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Lines Accessible through the Atmosphere
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CO and CII observations
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Driving of Cold Clouds by a hot Wind



Cooling + Conduction
(Set Aside Radiation Pressure, B-fields)

op + V- (pu) =0,
plou + (u - V)u] = —Vp,
OE + V - [Eu]l = -V - (pu) — n*A(T) + Vg,

, (h‘,(T)VT Spitzer
q=min§ -
\0.347'2..6 kplcs . saturated
X — Qx, t — o, and 0 — p/a.

If we consider lengths in terms of cloud
sizes only column density, v, & T matter
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Three time scales

1/2
_ X()/ R

Uhot

1. cloud-crushing time

./CC

2. coolingtime  feooi =3/ 2nckeTps/ (AT pe) Wechice))

3. Kelvin-Helmholtz time
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Velocity Evolution
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Cold clouds should always be shredded

before acceleration.
What about supersonic case?

ES & M. Bruggen (2015)




Parameter Study of Supersonic

Cold Cloud / Hot Wind Interactions
A

N

* 3D Adaptive Mesh Refinement

Simulations - -
. A & F W :
» FLASH Code, v4.2 *ﬁ{ W‘,
* 4 additional refinement levels

* Equillibrium atomic cooling 7
with subcyling & *; | >




Simulation Setup
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Simulation Setup
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Simulation Setup
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Simulation Setup
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Simulation Parameters

Name Myt T/R* 7'1,/72() f/B Vhot Lot X0 Mcloud tee
kms~! 10° K Myr/100pc
MO0.5v430 05 0.9 0.8 0.2 430 30 3000 28 12.5
M1v480 1.0 1.0 04 0.1 480 10 1000 32 6.4
M1v860 1.0 1.0 04 03 860 30 3000 a7 6.2
M1v1500 1.0 1.0 04 09 1500 100 10000 100 6.5
M3.8v1000 38 1.1 0.2 0.1 1000 3 300 66 5 f
M3.5v1700 3.0 1.1 0.2 04 1700 10 1000 110 1.8
M3.6v3000 3.6 1.1 02 1.1 3000 30 3000 200 1.8
M6.5v1700 65 19 005 03 1700 3 300 110 1.0
M6.2v3000 62 19 005 1.0 3000 10 1000 200 1.0
M11.4v3000 | 114 26 0.03 0.9 3000 3 300 200 0.56

ES & M. Bruggen (2015)
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Log n slices: M=0.5 v=430
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M=1.0 M=1.0 M=1.0
v=480 v=860 v=1500
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Log Pressure at6 t__
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What about thermal conduction?
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(Cowie & McKee 1976, McKee & Cowie 1977 )
n=1/cm=

M=6E4 Msun

(see also Marcolini et al 2005; Orlando et al 2005,

2006, 2008; Recchi & Hensler 2007)
M. Bruggen & ES (2016)




What about thermal conduction?
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Effect of Column Density
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If column density is less -> heat deposited over entire cloud
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w» oStreamers

« Brightest streamer is

barely resolved

a'n‘)l/m;,'l width < 30 e
. « Line width is AYV~100
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Comparison of M=1 Runs

M. Brugeen & Es 20169 EVOlUtiON has nothing to do with the KH instability!



Evaporation Time
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Outliers

The outliers are the runs for which radiative cooling in the
evaporative flow is significant.

Including optically cooling in the flow surrounding the cloud
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Survival time
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Velocity evolution
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hydro
Anisotropic Conduction

Mc Court. et al 2015 “




What about condensing out of the Flow?
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Clouds condensing from outflow

* FLASH Code, v4.2

* 5123 box (1kpc, at 1kpc)

* Conduction, cooling heating o
(Gnedin & Hollon 2012) 5 —23

«2.2x107 K, 60 cm? |

* Dust cooling + destruction
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Conclusions
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