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Disclaimer

This lecture was designed for presentation with
movie media. If no specific URL is provided,
movies can be found at



http://www.usm.uni-muenchen.de/~rhea/teaching/movies

Introduction: This weeks topic?

Numerical Simulations of physical




% " Introduction: why do we care about galaxies?

Galaxies come in many different flavours, not just the well known regular NASA, ESA & The Hubble Heritage Team (STSCI/AURA
shapes but a multitude of distorted features that need to be explained ' ;
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C@% " Introduction: why do we care about galaxies?

oo : .= L A, * s - We also see environmental effects work on
. ' B Sy "% .71+ them, shown in the existence of for example
..o % 0 jellyfish galaxies or red spiral galaxies

,, - Galaxy Zoo : SDSS
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STAGES : Hubble Space Telescope



In addition, we find plenty of galaxies
in the low-surface brightness regime,
among which are the Ultra-Diffuse
Galaxies (UDGs) which are especially
numerous in the galaxy cluster
environment

Roman & Trujillo 2017




% ~ Introduction: So how do we make all these different kind of galaxies?
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With the advent of
Integral Field
Spectroscopy, the features
known to exist in galaxies
were multiplied especially
in the realm of quiescent
galaxies

Atlas3®P Survey:
https://wwwe-astro.physics.ox.ac.uk/atlas3d/

Pictures from the CALIFA survey: http://califa.caha.es/



Introduction: Numerical Simulations

To understand the formation of galaxies, numerical simulations are an excellent tool
to study the details of the processed that are responsible for the many faces of
galaxies that can be observed. But how does that actually work?




(SubGrid) Physics

Numerical Simulations

Backbone Codes Simulation Types




Numerical Simulations: Codes




%;%/@ N-Body Simulations

First Step: Gravity

Basic assumption: The matter in the Universe is collision-less and non-relativistic (Dark Matter is cold)
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R N-Body Simulations

First Step: Gravity

Basic assumption: The matter in the Universe is collision-less and non-relativistic (Dark Matter is cold)

For each particle i : calculate gravitational force Group together particles that are far
away from particle i, and build a
_Gmym; (rj —1y) tree for the force calculation can

Fl_]_

limit the computational expense
from N2 to Nlog(N).

3
Irj =il

So it requires N2 calculations to calculate the equation of motion:

Barnes & Hut 1986



‘\@@/@u N-Body Simulations: Timestep Problem
ik

3 Variable timestep




B N-Body Simulations: Timestep Problem

k Variable timestep b S Fixed timestep

























Peano-Hilbert Curve

Distributing

particles
(memory) and
work load
EIENS))
simultaneously

Borovska & Ivanova 2015




N-Body Simulations: Softening

Two Problems depending on the simulation setup, one solution:

1) In a ‘real particle simulation’: If particles get very close, the timesteps are getting
extremely short, causing numerical problems
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N-Body Simulations: Softening

Two Problems depending on the simulation setup, one solution:

1) In a ‘real particle simulation’: If particles get very close, the timesteps are getting
extremely short, causing numerical problems

2) If the particles are actually not a representation of one object but a group of objects




Variable timestep




Softening

Collision with Point Particles

Movement of
the centre of mass for
both particle clouds
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Softening

Collision with Macro Particles, No softening

Movement of
the centre of mass for
original particle clouds

Yellow dots: New
Macro Particles
..................... ore e L representing the point
cloud
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Softening

Collision with Macro Particles, High softening (¢ = 5)
X

Movement of
the centre of mass for
original particle clouds

Yellow dots: New
Macro Particles
TIPSR representing the point
cloud
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Softening

Collision with Macro Particles, Low softening (¢ = 1)
X

Movement of
the centre of mass for
original particle clouds

Yellow dots: New
Macro Particles
..................... oo e L representing the point
cloud
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N

” Softening

Collision with Macro Particles, perfect softening (¢ = 2.8)
X

Movement of
the centre of mass for
original particle clouds

Yellow dots: New
Macro Particles
representing the point
cloud

Credit: Lucas Valenzuela
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%;%@ Problems with the Gas!
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Problems with the Gas!

While Stars and Dark Matter can be described to our current knowledge well as point
particles, for gas this is more of an issue, as gas is a much more diffuse component where
the hydrodynamical equations become important.
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PhD Thesis Giuseppe Giorgi

N
(A(r)) = jW(r — 71 hW)A@")d3r’ (4;) = Z%A]-W(r”; hl-)

j=1"7



Smoothed Particle Hydrodynamics Adaptive Mesh Refinement
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Treat gas as discretized particles:
Smoothed Particle Hydrodynamics

(Lagrangian method) »

Courtesy
M. Niemeyer,
K. Dolag




Treat gas as discretized particles:
Smoothed Particle Hydrodynamics

(Lagrangian method) »

Courtesy

K. Dolag

M. Niemeyer,

Discretize space: Treat gas within a
grid: Adaptive Mesh Hydrodynamics
(Eulerian method)

https://www.astro.princeton.edu/~jstone/Athena/tests/kh/kh.html



SPH versus Grid Codes

Treat gas as discretized particles: Discretize space: Treat gas within a
Smoothed Particle Hydrodynamics grid: Adaptive Mesh Hydrodynamics
(Lagrangian method) (Eulerian method)

v’ Very good conservation 4 In§tf‘;|bilities nicely grow




%;@/@ﬂ Merging Particle and Grid code: Moving Mesh

Moving Mesh Codes: Gas flows through cells,
but has particle properties as well: Cells are
Voronoi-tessellated

Springel et al., 2015
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Merging Particle and Grid code

AREPOuU t=7.34

AREPO Code
by V. Springel

Courtesy M. Niemeyer, K. Dolag

Springel et al., 2015




‘“@@ What can we do about SPH?

Introducing Artificial Viscosity and Conductivity

sk Artificial Viscosity and Conductivity sk Artificial Viscosity only b 3 Conductivity only

Visc_Wakeup t=7.30 Wakeup_noConduct t=7.30 SPH_295Ngb_no_visc




@;%@ What can we do about SPH?

Meshless Finite Mass (MFM): The best of both worlds




‘“@@ What can we do about SPH?

Meshless Finite Mass (MFM): The best of both worlds

sk Artificial Viscosity and Conductivity K MFM




Summary: Computational Methods

Smooth Particle Hydrodyn. Adaptive Mesh Refinement Moving Mesh

AREPOuU t=7.20
)
e
/. é

https://www.astro.prin
Courtesy ceton.edu/~jstone/Ath
M. Niemeyer, K. Dolag ena/tests/kh/kh.html

Courtesy
M. Niemeyer, K. Dolag




