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Setting the Scene: Star Clusters (SC)

as Powerful Tracers of Galaxy Evolution

Spiral NGC 6946
Star Clusters (SC): ' Larsen 2002

>» Groups of coeval FT R ERE s
gravity-bound stars [y e S S

>» Help us probe the
Universe in both
space and time

5 '[?iStlél'r'](I:_"e;_'fs Mpc: " |

‘The Antennae’ NGC4038/9
ongoing galaxy merger
Whitmore & Schweizer .«

- Elliptical galaxy M49
Jordan+04

e

Distance: 3.6 Mpc
Yun, Ho & Lo 1994

APOD971022

Distance: 18 Mpc B Distance: 20Mpc
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Setting the Scene: Star Clusters (SC)

as Powerful Tracers of Galaxy Evolution

# Star Clusters (SC): Jordan+04 (ACS Virgo Galaxy
' Cluster Survey I, fig6)

> Compact groups of stars — identified on a e

one-by-one basis against the background of Elliptical galaxy M49

- their host galaxy ' '

R Multi-band imaging of SC systems:

» Cluster magnitudes & colours combined
to Stellar Population Synthesis Models

— cluster age, mass, metallicity estimates Background-subtracted
image
: : @ Qs
Comprehensive view of galaxy-: e @ q

> chemical enrichment history, - . @OG% :
()

® % C@ OO
> interaction history, v o h o B
> star formation history (SFH) - @-'G}.' e -
over the past Hubble-Time S e
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Setting the Scene: Star Clusters (SC)

as Powerful Tracers of Star Formation

@
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= . '°[ Larsen 2002, figlla 2
g g>145- NGC1705 M
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= 1 But SCs = encoded
o : 1 record of the SFH
e | x°r 1 of their host galaxy
o \\\at 1
> % aet _-
.a G\\) [ L ..)K.....l Lol ool Lol ool L .......-
_CEJ 107" 100 10" 102 107 10% 10°
g AL y High level of star
— SFR formation activity
Surface density of the SFR of the host galaxy
Q « Do most stars form in clusters ?

e Or does it exist two modes of star formation (diffu se and
clustered) but with some correlation between the tw 0 modes?

Genevieve Parmentier -  Heidelberg Astronomisches-Rechen Institut 4 /



Observed Young Star Cluster Mass Functions

Macroscopic: galaxy-wide, or multi-kpc scale
— mass distribution of star clusters

& [ LI'-.-!:I'. | | IT11|5 'i"'nI:-I:Ir'h d_N |:| m_2
0 ] : =t1-':l 11;;:; | dm
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= (a.=-2.0) : = LIm
5 2f : dlogm
E _ J
© - 1
= -4r - What observers
o | ] tell us ...
ol ) No evolution of
) the CMF shape over
[ the first few 10Myr
_E | | 1 1 | |
2.5 3.5 4.5 5.5 Cluster mass-loss is
log (m [M,]) mass-independent

Note: what happens after 100Myr remains disputed ...
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Evolution of Young SC Mass Functions

1/2 - Tidal Field Impact: r |, /r

Weak
t.f. impact Vit —mass

= 1:env X (IOCFRQ )-1/3

/ o /
Cluster

environment

Strong t.f. impact

For a given environment,

 higher mass-losses
due to gas expulsion

o if higher tidal field impact

* e.9. smaller CFRg densities

ﬁ
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The Mcery - reprg Dlagram as a Diagnostic Tool
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rcrrg Dlagram as a Diagnostic Tool

1/3
rCFRg U mCFRg



Young SC Mass Functions - Tidal Field Impact

100000

CIMF, [40-50]Myr —=—

R M e | Ao B Constant Mean
s L 2CrRg Surface Density
E e || o CFRgs:
S ol S el When more massive
% btk LY i means more vulnerable
1 | |

2 25 3 35 4

log (m[M]) -

Constant Mean
Volume Density

CFRgs:
mass-independent
infant weight-loss

log (dN / dlogm)

log (m [M ])
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The cluster crossing-time: your basic time-unit!

A star cluster does not care
about how long it takes for the T

earth to revolve around the sun! Cross
The basic time-unit is the
cluster initial crossing-time |

IOCFRg

-1/2

not the year or Myr

(Parmentier & Baumgardt 2012 )

NGC 3370 - APOD050514 —
Hubble Heritage Team, A. Riess
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r 135 / (rCFjo
f Meprg

Exact coefficient

depends on

density profile
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dN/dlogm

Evolution of Young SC Mass Functions

2/2 — Cluster Evolutionary Rate

Simulations of star clusters
with the most massive

clusters the densest ones =
(constant radius) — higher o
mass objects evolve at a =z
quicker rate. 2
(@)
o
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log (m[M,])
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T = =10 kyr -
T=10-100 Myr o |
T 100 1000 Myr &
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:175 drﬁ 55
log (m [M.])
Observations of star

clusters in the Large
Magellanic Cloud
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A Volume Density Threshold for the SF Gas ?

* Pcrrg = CONStant :

e [nteresting since:
@ Entire galaxies
@ Galactic molecular clumps

®» SFR scales as the mass of
dense molecular gas: n , >

®» CFRgs of about constant mean

provides the most robust solution to the
time-invariant shape of the cluster mass function

SFR and dense molecular gas mapping in:

Threshold Paradigm:

104cm 3

volume density (n,, = few n

Genevieve Parmentier -

th)
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A Volume Density Threshold for the SF Gas ...

* Pcrrg = CONStant :

e [nteresting since:

@ Entire galaxies
@ Galactic molecular clumps

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

®» CFRgs of about constant mean
volume density (n,, =fewny)

- the tidal field impact analysis
- the crossing-time analysis

provides the most robust solution to the
time-invariant shape of the cluster mass function

SFR and dense molecular gas mapping in:

Threshold Paradigm:

Genevieve Parmentier -  Heidelberg Astronomisches-Rechen Institut

= Same scaling (constant mean volume density) as from:
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... cannot be the only explanation

But what for the star-forming regions of the Solar Nei ghbourhood?
Spitzer-telescope observations: star formation can proc eed Iin
low-density _environments too ...

Threshold Paradigm:

Probability Distribution Function

T Paradigm:
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Star Formation Efficiency per Free-Fall Time:

Star Formation Efficiency &€ I = 37 Krumholz &
per Free-Fall Time T 32G p, McKee 2005

For any given time-span after the onset
of star formation: molecular-gas regions

&

of higher density achieve higher SFEs

®» On the scale of individual molecular
clumps

» volume density gradients —>—>

»  SFE enre >> SFE kit > Denser

@ Consequences?
» Faster

» Higher SFE
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Immediate consequences of the &, concept

d}:&
$
}
G Local %
- SFE
' > Density profiles:
p«(r) steeper than p(r)
» Radially-dependent local SFE ¢ stdr survivar
Adallns (2000)
> >
r
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Immediate consequences of the &, concept
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> Local star formation law
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Star and Gas Volume Density Profiles
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Density profiles:
> p«(t,r) steeper
than p,(t,r)

> pg(t,r) shallower
than p,(t=0,r)
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Local Star Formation Law [Conseq. 2]
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Cluster Survival Made Easier [Conseq. 1b]

€,p(r) radially-varying

Time since star-formation onset: | »= clusters survive
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From the Cluster Mass Function
to the Local Star Formation Law

Conclusions:

Microscopic: star-forming
region few-pc scale
— |local star formation law

Macroscopic: galaxy-wide,
or multi-kpc scale — mass
distribution of star clusters
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