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Galaxy Formation Simulations: 

“Different codes give more or less the same 
answer.” 

“The [type/sophistication/number] of included 
physical processes will change the result more 

than numerical differences between simulations.” 

“Although the precise details may change, the 
overall picture is robust against numerical 

technique.” 
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Gas accretion: classic virial shocking or 
cold flows and streams? 

Rcool 

Rvir 

White & Frenk 91 
Rees & Ostriker, Silk 77 

tcool short 
“no virial shock” 
(low halo mass) 
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Keres 05,09 
Birnboim 03 

Brooks 09 
Danovich 11 
Dekel 06,09 

Dubois 12 
Faucher-Giguere 11 

Joung 12 
Murante 12 

Ocvirk 08 
Stewart 11 

van de Voort 11,12 

Gas accretion: classic virial shocking or 
cold flows and streams? 

Rcool 

Rvir 

White & Frenk 91 
Rees & Ostriker, Silk 77 

tcool short 
“no virial shock” 
(low halo mass) 

tcool long 
“stable virial shock” 

(high halo mass) Rcool 

Filamentary gas flows 
penetrate well within 
hot halo without shock 
heating. 
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Same initial conditions. 
Same gravity solver. 
Same implemented physics. 

20/h Mpc box, WMAP-7 cosmology 
Radiative cooling + UVB heating (primordial H,He) 
Subgrid K-S type star formation recipe 
No stellar/AGN feedback (no winds/outflows) 

GADGET (SPH) 
vs. 
AREPO (quasi-Lagrangian Moving Mesh) 

AMR (Eulerian) 

V. Springel 09 
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Monte Carlo Tracer Particles 

Genel, Vogelsberger, DN+ (2013) 

In a grid code, cannot follow the Lagrangian 
history of any fluid element without tracers. 
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Can easily follow the history of gas 
elements in SPH. 
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There are significant differences in the thermal 
history of gas accreted onto massive galaxies. 

(NEW) (OLD) 
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Relative importance of hot vs. cold accretion modes 
is strongly modified. 
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1. SPH does not dissipate subsonic 
turbulence correctly. 

Bauer+ 11 

2. SPH prevents proper mixing. 

Sijacki+ 12 

3. SPH suffers from artificial clumping. Torrey+ 12 
GADGET 

AREPO 

Eris Simulation 
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Significant differences in gas morphology and 
behavior within the halo. 

GADGET AREPO 

Radial Mass Flux 

Gas Temperature 
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Adding full physics: “standard state of the art” 
• Metal line cooling (CLOUDY) w/ UV,X-ray background 
• Stellar evolution: mass/metal recycling 
• Stellar feedback: SNIa, SNII, AGB 
• Chemical enrichment: H, He, C, N, O, Ne, Mg, Si, Fe 
• Kinetic wind treatment -> outflows 
• Black hole feedback (quasar/radio mode), nearby radiation effects 
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Nelson+ (in prep) 

Vogelsberger+ 13 
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Conclusions 

1. 
2.  With order of magnitude differences at z=2, hot 

mode accretion in AREPO is larger than in GADGET, 
while cold mode accretion is smaller. The causes are 
purely numerical in origin. 

3.  Mind the numerical methods - can qualitatively affect 
the science. 

Galaxies grow by accreting hot gas. Cold streams do 
not survive to the galaxy, but are instead 
heated/disrupted. 
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