
Theoretical Models of Star Formation in Galaxies



Theory of  Star Formation

The formation of stars is yet an unsolved astrophysical problem.

• Origin of  turbulent, clumpygiant molecular clouds.

• Timescaleof star formation

• Origin of the universal stellar initial mass function

• Formation of  binarieswith a broad period distribution.

• Star formation efficiency

Theoretical Problems:

• Roleof magnetic fields



Star Formation in Giant Molecular Clouds
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Stellar Feedback Processes and Self-Regulated Star Formation

Gritschneder, Naab, Heitsch & Burkert (07)
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(Geyer & Burkert, 07)

Star Formation in a Turbulent Molecular Cloud



Structure of the Star Cluster

NGC 1850 Numerical Simulation

blue: grav. bound stars

red:   unbound stars

black: gas





Star Formation Rate and Efficiency

Star formation rate Star formation efficiency

L1: 322 10 erg /s×  Heating by massive star: L2: 342 10 erg /s×  

L1,2: L5,6:sfn 0= 3
sfn 100 cm-=  

Units:0.01M yr � (Geyer & Burkert, 07)



Early Theoretical Models of Star Formation in Galaxies

( Larson 1969-1976)

Schmidt (1959, 1963)
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The Kennicutt-Schmidt Law

Kennicutt (97, 98 …  07)
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• Similar to Schmidt law only if:
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universal scale height

• Averagingover a whole galaxy
leads to degeneracy(see however Kennicutt et al. 07)

• Simple, unique physical origin?



The Kennicutt-Schmidt Law

Kennicutt ( 98)
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The ‚hybrid‘ method: Star formation and stellar feedback in galaxies

• Star formationand stellar feedbackin amulti-phase ISM
cannot be resolved properly subresolution model

Springel & Hernquist (03):
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• Star formation rate:

• Star formation threshold:

• Star formation timescale:
0.5

sf cloudt r -�

(Springel, Di Matteo & Hernquist 05)

(see e.g Robertson et al. 04)



Origin of the KS-Law
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Origin of the KS-Law

• Energeticfeedbackprocesses self regulatedstar formation
in a multi-phaseISM (Silk 97; Struck & Smith 99).

• Turbulenceand shear flows(Scalo 98; Hunter et al. 98; Ostriker et al. 99;
Wada & Norman 01; Elmegreen 02; Kravtsov 03; Krumholz & McKee 95)

• Gravitational instability(Toomre 64; Quirk 72; Larson 88; Kennicutt 89,98; 
Elmegreen 94; Li et al. 06)

• Cloud-cloud collisions(Wyse & Silk 89, Silk 97; Tan 00)



Turbulence in Galactic Disks

(Dib, Bell & Burkert  2006)



(Wada & Norman 07)

Turbulence in Galactic Disks

Talks by

• Keiichi Wada (Thursday)
• Mark Krumholz (next talk)
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The Decay of Turbulence in Molecular Clouds

.• Numerical simulations show that theturbulent velocity
field is dissipatedon timescales of

Kinetic energy dissipation

(Mac Low, Klessen, Burkert & Smith 1998)

a) Grid code

b) SPH-Code

c) Weak magnetic field

d) Strong magnetic field
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Which Mechanisms Drive Turbulence inside Molecular Clouds?

• Internal stellar driverscan be ruled out (Klessen et al. 2001).

• Interactionwith the turbulent, diffuse environment by Alvén waves.

Problem:Efficient energy dissipation at the cloud boundary.

(Heitsch & Burkert, 2001)Mach=4 Mach=10



The Timescale Puzzle

• Age spreadof stars in Taurus:1 3 Myrs-  

(Hartmann 2000, 2001)

The Post T-Tauri Problem

• Almost all cloudsin the solar 
neighborhood form stars

MC lifetimes are short (few Myrs)



Star Formation: An Initial Condition Problem

• Theturbulent, clumpy structureof  molecular clouds is imprinted
at thetime of formation.

Cloud formation in shock compressed layers:

(Kim et al. 1998, 1999)

(Heitsch et al 05a,b, 06, Vazquez-Semadeni et al. 05, 06)

• Turbulencein this phase isdrivenby the same process that leads
to cloud formation.

HI KH



(Burkert 04)

KH





The Timescale Puzzle
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• It takes a few to generate a typical molecular cloud.710 yrs 



Idea: Late Formation of Molecular Hydrogen
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it takes of order                      before theHI slabbecomes molecular.71 3 10 yrs- ×  
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(Larson relation)

Nick’s puzzle:



Distribution of HI and H2
in the Milky Way

How is the molecular ring
stabilized?



Summary I

• Stars form in dense, clumpy molecular clouds.

• Supersonic turbulence suppressesglobal collapse and
generates a clumpydensity distribution.

• This turbulence was generatedon large scales.

• Due to turbulent energy dissipationmolecular clouds should condense
into starswithin a free falltime.

Is there a yet unknown large-scale driver of MC turbulence?

• Star formation might be an initial condition problemand the
molecular cloud structureis imprinted at the time of formation.

Which processes lead to clouds with supersonic turbulence?



A Scenario of Molecular Cloud and Star Formation

• Turbulent HI Cloudsform on timescales of  order 10 Myrs

• As soon as they becomeoptically thick(                        )   they
turn into molecular clouds and form stars on a dynamical timescale.

21 210 cm-S »  

• According to this scenario, most of the gas in thesolar neighborhood
should beatomic.

• Thelarge fractionof molecular gas in the Milky Way is a result
of  itsmolecular ringthat might bestirredby thegalactic bar,
suppressing efficient star formation.

See however Krumholz et al. (2005)


