The Puzzle of Star Formation
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SFR= h, —1H2

Sf




Distribution of Molecular Hydrogen

Galactic
CO-distribution

(Dame, 2000)

e Most of H, is found imolecular cloudsvith M »10*- 1@ Mg

» Total mass ofnolecular hydrogen 1- 2x10° M,

. T»10K and n»100cm ® M » 20 Mg

Jeans

- Collapse timescale? , = 2X.0° yrs
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The Timescale Puzzle

The Post T-Tauri Problem

» Age spreamf stars in Taurus:l- 3 Myrs

 AlImostall cloudsin the solar
neighborhood form stars

MC lifetimes are short (few Myrs)
(Hartmann 2000, 2001)

 HoweverPalla et alfind a larger age spread

* THINGS team(Adam Leroy)Fast star formation in a few Myrs




Internal Structure of Molecular Clouds

Taurus-GMC
(Mizuno et al. 1995) o 55-60kms 6.0 - 6.5 kmis

e it

e Clumpy substructure

* Velocity dispersion:
S »3km/s»10¢

6.5 —-7.0 km/s 7.0 -7.5km/s

e Turbulent Jeans mas:
M » 2XL0'M ¢

Jeans

Molecular clouds are stabilized by théurbulent velocity field



Structure of a Driven Turbulent Gas Cloud

e Continuousenergy inpubn large scales only (k=1-2)

e Turbulentcascad®f energy to smaller scales

Surface density distribution of a driven turbulent gesid (M=5)

Mac Low et al. _
( ) (Heitsch et al.)




(Gritschneder et al. 2007)




The Decay of Turbulence in Molecular Clouds
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Star formation and cloud disruption
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Star Formation Rate and Efficiency

Star formation rate Star formation efficiency




Star Formation: An Initial Condition Problem




The Timescale Puzzle




However




Distribution of HI and H2
In the Milky Way

How is the molecular ring
stabilized?




A Scenario of Molecular Cloud and Star Formation




Origin and Structure of the Universe
The Cluster of Excellence for Fundamental Physics

http://www.universe-cluster.de



The End






Global Properties of Molecular Clouds




The Puzzling Molecular Cloud Lifetimes

FR »100 Mg / yr

h, »1%- 10%
— [ »5X0 yr »25K,




Numerical Simulations of Turbulent Molecular Clouds




Structure of a Driven Turbulent Gas Cloud




Structure of the Star Cluster




Faint Fuzzies
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Star Formation Rate and Efficiency

Star Formation Rate




Which Mechanisms Drive Turbulence inside Molecular Ckud




Which Mechanisms Drive Turbulence inside Molecular Ckud




(Dib, Bell & Burkert 2006)



Cloud Formation in Shock Compressed Layers




KH

(Burkert 04, Heitsch et al. 05)



NTSI Instability



Kelvin-Helmholtz Instability

Heitsch et al. (05)



Dominant Instabilities

high density, low velocity

Thermal
Instability

Kelvin Helmholz
+

NTSI
Instability

high density, high velocity

low density, low velocity

Kelvin Helmholz
Instabiliy

NTSI
Instabiliy

low density, high velocity




(Heitsch et al. 2006)



(Burkert & Heitsch 07)



The Efficiency of Molecular Cloud Disruption and Formaait







Summary |

Is there a yet unknown large-scale driver of MC turbudghic

Which processes lead to clouds with supersonic turbu%lnce




Summary Il

Where Is all that molecular cloud debr‘s’?

Which processes are that efficient?

—

Is this in agreement with observatior|s?




The Post T-Tauri Problem




Clumpy Substructure of Molecular Clouds




(Dib et al. 2006)




4X0 yre




Star Formation




Structure of a Driven Turbulent Gas Cloud




(Burkert & Heitsch 06)



Star Formation with a Low Density Threshold

n, =100 cm’



n., =1000 cn?’

n, =100 cm’




