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model for gas and star formation
Hopkins, Wetzel et al 2018

. Feedback In Realistic Environments

goal: model dense multi-phase
ISM gas in cosmological setting

resolution
o particle mass: 3500-7000 Msun
o spatial resolution: 1 - 4 pc

gas cooling via atoms, molecules, and 9 metals down to 10 K

star formation in dense self-gravitating molecular clouds
nsrk > 1000 atoms / cm3
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e nodel for stellar feedback
. Feedback In Realistic Environments Hopklns Wetzel et al 201 8

SN

goal: directly model individual stellar e
populations E a2 W i a

supernovae

o core-collapse (prompt)
o type la (delayed)

stellar radiation
o radiation pressure

low-z (emission)
M82 starburst

o photoionization heating (HII regions)
o photoelectric heating (via dust)

stellar winds

o massive O & B stars (prompt) '
o AGB stars (delayed) galaxy scale
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= AN’ odel for elemental abundances

. Feedback In Realistic Environments

Hopkins, Wetzel et al 2018

self-consistent generation + tracking of 11 albundances
H, He, G, N, O, Ne, Mg, Si, S, Ca, Fe

nucleosynthesis (generation of metals) via

o supernovae: core-collapse Nomoto et al 2006

o supernovae: type la lwamoto et al 1999

o stellar winds (dominated by O,

3, & AG

3 stars)

van den Hoek & Groenewegen 1997, Marigo 2001, |zzard 2004

explicitly model sulb-grid turbulent mixing of

each abundance in gas




cosmological zoom-in simulation

to achieve ultra-nigh resolution
o Mvir=1€e12 Msun

86 Mpc —



BN 0 simulation of MW-mass galaxy

: , Feedback | | Realistic Environment$

z=19.0 movie: Shea Garrison-Kimmel| z=19.0

100 kpc 100 kpc

Stars Gas
magenta: cold (< 104 K)

green: warm (ionized)
red: hot (> 106 K)

real-color SED with
dust attenuation



simulation suite of MVW-mass systems

Latte suite: 8 isolated MW-mass systems
ELVIS suite: 2 LG-like pairs (4 halos

'

Tkpe = - T 10kpe . ] 10 kpe

0kpe = : * 10 kpe S , 10 kpe
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MWW-like disks

satellite dwart galaxies
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z=30.0

< 50 kpc >

Stars Gas
Magenta: cold (< 10* K)

Green: warm (ionized)
Red: hot (> 10° K)

real-color SED with
dust attenuation
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resolving (massive) GMCs

Andrew Wetzel

Number of Clouds

| | | | | | |
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Gunjan Lakhlani et al in prep

10°

Samantha Benincasa, Wetzel et al in prep
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Milky Way-like galaxy at z =0

10 kpc

Mstar = 6X1019 Msun




successful formation of ‘thin” and ‘thick’
stellar disk similar to Milky Way

R = 2'3 kpc
L atte simulation [,
\.‘0\
N ‘~.
= [T S
' — 10° ' \\:.:‘Qit
7 ' “®-.
CIC) g /2%; hfh’bk Sy 7‘*.*'*’\'
_SEQ \\030 Opc
C:U < O/O\\\
CD N
4(7) 10°F e all stars O
--  two-component fit
- - thin disk
-~ thick disk \
‘. . 0.0 0.5 1.0 15 3.0 2.5 3.0
Xiangcheng Ma, Hopkins, 12| [kpc]
| Wetzel et al 2016 vertical height
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thick —> thin disk formation

Ma, Hopkins, Wetzel et al 2016

tlookl)ack =0 Gyr tlookl)ack =2 Gyr tlookl)ack =4 Gyr tlookl)ack =06 Gyr tlookl)ack =38 Gyr tlookl)ack = 10 Gyr

2<age<4Gyr 4<age<6Gyr 6<age<8Gyr 8<age<10 Gyr age > 10 Gyr

-i0-50 510 -10-50 510 -10-50 510 -10-50 510 -10-50 510 -10-50 5 10
X [kpc] X [kpc] X [kpc] X [kpc] X [kpc] X [kpc]

radial evolution: Inside —> out
vertical evolution: upside —> down

also Brook et al 2004, 2012, Stinson et al 2013, Bird et al 2013, Agertz & Kravtsov 2016, etc
Andrew Wetzel UCDAVIS
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-1 < [Fe/H] < -0.5
400

200

tangential velocity [km/s]

—-250 0 250 Loebman, Wetzel et al in prep
radial velocity [km/s]

this merger event becomes analogue to

Gaia ‘sausage / Enceladus / enchilada’
AndrewWetzel = mmmmmmmme V73
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Multiple cosmological zoom-in baryonic simulations
now form realistic populations of satellites
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observed distances of satellite dwarf galaxies

Jenna Samuel, Wetzel et al 2019

30 . .
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Distance from host [kpc]
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MW satellites are unusually (?) concentrated
30 see also Ymguez et al 2014

Jenna Samuel Wetzel et al 2019

— MW
---M31

0 100 200 300
Distance from host [kpc]
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MW satellites are unusually (?) concentrated

- satellite M« > 10° Mg -
20 —MW ]
- — hosts matched to MW at 150 kpc

-
Ul
I I I I

Noat( < d)
=
o

Jenna Samuel,
Wetzel et al 2019

0 50 100 150 200 250 300
Distance from host [kpc]

# NO simulated host (even across time) is as concentrated as MW

# predict 2 (min) 4 (med) more ‘classical’ dwarf galaxies around MW
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Images of dark matter in
. DM-only simulation baryonic simulation

100 Kkpc ” Garrison-Kimmel, Wetzel et al 2017

central galaxy destroys subhalos




predicting DM subhalo infall rates near MW

Sierra Chapman, Wetzel et al in prep
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publicly available

ananke.hub.yt
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thin+thick disk
formation

ex-situ SF dominates @ z >~ 3
d=00,15kpc]
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