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Outline

• introduction of cosmological simulations of galaxy 
formation


• A crash-course on shock-capturing Eulerian methods



• Zoom-in: FIRE, NIHAO, VELA:


cosmological simulations

• Full-Box: ILLUSTRIS, EAGLE:


•



• Zoom-in: FIRE, NIHAO, VELA:


• small samples: selection bias


• high-resolution: ~10 pc


• models of complex (unresolved) 
processes


• parameters set by physical 
constraints (energy in a single SN)


• they can fail

cosmological simulations
• Full Box: ILLUSTRIS, EAGLE:


• full-volume: large sample of 
galaxies


• low-resolution: ~1 kpc


• ad-hoc simple recipes for 
complex physical processes: 
SF, feedback, outflows,…


• calibration against observables  
like luminosity functions


• little predictive power



The simulation machine

The Universe Initial Conditions
ESA AURIGA Ralf Kaehler

The zoom-in technique

The RunMock Data

FirstLightFirstLight
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• AREPO: a fully dynamic 
unstructured (Voronoi) mesh 
(moving mesh)

Other discretization methods 
in computational astrophysics

Springel et al. 2010



• GIZMO: Meshless Methods, 
using Weighting functions W

Other discretization methods 
in computational astrophysics

Hopkins (2015)



Three take-home messages

• Simulations are numerical experiments (machines) for 
testing theory (physical models)


• zoom-in simulations of galaxy formation have the highest 
resolution and include the most accurate models of gas 
physics


• There is a diversity of techniques for solving the equations 
of gasdynamics

THANKS



Second Tutorial 
Section 



List of projects
• 1. Accretion rate onto halos and onto galaxies: DM, gas, stars 
• 2. Interaction of cold flows and Disk. 
• 3. Angular momentum: in cold flows vs disk 
• 4. Basic Structure of galaxies: Density profiles of  gas, stars, DM. f_b? 
• 5. Kinematics of gas: disk rotation curve, velocity dispersion 
• 6. Kinematics of stars: bulge/disk decomposition 
• 7. Gas outflows


