
The Gas Dynamics in

Star Formation and Turbulence

Image Credit: ESA and the HFI Consortium, IRAS 2010

Christoph Federrath

ANU 3 02 Aug 2022



Density PDF ³ Star Formation Rate

Why is star formation so inefficient?

Turbulence ³ Density PDF



JWST Carina: National Aeronautics and Space Administration, NASA Official: NASA Office of Communications

Turbulence        Stars        Feedback



Carina Nebula, NASA, ESA, N. Smith (University of California, Berkeley), and The Hubble Heritage Team (STScI/AURA), and NOAO/AURA/NSF
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Clouds        è Cores        è Disk + Star + Jet / Outflow

The Star Formation Paradigm

Beuther 2008

Star Formation



Jets and Outflows



Outflow mass:

Outflow velocity:

Outflow angular momentum:

Federrath et al. 2014, ApJ 790, 128

Sink Particles as Star Formation Subgrid Model



Jet/Outflow Feedback

Federrath et al. 2014, ApJ 790, 128

Movies available: https://www.mso.anu.edu.au/~chfeder/pubs/outflow_model/outflow_model.html

https://www.mso.anu.edu.au/~chfeder/pubs/outflow_model/outflow_model.html


NGC1333
Image credit: Gutermuth & Porras

Star Formation 3 Outflow/Jet Feedback



The role of outflow/jet feedback for star cluster formation 

Without jets/outflows With jets/outflows
Federrath et al. 2014, ApJ 790, 128

Movies available: https://www.mso.anu.edu.au/~chfeder/pubs/outflow_model/outflow_model.html

https://www.mso.anu.edu.au/~chfeder/pubs/outflow_model/outflow_model.html


Efficiency
~ 30-40%?

Alves et al. (2007); 
Andre et al (2010)

RESULTS:

- Outflow/Jet feedback reduces the SFR by factor ~ 2

- Outflow/Jet feedback reduces average star mass by factor ~ 3
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The role of outflow/jet feedback for star cluster formation 



Star Formation is Inefficient
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Movies available: http://www.mso.anu.edu.au/~chfeder/pubs/ineff_sf/ineff_sf.html

Star Formation is Inefficient
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(Federrath 2015 MNRAS; 2018 Physics Today)

http://www.mso.anu.edu.au/~chfeder/pubs/ineff_sf/ineff_sf.html


Summary

� Jet/outflow feedback in star cluster formation:

� Supersonic, magnetized turbulence is key for star formation

- Star formation rate reduced by ~2x

- Average star mass reduced by ~3x ³ Initial Mass Function!

- SFR from density PDF depends on

virial parameter, forcing parameter, Mach number, plasma beta

- Very good agreement between theory, simulations and observations

� Star Formation is inefficient ³ 

Only combination of

Gravity + Turbulence + Magnetic Fields + Feedback

gives realistic Star Formation Rates

ALL OF THIS INVOLVES HYDRODYNAMICS!



Astrophysical Fluid Dynamics

(adopted from Bai lecture notes)



Derivation of Hydrodynamical Equations

- Introduction of fluid variables

- Conservation laws for mass, momentum, energy

- Equation of state to close the system

- Validity of the fluid approach

³  Write down&


