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ABSTRACT

We present observations of the most bright main sequence stars in the Small Magellanic Cloud stellar
cluster NGC 330 obtained with the integral �eld spectrograph MUSE@VLT. The use of this valuable
instrument allows us to study both photometric and spectroscopic properties of stellar populations of
this young star cluster.

The photometric data provide us a precise color magnitude diagram, which seems to support the
presence of two stellar populations of ages of� 18 Myr and � 30 Myr assuming a metallicity of
Z = 0 :002.

Thanks to the spectroscopic data, we derive helium abundance of 10 main sequence stars within the
e�ective radius Re� = 2000of NGC 330, thus leading to an estimation of� (He) = 10 :93� 0:05 (1� ).

The helium elemental abundances of stars likely belonging to the two possible stellar populations,
do not show di�erences or dichotomy within the uncertainties. Thus, our results suggest that the two
stellar populations of NGC 330, if they exist, share similar original He abundances.

If we consider stellar rotation velocity in our analysis, a coeval (30 Myr) stellar population, expe-
riencing di�erent values of rotation, cannot be excluded. In this case, the mean helium abundance
< � (He) > rot obtained in our analysis is 11:00� 0:05 dex. We also veri�ed that possible NLTE e�ects
cannot be identi�ed with our analysis because of the spectral resolution and they are within our derived
abundance He uncertainties.

Moreover, the analysis of the He abundance as a function of the distance from the cluster center of
the observed stars do not show any correlation.

Keywords: stars: abundances | techniques: spectroscopic | galaxies: Magellanic Clouds | galaxies:
individual: NGC 330

1. INTRODUCTION

NGC 330 has been early recognized as one of the most
populated (total mass of � 3.6-3.8 � 104 M � , Mackey
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� Based on observations made with the MUSE integral-�eld
spectrograph operating at the Very Large Telescope (Sierro
Paranal, Chile) during the commissioning of the instrument.

& Gilmore (2003); McLaughlin & van der Marel (2005))
and brightest young stellar cluster (� 30 Myr; e.g. Siri-
anni et al. (2002); Keller et al. (2000))of the Small
Magellanic Cloud (SMC) (Arp 1959; Robertson 1974).
The color-magnitude diagram (CMD) of the cluster dis-
closes a blue main sequence and two clumps of super-
giant stars, located in the red and blue part of the di-
agram, clearly recognizable and distinct from the main
sequence stars. These features can be understood in
terms of massive stars experiencing the core H-burning

ar
X

iv
:2

00
2.

02
90

6v
1 

 [a
st

ro
-p

h.
S

R
]  

7 
F

eb
 2

02
0

http://orcid.org/0000-0002-0786-7307
mailto: roberta.carini@inaf.it


2 Carini et al.

phase (main sequence) and the core He-burning phase
(clumps). Moreover, the presence of a quite high frac-
tion of Be stars is also well established (Feast 1991),
which makes the interpretation of this cluster compli-
cated and, at the same time, challenging (e.g., Caloi
et al. 1993; Grebel & Richtler 1992; Grebel et al. 1996;
Keller et al. 1999, 2000; Martayan et al. 2007b,a; Tanab�e
et al. 2013). Nevertheless, NGC 330 remains a very at-
tractive laboratory to improve our knowledge about the
stellar evolution theory and the physics of intermediate
mass stars born in a low metallicity environment such as
the SMC. For instance, from an evolutionary point-of-
view, the ratio between the number of blue and red su-
pergiants represents a fair indicator of the relative time
an intermediate mass star spends along the He-burning
loop. The quoted large fraction of Be stars (� 60%), al-
lows us to investigate the role of rotation in intermediate
mass stars (Grebel & Richtler 1992; Grebel et al. 1996;
Lennon et al. 1996; Mazzali et al. 1996; Keller & Bessell
1998; Keller et al. 1999; Maeder et al. 1999; Lennon
et al. 2003). Moreover, NGC 330 represents an inter-
esting cluster to investigate possible presence of mul-
tiple populations in a young, metal-poor environment
like the SMC. Multiple stellar populations are found in
the literature in Galactic Globular Clusters (GGCs, e.g.
Gratton et al. 2012; Piotto 2010; Gratton et al. 2019 and
reference therein). These latter systems are character-
ized by two (or more) groups of stars, one with the same
chemical abundance of halo stars, usually referred to as
primordial or �rst population (FG), and the other (the
second generation, SG) enriched in He, N, Na, Al and
poor in O and Mg with respect the FG stars(e.g. Car-
retta et al. 2009; Carretta 2015; Carretta et al. 2018).
In particular, the enhancement of the He abundance ex-
plains the peculiarities in the CMDs of these systems, as
the MS split and the blue tails of the Horizontal Branch.
The di�erence in helium between the populations can be
as high as� 0:1 � 0:2 dex in He mass fractionY (e.g.
D'Antona & Caloi 2004; Piotto 2008; Pasquini et al.
2011). This is con�rmed by Marino et al. (2014) who
provided the �rst direct spectroscopic measurement of
highly He-enhanced (Y � 0:34) second generation stars
in the Blue Horizontal Branch of the globular cluster
NGC 2808. The new paradigm for the interpretation of
these observations is that the GGCs are composed by
two (or more) populations of stars, the SG stars were
born from matter expelled by evolving stars of the FG
stars and nuclearly processed through the hot CNO cy-
cle. According to the theoretical scenarios that try to
explain the phenomena of the multiple populations in
GCs, the process of formation of the second generation
stars happened within 100-150 Myr from the formation

of the FG stars (D'Ercole et al. 2008, 2016; Decressin
et al. 2007; Bastian et al. 2013; Gieles et al. 2018).

In the recent years, the presence of multiple popu-
lations in Magellanic Clouds (MCs) Globular Clusters
(GCs), similar to those found in the Milky Way, has
been demonstrated by observational evidences. It was
indeed found that many star clusters in the Magellanic
Clouds show bimodal or extended main sequence turno�
(eMSTO) and dual clump in their color magnitude dia-
grams, suggesting the presence of the multiple popula-
tions of stars with possible di�erent ages (e.g., Mackey
& Broby Nielsen 2007; Glatt et al. 2008; Girardi et al.
2009; Milone et al. 2009; Goudfrooij et al. 2014). More
recently, in young stellar clusters (age less than 600 Myr)
have been observed not only the eMSTO, but also the
split of the MS, similar to that detected in Milky Way
GCs (Milone et al. 2015, 2016, 2017, 2018). These pho-
tometric evidences could be interpreted with the pres-
ence of stellar populations with di�erent ages, but also
with coeval populations with di�erent stellar rotation
velocity (e.g., Bastian & de Mink 2009; Brandt & Huang
2015; D'Antona et al. 2015; Marino et al. 2018). Un-
til now, spectroscopic studies of stars in MCs clusters
younger than � 2 Gyr do not show di�erences in light
elements between stellar populations of young massive
clusters (Mucciarelli et al. 2014; Martocchia et al. 2017),
contrary to what is observed in the GGCs. Only re-
cently, Lagioia et al. (2019b) have found traces of He-
enhancement (� Y � 0:010� 0:006 dex) in the second
populations stars of four � 6-10 Gyr extragalactic GCs
(NGC 121, NGC 339, and NGC 416) within the SMC.
This has been con�rmed by the analysis of Chantereau
et al. (2019). Moreover, in stars of GCs in the MCs
with age between 2 and 10 Gyr, di�erence in nitrogen
abundance have been observed(Lagioia et al. 2019a).

From these evidences, it is not clear if the young mas-
sive stellar clusters with multiple populations are the
younger counterparts of the old GGCs. In this context,
we started a project to investigate the stellar content
and the He abundance of the stars populating the SMC
young cluster NGC 330.

The presence of multiple populations in NGC 330 is
supported by the analysis of Chiosi et al. (1995), who
found for the cluster a spread in age of 10-25 Myr from
classical semi-convective models, and 10-48 Myr from
full and di�usive overshoot models. Li et al. (2017)
found that the rotation alone is not able to explain the
eMSTO of NGC 330. They also pointed out that an age
spread of 35-50 Myr can help in minimizing the prob-
lem. Instead, Bodensteiner et al. (2019) found an age
between 35 and 40 Myr. So the presence and/or the
origin of the age spread remains still unknown.
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Table 1. Selected parameters of MUSE in a nutshell and
relevant quantities of the observations.

Parameter Value

Number of IFU models 24 (images slicer +
spectrograph + CCD)

Wavelength coverage 4800-9300�A (nominal range)
Field of view 59" � 60" (WFM)

Spatial sampling 0.2" (WFM)
Multiplex factors 1152 slices, 90000 spaxels,

3700 wavelength bins
RA (J2000) 00:56:18.2

DEC (J2000) � 72:27:47.8
Mean seeing 1.300

Airmass 1.500

Texp 200 s
Mean spectral resolution 2.75 �A

The Multi Unit Spectroscopic Explorer (MUSE; Ba-
con et al. 2010) operating at the Very Large Telescope
(VLT) of the European Southern Observatory (ESO)
provided us the opportunity of obtaining simultaneously
photometric and spectroscopic data for a large number
of stars in NGC 330. Thanks to the exceptional observ-
ing capabilities of this instrument, in this work we inves-
tigate the presence of multiple populations and possible
star-by-star di�erences in helium abundance.

In the present paper, we describe the observations and
data reduction in Sect. 2, while the analysis of the
photometric data are presented in Sect.3, together with
the comparison to isochrones of di�erent ages and rota-
tion velocity to obtain hints on the presence of multi-
populations. The spectroscopic data analysis and the
measurement of He abundances are presented in Sect.
4. The e�ect of stellar rotation is also considered in this
section. The discussion on the age of the cluster and on
the radial distribution of He abundances are reported in
Sect. 5, while the �nal remarks are provided in Sect. 6.

2. OBSERVATIONS AND DATA REDUCTION

NGC 330 was observed with the integral-�eld spectro-
graph MUSE (Kelz et al. 2016) operating at the VLT
during the commissioning run in August 3rd, 2014. The
observation covered the central area of NGC 330, with
a �eld of view of � 1 � 1 arcmin2, a pixel scale of 0.20
arcsec/pixel and a total exposure time of 200 s. For
this observation the normal Wide Field Mode (WFM)
was used and the parameters of the instrument setup
adopted are summarized in Table 1.

The data reduction of the instrumental raw data from
the 24 CCDs was performed by using the MUSE pipeline

Figure 1. MUSE image of NGC330 at � � 4800 �A. North
is up and East is to the left.(For a color version of the �gure
see the electronic version of the paper).

(Weilbacher et al. 2014). This procedure provides a 're-
duced' datacube (two spatial and one wavelength axis)
where bias subtraction, at �elding, ux and wavelength
calibration are properly taken into account. Correc-
tion for instrumental and atmospheric e�ects, geomet-
rical calibration and sky subtraction are also performed
within the context of this pipeline. As a result of this
data reduction procedure, Fig. 1 shows the image of
NGC 330 at � 4800�A.

The region of NGC 330 covered by our MUSE observa-
tions is comparable with the annulus 'A' of Robertson
(1974) and allows us to analyze a sample of stars in
the very center of the cluster, where the �eld contam-
ination is low and most of the stars are members. On
the other side this implies that the e�ect of crowding
in NGC 330 should be evaluated. Since we intend to
derive a color-magnitude diagram of the brightest stars
populating NGC 330, two broadband images (using the
V and I pass-bands as de�ned by Landolt 1992) were
extracted from the datacube. In this way, we were able
to derive the photometry and color-magnitude diagram
directly from our data.

Moreover, we extracted from MUSE database the
spectra of a sample of ten B stars (Fig. 2). In par-
ticular, we selected one by one the stars su�ering less
severe crowding and, in case of moderate overlapping
point spread functions (PSFs), we took particular care in
extracting the spectra from the central region of the PSF
where the ux of nearby star was negligible. Clearly, this
implies a slightly lower signal-to-noise (S=N) for the se-
lected star but minimizes the contamination of nearby
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Figure 2. Observed CMD of NGC 330. The name of the
stars (designation from Robertson (1974)) analyzed in this
work are also reported.

star in the extracted spectra. Taking advantage of the
PSF analysis performed with daophot (Stetson 1987),
we obtained spectra which contain most of the ux of
the PSF (� 80%). Low values (� 80%) are due to the
safe selection we adopted in avoiding the contamination
from nearby stars. Therefore, we expect a negligible im-
pact of crowding on the spectrum extraction. The whole
spectrum of one of the selected stars (namely, A17) is
shown in Fig. 3 where the typical steepness and features
of B stars can be recognized.

The spectra were also corrected for atmospheric ab-
sorption features. We used the software Molec�t, a tool
distributed by ESO and based on synthetic transmission
spectra calculated by a radiative transfer code (Smette
et al. 2015; Kausch et al. 2015). Molec�t models the
most appropriate atmospheric pro�le (i.e., the variation
in temperature, pressure, and humidity as a function of
the altitude) at the time of the given science observa-
tions. As input it requires ambient parameters (e.g.
telescope altitude angle, humidity, pressure, ambient
temperature, mirror temperature, elevation, longitude,
latitude), instrumental parameters (e.g. slit width, pixel
scale), molecular columns (i.e. which molecules have
to be considered, which depend on the spectral region
analyzed), background and continuum (e.g. ux unit,
polynomial �t for continuum), spectroscopic resolution,
and so on. In the wavelength range of MUSE the rele-
vant molecules areO2 and H2O. A single atmospheric
pro�le is compiled from data from three sources: a
standard atmospheric pro�le for a given climate zone

Figure 3. The entire spectrum of the B star A17 in NGC 330
obtained with MUSE@VLT.

(produced for Michelson Interferometer for Passive At-
mospheric Sounding on board the ENVISAT satellite),
Global Data Assimilation System (GDAS) model pro-
�le, and the corresponding ground-based by the ESO
Meteo Monitor measurements (EMM). The �rst one in-
cludes information on pressure, temperature, and molec-
ular abundances as function of height. The second one is
provided by the National Oceanic and Atmospheric Ad-
ministration (NOAA) 1, which gives information about
the weather forecast for the location of Cerro Paranal to
an altitude of � 26 km. The third one provides informa-
tion on the local meteorological conditions in the ESO
site Paranal taken from a local meteo station mounted
on a 30 m high. After several iterations of the� 2 min-
imization procedure, Molec�t writes the best-�t spec-
trum for telluric correction. This process takes into ac-
count the optimization for scaling the wavelength grid
and the resolution of the model. On the basis of this �t,
the code calculates the atmospheric transmission for the
wavelength range of the input spectrum and corrects it
for telluric absorption. We applied this procedure for
each spectrum.

3. PHOTOMETRY AND COMPARISON WITH
ISOCHRONES

The V and I images have been analyzed by using the
daophot package developed to perform stellar photom-
etry in crowded �elds (Stetson 1987). The detection

1 http://140.90.198.158/pub/gdas/rotating






























