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• evidence

• complex space
• multiple gas phases at different T and ρ

• problem

• spatial scales, T and ρ −→ not resolved
• turbulence, magnetic fields, . . .−→ not

included/not captured

• solution (?)

• smooth over much of the small-scale
complexity −→ use empirical recipes

• how?

ISM
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• evidence

• in cold, dense, molecular gas phase
• inefficient SF ⇐⇒ ∼ 1% of gas converted into

stars per free-fall time
• ISM −→ H2-dominated at ∼ 1-100 H/cc

• solution (?)

• density threshold for star formation
• model/estimate H2 formation

• problems

• high resolution needed
• difficult to model H2 formation

−→ empirical relation: fH2
– pressure

−→ post-processing
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• Schmidt relation (Schmidt 1959):

ρ̇? = ε
ρgas

tff
, for ρ > ρ0

ρgas - gas density
tff - free-fall time
ε - local SF efficiency
ρ0 - density threshold

• calibration

– ε ∼ 1% ⇐⇒ Kennicutt-Schmidt relation
ε ∼ 1% ⇐⇒ (Schmidt 1959, Kennicutt 1998)
– ρ0 ∼ 0.1 H/cc in cosmo sims

• problems

– Kennicutt-Schmidt relation ∼ 0.5–1 kpc
– ρ0 - resolution dependent

• solution?

– (more) realistic ISM
– understand better SF

}
free parameters

Sub-grid model
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• Schmidt relation (Schmidt 1959):

ρ̇? = ε
ρgas

tff
, for ρ > ρ0

ρgas - gas density
tff - free-fall time
ε - local SF efficiency
ρ0 - density threshold

• calibration

– ε ∼ 1% ⇐⇒ Kennicutt-Schmidt relation
ε ∼ 1% ⇐⇒ (Schmidt 1959, Kennicutt 1998)

– ρ0 ∼ 0.1 H/cc in cosmo sims

• problems

– Kennicutt-Schmidt relation ∼ 0.5–1 kpc
– ρ0 - interpretation?

• solution?

– (more) realistic ISM
– understand better SF

}
free parameters

Sub-grid model
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• AMR code RAMSES (Teyssier 2002)

• heating/cooling vs EoS

• local star formation: Schmidt relation

(n=1.5, ε=3%)

• stellar feedback

Simulations
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Ren
aud et al. 2014

• box length: 100 kpc

• resolution: 0.05 pc

• EoS: pseudo-cooling

• SNe, photo-ionization,

radiative pressure

• box length: 25 kpc 30 kpc

• resolution: 1 pc 1.5 pc

• metallicity: Z=Z� Z={0.1,1,1/3}Z�

EoS: pseudo-cooling, self-shielding

• SNe (Dubois et al. 2008)

Kraljic et al. 2014
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Antennae galaxies

Antennae galaxies
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Star Shadows Remote Observatory

Teyssier, Chapon et al. 2010

Renaud et al. 2014

• resolution: 1.5 pc

• multiphase ISM

• feedback

• converged SFR

Renaud et al. 2014
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