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Or:

How to use

stellar dynamics

as an interface between

systems of star clusters  (‘Macroscopic ')

and

forming star clusters _ (‘Microscopic )
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From embedded to exposed clusters

Geyer & Burkert (2001)
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Effects of gas expulsion - VIOLENT RELAXATION time
@ Cluster expansion
@ Cluster mass-loss and disruption (infant mortality/wel ght-loss)

(Some) Prime parameters:
@ SFE in cluster-forming regions

@ Gas expulsion time-scale:  Tggyp /Teross
@ Environment: External tidal field impact

Impact on the properties of young SC systems:
@ cluster mass function
@ cluster age distribution
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From embedded to exposed clusters

Geyer & Burkert (2001)
- —r

= =494
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Sk sl
Effects of gas expulsion - VIOLENT RELAXATION time
@ Cluster expansion
@lCIuster mass-loss and disruption (inIant mortality/wei ght-loss)

(Some) Prime parameters:
@ SFE in cluster-forming regions

@ Gas expulsion time-scale:  Tggyp /Teross
@ Environment: External tidal field impact

Leave an impact on the properties of young SC system S:
@ cluster mass function
@ cluster age distribution
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Star Cluster Mass Functions

Macroscopic: galaxy-wide, or multi-kpc scale
— mass distribution of star clusters
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What observers
tell us ...
No evolution of
the CMF shape over
the first few 10Myr

Ifbound IS
mass-independent

: what happens after 100Myr remains disputed ...
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Tidal Field Impact

TGEx rhalf —mass
I:bound SFE’ : )
[ cross rtidal Weak t.ff impact

(Baumgardt & Kroupa 2007) - O

Half —massradius: Iiy¢ _mass U Ioprg

8 | Limiting tidal radius:

ltidal — fenv X (mecl )1/3 = fenv X (SFE'mCFRg)l/3
\

Qluster Embedded
environment cluster

Strong t.f. impact

Mass
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Tidal Field Impact

TGEx rhalf —mass
I:bound SFE’ : )
[ cross rtidal Weak t.ff impact

(Baumgardt & Kroupa 2007) - O

Half —mass radius :
/

( )1/3 _ ( . s Strong t.f. Impact
ltidal 7 Tenv X\Meq ) = Teny X\SFE ' Q
(?Iuster Embedded
environment cluster

Mass
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The Mcery - reprg Dlagram as a Diagnostic Tool

log (1 crrg [PC])

3 4
log (M cerg [Mo] )
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The Mcery - reprg Dlagram as a Diagnostic Tool

log (1 crrg [PC])

3 4
log (M cerg [Mo] )
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The Mcery - reprg Dlagram as a Diagnostic Tool
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lerrg H MerFRg

log (1 crrg [PC])

log (M cerg [Mo] )
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Evolution of Young SC Mass Functions
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CFRgs:
mass-independent
infant weight-loss
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Constant ‘mean ' volume or surface density,

NOT ‘uniform’ volume or surface density

log(r)

A

WithinaCFRg:
zCFRg,rad (S) D S-p+1

WithinaCFRg:
IOCFRg,rad (S) L] S-p

» log(m)
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Constant ‘mean ' volume or surface density,

m’ volume or surface density

log(r)

A

WithinaCFRg:
zCFRg,rad (S) D S-p+1

Constant mean
surface density 2.,

WithinaCFRg:
IOCFRg,rad (S) L] S-p

Constant mean
volume density pcpgy:

rCFRg ] mgFBRg
, log(m)
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Evolution of Young SC Mass Functions
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Young SC Mass Functions
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Young SC Mass Functions

Constant
mean
volume
density:
No mass
dependence

Constant radius:
High mass
— quicker

0.5 |"CFRg = 0.5 pc n . ]
o [ferossIMyrli=117MerRg | W L 4 Parmentier & Baumgardt
1 15 2225 335 4 45 5 55 6 65 ° (submitted)

logo( McpRrg, My [M,])

Geneviéve Parmentier -  Bonn Max-Planck-Institut f flir Radioastronomie 16



Young SC Mass Functions
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A Volume Density Threshold for the Star-Forming Gas

& M SFR and dense molecular gas mapping in:

@ Entire galaxies
@ Galactic Giant Molecular Clouds
@ Galactic molecular clumps

®» the SFR scales as the mass of dense__ molecular gas: n ,,, > 10%m~3

» CFRgs of about constant mean volume density
(N, = few ny, )

» Conclusion identical as for
- the tidal field impact analysis
the crossing-time analysis
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Massive Star Formation (MSF) Limit

T KR

MSF clumps

Microscopic: pc-scale —
molecular clumps and
their star-forming content

' 1.33
\ _ clump
SF Metump = 870Mg
 Motte et al. pC

Tool to define ALMA targets
for MSF studies

Non-MSF
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Molecular clumps vs. CFRgs

Volume density

/

Low-density
outer
envelope:
Npo < Ny,

threshold

Ny = Ny,

%,

High-density
cluster-forming
region (CFRQ):

Mo > Ny,

Genevieve Parmentier -

Molecular clumps
have density
gradients:

2-zohe model

Dissociation between
the properties of

» molecular clumps
» and CFRgs
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What do we need to form a 10M  star?

. Molecular clump: m
e mclump
)

Npo = Ny, .
Star-forming gas:
Mcrrg > 150M,

Embedded cluster:
mecl > 5OMO

6 Most-massive star:
M. oy > 10M
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Massive Star Formation (MSF) Limit

Volume density
threshold f (mCFRg  Nin
N, =N
" : Irnclump J rcIump J p) ?

N
Interface rnCFRg B 150'\/'0
\ — n[h (m,max DlOMo)
Low-density High-density
outer cluster-forming
envelope: region (CFRQ):
nH2 < nth nH2 > nth rT]dump ) rc|ump ) p
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Massive Star Formation Limit
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& K Matching the slopes:
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Matching the intercepts:
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Dissociating the properties of
cluster-forming regions
from those of their host clumps:
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>
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Mass-radius relation -
e Molecular clumps: slope = 1.33

e Clump-contained CFRgs: slope = 3
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Macroscopic to Microscopic

Microscopic — {MSF clumps |
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Conclusions

Properties of young star cluster systems
— sharp insights into the clustered mode
of star formation
— star formation conditions determine
what mass fraction clusters lose as they age
— "Rosetta Stone’ to reconstruct galaxy SFH

Contact Details

v’ Slides of talks at:

v Written summary : arXiv:1107.3558 (proceedings)

v' E-mail: gparm AT mpifr-bonn.mpg.de
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