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Analytical Models of Star Formation

. : P
e Generic star formation rate: }88‘ =& ——

zLff
— mean gas density 0 = 0y, 0,,0r fy O,

— free-fall time scale ¢, = (Gp)™"*
— star formation efficiency &

 Depends on PDF of overdensity s = log(0'/ p)
: 8c0re > 10’ / /

— single free-fall: & = Ttﬁ = p(s ’)ds |
8coretff(/0)foo /0 p(S,) dS,
? i 0 1g(0)

* Criticial density s_.. = log(p... / p) given by

Krumholz et al. 2005, Padoan & Nordlund 2011,
or Hennebelle & Chabrier 2011

— multi free-fall: € 4 =
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Subgrid-Scale Model
for Star Formation

* Log-normal distribution of density fluctuations
e Critical density is a function of
— turbulent Mach number M, x o, (/) / c,
— virial parameter @ « o (1) / pGI*
e Calibration from self-gravitating turbulence
simulations e. g. by Federrath & Klessen (2012)

* Large eddy simulations of galaxies:
— subgrid turbulent energy K : o’(A), A~ 10 pc
— clumpscale /< 1pc: o’(I): (I/A)"K
— evaluate local efficiency from Mach number and
virial parameter in each grid cell
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Global Star Formation Rate

Braun, Schmidt, Niemeyer, and Almgren; MNRAS 442 (2014)
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Global Star Formation Rate

Braun, Schmidt, Niemeyer, and Almgren in preparation
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Smoothed Global Star Formation Rate
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star formation surface density Ygp [M kpc ?yr ]
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Summary

e Subgrid-scale model:
— multi-phase ISM with metal enrichment

— local star formation efficiency (turbulent
Mach number, virial parameter) ~ 0.01

— thermal and turbulent feedback
* Self-regulation of star formation (~ M, /yr1)

— robust with respect to SFR
parameterization if multi-freefall and two-
parameter model
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* Predicts linear dependence of local SFR on
H, surface density (const. H, depletion time)




