Why are gaseous halos
often multiphase?

Drummon d Fielding


















Multiphase CGM

volume-filling phase
hot T ~ Tvir ~ 106

Intermediate phase
warm T ~ 103

dense phase
cold T ~ Tuve ~ 104
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galactic winds

direct launching

How much cold gas
IS carried by winds?

VWhat Is the fate of
cold gas Iin winds?

" Evan Schneider+ 20
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galactic winds
what leaves the ISM

Resolving the
wind launching
Orocess INforms
expected phase
Structure

Chang-Goo Kim+ 20
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log(Temperature/K)
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galactic winds

ISM outflows
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Similar behavior in
FIRE-2 cosmo. zoom

z=1.4901

Zoomed in projection (£0.5R ;)
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Viraj Pandya+ (any day now)



galactic winds

entrainment in trouble

Dong Zhang+ 201/




alactic winds
I 12" cl

tdestroy — X v

t/t.c = 8.3125

Matthew Abruzzo+ 21



galactic winds

tdestroy
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galactic winds

T the mixed gas
rapidly
then clouds can survive!

[

cool,mixed < tdestroy

V tcool,mixed

= - - " . a T ",'/" (
% - —Max Gronke and Peng Oh (2018)
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gaIaCt|C winds Leool,mixed < tdestroy

Matthew Abruzzo+ 21

See also: Max Gronke & Peng Oh 18,20; Zhihui Li+ 20; Martin Sparre + 19,20; Vijit Kanjilal+ 20; Wladimir Banda-Barragan+ 20a,b; and many more



Turbulent Radiative Mixing Layers

Taming the Turmoill




Turbulent Radiative Mixing Layers

Viurb
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Turbulent Radiative Mixing Layers

. " Damix
10~1 10° 101
o
Y/\\ : ]
0 / -
9 \7\\&‘0&%00\\7&& ® .-!""'
YQ\ v A S
P‘OOX F o
-
""’ s
>
— a=1/2
-= a=1/4
100 104 102

Cooling Strength Ag

Brent Tan+ 20



~

. Grow as ya go

Seeds in the wind

Cola clouds may
grow instead of

being destroyed
While accelerated



hot quite so easy...

extrinsic turbulence can
destroy clouds

2.0 | | | |
35 Myr
y — T>5%x10"K
= 1.5 — 2% 10K < T<hx 107K
| — T<2x 104K
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Evan Schneider+ 20
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ellite galaxies



satellite galaxies

ram pressure stripped
talls can and grow
ke clouds In a wind

Now With
and star formation!

 —
et
s

ra
[t

. —

o0 ﬁ

O

e —
P
-~
*
0
-
A
=
O
7
<
—
>
Py
aw

560 Myr

Stephanie Tonnesen+ 21



satellite winds

Left source 0.25-0.5 Gyr ago = 1().25 Left source 0.5-1.0 Gyr ago

IGM _'\(‘\‘l’clinn lCu.\'l Accretion
Wind Wind
Satellite Wind Satellite Wind

Zachary Hafen+ 19



Multiphase
gaseous Nalos




Multiphase

aseous halos




|GM accretion

cosmological view

200 ckpc

& 109 (Pyys ! Puits ) . g Toee [ Dylan Nelson+ 16



IGM accretion streams are shredded while
cold streams moving through the CGM
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Nir Mandelker+ 20



|GM accretion cooling stabilizes the stream

cold streams it r stream Z Vturbt ool

p . - -
s AR

Nir Mandelker+ 20



|GM accretion

[T accretion shock
heated gas cools
slowly

[

cool

> 1

Lt shock

Nnot outer CGM
Qrows

10> M,

DF+ 17



10" M,

|GM accretion

[T accretion shock
heated gas cools
rapidly

[

cool

<1

Lt shock

feedback anao
turpbulence

dominate ,
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thermal instability
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thermally instability

cooling flow

compression
comipensates
for cooling




thermally instability

cooling flow

faster coolingo
leads to more
rapid INflows




thermally instability

faster
leads to more
rapid INflows
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thermally instability

faster
leads to more
rapid INflows

/ / until A > 1
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thermally unstable cooling flows
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Jonathan Stern+ 20b
see also: Balbus & Soker 89; DF+17; Jonathan Stern+ 19, 20a; and many more



thermally instability

Iryna Butsky+ 20 (with cosmic rays)
see also: McCourt+ 12 (hydro), Prateek Sharma+ 12 (spherical), Yuan Li+ 14 (jet heating), Suoqging Ji+ 18 (MHD), and many more
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VWhy are gaseous nalos
often multiphase?

pecause
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Are the phases in
oressure equiliorium?

Yes, unless they are:

-moving too fast tow < F/C,
- too fast foo) < T/C,
-too foo] < AX/cC,

-large non-thermal pressure (week 3)



out of pressure equilibrium

supersonic motion




out of pressure equilibrium

Isobaric contraction Pulsations Shattering

Initial conditions

W g
4 4 h 1 '/
rel/shatter ~ 2> Tc1/ THipor ~ 10 rol ! Ishatter ~ 2 X107, Ty / TRgor ~ 1.5 rel ! Ighatter ~ 2 X 107, Ty / Thger ~ 10 ‘

Max Gronke+ 20b



out of pressure equilibrium

t=060.01, m/3 = 2.61 Ml A'L‘I/‘;; = (.00

o

rel/ lghatter ~ 2 % 104’ Te1/ Thoor ~ 10 ‘

C

Cstcool —

shatter

Max Gronke+ 20b




out of pressure equilibrium

MovIiNg too fast

_|_
tOO fast
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out of pressure equilibrium

SUpPersonic supbsonIc

Jonathan Stern+ 20b
see also: Balbus & Soker 89; DF+17; Jonathan Stern+ 19, 20a; and many more



out of pressure equilibrium

DDDDD



out of pressure equilibrium
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out of pressure equilibrium

Mio: dlogPdlogK

Mo+ dlogPdlogK

100
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4% 10-6 X 101




out of pressure equilibrium

Mio: dlogPdlogK

Mio: dlogPdlogK
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out of pressure equilibrium

Mio: dlogPdlogK
Mio: dlogPdlogK
Mio: dlogPdlogKk
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A theorists perspective on
the opservational tracers
of the multiphase CGM



cool

tnﬁx




O
<L OMNS00O0 e

OCOOOOOO0O
r~r—

T
-

12
13
14

—
JJUO_J.I_._I___ ||
olololelololole!
~r-1lr{r-{r-r-r-{c

Nsi




Multiphase CGM

a result of the
rich Interplay of

alactic winds
satellite galaxies
IGM accretion
thermal instabilities




