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far Formation in a nutshell

General picture of low-mass
star formation is understood!

Open issues:

<(% How is material accreted
from circumstellar disk to

| B & the star?

- b Magnetospheric accretion?

<~What's the launching mechanism

low-mass profos'ra for the jet+outflow?

3 0.5"
do planets form from -

stellar protoplanetary
~ disks? .

Resolution
+ contrast HST 1995



ar Formation in a nutshell
~ ~10,000 AU

Theory of core fragmentation
(Burkert & Bodenheimer 93 MNRAS, Goodwin et al. 07 PPV)

predicts N >> 3

pre-stellar obj.
&

FRAGMENTATION li



>tar Formation in a nutshell

~10,000 AU
>

Theory of core fragmentation
(Burkert & Bodenheimer 93 MNRAS, Goodwin et al. 07 PPV)

predicts N >> 3

pre-stellar obj.

&
AQO-observations of embedded
11
FRGMENTAATION protostars (class I sources):

(Duchene et al. A&A 07,Haisch et al. AJ 06,
Connelley et al. AJ 08)

high fraction of binaries and
triples, but few higher-order
multiples

Current questions

Missing physics in simulations ?

Dynamical decay of non-hierarchical
class O multiples ?




WHAT ABOUT HIGH MASS
STAR FORMATION ?

. Zinnecker & Yorke 2007, Ann. Rev. A&A 45




ar Formation in a nutshell

assive cores in giant molecular
ouds form massive stars and
ar clusters

M.y ~10-102 Mg




ar Formation in a nutshell

assive cores in giant molecular
uds form massive stars and
ir clusters
' S %FMos'r (if not all) massive stars form in
massive stellar clusters

<-Young stellar clusters are prime
targets for studying the spectrum of
stellar masses created during the star
formation process



ar Formation in a nutshell

assive cores in giant molecular
uds form massive stars and
ir clusters

' T %FMos'r (if not all) massive stars form in

massive stellar clusters

<-Young stellar clusters are prime
targets for studying the spectrum of
stellar masses created during the star
formation process

For the youngest clusters, the
observed distribution of stellar
masses is often considered as the
mass distribution at birth

m)  IMF |

~ VLT/ISAAC




e stellar Initial Mass Function

IMF << main acting physical process in star formation
Driginal: Salpeter 1955
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_ Characteristic mass at0.1-0.5M.
Kroupa IMF .

a 2001, MNRAS 322)
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he IMF is surprisingly similar (in particular for > 0.5M_,)
stellar clusters and nearby SFR, with a 'Salpeter’ slope
35) at high-mass end

iIrn-over in the mass function for all SFR that
served! e.g. Andersen et al. 2008, ApJ 683



,.i . at the high-mass end

=~ Starburst clusters with several tens of O-type stars,
Feedback from winds and shocks terminate SF?
Lower mass cut-off?

\F in very massive star clusters (starburst clusters)
~ is top-heavy ? Overall or only the core?

‘issue/observa‘rional results on flattened IMF:

yes Brandl et al. 96, Figer et al. 99, Stolte 2005, Harayama et al. 08, ..

Nno Massey & Hunter 98, Nurnberger & Petr-Gotzens 02, Espinoza et al. 09,
Ascenso et al. 09, ..

Stolte et al. 2006




Cr'owding problem !
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at the low-mass end

Lowest mass object formed? T T
] 0.5:1 - :
=~ Low-mass star > 0.08 M_,, e
1 g 1-5; i —:E\%Iﬂ:_ ; +[C 348 _
3rown dwarf 0.08-0.013M,,, Jfr% 1 :
letary mass <0.013M_,, o] M—‘m _EHm
zal "Opacity limit" at ~3Mg,, o Yo 040
't cool faster than it contracts) (om buhman 2004, ApJ617)

Observations are currently limited by sensitivity:
but also how to distinguish a real extremely low-mass
object from a background source?



Brown dwarf formation?

=~ Collapse of very low-mass cores; continuity of low-mass

star formation
—> Brown dwarf disks and outflows ? Yesl!

(e.g. Natta et al. 2004 A&A 424, Luhman et al. 2005 ApJ 635)

emature ejection from small N-body systems
(Reipurth & Clarke 2001, AJ 122)

— No binaries (just some close ones) !

2rosion of pre-stellar cores in the vicinity of massive
itworth & Zinnecker 2004, A&A 427)

> Strong environmental dependence !

High contrast imaging at high spatial resolution is
required, e.g. MAD



'_ D targeting the Orion Trapezium Cluster

g star cluster, ~1Myr

n- and low-mass star

mation, r~440pc

al. 2004,ApJ 610
05, MNRAS 361

varfs ?7?

B} VLT/ISAAC image (McCaughrean et al.



targeting the Orion Trapezium Cluster

H-band det.limit: 21.0mag
K-band det.limit: 19.8mag (3M

wp~ 19mag) &

Ultraviolet
Gas Bu L‘bl\r: Light

Wind Shock



NACO
sure time ~13min.

MAD
Exposure time ~12min

Faint objects detected
by MAD are confirmed
by NACO




ACO
ure time ~13min.




'_ wn dwarfs and planetary mass objects

~a=y 210 objects

ite binary brown-dwarf

All the PMO candidates
are new detections
Plus some of the BD
candidates

Sub-stellar IMF
in Trapezium Cluster
Center:

N(BD)/N(PMO) = 3.0

in Trapezium Cluster

periphery:
(Lucas et al. 2005, MNRAS 361)

N(BD)/N(PMO) = 3.2



Summary

3 {>> High binary/triple fraction among the youngest low-mass
protostars

Further study of separation distribution and higher order
multiplicity, outflows and protoplanetary disks

+= Top-heavy IMF in starburst clusters?
Resolve the cores and high-mass stars (!) into the individual
stellar components

wer mass cut-off of the IMF? Brown dwarf formation?
~ Study brown-dwarf multiples and the lowest mass objects
(in cores of stellar clusters)



