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s LCDM wrong?
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Simulations produce realistic discs

from T. Buck’s PhD Thesis



But problems n darf galaxy scale
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Small scale problems of LCDM

1. Missing satellites problem
2. Too-big-to-fail problem
3. cusp-core problem
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1. The missing satellites problem
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2. Too-big-to-fail problem
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3. Cusp-Core problem
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s LCDM wrong?
NO!
Hydrodynamics and feedback
matter!
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Numerical Investigation of a
Hundred Astronomical Objects
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The NIHAO Simulation suite

25 zoom-in simulations from Milky-Way mass to dwarf galaxies scales

SPH - Gasoline2 (Wadsley+2017)
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Simulation Physics

G GASOLINE2.1 star formation regions _

smooth particle hydrodynamics

»,modern“ implementation of hydrodynamics,
metal diffusion

Wadsley+2017, Keller+2014

e gas cooling

via hydrogen, helium and various metal lines

gas heating
via Photoionisation from the UV background image size: 50x50 kpc
Shen+2010, Haardt&Madau 2012 Animation by T. Buck (MPIA, NYUAD) based on NIHAO simulations
e star formation from cold 9 early stellar feedback
dense gas and SN feedback
nih=10 parts/ccm * SNIl energy + metals
(Aaron Dutton’s talk on Friday) (delayed cooling)

stinson+2006 * SNIla metals Stinson+2013
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The Simulations

1. High-resolution zoom-in Milky Way sims
2. High-resolution zoom-in dwarf galaxy sims
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1. High-res. MW simulations

halo masses: 5 x 1011 to 2.8 x 1012 M,

g8.goet], ~ 3 x 107 particles
) ~ 8 X 106 star particles
~ 107 gas particles

Gravitational softening and
particle masses:

- dark matter: 400 pc, 1.5 x 105 M
- gas: 180 pc, 2.8 x 104 M,
- stars: 180 pc, 9300 M

image: Buck

similar zoom-in projects: Aumer+2013, Latte-project (Wetzel+2016), Apostle (Sawala+2016),
Auriga (Grand+2017) g/.66e11

Tobias Buck Potsdam Thinkshop 04.01.18 14




2. High-res. dwarf galaxy sims

halo masses: 3 x 108to 1 x 1019 M,

1071 -

10_23

—  7=1 Behroozi+13

z=1 simulation
z=1 Moster+13

Gravitational softening and

S 1073 .
< : particle masses:
T - dark matter: 30 pc, 2000 M,
S 10~ + gas: 14 pc, 400 M
- stars: 14 pc, 130 Mg
10>
107° 8 109 A0 101l
10 10 M MO 10 Maccio, Frings, Buck et al. 2017
200 [Mo] Frings, Maccio, Buck et al. 2017
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1. The Missing satellites problem:
Can we reproduce the number
counts of Local Group dwarf
galaxies?
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Satellite stellar mass function

cumulative number counts
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Baryonic effects leave haloes dark

Io((j:; DM surface denS|ty [M8pc 2] Iog stellar surface density [Mopc 2]
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see also: Simpson+ 2017, Sawala+2016, Wetzel+2016,
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The inefficiency of galaxy formation
due to the UV background
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Maccio, Frings, Buck et al. 2017
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| | redshift z
also: Simpson+ 2013, Fitts+2016, Sawala+2016b
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2. The TBTF problem:
Can we reproduce the structure of
| ocal Group dwarf galaxies?
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Line-of-sight velocity dispersions of
simulations and observations agree
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also: Maccio, Frings, Buck et al. 2017, Frings, Maccio, Buck et al. 2017
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2. Resolving TBTF for satellites:
Tidal stripping!
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Satellites and nearby dwarf galaxies
are heavily tidally stripped

present day galacto-centric distance R/R>g0(z = 0)

IVlhalo/Mpeak
0.0 0.2 04 0.6 0.8 1.0
N —
0 10 F o o]
= ! ;
_8 - ® o
= excluded
O
I= A ® .
o infalling galaxies
@) 0L A A |
é 10 | A LA N )
Ccé . : N
(—g) . -: .l..-.f A‘AA
c " am am = =t backsplash galaxies
=) e = AL A
E 10_1 - ins.ide.RVEr nn .| Bu.CkJr.ZOTBk.) S.Ubr?; see also:
= 1 OO 1 01 Knebe+ 2011;

Frings,Maccio,
Buck et al. 2017

Tobias Buck

Potsdam Thinkshop

23.10.18 23



2. Resolving TBTF for field dwarfs:
Core creation and halo expansion!
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Core creation lowers central
densities of dwarf galaxies
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Core formation: strong dependence

on star formation threshold!
See Aaron Dutton S talk on Frlday'

| .2 < - &
I 70 e [
l z § Eﬂg |
25 i oA 8 A i Tollet+ Incl. Buck 2016
| | L1 I | I | 1 1 1 1 1 L1 1 I
lo Z\@* M
1075 104 glog / Mao 10-2 101
star/Mhan

also: Mashchenko+2008; Pontzen & Governato 2012; Governato et al. 2012; Madau+2014; Di Cintio et al. 2014;
Onorbe+2015; Read+2016; Frings, Maccio, Buck et al. 2017
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Core creation lowers central
densities of dwarf galaxies
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Tobias Buck Potsdam Thinkshop 23.10.18 26




Small scale problems of LCDM

1. Missing satellites problem - solved
2. Too-big-to-fail problem - solved
3. cusp-core problem - solved
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Where does NIHAO fail?
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Mass-metallicity relation of dwarf
galaxies:

Buck+2018 to be subm.

Reasons:

- metal enriched gas gets
blown out of the dwarfs

5—2 before recycling
D
L
-3 - too strong stellar
feedback?
-4 - too simplified stellar
feedback?
_?o - enrichment solely from

SNIl and SNila
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Reproducing realistic dwarf
galaxy populations

* In NIHAO the stellar mass function and
structure of simulated dwarf galaxies
agrees well with observations

* Solutions to small scale problems of LCDM:
sophisticated feedback models

 Model shortcomings revealed by the
chemical enrichment, improvements are
work in progress
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State of the art simulations resolve the small
scale issues of LCDM.
Let’s get the details of stellar feedback right!

Tobias Buck Potsdam Thinkshop 23.10.18 31



g
ey -
“lute for psxt

[ella




Stellar mass-metallicity relation
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Stellar mass

-gas metallicity relation
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Stellar mass-halo mass relation:
the signature of stripping
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