To shatter, or not to shatter?
The search for a converged model of the CGM

or: What happens to a gas potato in the CGM?



The issue of non-convergence

dian colomn density value. primarily in the interior 10 kpc
(about halt the virial radius). However, the entire median

; H 1 column density profile is hoosted at all impact parame-

; ters for our highest-resolution (500 pc) simulation, increasing

O g observed H T eolumn densities by a factor of two throughout

an :_’ the halo. No convergence in this behavior is seen, suggest-

2 ing that additional EHR will lead 10 even larger observed H 1

= column densilics.
CTTT—— ——
Hummels et al. (2018)
also see
I o | T T T 11 standard simulation with only mass refnement. However, FaUCher_Glguere et al. (201 6)

20 CC¢< Halos detection the median neubrel bhydrogen colunn densivy s much higher Peeples et al. (201 8)
3 £05-Halos lcwer limit - in Lhe 1 kpe spatially refined simualation, by up Lo 1.6 dex. Suaresh et al. (2018)

COS Halos upper limit - The H1 eolumn density conld potentially increase even fur-
ther, becanse the resilts arg not vet converged, T'he scatier

between 111 sighthnes is large moal simalations, especially

e
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...as seen in Freeke’s talk!

o

Hindering comparison to
+ multiple observations:

observations
suggesting small-

scale structure. (mis)match due to model or
e.g., Rauch et al. (1999), Rigby et al. (2002), Shaye et numerICSr)

al. (2007), Lau et al. (2015), Churchill et al. (2003),
Crighton et al. (2015), Lan et al. (2017)...




I'he road to convergence

“Schwerbelastungskorper”

(1. What is the characteristic scale }

0

2. Can we (soon) resolve it7?

& %

Subgrid model?
\r}:'.._.
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Two scales In this talk:

(a) shattering scale

(b) survival length



(a) shattering scale

A characteristic scale for cold gas
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Cloud survival in a hot medium

Destruction time
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Uswind : Ticl
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e Acceleration time .
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3 tdrag ~ X -
Uwind
1 in
y= e Twind 500 » tdrag > tec Cloud destroyed
Nwind 1) quickly!

but if tcoormix < tee cloud will survive!
l MG & Oh (2018)
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cooling time of mixed gas (1 ,;, ~ \/TclTWind)



MG & Oh (2018)

(b) survival length

Require tcoormix < tec for cold gas survival 172 Tl

Uwind

reminder: tee ~ X
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MG & Oh (2018,19)

Clouds > reicrit Will survive and grow
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< mass growth

1D cooling layer. Credit: Brent Tan
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MG & Oh (2019)

What about (c) the Field length®

.e., IS the rao > reicrit Mass growth converged in our sims?

3D windtunnel
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Dynamics responsible for convergence. - Drummondss talk




Pulsations and
CONvergence

...of cooling induced mass growth.
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Short recap: Ishatter VErsus rei crit

[

shatter

F cl,crit

shatter

[dea: while cooling, Ishatter
emerges naturally

s subgrid model
required?

~min(ct,,,;) ~ 0.1 (n/cm™3)" pc

~ 104

T30

Vg ~ 2 C
chent P3Apix —21.4 100 P
X ( A(Tcl)/A(TmiX) >
100 0.1

[dea: cold gas < rolcrit
gets washed away

resolving (soon)
feasible?

» relevant for initial question.

...but how are the two scales related? — universal setup.



When does shattering occur? ™™

t =000, Avysy = 0.00 t =000, m 3 Avysy = 0.00

Fel ™ lshatter

C>>l

shatter

C

M. "'.-i'.lru., Avy = 0.0 " %lnltlal ~ 100’
l T, ~ 105 — 10*K

A coo‘ling cloud > I, shatters (as
predlcted by McCourt et al.).




t =000, m 3

When a0es shattermg occur’P

Cl/ Tﬂoor

Alinitial ™ IOO’

(in 3D)

108

shatter

I' 7oy > 1

A cooling cloud > [ ... shatters (as
- ‘predicted by McCourt et al.)
if 1,/ T4, is large enough.




rcl/lshatter
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Conditions of shattering

A\

¥~ 10 2.00

] 1.75
L 1.50 &
. S £
. m 1.25 g
. R 1.00 3
5 . 0.75 &
shattering? N
H 0.50 —

| 0.25

S —— 0.00

101 107
TcI/Troor

A cooling cloud 2 10l ... shatters

if T,/ T4, is large enough.



rcl/lshatter
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Conditions of shattering
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A cooling cloud 2 10l ... shatters

if T,/ T4, is large enough.



rcl/lshatter
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Conditions of shattering
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Conditions of shattering

For clouds r¢ > 103/chatter
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can be related to . via shock jump conditions

Implications

Thermal instability:
only
T, = 2x10°K

leads to “fog”.

Galactic winds:

only clouds in
Y [){ <y+1>—<y—1>] ~4
2y | Xinitial
wind survive “as a
whole”. Afterwards
“‘dynamic coagulation
effects” important.
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Galactic winds: only clouds in 2 S —
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wind survive “as a whole”. Afterwards “dynamic coagulation effects” important.




To shatter, or not to shatter?

Is the region big enough?

N

Does it cool a lot? cools isochorically

gets destroyed on short timescale?

(damped) pulsations

l

shatters! Is it even bigger?

“‘dynamic coagulation
/ Destroyed?

effects”?
Survives and grows!



