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HST and (Young) Extragalactic 
Star Clusters

❖ We now know that young (<1 Gyr), GC-like (≳105 M⊙, compact) 
star clusters are common in many different galaxies. 

❖ Current issues: 

❖ Disruption time scales / mechanisms (e.g. mass dependency)

❖ Mass / luminosity functions and their evolution over time

❖ Formation efficiencies (“field stars” versus clusters)

❖ Structural parameters (e.g. core/half-light/tidal radii)

❖ HST will continue to be a key resource for identifying and age-
dating cluster populations (through multi-passband imaging)

❖ This presentation: Photometry of individual stars in young, 
massive extragalactic clusters is now within reach



Why go extragalactic?

Simulated CMD:
  - Log t = 7.2
  - Mass = 105 M⊙.
6 blue and 16 red supergiants

❖ The most massive stars are rare and 
short-lived.

❖ Significant numbers of coeval 
samples only in young, massive (~105 
M⊙) clusters.

❖ Such clusters are themselves rare 
(only a few in Local Group)

❖ Need larger search volume!

Padua, Z=Z⊙



Uncertainties in SSPs

❖ Evolutionary tracks from 
different groups differ 
significantly for massive stars 
(e.g. treatment of mass loss, 
convection, rotation, etc.)

❖ Consequences for integrated 
properties predicted by SSP 
models



Whitmore, Chandar & Fall 2007

Luminosity versus age 
for star clusters in the 
“Antennae”

Consequences for cluster age-dating



Observed CMDs
(NGC 1313, ACS/WFC)

SFH

RSG/BSG problems

Reconstruction of CMDs

Synthetic CMDs 
(Padova isochr.)



YMCs in the MW
Westerlund 1: 
Mass ~ 105 M⊙  
Age 3.5 - 5 Myr, Distance ~ 4 kpc, AV~13 mag
(Westerlund 1961; Piatti et al. 1998; Clark et 
al. 2005; Kothes & Dougherty 2007)

Cluster of 14 M supergiants:
Mass ~2x104 M⊙ - 4x104 M⊙ 
Age ~10 Myr, Distance ~ 5.8 kpc, AV~25 mag
(Figer et al. 2006)

5’ = 8.4 pc @ 5.8 kpc

Rare and Hard to find!



NGC1569-B: Photometry of RSGs

About 60 red supergiants 
detected outside 2 Rhlr!
(largest number in Milky Way 
cluster = 26; Davies et al. 2007)

4 Larsen et al.

Three main compilations of atomic oscillator strengths are used,

namely the Kurucz database1 and those published by Bièmont &

Grevesse (1973) and Meléndez & Barbuy (1999). For further de-

tails we refer to Origlia, Moorwood & Oliva (1993); Origlia, Rich

& Castro (2002) and Origlia et al. (2003).

As was done for the YMC in NGC 6946, we estimated the ran-

dom errors on the derived quantities using a number of test models.

With respect to the best-fitting spectrum, we varied the temperature

by ∆Teff of ±200K, the microturbulence by ∆ξ of ∓1.0 km s−1,

gravity by ∆ log g of ±0.5 dex and abundances varying accord-
ingly by ≈ ±0.2 dex, in order to still reproduce the depth of the
observed features. By comparing the mean difference (δ) between
the observed and best-fitting model spectrum with the correspond-

ing δ-value for each test model, we found that the test models are
at best statistically significant at ≥ 2σ level, only. See Larsen et al.
(2006) for details.

Fig. 1 shows several regions of the cluster spectrum with the

most prominent features indicated. As noted in several previous

studies, the spectrum shows many absorption features indicating

the presence of red supergiants. The open circles are the observed

spectrum, the solid line the best fitting RSG model spectrum and

the dotted lines are models with a factor of two different abun-

dances from the best fit solution. Synthetic spectra with lower el-

ement abundances are systematically shallower than the best-fit

solution, while the opposite occurs when higher abundances are

adopted.

By fitting the full observed H-band spectrum and by measur-
ing the equivalent widths of selected lines, we obtained the stellar

parameters and abundance patterns listed in Table 1. Reference So-

lar abundances are from Grevesse & Sauval (1998). Among the

measured quantities are an Fe abundance of [Fe/H] =−0.63±0.08
and [O/H] = −0.29 ± 0.07 (i.e. 12 + log (O/H) = 8.54), which
combines to [O/Fe] = 0.34 ± 0.10. We also measure an average
[α/Fe]=0.31 ± 0.09 enhancement for the other α-elements and
12C/13C ≈ 5 ± 1. The latter ratio is even lower than the value we
found for NGC 6946-1447 (12C/13C = 8 ± 2). Isotopic 12C/13C
abundance ratios below 10 are quite common in Galactic red su-

pergiants (Lambert & Tomkin 1974; Tomkin, Luck & Lambert

1976; Gonzalez & Wallerstein 2000) and have also been found in

the cluster NGC 330 in the Small Magellanic Cloud (Gonzalez &

Wallerstein 1999). The fact that the observed 12C/13C values in

red supergiants tend to be lower than standard stellar models predict

(Schaller et al. 1992) may indicate that extra mixing mechanisms

are present.

To our knowledge, no previous determination of the Fe abun-

dance in NGC 1569 exists. Our value is similar to that of cool su-

pergiants in the Small Magellanic Cloud (Hill 1999). Our oxygen

abundance for NGC 1569-B, on the other hand, is more similar to

that of young stars in the Large Magellanic Cloud, although the

number of stars with reliable abundance determinations is small

(Rolleston et al. 2002). Our O abundance for NGC 1569-B is about

a factor of two higher than the commonly cited value of 12 + log

(O/H) = 8.19 ± 0.02 for HII regions in NGC 1569 (Kobulnicky
& Skillman 1997). Other measurements of the O abundance in

NGC 1569 come from Storchi-Bergmann et al. (1994) who derived

12 + log (O/H) = 8.37, intermediate between our value and that
of Kobulnicky & Skillman (1997), while Devost et al. (1997) got

12 + log (O/H) = 8.26. All these previous measurements refer to

1 http://cfa-www.harward.edu/

amdata/ampdata/kurucz23/sekur.html

Figure 2. Left: F814W image of NGC 1569-B. The circles indicate the re-

gion for which a CMDwas constructed. Right: The residual image produced

by DAOPHOT/ALLFRAME.

Figure 3. Colour-magnitude diagram for NGC 1569-B. The three curves

show the 75% (dashed line, red in the on-line edition), 50% (solid line) and

25% (dotted-dashed line, blue in the on-line edition) completeness limits

based on artificial object experiments.

the ionised gas, however, and we are not aware of any previous

measurement of the O abundance in NGC 1569 from stellar spec-

troscopy.

From the spectral fits we also measure a heliocentric radial ve-

locity of 〈vr〉 = −78 ± 3 km/s and velocity dispersion (corrected
for instrumental broadening) of ≈ 9.9 ± 1 km/s. This velocity dis-
persion is higher than the 7.5 ± 0.2 km/s found by Gilbert & Gra-
ham (2002), but agrees well with our measurement based on cross-

correlation analysis (§3.3.4). The radial velocity itself is in excel-
lent agreement with the optical radial velocity of NGC 1569 listed

in the Third Reference Catalogue of Bright Galaxies (−74 ± 17
km/s; de Vaucouleurs et al. 1991).

3.2 The cluster colour-magnitude diagram

3.2.1 Photometry

The HRC images show NGC 1569-B resolved into its brightest

constituent stars. This presents us with a welcome opportunity

to check the properties of RSGs derived from the spectral fits.

c© 2007 RAS, MNRAS 000, 1–13

Larsen, Origlia et al. 2008
Data from GTO-9300 (P.I: H. Ford)
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HRC F814W image and
residuals after ALLFRAME 
photometry



Keck/NIRSPEC H-band
Larsen, Origlia et al., 2008.

NGC1569-B: Near-IR spectroscopy
RSG properties 
- From spectra: 
    Teff = 3800+/-200 K
    Log g = 0.0 +/- 0.5
- From CMD:
    Teff = 3850 K
    Log g = 0.1

Abundances:
  [Fe/H] = -0.63
  [O/Fe] = 0.34
  12C/13C = 5



ACS/WFC images of YMCs
NGC1313-F1-1 NGC1313-F1-2 NGC1313-F2-1 NGC1313-F3-1

NGC1569-A NGC1569-B NGC2403-F1-1 NGC2403-F2-1

NGC2403-F2-2 NGC2403-F3-1 NGC3627-F1-1 NGC5236-F1-1

NGC5236-F1-2 NGC5236-F1-3 NGC7793-F1-1

Several young (<108 yr), 
massive (>105 M⊙) star 
clusters in nearby (~5 
Mpc) galaxies already 
imaged by ACS/WFC.

Resolution (of outer 
parts) into individual 
stars evident.

4”
~100 pc



NGC 1313: Z ~ ZLMC (Walsh & Roy 1997)

Observed and model CMDs



NGC 5236: Z ~ ZSun (Bresolin & Kennicutt 2002)



Z~ZLMC 
(Edmunds & Pagel 1984)

Z~ZSMC 
(Kobulnicky & Skillman 1997)



Simulated data

ACS/WFC, F435W ACS/HRC, F435W

M = 105 M⊙, Age = 30 Myr, D = 4 Mpc

Factor ~2 improvement in resolution - critical for 
crowded-field photometry!



The blue to red supergiant ratio

Eggenberger et al. 2002

Observed B/R ratio increases with Z.
Contrary to model predictions.
  - Mass loss?
  - Convection?
  - Rotation?

Does B/R ratio also depend on 
stellar mass? Expected from models, 
but current data insufficient to tell.

Field stars: confusion with main seq. 
stars; range of masses present.



B/R ratio in NGC1313-F3-1

Observed B/R ratio = 1.4 +/- 0.4
(log t ~ 7.7, MTO=7 M⊙, Z~0.008)

Model predictions:
  Padova - B/R = 0.73
  Geneva - B/R = 0.8

YMCs: constrain properties 
(Teff, log g) of RSGs and BSGs 
and the B/R ratio vs. age (mass) 
and Z.



Summary

❖ New and existing instruments on HST (ACS, WFC3) ideal for 
studying extragalactic star clusters.

❖ Need the maximum possible resolution to resolve individual 
stars.

❖ CMDs for several “young GCs” within reach!

❖ Combination of optical/UV colours will maximise resolution 
and provide stellar parameters for both hot and cool stars


