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Star Clusters as Galaxy Evolution Tracers

Lenticular galaxy NGC4570

Star Clusters: Why do | care? Kotulla," Fritze & Anders 2008

©

> |dentified on a one-by-one basis against the
background of their host galaxy

> Cluster spectrophotometry  — cluster age, o U PR
cluster mass and cluster metallicity (estimates) |

» Comprehensive view of galaxy-evolution over the pas t Hubble-Time:
> Chemical evolution (cluster age vs. cluster metalli city)

» Interaction/merging history (cluster age distributi on)

To recover the star formation history of galaxies f rom their star clusters
> |s the ‘Holy Gralil’ of this quest
» But star clusters dissolve with time ( = give off t heir stars to the field)

> Cluster age distribution of a galaxy is an encoded record of its star

formation history @
.
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Dissolution rate of star clusters
> |s heavily initial-conditions -driven

» Depends on the efficiency with
which cluster progenitors convert
their gas into stars

> The lower the efficiency, the greater
the likelihood of dispersing the cluster
stars into the field when the residual
star-forming gas is expelled

What does the Star Formation Efficiency
of star-cluster progenitors depend on?

» Recent observations of star-
forming molecular clouds in the
Solar Neighbourhood

(Gutermuth et al. 2011 )
suggest a gas-density- Zgas U
dependent efficiency
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Star Formation Efficiency per Free-Fall Time  (&x)

Star Formation Efficiency & _ 3 Krumholz &
| i = McKee 2005
per Free-Fall Time 7T 32G Pyas chee
> Denser
For any given time-span after the onset
of star formation: molecular-gas regions > Faster
of higher density achieve higher SFEs
®» Consequences on the scale of » Higher SFE

individual cluster-parent clumps?

> molecular clumps have
volume density gradients

?}' SFEcentre >> SI:Eouts:kirts T (a
is expected T, wueddiRp 1

IIIIIIIIIIIIIIIII
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Star and Gas Volume Density Profiles

MonR2 cloud: M ., = 25,800Mg
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Density profiles:

> Peiars (1) Steeper
than initial pg (")

> Pgas(r) gets

shallower with time @
. G\
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Movie: Gas Depletion and SFE Increase

Time t = 1.0Myr Time t = 1.0Myr
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» Measured mean SFE depends on:

= Where (which spatial scale)?
= When (time-span since SF onset)?

> |Impact on cluster survivability after gas expulsion
(low mean/global SFE does not necessarily imply cluster

disruption -- see Adams 2001) @
, O
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Denser Means Faster: Local & Global

s 2T

Denser means faster Global SFE(t)= M g5 (t)

2 True on the local scale M dlump

— evolution of clump radial profiles whereM g,s(t) isthestellar mass
(previous slide) of thewholeclumpat timet

> True on the global scale too TR EumpeTTTTTT
— evolution of the clump as a whole < p>=10°Mg [pc® < p>=102M , [pc™
(this slide) L= :g_gzmiﬁ Ty i:ﬂﬁm“

— Conseq for cluster stellar age spreads

1 — « Note that after 17

1 Global SFE = 16%,
{ not 10%

1 * Due to clump

1 central mass

1 concentration

1 [PL(-2)] — see also
.1 Tan+ 2006 and
Elmegreen 2011

0.75 |

0.5 |

Global SFE

0.25 |

Time t [Tg (t=0)]
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T, Clump
.. #7 centre
z 0 L @70
YSO © gt 7 t=2.0 Myr --ese
wo0leg” t=05Myr - -
- f"l Gutermuth+ 2011 Scaling ------- -

Clump 100 1000

outskirts
>  [Mgpc?]

gas

Local Star Formation Law

Relation between the local surface
densities of molecular gas and YSOs:

250~ 1032, at t=2Myr

for the adopted M, R, &
(Parmentier & Pfalzner 2013)
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Figs 1,4,6,9, Gutermuth+(2011)
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The model

prediction is a
clump_ SF law,
not a cloud SF

law

Local Star Formation Law

_40 _90 0°
T — T
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- "W o A AR S T
- = _Orion Cloud
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Right Ascension

The Orion cloud is a
collection of many
clumps, hence the
cloud-like aspect of
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3D vs. 2D Perspectives — Measured €,p

» Observed (2D) OBSERVER

3p (I)

local efficiencies los — . e
< Actual (3D) local €20 > . v |
efficiencies
€0 < &p
1 !
p0=_1,5 — e
0.8 _p0=17€r B .
Pp=19 s 2 S
O 06 [Gutermuth+2011  m g €,p vs. residual gas X
W < (as if observed)
0.4
» Gutermuth+(2011) obs W
02 - > Model — correct orders of
0 -] mag despite simplifying hyp.
10' 10” 10° 10 @ Spherical symmetry

-2 .
T, MopcT] @ Single power-law @
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Denser Is Faster — Cluster Stellar Age Spreads

> Clump SFR evolution ClumpA: " Cumpc:

normalized to initial value < p>=10°Mg (pc° < p>=102Mg e

o SFR decreases with time ﬂ m

(t) decreases

gas Age [Myr] of stars formed at time t for t,,s = SMyr
* T¢(t) gets longer 5 45 4 35 3
100 g=veor I T e o e e s e
> Low-density Clump C: """"""'""“‘"““E‘-‘-’-‘-‘-’-’-'-'-'-1‘-'-'.'.‘.'.‘.'_'_‘_'_'5
. OW initial gas de
shallow slope i C,ump c ___hS'ty_
* slow evolution Z 10 e
e limited SFR IS
variations = ; ;
i i - Er =01 C/I h’nlt/a/ :
> High-density Clump A: : | UMmp 4 9as g, nsip ]
. steep slope N Paump U T | | -
. : 108 e
fast evolution o 5 0.5 { it 5
e strong SFR variations Time t [Myr]
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Denser Is Faster — SFR Half-Life Time, t 4/,

ClumpA: 7 Clumpc: T
> Half-life time of SFR, t ,,:€p ; _3 , .
; - =10"M =10°M
« in low-density gas <P oc” <p> o e

. t,,is long Ttz ZO0ZMYT - T oo =O.74AMYT

°in high-density gas Age [Myr] of stars formed at time t for t,,s = SMyr
— [, Is short 5 4.5 4 3.5 3
L 100 7 T T T T T T T T T T T T
> Half-life time of SFR, t ;,, - ____‘_‘_-_-_—_f_-_-_-_._-<>,____ seisizziziiiiiiiiiiiie- ;
s a clump der_15|ty i Low initial gas dens,ty ;
indicator for given R T, ST S— C'ump C. T
. = F
* star formation <
efficiency per free-fall s :
tme, & z ey = 0.1 C/'Qh /n/t/a/ :
(smaller efficiency — — | “Ump 4 9as g .
_ Or-2 - ®nsjpy,
— slower) P clump : :
. . . 10_3 11— I T T N R
clump density profile, 5 s i L 5
pclump Time t [Myr]

hallower lower -
(shallower — slower) Parmentier, Pfalzner & Grebel (subm)@
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Clump SF Histories - Binning

> Same models: different result ClumpA™ 7 ClumpC:
presentation < p>=10°Mg [pc™® < p>=10°Mg [pc™>

» Assuming a SF duration of 2Myr, | Tiazo Z00MYT - Timo Z0-74MYT

distribution of the stellar mass % 18
formed at t=2Myr as a function of =
time (bin size = 0.1Myr): g
.
» Binning alone conceals the short £ 1071
SFR half-life time of high-density "E
: =2 :
clumps; e.g. .
(tyo,= 0.05Myr) < (Binwidth =0.AMyr) = [ . | .
= 0 0.5 1 5.5 2
= In case of high-density/fast- Time t [Myr]
evolving clumps, only an upper |
limit (> =0.1Myr, the bin size) to Parmentier, Pfalzner

the half-life time is recovered & Grebel (subm) @
13 ( Y
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From Clump SFHs to Stellar Age Distributions

0.5 r A AR AR R BRSSPy
CIumpA | f ; _obs SMy]
0.4 _{pO} IESMOPC"S . — .........

e |

> The SFR half-life time, t ,,,, IS one

driver of the FWHM of linear stellar

age distributions in clusters
ClumpA:
<p>=10°Mg [pc™® < p>=10°Mg [pc>
T t=0 = 0.02Myr T =0 = 0.74Myr
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measured FWHM larger than
SFR half-life time , t ,, (in
addition to binning effect)

» Denser Is Faster: Model

outcomes consistent with stellar

age spreads in Wd-1 and

NGC3603 narrower than that of
the ONC (Kudryavtseva+2012,

Reggiani+2011)

> Stellar age distribution often

guantified by its width. Other
Interesting parameters:

e skewness

e kurtosis (Jeffries+2011)

> Logarithmic stellar age

At .

Genevieve Parmentier

Measured Cluster Stellar Age Distributions
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Stellar Age Distributions — A Comment

» Observed accelerated SF on the old side of the age
distribution could be the imprint of age errors

<
—

LI | T TT | T 1T T TT T T 1T : T I[ _I SM

- ClumpC p. Obs Epey

L 3 y end
0075 <p0> ....... 1 EZMQPC ...... -.—01_6
Intrmsm —e— 5 i ' ]

0.05

0.025

Age distribution [Normalized]
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Conclusions

Multi-pc scale Multi-kpc scale

—~ \
o4 ag L
', 100.0
(= 2
= ! 5
E 100 2 'Ré 10 L
o 18 C wfill .
O."I 6.5 T 75 B B5
logfage [years])
10 10_% M |t | Parmentier+
Egas (MG‘! pc ) ultl- pC Sca e: - (Sme)
CIumpC : 'End EMyr

All these topics are related:

» High SFE in high-density gas

» Greater survivability of clusters
formed out of high-density gas

=» Narrow stellar age spreads for clusters NIRRT .
formed out of high-density clumps 225 3 35 4 45 5 55 6

0075 <p0> 1E2MG pc
L Intrinsic —o—
0 25Myr ——

Age distribution [Normalized]

®» Slides: wwwstaff.ari.uni-heidelberg.de/mitarbeiter/gparm/ta lks.html
®» Movies: wwwstaff.ari.uni-heidelberg.de/mitarbeiter/gparm/mo vies.html
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