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ABSTRACT

The morphology and kinematics of molecular clonds (MCs) are best explained as the consequence of
supersonic turbulence. Supersonic turbulence fragments MCs into dense sheets, filaments, and cores and
large low-density “ voids," via the action of highly radiative shocks. We refer to this process as turbulent frag-
mentation.

In this work we derive the mass distribution of gravitationally unstable cores generated by the process of
turbulent fragmentation. The mass distribution above 1 M, depends primarily on the power spectrum of the
turbulent flow and on the jump conditions for isothermal ks in a magnetized gas. For a power spectrum
index # = 1.74, consistent with Larson’s velocity dispersion-size relation as well as with new numerical and
analytic results on supersonic turbulence, we obtain a power-law mass distribution of dense cores with a slope
equal to 3/(4 — 4) = 1.33, consistent with the slope of the stellar initial mass function (IMF). Below 1 M,
the mass distribution flattens and turns around at a fraction of 1 M, as observed for the stellar IMF in a
number of stellar clusters, becanse only the densest cores are gravitationally unstable. The mass distribution
at low masses is determined by the probability distribution of the gas density, which is known to be approxi-
mately lognormal for an isothermal turbulent gas. The intermittent nature of the turbulent density distribu-
tion is thus responsible for the existence of a significant number of small collapsing cores, even of substellar
mass.

Since turbulent fragmentation is unavoidable in supersonically turbulent molecular clonds, and given the
success of the present model in predicting the observed shape of the stellar IMF, we conclude that turbulent
fragmentation is essential to the origin of the stellar IMF.

Subject headings: ISM: kinematics and dynamics — stars: formation —
stars: lnminosity function, mass function — turbulence

... given the success of the present model in
predicting the observed shape of the stellar IMF, we conclude that
turbulent fragmentation 1s essential to the origin of the stellar IMF.

Turbulent Fragmentation?




Competitive Accretion?
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The formation of a star cluster: predicting the properties of stars
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vad, Cambridgs CB3 0HA
North Hough, 5t Andrews, Fife K¥Y16 955
60 Garden Streef, Cambridge, MA 02138, [/EA

Accepted 2002 October 22. Received 2002 October 16; in original form 2002 August 9

ABSTRACT

‘We present results from the largest numerical simulation of star formation to resolve the frag-
mentation process down to the opacity limit. The simulation follows the collapse and fragmen-
tation of a large-scale turbulent molecular cloud to form a stellar cluster and, simultaneously,
the formation of circumstellar discs and binary stars. This large range of scales enables us to
predict a wide variety of stellar properties for comparison with observations.

The calculation clearly demonstrates that star formation is a highly-dynamic and chaotic
process. Star formation occurs in localized bursts within the cloud via the fragmentation
both of dense molecular cloud cores and of massive circumstellar discs. Star—disc encounters
form binaries and tnmcate discs. Stellar encounters disrupt bound multiple systems. We find
that the observed statistical properties of stars are a natural consequence of star formation
in such a dynamical environment. The cloud produces roughly equal numbers of stars and
brown dwarfs, with masses down to the opacity limit for frapmentation (/5 Jupiter masses).
The initial mass function is consistent with a Salpeter slope (I' = —1.35) above 0.5 Mg,

... Star formation occurs ... via the fragmentation both of
dense molecular cloud cores and of massive stellar disks. ...
the observed statistical properties of stars are a natural consequence...
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Initial Multiplicity

Multiplicity for diff. Mass

Delgado Donate et al. 2004, MNRAS, 351, 617

Predictions:

> 80% of newbérn in 3&:3_8_
down to 40% by 10 Myr. < -

» More massive, stars are more
likely to have companions.

» No brown dwarfs in closg orbits;
In wide orbits only around binaries

Delgado Donate et al. 2004, MNRAS, 351, 617
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Fission?

Unstable dynamics?

j-1365-8711.2002.05775 % pdf JEl =

we find that
and that many




Stable dynamics?

Kozal cycles and tidal dISSI ation

(a) short term (b) medium term ong term
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Formation of Close Binaries
In Triple Systems?

Third star induces Kozai cycle.
(can be after stars arrive on main sequence)

Tides take over once eccentricity becomes
sufficiently high.




