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Abstract. We present new integrated spectra in the range 
5600-10000 Á for 28 LMC and 3 SMC young star clusters. We 
measure the equivalent widths (W) ofprominent features and the 
continuum distribution. The analysis, supplemented by 8 addi
tional LMC clusters from our previous studies, indicates that the 
red supergiant phase is indeed very time-peaked, occuring from 7 
to 12 Myr. In addition to the previous case ofNGC 2004, we find 
that NGC 1805, NGC 1994, NGC 2002, NGC 2098 and NGC 
2100 as well as NGC 2011 to a lesser extent, are undergoing this 
phase. The red supergiant phase is clearly denoted by strong TiO 
bands and Ca n triplet as well as a flat continuum or in extreme 
cases a continuum with positive slope for À.> 6000 Á. In the SMC 
clusters, the molecular bands are weak, owing to metal deficiency, 
but we can show nevertheless that NGC 299 clearly belongs to the 
red supergiant phase as demonstrated by its spectral slope and 
enhanced Ca 11. We also find new evidence of another red phase at 
t;::J 100 Myr, possibly produced by AGB stars, in which the 
clusters NGC 2031 and NGC 2134 exhibit strong molecular 
bands like NGC 1866, a previously known case. Clusters between 
10 and 50 Myr have strong Hcx emission arising from Be stars, a 
phenomenon which occurs also in Galactic open clusters. From 
the LMC data set, it has been possible to identify 8 stages in the 
cluster spectral evolution from 5 to 500 Myr. We derive the 
corresponding average spectra which shall be useful for popula
tion synthesis of galaxies in which recent bursts of star formation 
have occurred. 
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1. Introduction 

Blue Magellanic clusters of a globular appearance are populous 
objects with integrated colours (B- V)< 0.4, which basically 
correspond to ages younger than a few 108 yr. Since the early 
study by Hodge (1961), analyses of their integrated light and HR 
diagrams have provided valuable information in the stellar 
content, dynamics and chemical evolution of the Clouds (Searle, 
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Wilkinson and Bagnuolo, 1980, hereafter SWB80; van den Bergh, 
1981; Cohen, 1982; Hodge, 1983; Freeman et ai., 1983). They 
impose important constraints on the stellar evolution theory 
(Chiosi et ai., 1988) andare very useful for population synthesis of 
galaxies with recent bursts of star formation (Bica, 1988). 

The evolution of their integrated light is very simple at short 
wavelengths: it can be merely described by the gradual disap
pearance of upper main sequence stars with minor influence of 
their !ater evolutionary stages (Cohen et ai., 1984). On the other 
hand, in the infrared the integrated light behaviour as a function 
of age is very complex. The J H K photometry shows the need for 
red supergiants to explain the colours of very young clusters 
(Persson et ai., 1983). Bica and Alloin (1986, 1987; hereafter BA86 
and BA87) using visible and near-infrared spectra have confirmed 
the red-supergiant effect in NGC 2004 at t ;::J 10 Myr and have 
also found an important red stellar content for NGC 1866 at 
t;::J 100 Myr. Evidence for the latter red phase can also be seen in 
the composite HR diagrams of Galactic open clusters (Mer
milliod, 1981a,b). Arimoto and Bica (1989) have compared the 
photometric properties of young LMC clusters with a model of 
star cluster evolution including red supergiant tracks from clas
sical stellar evolution models. The model, computed with a fine 
age step, produces a short red-supergiant phase at t ;::J 10 Myr. 
Another type of red stars shows up for clusters between 
20<tMyr- 1 <200. Such stars are certainly AGB stars from 
intermediate mass ( ;::J6M 0 ) progenitors (Chiosi et ai., 1988). 

In order to provide new constraints on the red stellar content 
ofyoung clusters and the related implication on modeling oftheir 
integrated light, we have increased through the present study, the 
number of blue Magellanic clusters with available near-infrared 
spectra. The total sample now contains 39 among the brightest 
and largest young clusters in the Clouds. In Sect. 2 we describe the 
observations and present the measurements. In Sect. 3 we make a 
comparative analysis of various spectral features and of the 
continuum slope. We also compare the present spectral results 
with those from infrared photometry. In Sect. 4 we derive an 
homogeneous set of age estimates for these clusters using the 
available HR diagrams and integrated colours from the blue
violet range. On the basis of these ages we then analyze the near
infrared spectral evolution. We identify eight spectral stages and 
generate the corresponding average spectra which will be useful 
for population synthesis of galaxies having suffered recent bursts 
of star formation (Sect. 5). Concluding remarks are given in 
Sect. 6. 

© European Southern Observatory • Provided by the NASA Astrophysics Data System 

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B


1
9
9
0
A
&
A
.
.
.
2
3
5
.
.
1
0
3
B

http://adsabs.harvard.edu/abs/1990A%26A...235..103B

