
This material is for the educational purpose only, and is not for public consumption or mass distribution without the author’s explicit consent.   
Despite his best efforts, the author apologizes for any inaccurate or outdated information and references. 

Ji-hoon Kim (Seoul National University)

KIAS Astrophysics Summer School Lecture #2

Astrophysics Simulations:  Practical Examples

Abel, Hahn & Kaehler



Today’s Lecture:  Outline

● Practical Examples of Computational Astrophysics

● How to Run Cosmological Simulations 
                   (+ How to Formulate Their Initial Conditions)

● How to Run Idealized, Isolated Simulations 

www.jihoonkim.org



Step-by-Step Instruction Slides:
tinyurl.com/46xwk5n6
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http://tinyurl.com/46xwk5n6


Cosmological Simulations and 
Numerical Resolution
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Will It Ever Be Enough?

Vogelsberger et al. 2014
2 x 18203 particles/cells in (75 h-1 Mpc)3

MBH

GasGas

Stars

Star Cluster or GMC 
Formation & Feedback

RGMC ~ 10 pc

Massive Black Hole (MBH) 
Accretion & Feedback

RBondi ~ pc
  RSchw. ~ AU

SFR in M33 M87/VLA Radio

● Computational tools are getting better; resolution is improving.
● However, they will never be enough for ambitious simulators.  



“Idealized” Initial Conditions

● Start from physically-motivated, yet idealized, often isolated ICs.

Bate et al. 

Gabor et al. Kim et al.

Simon

Mihos & Hernquist



“Cosmological” Initial Conditions

MPA/Springel

● Start from perturbed density distribution motivated by CMB.

Wise et al.

Kravtsov et al. Kim et al.

ESA/Planck



Computational Astrophysics:
Practical Examples
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MBH

GasGas

Stars

Running An Astrophysical Simulation

Generate 
Cosmological IC

Run A Simulation Analyze/Visualize 
The Simulation

www.jihoonkim.org

ESA/Planck

M87/VLA Radio Springel/AREPO

Generate 
Isolated IC

Mihos & Hernquist



Run A Simulation Analyze/Visualize 
The Simulation

Install 
Simulation Software 
Along With Required

Libraries / Physics Packages

Install 
Initialization Software 

Along With 
Required Libraries

Generate 
Cosmological IC

Generate 
Isolated IC

Install 
Analysis Software 

Along With
Required Libraries



WSL on Windows, Terminal on MacOS, ssh to “Grammar” cluster,  
VPN client (for off-site use), etc.
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● Clever strategy to best utilize your resources on regions of interest.

● Nested zoom-in IC to capture both large- and small-scale modes.

www.jihoonkim.org

Initial Condition:  Clever Strategy Needed

This is where MUSIC 
comes in very handy! 

(more to be discussed later)
credit: Oliver Hahn
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How To Create “Zoom-in” ICs

z = zinitial z = zfinal

● First, run a low-resolution pathfinder sim to identify target objects.

● Then, find a Lagrangian volume at zinitial that encloses all member 
particles of your target object at zfinal.  

1:1 mapping 
using 

particle IDs

credit: Oliver Hahn
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Selecting Lagrangian Volume

● E.g.  a Lagrangian volume that encloses all member particles within 
a viral radius (Rvir) of the target halo.  (See Onorbe+ 2014)

● It critically depends on the problem you want to investigate.

Onorbe et al. (2014)

MUSIC IC with finest resolution 
volume in an ellipsoidal shape



1e12v

- 1.20×1012 M⊙ @z=0,   9.15×1011 M⊙ @z=1
- Lagrangian region of a sphere of radius 946 kpc @z=0 (384×384×512)

initial finest 
grids

grids containing 
only finest particles

~1012M⊙ Halo:  Evolution



● Webpage:  http://www-n.oca.eu/ohahn/MUSIC
● Method paper:  Hahn & Abel 2011 (astro-ph/1103.6031)
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MUSIC (2011 - present)



● LPT of 2LPT for DM, LLA for baryons in grid codes

● Highly portable ICs:  A single parameter is all you need.  

● Various output formats:  AMR, SPH, AREPO

● Various TF inputs:  fitting formula, CAMB

● Various shapes for Lagrangian volume

MUSIC parameter file

www.jihoonkim.org

MUSIC (2011 - present)

Onorbe et al. (2014)



MUSIC:  Position Displacements
● yt’s ParticleProjectionPlot() on ENZO and GADGET IC’s in 
the central 10% of the box, (280 kpc)3.

www.jihoonkim.org

MUSIC IC for GADGETMUSIC IC for ENZO
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