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Abstract: Cosmological simulations of galaxy formation have evolved significantly over the last years.
In my talk | will describe recent efforts to model the large-scale distribution

of galaxies with cosmological hydrodynamics simulations. | will focus on the

lllustris simulation, and our new simulation campaign, the lllustrisTNG

project. After demonstrating the success of these simulations in terms of

reproducing an enormous amount of observational data, | will also talk about

their limitations and directions for further improvements over the next couple

of years.
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Introduction:

Cosmological Galaxy Formation Simulations
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Cosmological Galaxy Formation Simulations

Goal: A theoretical and computational framework to understand how structures and galaxies in the
Universe form and evolve starting from the smooth initial conditions of the early Universe.
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Cosmological Galaxy Formation Simulations

Goal: A theoretical and computational framework to understand how structures and galaxies in the
Universe form and evolve starting from the smooth initial conditions of the early Universe.

Complexity of the problem requires cosmological simulations:

« model dark matter, dark energy, and baryonic physics

* include physical processes that shape galaxy formation

« use accurate and efficient numerical methods

* simulate statistically significant volume at high numerical resolution

+ create mock observations to compare with observational data
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Two Approaches: Bottom-Up vs. Top-Down

Bottom-Up / Small-scale Simulations: Top-Down / Large-scale Simulations:

ver D Sijackl 1 Xu Gobngder 8 el D Nelson 1 Hernquist

'The Ilustris Simulation

model large scales: approach small scales

model small scales: approach large scales

pro:

pro:
lots of statistics to compare with data

detailed effective models for physical processes

con:

con:
rely on calibrated effective models

limited statistics to confront with observations
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Large-Scale Cosmological Simulations
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Mock Observations: Real vs. Virtual Universe

Hubble Space Telescope lllustris

MV+ Nature 2014
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Dark Matter Density
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21.25 Mpc
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Mirrored Displays
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StellarLightity
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Stellar Light
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Stellar Light
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Stellar Light
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Stellar Light
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Stellar Light
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21.25 Mpc

Gas Velocity
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21.25 Mpc

Dark/Mattey Density
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Dark Matter Density
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lllustris Model:
- basic ingredients -

hydrodynamics:
quasi- e A
Lagrangian L \ ‘.{; }
finite volume e b R
moving mesh
scheme
(Arepo,
Springel 2010)

e

heating / cooling:
primordial, metal

UV background:
with self-shielding correction

star formation / ISM:
effective EOS / probabilistic

chemical enrichment:
SNIa, SNII, AGB

supernova feedback:
SNIa, SNII feedback

supermassive black holes:
seeding, growth, merging

AGN feedback:
quasar, radio mode, radiative

novel Monte Carlo tracer particles:
to follow gas mass flows
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The lllustrisTNG Simulations

Illustris galaxy formation model
+
numerical and model improvements
+
additional simulation volumes

(~200 million CPU hours)

o,

R

TNGSO

ITNG100

%
-

HustrisTNG Team

Vogelsberger, Marinacci, Torrey (MIT)
Springel, Nelson, Pakmor (MPA)
Genel (CCA)

Pillepich (MPIA)

Hernquist, Weinberger, Naiman (CfA)
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Mark Vogelsberger, Federico Mar inacth L‘EL"EI T)

redshift: 3.57 . — N

A

Pirsa: 19120025 Page 42/86




redshift: 2.98
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redshift: 2.79
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redshift: 2.58
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redshift: 1.82
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Marinacc (MIT)

o
redshift: 1.59
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redshift: 1.45
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excellent agreement with existing Hubble Space Telescope data
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