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TNG50 high-mass halos (cold gas) ' w.[wog cm™? Nelson, Sharma, Pillepich+ (2020)
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Mgll bearing cold-phase
structures are ~kpc to
~few kpc in scale.
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|Og (tcool / tff)

s the (background) hot halo gas susceptible to thermal instability?
Does it satisfy t ./t < 1 or <107
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Globally:
t.oo/t < 10 only in the very center (and outskirts) of
the halo, not where most of the cold clouds are seen.
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Locally:
oo/ trs << 1 gas exists throughout the halo, and is
preferentially inflowing towards the center.
(localized in the interfaces around existing cold clouds).



How do clouds survive, and grow?

Ieloud = 0.5 kpc
leloud = 1.0 kpc
Ieloud = 1.5 kpc
leloud = 2.0 kpc

|
—_
oo}
T

[

N

o
T

|

ING

N
T

[ [

I Y

o o
T T

1

w

o
T

Gas Hydrogen Density ny [log cm™ ]

56
—— Taoud = 0.5 kpe
; 5.4F —— rgoud = 1.0 kpC
osol loloud = 1.5 kpe
£ leloud = 2.0 kpc
@ 50
—
2
@® 4.8
—
g
c 4.6
=44
2]
©
O 42

b
=

Cloud-centric Distance [ pkpc ]

N @ @w w @
© [=} S EN o

Gas Total Pressure [log Kecm™@]

[e2]

I
o

Local Radial Velocity [ km/s ]

|
—
o

—— Tcloud = 0.5 kpe
—— Teloud = 1.0 Kpe
—— Tcloud = 1.5 kpc
—— Tcloud = 2.0 kpc

o

Teloud = 0.5 kpe
— Tcloud = 1.0 kpC
—— Tgoud = 1.5 kpe
—— Tcloud = 2.0 kpc

1 2 3 4 5
Cloud-centric Distance [ pkpc ]



Such small-scale structure is due
(predominantly) to the high-resolution of TNG50!

= Total cold gas mass in halos converged.
= Structure & cloud distribution is not.

= Fragmentation and breakup: always more,
smaller clouds at higher resolution.

20 731
Npgit [log cm™?]

w
o
-’
e
O
——
O 107
o
0
S
>
z

TNG50-3

TNG50-1
TNGb50-2
TNG50-3
TNG50-4

0 1 2

]

Cloud Radius [kpc]

TNG50-4

,a



« TNG high-mass cluster

9 (x-ray emission)

AGN-d
OUTﬂ ¢
Sh@p:.
Gaseous |
~ Halosof |

Ulsy

|Og Mhalo = 15.2




Ayromlou, Nelson & Pillepich (2022)



Take home points:
/T N\

1 . High resolution hydro simulations (like TNG50) resolve a cold
phase of halo gas: thousands of small, dynamic, clouds.

2. Significant redistrib'utio‘of baryons far beyond R,;
Different physics at different halo mass scales.

AGN feedback sets the “closure radius” of clusters at
~1-2R., in TNG, ~1T R... in EAGLE, ~1-5R,. in SIMBA.
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3 . The future: stay tuned for TNG-Cluster!
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