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  Total massTotal mass
101066  MMsunsun

R136: rich central clusterR136: rich central cluster

~10~1044  MMsunsun

      in 0.25 pcin 0.25 pc

‘‘DistributedDistributed’’ O-stars O-stars

Consistent withConsistent with
hierarchical clusterhierarchical cluster
formation?formation?

30 30 DoradusDoradus

Andersen et al 2007Andersen et al 2007



Initial conditionsInitial conditions

•• 101066  MMsunsun  in 50 pc radiusin 50 pc radius

•• Gaussian density distributionGaussian density distribution
•• Mean density:   2 Mean density:   2 MMsunsun    pcpc-3-3 ; n ~ 10 ; n ~ 1022 cm-3 cm-3

•• Barotropic Barotropic EOSEOS

•• TTinitinit  ~ 50 K~ 50 K

•• MMJeansJeans  ~ 250 ~ 250 MMsunsun

•• Turbulent support : Turbulent support : EEkinkin~~||EEgravgrav|  ; Mach 12.5|  ; Mach 12.5

•• 2.5 102.5 1077 SPH particles;     SPH particles;    MMminmin~ ~ 4 4 MMsunsun

•• Sink radii:  Sink radii:  0.05 pc0.05 pc

 log log T T

loglog ρ ρ

NO FEEDBACKNO FEEDBACK



Formation  of
very massive
stellar cluster

106 Msun in
100 pc

Forms ~ 6000
sinks

 with 105 Msun

Resolves to 4 Msun

Bonnell, Clark &
Zinnecker in prep



Evolution of massive clusterEvolution of massive cluster

Most massive
sink ~ 400
Msun

Max. cluster mass
density

            (0.25 pc rad)

~  105 Msun  pc-3

Total mass
in sinks
~105 Msun

Star formation over several Star formation over several Myr Myr : Age spreads: Age spreads

~ 6000 sinks



Mass density in sinksMass density in sinks

Mass density using 10
nearest neighbours

Mass density in 0.25 pc



•• Rich O-starRich O-star
clustersclusters

•• ~ isolated O~ isolated O
starsstars
•• ONC-likeONC-like

Both in  Msun  pc-3



Sink positionsSink positions

> 105 Msun  pc-3

> 104 Msun  pc-3

> 103 Msun  pc-3





Upper-mass limit?Upper-mass limit?
•• Massive stars formed by accreting from largeMassive stars formed by accreting from large

reservoirreservoir

•• Does a time limit imply mass limit?Does a time limit imply mass limit?

Salpeter IMF

D. Figer



FeedbackFeedback
from OB starsfrom OB stars

••  103 Msun  cluster

••  Ionisation Ionisation fromfrom
massive starsmassive stars
•• HII region one-sided HII region one-sided

••  Accretion continuesAccretion continues
relatively unimpededrelatively unimpeded

Dale et al. 2005



Feedback and AccretionFeedback and Accretion
•• Accretion largelyAccretion largely

unimpeded by feedbackunimpeded by feedback
•• Dale et al 2005; Dale et al 2005; Krumholz etal Krumholz etal 20052005

•• Escapes along preferentialEscapes along preferential
directionsdirections

Dale et al 2005Dale et al 2005



Triggering of star formationTriggering of star formation



Radiative Radiative driven implosiondriven implosion

•• Some SF triggeredSome SF triggered
•• 1/3 more stars1/3 more stars

•• Some just revealedSome just revealed

•• Can we tell which?Can we tell which?
•• Not from end-resultNot from end-result

•• Need observableNeed observable
tests, predictionstests, predictions



Winds/outflowsWinds/outflows
from young starsfrom young stars

J. Dale

Weakly collimated flow

Externally collimated flow



Winds have moderate effect on accretion rates

Feedback from stellar winds



No winds

 collimated

isotropic

isotropic

 collimated

No winds



Monte Carlo: Monte Carlo: Radiative Radiative transfertransfer

Robitaille et al 2006



RT: a simplified approachRT: a simplified approach

•• fudge to MC modelsfudge to MC models

νν  a: 0.33 M < 10 a: 0.33 M < 10
νν  a: 1.1   M > 10 a: 1.1   M > 10
νν  q: -0.4  to -0.5 q: -0.4  to -0.5

Overestimates feedbackOverestimates feedback
•• Spherical symmetricSpherical symmetric
•• IsolatedIsolated

•• Underestimates column densitiesUnderestimates column densities
•• Ignores cluster structure, discs etcIgnores cluster structure, discs etc
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•• 1000 1000 MMsunsun  clustercluster

•• T 10-100KT 10-100K

•• FragmentsFragments
•• EarlyEarly
•• LargeLarge

separationsseparations

•• LaterLater
fragmentationfragmentation
suppressedsuppressed

•• Heating fromHeating from
massive starsmassive stars

Hot Cores



•• ClusterCluster
formation withformation with
MC-RT fudgeMC-RT fudge

•• Upper limit onUpper limit on
radiativeradiative
heatingheating

Early fragmentationEarly fragmentation
unaffectedunaffected

•• 1/4 of stars1/4 of stars



Accretion in hot coresAccretion in hot cores

Forms massive starsForms massive stars

•• But fewer starsBut fewer stars
•• higher mean masshigher mean mass

•• Shallow IMFShallow IMF

    No late formation ofNo late formation of
massive cores inmassive cores in
clustercluster

•• Infalling Infalling gas accretedgas accreted



ConclusionsConclusions

•• Massive SF in Massive SF in 30 30 DoradusDoradus  consistent withconsistent with
hierarchical cluster formationhierarchical cluster formation

•• age spread ~ several age spread ~ several MyrMyr

•• ‘‘DistributedDistributed’’ O-stars should have small clusters O-stars should have small clusters

•• FeedbackFeedback
•• DoesnDoesn’’t stop competitive accretiont stop competitive accretion

•• Maximal Maximal radiative radiative feedback will change feedback will change IMFsIMFs

•• No massive cores form in clustersNo massive cores form in clusters


