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Take home messages

The abundance of oxygen in the circumgalactic medium of galaxies can
provide a nice constraint on the baryon cycle & feedback models

Recent hydro sims in the past few years have had issues with OVI (too low)

For the first time, the [llustrisTNG simulations produce an OVI abundance in
the CGM of ~L* galaxies in statistical agreement with e.g. COS-Halos (+eCGM)

TNG predicts that: there is more OVI around star-forming vs. quiescent
galaxies (blue vs. red), at fixed stellar (or halo) mass

Fundamental driver: high-velocity BH driven outflows (at low accretion rates)

Can provide predictions for OVII and OVIII for future x-ray observatories
(& OVIin as of yet unobserved regimes)



lons of Oxygen

oxygen Is the most abundant element in the universe after H and He,
and is the dominant metal in the ISM, CGM, and IGM

Low ionization states galaxies <

(01, Oll, Oll)

Photolonized gas around young stars:
» Optical emission lines
= Inthe dense ISM of SF galaxies
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TNG: Torrey, .., Nelson+ (2018)

e.g. Oll doublet at 496, 507 nm (optical)

> galaxies High ionization states

e.g. OVl doublet at 103 nm (UV)

(OVI, OVII, OVII)

Relatively hot/low-density gas:
- Ultraviolet to x-ray transitions
In low-density plasmas outside gals

Nov [log cm-2]

TNG: Nelson+ (2018)
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Does OVI represent a challenge to galaxy formation models?

Suresh+ (2017), lllustris
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lllustrisTNG: the follow-up
simulation project of Illustris 0
= updated physical model

+ much expanded scope Za
(with the AREPO code) —

(lllustris res & box)
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T el NI

completed

300 Mpc



Run Name TNGI00  TNG300
Volume [Mpe*]  110.7° 302.6°
Liox [Mpc/h] 75 205

Ncas - 1820° 2500°
Npm - 18203 25007
NTRACER - 2% 1820° 1 x2500°
I — [Ms] 14x10°  1.1x107
MDM [Mo ] 75%10°  5.9%107
€gas.min [pel 185 370
o [kpc] 074 1.48

EDM stars [ckpe/h]  1.0—-05 20-=1.0
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300 Mpc
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10

6.5

movie: www.tng-project -

e d

+

TR

Temperature [log K] Gas Metallicity log Z ] e Now [log em-2]



v Mpe]

UV quasar absorption studies
(HST COS, high-z ground/JWST),
predictions for upcoming x-ray

missions (Athena, Lynx).
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06 ~ 10°°K
07 ~ 10°0K
08 ~ 10°°K

06 always < 07

Total Bound Gas Mass [ log Msun |
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Average radial
profile of OV|
column density:

HON)
contribution can
be significant
even within r ;.

Higher mass:
OVI halos more
extended & w/
higher columns

(N~ 10155 cm?
at maximal
I\/lhalo ~ 1012)
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(g-r) color [mag ]

Quantitative
prediction of the
TNG model:

a correlation
between the halo
OVI mass and
galaxy color at
fixed M.

From both:

(i) Physical
redistribution of
metal mass
(i) Modification of
the CGM thermal
state

, Kauffmann, Pillepich+ (2018)
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« Step 1: create mock galaxy sample matched in (M*, sSFR, env, z) + errors

e Step 2: draw random sightline at the matching impact parameter (b)

« Step 3: repeat 100x, compare each mock PDF of Ny, vs. single obs data point
« Step 4: compute some statistic (A) and its mean over the population

TNG seems fully consistent with low-z OVI data. DN, Kauffmann, Pillepich+ (2018)



TNG seems fully consistent with low-z OVI data.

—— TNG100-1 (sSFR > 10-11 yr-1)
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Why the
improvement in
TNG vs. original

lllustris?

DN, Kauffmann, Pillepich+ (2018)
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Covering Fraction Koy (Noyi > 1074 cm~2)

- ||ustris model
— fiducial TNG model

Why the
improvement in
TNG vs. original
1 lllustris?

Mhalo ~ ‘|OH.5 - ‘|O12.5

(about 200 galaxies
Ina ~37 Mpc
test volume)
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Why the
improvement in
TNG vs. original

lllustris?

M, o ~ 10115- 10125

(about 200 galaxies
ina ~37 Mpc
test volume)

~100 variants
exploring all relevant
TNG model and
parameter value
choices

DN, Kauffmann, Pillepich+ (2018)



Random aside;
'direct imaging’

The cosmic web in emission
instead of absorption: there's
more Ha than just the
component inside galaxies.

o [ degrees |

N A
1 L] =
e v
i
6F
-
-
+ F
4 3 ah
", %, L 2

»

; {. -

Dragonfly

<2t .?..—'

| Field.of View -

h by
s

I
w
o

I
o
w

|
o
o

[
o
m

a[degrees]

-8.0

-8.5

H-alpha Surface Brightness [log photon s cm-2 arcsec-?]

w

[
(=]

1-125

-13.0



155
@ COS-Halos
s THG1O0-1
=150
E
= 1
ERTE "
= T
=
]
=
’_‘I-‘I )
£
m T ey
= r .
& 135 » v ¥ 2
E v g
2 E
S %
125 - -
(] 50 100 150 200

Mrnas = 110
Mnaia = 11.5
Mhraio 12,0
M = 125
total

----- seif (1-hato)
ather (2-halo)

1
L1111

Column Number Density Mgy [ log cm”

0 5 20 25 30
Impact Parameter [ log pkpe |

Covering Fraction Ko (Now = 1002 5 om-2)

Mowllog Mun]

M. ~ 1015 M,,,,
st Miao ~ 1029 M.,

| — TnGioe
"l' — TNGIOGT

B3 B3 B s 06
{gr} color [mag]

o8

o8

04

oz

—— I

-05 oo os 19
Impact Parameter / Vinal Radius [ log |

team:

Volker Springel  Lars Herndist

. | S/
Annalisa Pillepich  Riidiger Pakmor Dylan Nelson  Rainer Weinberger

Projected Distance [ pkpc

Astrophysik

Max-Planck-Institut fisr

Federico Marinacci  Jill Naiman Mark Vogelsberger Shy Genel Paul Torrey

300 Mpc



	IllustrisTNG:�The abundance, distribution, and physical nature of highly ionized oxygen OVI, OVII, and OVIII
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

