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The kinematics of the multiphase CGM are varied and complex

== H| e S| Sl SV Ovi
Werk et al 2016

pe - po - = —

- - - - - -

I 1 ] I 1 I 1 ] L
l T — l LAl L 1

I T 1 I T
l Ll 1 1 l L1 1
I L I B B | I LI

l Ll 1 1 l

-400 -200 O 200 400 -400 -200 O 260 400 -400 -200 O 200 400
Relative velocity (km s™)

Normalized flux

Zabl et al 2019

1 T rrri N LI | 1.0 T 1 T 1 1 1 Ty TrTrrrr T r Yy . rrrryrrrryryeyryyriroriha rrrryrrrrvis 1,0 T L ] L} 1] T T 7 rrrUrTrT T .
2 2.6F 2=I2_27I .I‘. I:_ ® I,Q L ! I I —— log SFR < 1.1 2 2.6+ z=12_27l J '; e L | H' —— log SFR < 1.1
g F z=27 ’6 o 17 ® - ° : ] A Lo é L =27 '6 ‘ @7 i log SFR >= 1.1 [ ]
e [ = 4L/ — i . ‘ I 0.8 - : - L e 1 0 8 - "
2 2.4 Krp-value: (."05.4 | ’,' - pﬁtma:o..“m 3 2.4 Krp-value: 0.001 J_":‘ o4 p-value = 0.0001 — 1 O EE s gEEEEEEEEES mil
I T e B a T s Ba- o o5l L 9 .
> 22F e ToNee | R 2 2.2 - % i o a8 | v r
O E— ¢ © 04 2t e I | ©o0aF | N r
P — P S — : ETY | s, BAY S — : | = 0.8- .
> F 0.2f > t 0.2F (© - y
1.8 3 ; 1.8 ; . ] E y
— Ll l L Ll l Ll l LA Ll Izl’l Ll l Ll 0 0- L l 1 L1 I L 1 L l L L 1 l 1 L L l - -l LAl l Ll l L Ll l ) ll Ll l L Ll 0 0_ 1 l L 1 L l 1 L 1 l 1 1 L l Ll L l L .
-1.0 -0.5 00 05 1.0 1.5 2.0 ' 1.8 2.0 2.2 2.4 2.6 -1.0 =05 00 05 1.0 15 2.0 ' 1.8 2.0 2.2 2.4 2.6 ™
10g(SFR (Mgyr—1)) log(Vmax CIV) Outflow log(SFR (Mgyr—1)) log(Vmax SiIV) Outflow @) O 6 - -
-1.0 -0.5 00 05 10 15 2.0 1.8 2.0 2.2 2.4 2.6 -1.0 -0.5 00 05 1.0 1.5 2.0 1.8 2.0 2.2 2.4 2.6 C
—l LI I L I LR L I LI Il 1 ‘l L I LI | |-| 1.0- 1 I 1 L 1 I L 1 L I Ll ! Ll 1 ! Ll L 1 LI I L I LI I LI Il LI I UL 1.0- 1 I L] 1 L I I L] Ll I 1 ! Ll 1 Ll Ll ! 1
2 26F ,-2_27 : ® — log SFR < 1.1 226 ,-2_27 . ; —— log SFR < 1.1 4
é : z=2.7 .6 % ‘ | ) [ log SFR >= 1.1 é L >=27-6 . ‘ . ﬁ _ log SFR >= 1.1 @)
8 [ Z=47- S ISP 0.8 R b 0.8
g 24 K7 p-value: 0.614 L ‘ . | - | p-value = 0.66 § 2.4 Kt p-value: 0.069 ."‘ ) i -value = 0.82 4‘3 O 4 - .-
o C L T N - o T 0N .
=0 D o L 0.6F ! & 2| L 08f Y— .
E 2.2 . . ) R - 2.2 :”.,,.,' .. o - g -
- o 90— : I ~ T 'r -
tor gl e ©oaF =L | ©oaf =
2.0 oot : 2.0 : o2
> [ Pee : 0.2~ > [ %, o 0.2 - —1 0 1 P
1.8 ‘] ; - 21.8F ! 09 L
— lllllllllllllllllllL;J_j_]_l_l_]_]_L Oo-lllllllllllllllllll - -111111111111111111119111111111 00-1111111111111111 1
-1.0 -0.5 00 05 1.0 15 2.0 ' 1.8 2.0 2.2 2.4 2.6 -1.0 -0.5 0.0 05 1.0 15 2.0 ‘ 1.8 2.0 2.2 2.4 2.6

log(SFR (Moyr™1)) 10g(Vimax Fell) Outflow log(SFR (Moyr™1)) 10g(Vimax Sill) Outflow V|OS / ( VVi r S | N ( | )



CGM Science with a TNG Subbox

Full box: 100 snapshots over age of
universe = ~140 Myr spacing



CGM Science with a TNG Subbox

Full box: 100 snapshots over age of
universe = ~140 Myr spacing

Subbox: 7908 snapshots over age of
universe = ~2 Myr spacing



How does the CGM evolve on short timescales?
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Thermal Evolution

Temperature, Density, Entropy, Pressure



What are the cumulative effects of this short-term behavior?

ro = 30 kpc ro =70 kpc ro =110 kpc
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CGM gas self-segregates by temperature and becomes well-mixed
after a few hundred Myr, regardless of its origin in the halo

ro = 30 kpc ro =70 kpc ro =110 kpc
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Emergent temperature phases are reflected in emergent entropy
distributions, but not pressure or density

Entropy Pressure Number density
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log K [dyne cm?3]

log K [dyne cm?3]

Resulting entropy, pressure, and density distributions all scale with
radius within the halo

Entropy Pressure Number density
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Kinematic Evolution

Radial velocity, angular momentum



Hot phase remembers radial velocity history for at least several
hundred Myr, cold phase quickly forgets
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Radial velocity and angular momentum autocorrelations reveal
cold gas near the galaxy forgets its kinematic history the fastest
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“Observed” Ion Evolution

Mg II,CIV,O VI



Gas generally moves out of “observed” z=1 phase and mixes with other
phases, but at varying speeds

Mg Il atz=1

ClIVatz=1

OVlatz=1

(-] e
QO O
I

O
=)
|

fraction of gas in phase

’ﬂ_‘
= h\

#"".

1.5 2.0

0.5 1.0 1.5
time since z=1 [Gyr]




Mg II tends to form and remain near the galaxy, while hotter/more
diffuse phases spread out over time

Mg II CIV O VI
200 .
ro = 30 kpc
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Summary

Lagrangian regions in the CGM evolve into a two-phase temperature (and
entropy) distribution, largely separated by radius

Thermal properties of Lagrangian regions end up scaling with radius
Hot gas “remembers” its journey through the baryon cycle better than cold gas
Gas changes its “observed” phase at different speeds as it roams around the CGM

Future work: how do other forms/models of feedback change this behavior?



