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Accuracy of large scale structure simulations

Schneider et al. 2016
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EUCLID: a space mission to map the universe



Romain TeyssierCarving though the codes: AstroDavos’17

Cosmological simulations: computing requirements

Mock galaxy catalogues: one simulation every 
year with 10T particles. Galaxy population on the 
light cone with HOD/AM/SAM techniques with 
lensing maps. 

Resources: 2 million node-hours (with GPU)

The Euclid Flagship Simulation

Doug Potter
Joachim Stadel
Romain Teyssier

Covariance matrices: 3000 simulations with 8B 
particles every year. 

Resources: 2 million node-hours (with GPU)

Potter, Stadel, Teyssier 2017

Emulators: 50 such simulations (one per 
cosmological parameter set) Klypin, Prada 2017

Coyote: Heitmann et al. 2014, Mira-Titan; Heitmann et al. 2016
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Baryonic effects and galaxy formation simulations

Schneider, Teyssier 2017

The Horizon-AGN Simulation

The Eagle and Bahamas Projects

Dubois et al. 2016

Schaye et al. 2014, McCarthy 2017
Genel et al, 2014
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New physical ingredients in galaxy formation

Rieder and Teyssier 2016

Rosdahl et al. 2015

Small-scale turbulent 
dynamo at early time (fast) 

Large-scale dynamo at late 
time (slow) 

Dynamical effects?

Photo-ionising and photo-
dissociating radiation 

Infrared radiation and dust 

Dynamical effects ?
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Semenov, Gnedin, Kravtsov 2016

New star formation recipe

Subgrid model for turbulent energy. 

Star formation efficiency from 
Padoan, Haugbolle, Nordlund 2012



The Astrophysical Journal, 761:156 (32pp), 2012 December 20 Federrath & Klessen

Figure 1. Comparison of the six analytic models for the star formation rate per freefall time, SFRff : KM, PN, HC (left panels) and multi-freefall KM, PN, HC (right
panels). See Table 1 and the derivations in Section 2.3 for details of the different analytic models and functions plotted (ϵ/φt = 1 in each panel). The dependence of
SFRff on the virial parameter αvir and the sonic Mach number M are shown in each panel for a turbulent forcing parameter b = 0.4, corresponding to a statistical
mixture of solenoidal and compressive modes in the turbulent forcing. All models are plotted without taking magnetic fields into account, i.e., plasma β → ∞.
(A color version of this figure is available in the online journal.)

As found in a detailed comparison of the analytically derived
σs with numerical simulations of MHD turbulence in Molina
et al. (2012), the standard-deviation–Mach number relation,
Equation (4), breaks down for MA ! 2 because strongly
sub-Alfvénic flows become highly anisotropic (e.g., Mac Low
1999; Cho & Vishniac 2000; Cho & Lazarian 2003; Beresnyak

et al. 2005; Brunt et al. 2010; Esquivel & Lazarian 2011).
Since the magnetic-field dependence of SFRff was introduced
as an isotropic magnetic-pressure extension, the behavior of the
analytic models for MA ! 2 is likely invalid. Thus, we only
consider the trans- to super-Alfvénic regime with MA " 2. In
this regime, SFRff decreases with increasing magnetic energy,

9

TURBULENT STAR FORMATION: CONNECTING THE DOTS (VALENTIN PERRET)

▸ model : v200=160 km/s, M200=3.1e11Msun(z=3), fg=50%  

▸ 9 pc resolution 

▸ grackle cooling + HM2012 UV background 

▸ SNe = single thermal energy injection

ρ>1.0 cm-3    ε=1% multi-ff KM 
Federrath & Klessen 2012

gas density
1 kpc2 



TURBULENT STAR FORMATION: CONNECTING THE DOTS (VALENTIN PERRET)

ρ>1.0 cm-3    ε=1% multi-ff KM 
Federrath & Klessen 2012

gas temperature

▸ higher spatial & temporal coherence = enhanced feedback efficiency

SNe density of the host cell at explosion 
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Iffrig and Hennebelle 2014

No supernovae 16pc offset Supernovae at peaks

The SILCC project: 

Random, Peak and Clustered SN 
driving completely change the 
ISM structure and the outflows 
properties. 

Walch et al. 2015, Peters et al. 
2015, Girichidis et al. 2016, Gatto 
et al. 2017

Interstellar medium physics
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Simulation of the birth and 
death of a star cluster 
(Gavagnin et al. 2017)

Initial conditions: fully developed 
turbulence in a spherical cloud of mass 
20’000 solar masses and radius 5 pc. 

Maximum spatial resolution 0.02 pc 

Minimum spatial resolution 500 AU 

Mass resolution 0.003 solar masses 

3 models with only UV radiation (strong, 
weak and none) 

1 model with only IR radiation 

Sink particle algorithm based on the clump 
finder with virial criterion. 

Accretion rate based on Bondi model. 

Direct gravity solver between sinks and 
between sinks and gas.
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The role of feedback in shaping the star cluster

Arches NGC 3603

Gavagnin et al. 2017
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The star cluster final dynamical state

Gavagnin et al. 2017
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Summary

• High-precision large-scale cosmological simulations are required for 
present and future galaxy surveys (mocks, emulators, covariances) 

• Baryonic effects and galaxy formation theory are about to move into 
predictive mode 

• New physical models (radiation, MHD) and new subgrid recipes are 
being developed. 

• Towards coupling galaxy formation with ISM physics and star 
cluster formation? 

• Towards a new generation of codes ? 


