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Gravitational instability of a gas layer
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Where magnetic flux-freezing applies;  Nakano & Nakamura 1978
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Ambipolar diffusion

Molecular clouds have weakly ionized gas: — ~ 1077
T

* for n, ~ 10*cm—3

Ambipolar diffusion occurs

Even “subcritical” clouds can undergo fragmentation
instability due to ambipolar diffusion, i.e. ion-neutral slip.
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®Gravitational Fragmentation (linear perturbations)

N

dynamic quasistatic ambipolar-diffusion
if supercritical if subcritical
uzszl/Q% > 1 ,LL:27TG1/2%<1
~| 076 years ~| 077 - 1078 years

slow core formation
B Turbulent fragmentation (nonlinear perturbations)
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supercritical subcritical

~| 0”6 years

many studies...

Zweibel (2002), Li & Nakamura (2004)
Basu et al. (2009), Nakamura & Li (2008)
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3D-MHD numerical simulation:
e.g., Kudoh, Basu, Ogata,Yabe (2007), MNRAS, 380, 499

Magnetic field line 35 _MHD with ambipolar diffusion
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3D-HD: Miyama, et al. (1987)

Thin disk-MHD: Basu & Ciolek (2004)
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supercritical with small velocity fluctuation

J no magnetic with magnetic (= 2
log10(ro) Time = 9.27

log10{ro) Time = 14.2

density to ~ 2.5 x 10°years
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subcritical with small velocity fluctuation

| pc S n = 0.5

log10(ro) Time = 141. Time = 141.
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subcritical with small velocity fluctuation

|pc ~ (.9
@ density and magnetic field lines

- Oblate-like structure of a core
- Hourglass-shaped magnetic field lines
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Time evolution of the maximum density
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Kudoh, Basu, Ogata, Yabe (2007)
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subcritical with large velocity fluctuation

< lpc . uw~0.5 <V, > 3Cq U?L x k4
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subcritical with large velocity fluctuation

pc S >~ 0.5 < v, > 3¢ U?L x k4
10g10(r<) ] Time = 18.7 density and magnetic field lines

- A core in a filamentary structure
- Hourglass-shaped magnetic field lines
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Time evolution of the maximum density
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Core formation time as a function of
(mass-to-flux ratio)?2
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to ~ 2.5 x 10°years
The same tendency as the linear theory.

Kudoh & Basu in prep.
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Core formation time as a function of the strength
of the initial velocity fluctuation
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Larger velocity fluctuations shows smaller time.
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Core formation time as a function of the peak
density in the initial compression
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Ambipolar diffusion occurs very efficiently at the first
strong compression.

assume |D compression

before reaching force balance time evolution of the maximum den5|ty
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Time scale of the core formation in subcritical cloud
(Mouschovias & Ciolek1999)
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if we assume the force balance

TAD(fb) X p_1/2 ~ 10 — 1007 ¢

Trf free fall time

TAD(fb) =~ TAD(sc)

We can use the same formula with the peak density,
even when the force balance is not exact.
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Conclusions

. The core formation time is generally
large (~1077 years), but it is shortened
(~1076 years) by the large velocity
fluctuation.

. The core formation time scales as

teore O p;;a/ .

. Final hourglass shape of the magnetic
field for both small and large initial
velocity fluctuation.



