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Abstract. The blue compact dwarf galaxy NGC 5253 hosts a very young starburst containing
twin nuclear star clusters. Calzetti et al. (2015) find that the two clusters have an age of 1 Myr,
in contradiction to the age of 3–5 Myr inferred from the presence of Wolf-Rayet (W-R) spectral
features. We use Hubble Space Telescope (HST) far-ultraviolet (FUV) and ground-based optical
spectra to show that the cluster stellar features arise from very massive stars (VMS), with masses
greater than 100 M�, at an age of 1–2 Myr. We discuss the implications of this and show that
the very high ionizing flux can only be explained by VMS. We further discuss our findings in the
context of VMS contributing to He ii λ1640 emission in high redshift galaxies, and emphasize
that population synthesis models with upper mass cut-offs greater than 100 M� are crucial for
future studies of young massive clusters.
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1. Introduction
NGC 5253 is a blue compact dwarf galaxy at a distance of 3.15 Mpc (Freedman et al.

2001, Davidge 2007). It hosts a very young central starburst; the near-absence of non-
thermal radio emission suggests that very few supernovae have exploded so far (Beck et al.
1996). The galaxy contains many young massive clusters, which display W-R emission
features, suggesting that the burst is 3–5 Myr old (Campbell et al. 1986, Schaerer et al.
1997). The metallicity of NGC 5253 is 35% solar (Monreal-Ibero et al. 2012). Observations
at radio wavelengths show that the central region is dominated by a massive ultracompact
H ii region (Turner et al. 2000). Alonso-Herrero et al. (2004) used the Near Infrared
Camera and Multi Object Spectrometer (NICMOS) on HST to discover a double nuclear
star cluster with the two components separated by 0′′.3–0.′′4 (≈ 5 pc). The eastern cluster
coincides with the peak of the Hα emission in NGC 5253 and is the youngest optical star
cluster identified by Calzetti et al. (1997). The western cluster is very reddened and is
coincident with the ultracompact H ii region (Turner et al. 2000).

Recently, Calzetti et al. (2015) presented a detailed analysis of the two nuclear clusters
(#5 and #11 in their terminology) using HST imaging from the FUV to the IR. By fitting
their spectral energy distributions (SED), they find that the two clusters are extremely
young and massive with ages of only 1±1 Myr and masses of 7.5×104 and 2.5×105 M� for
#5 and #11 respectively. In Fig. 1, we show the central region of NGC 5253 containing
the clusters #5 and #11, taken from Calzetti et al. (2015). The young ages contradict the
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Figure 1. Three-color composite of the central 20′′ × 16′′ (300 × 250 pc) of NGC 5253 from
Calzetti et al. (2015). The 11 brightest clusters from this study are identified with circles and
numbered. The inset shows a detailed view of the two nuclear clusters #5 and #11, which are
separated by a projected distance of 5 pc. The small circles correspond to the peaks of the
radio emission (Turner et al. 2000). The absolute astrometric uncertainty of the HST images is
comparable to the radius of the larger circles (0′′.2).

values of 3–5 Myr inferred from the presence of W-R stars in cluster #5 (e.g. Monreal-
Ibero et al. 2010). We consider here whether the W-R features could instead arise from
hydrogen-rich very massive stars (VMS; masses > 100 M�). The full study is described
in Smith et al. (2016).

In a series of papers studying the core of the cluster R136 in the 30 Doradus region
of the Large Magellanic Cloud, Crowther et al. (2010, 2016) used FUV spectra obtained
with spectrographs on HST to determine the masses of the most massive stars using
modelling techniques. They found that the R136 cluster is only 1.5 ± 0.5 Myr old and
contains eight stars more massive than 100 M�, with the most massive star (called
R136a1) having a current mass of 315± 50 M�. The four most massive stars account for
one-quarter of the total ionizing flux from the star cluster. These VMS have very dense,
optically thick winds and their emission-line spectra resemble W-R stars, but they are
hydrogen-rich and on the main sequence.

2. Observations and Results
We obtained FUV Space Telescope Imaging Spectrograph (STIS) and Faint Object

Spectrograph (FOS) spectra of cluster #5 from the Mikulski Archive for Space Telescopes
(MAST). The STIS G140L spectrum covers 1150–1730 Å with a spectral resolution of
1.8 Å. The FOS G190H spectrum has a resolution of 3.8 Å and covers 1590–2310 Å. The
two spectra were merged in the overlap region.

In Fig. 2, we compare the HST/STIS+FOS spectrum of cluster #5 with the integrated
HST/STIS spectrum of R136a from Crowther et al. (2016). The similarity between the
two spectra is striking. The strengths, widths and velocities of the Nv, Ov and C iv lines
are in excellent agreement between the two spectra. The crucial VMS spectral features are
the presence of blue-shifted Ov λ1371 wind absorption, broad He ii λ1640 emission, and
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Figure 2. Integrated HST/STIS spectrum of R136a from Crowther et al. (2016) compared
to the HST/STIS+FOS spectrum of cluster #5. The R136a spectrum has been scaled to the
distance of NGC 5253. The flux is in units of 10−15 ergs cm−2 s−1 Å−1 .

the absence of a Si iv λ1400 P Cygni profile (expected in classical W-R stars). Crowther
et al. (2016) find that 95% of the broad He ii emission shown in the R136a spectrum in
Fig. 2 originates solely from VMS. Thus, the presence of this feature in emission together
with the Ov wind absorption indicates a very young age (< 2 Myr) for cluster #5 and
a mass function that extends well beyond 100 M�.

We have also obtained high spectral resolution spectroscopy across the starburst core
of NGC 5253 with the UV-Visual Echelle Spectrograph (UVES) at the Very Large Tele-
scope (VLT). This spectrum covers 3100–10360 Å and thus both the blue and red W-R
bumps. The red bump due to WC C iv λλ5801, 5812 emission is absent. The blue bump
corresponds to the W-R emission features of N iii λ3634–4641, C iii λ4647–4651 and He ii

λ4686. We show this region in Fig. 3. Broad He ii emission (1450 km s−1) is the only
W-R feature present. N iii is present but narrow and the individual line components are
resolved. They are likely to be nebular in origin, although detecting these transitions is
unusual. We also detect nebular He ii λ4686. The blue bump region of the VMS in R136
is dominated by strong broad He ii λ4686 with N iii absent (Caballero-Nieves et al. in
prep.). From this, the optical signature of VMS is strong and broad He ii λ4686 emission
and N iii λ3634–4641 absent.

3. Discussion and Conclusions
We have examined UV and optical spectroscopy of cluster #5 in the nucleus of NGC

5253 with the aim of reconciling the extremely young age of 1± 1 Myr found by Calzetti
et al. (2015) with the presence of W-R features in the cluster spectrum. Specifically, we
have investigated whether the W-R features arise from hydrogen rich, very massive stars
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Figure 3. VLT/UVES spectrum of NGC 5253-cluster #5 in the region of the W-R blue bump.

with masses greater than 100 M�. We conclude from the UV and optical comparisons
with R136 that cluster #5 is very young with an age of less than 2 Myr and that the
broad He ii emission is produced by VMS that have dense, optically thick winds and
show W-R-like emission features while they are on the main sequence.

The presence of VMS in the nuclear region of NGC 5253 can explain the very high
ionizing flux of Q(H i)= 2.2× 1052 s−1 for the central 5 pc region (Turner & Beck 2004).
Previous studies (e.g. Turner et al. 2015) have assumed an age of 3–5 Myr and found that
the predicted ionizing fluxes from Starburst99 (Leitherer et al. 1999) significantly under-
predict the ionizing flux, unless a top heavy initial mass function is assumed. Calzetti
et al. (2015) likewise find that 50% of the ionizing flux is unaccounted for using a lower
age of 1 Myr and SED modelling with an upper mass cut-off of 100 M�. For R136,
Doran et al. (2013) find that Q(H i)= 7.5 × 1051 s−1 and that the four most massive
VMS produce 25% of this ionizing flux. We find that the extra ionizing flux needed for
the central 5 pc of NGC 5253 at an age of 2 Myr over Starburst99 (with an upper mass
cutoff of 100 M�) is the equivalent of 12 VMS. This number seems reasonable given the
six times greater mass for clusters #5 and #11 compared to R136.

The FUV spectrum of cluster #5 is representative of a very young, nearby, low metal-
licity, nuclear starburst. It bears a striking resemblance to the UV rest-frame spectrum
of Q2343-BX418 (Erb et al. 2010). These authors suggest this z = 2.3 young, low mass,
low metallicity galaxy is a plausible analogue to the young, low metallicity star-forming
galaxies at z > 5. Q2343-BX418 has broad He ii λ1640 emission, and nebular emission
from O iii] λλ1661, 1666 and C iii] λλ1907, 1909. The C iii] equivalent width of 7.1 Å is
very similar to the value of 7.7 Å that we measure for the FOS spectrum near cluster
#5.

The James Webb Space Telescope (JWST) will obtain rest frame UV spectra of high
redshift star-forming galaxies. These spectra may reveal the presence of VMS through the
presence of broad He ii λ1640 emission and Ov λ1371 wind absorption, and the absence
of Si iv λ1400 P Cygni emission. Population synthesis models typically have upper mass
cutoffs of 100 M�. For all studies near and far, it is crucial to extend these into the VMS
regime to correctly account for the radiative, mechanical and chemical feedback, which
will be dominated by VMS for the first 1–3 Myr in star-forming regions.
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