 'OOd—tg — (f) ;
b:l; — _BO [_fy($7y) T ké-Z] ) B
O¢ ,0()0'2€ — < 40 C) 3
by =Bog, "
b. = — By %%; Force 1s proportional to C.
1 [ob, . .
e = i ( oy © kby) ’ generalized eigenvalue problem
| 1 ob.
Jy = — 47T(k(5b ax>’ 'A+B—80—p01:0
1 (ob, b, Am
. ( Oz 6’y)
LAPACK
/ Gr.r) Numerical Library

A perturbed quantity i1s expressed as a function ofc.



Finite Difference Egs.

staggered mesh '
y 28 O 2, 0, 0, bx%]y X, )y Sym

® &b x anti, y sym

® &y J- X sym, y anti

P0,i+1/2,j8z,i+1/2,j — P0,i—1/2,j8z,i—1/2,

00 = Ax
- P0jij+1/28,0,5+1/2 — P0,ij—1/28m,i,j—1/2
Ay
—kpo,i,j€zi,5
X 2nd order accuracy
Boundary (1) Fixed $x,6,6, =0 for x > ny,Ax or y > n, Ay
9,
(2) Free —£ =0 for x > n,.Ax
0x D¢

(9_y:O for y > n,Ay



Boundary Condition

1) Fixed
¢c= 0

2) Free
oc/ox =0
keep straight
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Fixed Boundary
Growth rate Ax=Ay=0.6 H, nx=n,=40
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Eigen function kH=02

normalization & (0, 0) =- H
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Change 1n B kH=0.2 &E(0,0)=-H

1/B = 0.06 | 1/ =0.125
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Further strong magnetic field (kH = 0.2)
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Enlargement

1/8=0.375, kH=0.2
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3B /B,
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Free boundary
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incompressible mode
(cf. Nagai+98, Fiege & Pudritz 00)
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3B /B,

Free boundary 002
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Similarity to truncated filament model.

Fiege & Pudritz 00

truncated filament compression

circulation low 3 plasma = high T

cf. Nagai+98 (truncated sheet)



Free boundary
kH=0.05,p=2
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Why the growth rate depends on the boundary?

Alfvén transit time
/ / VAamp
TA = ds

Magnetic tension propagates at va.

odetrved Northern grafile
observed Southern profile ——

s —— | TA 18 finite n our simple model,
since B = const and p o7,
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How about 1n reality?
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Stability Analysis

p = po+o(z,y)e” coskz

dx=0.6H, n,=n,=100



o’/ (4nGp,)

Dispersion Relation

p = po+o(z,y)e” coskz
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Summary

- Vertical (uniform) magnetic field works against
fragmentation.

- Compressible mode 1s suppressed by rather weak

magnetic field.

- Incompressible mode survives even when B 1s extremely

strong, 1f the magnetic field 1s not fixed on the boundary.

- Weak magnetic field affects flow in the low density

region.



