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Multi-phase interstellar medium
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log P/k (K cm-o)

thermal stability of ISM
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 Multi-phase ISM is a
result of thermal stability

log T (K)

log T, nA (ergs s H)

'III[liT'ITlIIIIlIrl

{]lIII]IIIIlJlJl]IJII!IIII

E_IITIFT_JIITITI[TTT'T'—[IIII

1

|I_|.JJIl.|IIIl|Ij_j

-2 -1 o 1 2

por b Ly STV

|'||||"|f'| 1 r|:|!|||||r
L}

-2 -1 0 1 2
log n (em™)



log P/kg [K/cm?]

Thermal instability by shocks
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Two phase medium is developed
during its (isobaric) cooling.



Basics of Thermal Instability

B Thermal Intability (TI): runaway cooling that causes inhomogeneous condensation.

B Linear analyses (Field 65, Schwarz+ 72, Koyama & Inutsuka 01)

Dispersion relation

3.5
sol Timescale scale: ty, =t < 1 Myr
T 25t
z Most unstable scale: |ty = /] [. <1pc
= 5ol c'F
©
% 15} ,
£ Field length:l_ = \/«kT/A < 0.1 pc
o 10}
0.5¢F .
Acoustic length: |aC =Ct, < 10 pc
>0.001 0.01 0.1 1 10 100

wave number: k/27 [pc']

tyrow = teool iNdicates that Tl generate fragmented CNM, even if unperturbed state is
uniformly condensing gas.

Nonlinear growth generates cloud much smaller than |, due to condensation.



log n [cm?]

3D MHD simulation

Inoue & Inutsuka (2012)

Shock by colliding flows

$

Two-phase medium is
reproduced



How about in low-Z gas?

. E ;‘ZU Safranek-Shrader et al. 2013
Add mgtals to ru (Z]=-4 1
a haloin
cosmological
simulation

For [Z]>= -3, almost isobaric contraction and
fragmentation at Tiyp



They are thermally unstable, too

if FUV radiation is present
G,=1 is assumed

temperature: T[K]
10* 10° 102

" Jeans Ieng'th' N

(10cm=, 10000K)

p/kg = 10° K cm™

temperature
acoustic scale:/ _[pc]

(2,000 cm™, 50 K)

density

Acoustic scale is below
the Jeans scale for [Z] > -3.

Field length: /. [ pc ]

10 100 1000
number density: n [ cm?®]
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acoustic scale: /[ pc | acoustic scale: /, [pc] acoustic scale: /_[pc]

acoustic scale:/ [pc]
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For lower G,
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Condition for two phase medium

_ Ne= f T~
| dA [di=>0
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metallicity : log ( Z/Z__)

N; > 2 for two phase medium
from numerical experiment



Required resolution

Clumps resolved

not resolve)d

w2000

i 1000

ylipel]
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-1000

v'Acoustic scale need to be resolved with >60 cells.
v'Most simulations with Jeans criterion fail in resolving clumps



Thermal & gravitatinal instability scales
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Significance of Z;, ?

Star clusters?

Single phase/no turbulence Two phase/turbulent medium
- starburst? -> gradual star formation?
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