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— Non thermal

e MHD
— Crossing time
 EX)10K 3pc : 1Myr

e Stone, Ostriker, & Gammie 1998, Mac Low et al. 1998, Mac
Low 1999

— SNe, Stellar wind
— Vazquez-Semadeni et al. (2000)



collapse
 ( )energy source Large scale

» Local collapse
» Klessen, Heitsch, & Mac Low (2000)
» Heitsch, Mac Low, & Klessen (2001)
» Mac Low, & Klessen (2003)
» Li, Norman, Mac Low, & Heitsch (2003)

— Ballesteros-Paredes, Klessen, & vazquez-semadeni (2003)
« Bonner-Ebert

. 0.5-1km/s >c_
* () ’

— e.g., Tafalla et al. (2004) 0.05km/s




e Thermal Instability

— Kritsuk & Norman (2002a,b)

e Thermal instablitiy Two-phase (Warm &
Cold) medium dynamical

e Energy source radiation
— SNe

* () crossing time dissipate

— Koyama & Inutsuka (2004)



Two-phase ISM

1 b d

> Local Pressure

Cold phase @ Warm phase

8.5 Myr
© 0.6 km/s (=0.8cs)
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Effective Equation of State

approximate

Effective Pressure

A
“Translucent Clouds” “Molecular Clouds”
2-phase medium almost 1-phase medium
oV Cscnm OV decreases nearly
Isothermal
thermally (T=10K)
unstable? P=C¢°p

. Effective
Density

(A,=—1mag?)
Av>1 (Hartmann et al. 2001)




- UV, X H2
: HI,CIlI,0l,Sill,Fell,CO,H2,dust
— Wolfire et al. (1995) Glassgold &

Langer (1978)

— HIl HI H2 (Tielens & Hollenbach 1985)
— CIl CO (Nelson & Langer 1997)

— Plane parallel



Initial condition

Gy=1.7
100% HI
T,=10K
P fIX

ext

t = 3x107 yr
— t4=107n, 12 yr

log Plkg




TEST Problem

* |sothermal sphere
- 10K
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Effective Jeans Mass

e 10K Bonner-Ebert

e |nitial

parameter(n,, T,) BE

 Collapse
— CO mass .

Core
2-3 Mo

Total Mass

®
2.5M
100r o
A
| 0.008
2.6
o 33

0.19A-

External Pressure

10000



 Two-phase (Warm + Cold) Diffuse medium
(optically thin)
. Two-phase
—1
—Av 3 Core
e« COmass 2-3Mo



Basic Equations

Eq. of continuity p,+(pPVv)),=0
Eq. of motion (pv),+(PVV),=P,+O;
Eq. of energy

(P&).H(PV),=(Oyv), (KT )+ -/
Eq. of state P=p/m kgT

')

— Heating(I' ) and cooling(/\)
— Thermal conduction K

— Stress tensor
* Glj H(Vu Jri 2/35u Vk k)
— J:Molecular viscosity



Equilibrium

* |sothermal sphere

— Ebert (1955), Bonner(1956)

— Polytrope

— Negative-index polytrope
e Turbulent pressure (Maloney 1988)

— Logotrope
 P/IPc = 1+A In(p/pcC)
 McLaughlin & Pudritz (1996,1997)
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fsusp bBom

gt L

2.4pc
e 4096%cells
e Pr=2/3



Bonner-Ebert sphere
— Johnstone et al. (2001)

Tafalla et al. (2004)
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Rapid Formation of Clouds

 Hartmann et al. (2001)

— H,,CO shielding
e N, >1-2x10%cm?,0or Av>05-1

— Cloud

?



Two-phase ISM
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— Thermal Instability

Cold phase = Warm phase R=0.4pc, N, =4x10%°cm-2
3 0.1Mo
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