Our OWN STARBURST

IN THIS ARTICLE WE PRESENT THE FIRST RESULTS FROM A NEAR-INFRARED CAMPAIGN TO CHARACTERIZE OUR
GALAXY’S OWN STARBURST EVENT, W49A, A PRODIGIOUS FACTORY OF MASSIVE STARS AT A DISTANCE OF ABOUT
12 KPC AND CONCEALED FROM OBSERVATIONS AT VISIBLE WAVELENGTHS BY MORE THAN 25 MAGNITUDES OF
INTERVENING DUST EXTINCTION. OUR RESULTS SO FAR REVEAL THE PRESENCE OF PREVIOUSLY UNKNOWN
MASSIVE STELLAR CLUSTERS CONTAINING MORE THAN 100 OB STARS, SOME AS MASSIVE AS 120 M, MOST
STILL EMBEDDED IN THEIR PARENTAL MOLECULAR CLOUD AND WITH AGES AS YOUNG AS 10%7° YR. WE ARGUE THAT
THIS ONGOING STARBURST APPEARS TO HAVE BEEN MULTI-SEEDED INSTEAD OF RESULTING FROM A COHERENT

TRIGGER.

JoAo ALVES! AND NicoLE HOMEIER!-?

TARS WITH MASS ABOVE 8 Mg

are the main suppliers of heavy

elements in the Universe, the

same elements that make up

your body and the Messenger
article you are reading. Massive stars also
inject energy into a galaxy’s interstellar
medium (ISM) playing a critical role in
regulating star formation and driving
galaxy evolution. It is not clear today if
massive stars are destroyers of embryonic
planetary systems or if they act, under
some conditions, as triggers to planet for-
mation. Finally, because they die in spec-
tacularly bright fashion as supernovae/
gamma-ray bursts, their death can be seen
across the Universe providing unique
information to observational cosmology.
Despite their fundamental role in shaping
our Universe, our knowledge of how
Nature forms massive stars is rather prim-
itive, in part because objects for study are
rare due to the combination of small
number statistics and the rapidity with
which they pass through their early
stages. With this in mind, the abundance
of embedded massive stars in the Galactic
star-forming region W49A marks it as a
scientific gem.

Flgruers 1: 8CO Map of W49 giant molecu-
lar cloud. Our NTT-SOFI survey, marked as
a red box, targeted the densest regions of
this 106 M, giant molecular cloud. The sur-
vey covers an area of 16 X 16 pc at the
distance to the complex (11.4 + 1.2 kpc).
8CO data taken from Simon et al. (2007).
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Well known to radio astronomers, W49A
(Mezger et al. 1967, Shaver et al. 1970) is
one of the brightest Galactic giant radio
H II regions (~107 L), powered by the
equivalent of about 100 O7 V stars. It is
embedded in the densest region of a ~10°
M, Giant Molecular Cloud (GMC)
extending more than ~100 pc in size
(Simon 2001) and is the best Galactic
analogue to the starburst phenomenon
seen in other galaxies. W49A lies essen-
tially on the Galactic plane (1=43.17°,b =
+0.00°) at a distance of 11.4%12 kpc
(Gwinn 1992), has ~40 well studied ultra-
compact (UC) HII regions (e.g., De Pree
et al. 1997), each associated with at least
one stars earlier than approximately B3.
About 12 of these radio sources are
arranged in the well known Welch “ring”
(Welch et al. 1987). A few other young
Galactic clusters have a large number of
massive stars, e.g., 1 Carinae, NGC 3603,
the Arches cluster, but no other known
region has a high number of massive stars
in such a highly embedded and early evo-
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lutionary state. For this reason W49A is
unique in our Galaxy.

In an attempt to uncover and characterize
the embedded stellar population in
W49A we performed an unbiased 5'x5’
(16 pc x 16 pc), deep J, H, and K -band
imaging survey with the SOFI camera on
ESO’s New Technology Telescope (NTT),
centred on the densest region of the W49
Giant Molecular Cloud (Simon 2001)
(see Figure 1).

THE FIRST RESULTS
The observations were taken in June
2001, with the SOFI near-infrared camera
on the ESO 3.5 m New Technology Tele-
scope (NTT) on La Silla, Chile, during a
spell of good weather and exceptional
seeing (FWHM ~ 0.5") (see Alves &
Homeier 2003). Follow-up Adaptive
Optics observations of an embedded
compact HII region powered by a new-
born 80 M, candidate star were taken
with NACO on the Very Large Telescope
(VLT) during September 2003.
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Flgurs 2: 5'X 5" JHK colour composite of our survey. North is up and East is to the left. The
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red, green, and blue channels are mapped logarithmically to the K, H, and J-band respective-
ly. The labels identify known radio continuum sources (De Pree et al., 1997). Sources F and J2
are UC HII regions in the Welch ring. The main cluster (Cluster 1) is seen NE of O3. Several can-
didate exciting sources of compact HII regions are visible (e.g., the sources at the centre of the
CC, 03, W49A South HII regions). Dark pillars of molecular material are seen associated with
radio sources Q and W49A South. None of W49A sources are optically visible. The coordinates
of the image centre are: 19:10:16.724; +09:06:11.16 (J2000).

In Figure 2 we present the composite
JHK  colour image for our NTT-SOFI
survey. The image covers an area of 5’ x5’
on the sky and the red, green, and blue
channels are mapped logarithmically to
the K, H, and J-band respectively.
Because most field stars are essentially
colourless in the near-infrared one
expects the colour of a star in this image
to be, to first order, a qualitative measure
of the amount of extinction towards this
star. For this reason, all blue stars in this
Figure are foreground sources to the star
forming region.

In Figure 3 we present a 3.6 cm radio con-
tinuum (red), K (green), and J (blue)
colour composite of the central regions of
the survey. The radio continuum data is

Flaure 3: J (blue), K (green), and 3.6 cm radio continuum (red) colour
composite of W49A star forming region. Red only features represent
radio HII regions too embedded to be detected in our deep K, image
(e.g., most of the Welch ring of UC HII regions). Yellow represents fea-
tures seen in both the radio continuum and K-band, green-only
sources are K sources too reddened to be detected at the J-band
(essentially all of W49A young stellar population), while blue sources are
foreground stars unrelated to the star forming region.
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taken from De Pree et al. (1997) and has
a spatial resolution of 0.8", close to the
spatial resolution of the NTT images. The
red-only features in this image represent
regions of ionised hydrogen so deeply
embedded in the W49A molecular cloud
that they cannot be detected in our K -
band image, e.g., the Welch ring of UC
HII regions with the exception of sources
F and J2 (that appear
in yellow in the
image). Several HII
regions and UC HII
regions detected at
radio continuum
wavelengths are
clearly detected on
the K -band, suggest-

ing that the K_extended emission is dom-
inated by hydrogen lines. The most
prominent are identified in Figure 2 fol-
lowing De Pree (1997) nomenclature.
Several point sources lie prominently in
the centre of some of these regions (e.g.,
CC, 03, W49A south), are extincted by
A, > 24 mags of visual extinction (see
below), and are excellent candidates to be
the exciting sources powering these
regions (Homeier & Alves, 2004).

The main feature in Figures 2 and 3 is the
central 6 pc diameter region E of the ring
of radio sources, with a stellar cluster at
its projected centre. From here on we will
refer to this cluster as Cluster 1. Note that
only the North part of this 6 pc region is
visible in the JHK colour composite, sug-
gesting that there is a larger optical depth
towards the South of Cluster 1, perhaps
due to chance alignment of the embedded
compact regions (e.g., JJ, O3) in front of
it.

We present in Figure 4 the spatial distri-
bution of the detected sources as a func-
tion of (H-K ) colour. In Figure 5 we pres-
ent the H-K_ vs. K Colour-Magnitude
diagram for our survey. The solid line rep-
resents a 1 Myr old population taken
from the Geneva tracks (Lejeune &
Schaerer, 2001) and the slanted dotted
lines represent a reddening in this dia-
gram of A, = 48 mag. The filled circles
represent sources likely associated with
the new clusters (see Figure 4).

UNCOVERING THE BEAST
Since the W49A star forming region is at
a distance of 11.4 kpc, virtually on the
Galactic plane, one expects a large
amount of unrelated line-of-sight dust
extinction to W49A, as well as dust asso-
ciated with the star forming region. We
will take advantage of the large amounts
of dust extinction to isolate a reliable stel-
lar population associated with the W49A
giant molecular cloud. We present in Fig-
ure 4 the spatial distribution of the
detected sources as a function of (H-K))
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Flgure 4 Spatial distribution of detected
sources as a function of (H-K)) colour. The
clusters (labeled 1, 2, 3, and 4) become
apparent in the third panel (where A, ~ 20
mag). The non-uniform distribution of sources
in panel 1 and 2 could be due to the interven-
ing cloud GRSMC 43.30-0.33 located at a
distance of ~3 kpc. The field shown is the
same as in Figure 1.

colour. Starting with the bluer sources,
(H-K; < 1 mag) we find a non-uniform
distribution in which about two third of
the sources are found on the southern
half of the field. Sources in this first bin
are mainly foreground sources to the
W49A star forming region, extincted by
less than about 14 magnitudes of visual
extinction, and the non-uniform distribu-
tion is likely caused by an intervening
cloud at a distance of about 3 kpc (cloud
GRSMC 43.30-0.33, Simon et al. 2001).
The second panel (1 < H-K_ < 15 mag;
14 < A,, < 24 mag) further suggests this
interpretation. We see the opposite spa-
tial distribution with an increase in
extinction and the region that in the first
bin seemed under-populated is now over-
populated. The majority of these stars are
likely to be highly reddeneded stars in the
background of GRSMC 43.30-0.33 but
further work would have to be done to
confirm this. In the third panel we clearly
detect 4 clusterings of reddened sources.
These make up the stellar population of
W49A and some are still visible in the
fourth panel where we find sources
extincted by over 32 magnitudes of visual
extinction, more than half associated with
the newly found clusters. The positions of
these 4 clusters are given in Table 1.

THE PRODUCT OF

THE W49A STARBURST

Based on H-K_ colour and K magnitude,
we preliminarily identify more than 100
O-stars candidates associated with the
W49A region. We should bear in mind
that due to the very high values of fore-
ground and local (inhomogeneous)
extinction we are not complete even for
the most luminous stars in W49A. Never-
theless, this number compares already

surprisingly well with the luminosity of
the entire region (about 10°' Lyman con-
tinuum photons emitted per second). We
can now say that the census of massive
stars in W49A agrees with the number of
Lyman continuum photons derived from
radio observations. In fact, photon leak-
age or absorption by dust could be oper-
ating in the W49A region, as our count of
candidate O-stars (incomplete due to
severe inhomoge-
neous extinction),
added to the num-
ber of known UC
HII regions, gives
~140 stars with

Cluster R.A.

(J2000)

1 19h 10™ 17.58
masses greater 2 19h 10m 21.9s
than 15-20 M@’ 3 19 10™ 11.9%
suggestive  per- 4 19h 10m 10.8s

haps of a slight

overabundance of

ionizing stars. An estimate of the Initial
Mass Function (IMF) in the main cluster
suggests a Salpeter IMF down to ~ 2—
3 M.,

It is remarkable that the Welch ring of
UC HII regions is seen in projection
against the edge of the giant region pow-
ered by Cluster 1 (Figure 3). It necessari-
ly invokes the classical triggering scenario
of Elmegreen & Lada (1977) as one can

Flagure 5: (H-K) vs. K, Colour- i5
Magnitude diagram for our survey.

The solid line represents a 1 Myr

old population taken from the

Geneva tracks (Lejeune & Schaerer,

2001) and the slanted lines repre-

sent a reddening of A, = 48 mag.

The black circles identify stars like-

ly associated with the W49A clus-

ters. The 90% completeness limit

for a star with errors less than 15% Ly}
is marked as a bold grey line.
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easily imagine that, chronologically, the
densest part of the W49A GMC collapsed
to form Cluster 1, and the combined
action of stellar winds and UV radiation
compressed the abundant nearby gas to
the West, triggering its collapse into the
Welch ring. Recent theoretical calcula-
tions suggest timescales for massive star
formation of the order of ~10° yr which
for a typical sound speed of ~10 km/s

Table 1: W49 Stellar Clusters

Decl. Associated
Radio Source
+9° 06’ 21" Extended
+9° 05’ 04" W49 A south
+9° 05’ 28" S
+9° 05" 14" Q

agrees well with the crossing time in the
Welch ring. However, we argue that the
formation of the three smaller clusters to
the South, undoubtedly associated with
the burst of star formation in W49A, is
unlikely to have been triggered by Cluster
1. The minimum distance (because of pro-
jection) between these less massive clus-
ters and Cluster 1 is ~6 pc, which is larger
than the bubble of ionised gas surround-
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Flgure 4: SOFI and NACO JHK; colour composites of the only compact HII region that is
accessible to NACO using natural guide stars. The object in the centre of the compact HII

region is a newborn ~80 M star candidate. Through comparison with models (Freyer et al.

2003) we estimate the age of the Hll region to be remarkably young: 4 « 10* yr. This is a very
young massive star caught in the rare act of passing from the ultracompact to compact HIl

region stage.

Figure T: Size
comparison
between W49A
and 1) Orion, 2)
NGC 3603, and
3) the Arches
cluster seen in
the near-infrared
as if they were
located at the
same distance
and observed
with the same
instrument (SOFI
on the NTT).

ing it, the giant central H II region in Fig-
ure 3. Also, given the short lifetimes of
compact regions and the fact that they
can be found almost over the entire sur-
veyed region (e.g., the projected distance
between source CC and W49A South is
~11 pc) suggests a multi-seeded, largely
coeval, star formation episode in the
W49A.

In Figure 6 we present preliminary results
of a diffraction limited imaging follow-up
on the only compact region that is acces-

Flgure 32 Size comparison between W49A
and the most luminous cluster in the Antennae
(starburst) galaxy. W49A is approximately an
order of magnitude smaller. The luminosity
comparison is not fair as the wavelengths of
the two images are different (visible and near-
infrared). Also, while the Antennae cluster is
essentially extinction free, W49A is seen
behind a wall of more than 30 mags of dust
extinction.
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sible to NACO using natural guide stars.
The object in the centre of the compact
region is a newborn ~80 Mg star candi-
date. We find that the source is unresolved
down to the resolution of the image (600
AU at the distance of W49A) and
through comparison with models (Freyer
et al. 2003) we estimate the age of the
region to be 4 « 10* yr.

Our first results suggests that W49A is
indeed the most massive and youngest
known star forming region in the Galaxy

and that it extends over a larger area than
previously thought (see Figure 7 for a
visual comparison with well known young
Galactic clusters). Moreover, star forma-
tion in W49A is still ongoing (the GMC is
not exhausted yet) as 6 hot cores (the pre-
cursors of UC HII regions) were recent-
ly found in the vicinity of the Welch ring
(Wilner et al., 2001). Although W49A is
clearly of the class of 30 Dor in the Large
Magellanic Cloud (LMC), a size compar-
ison with the most luminous cluster in the
Antennae galaxy (Figure 8), makes clear
that the star forming conditions in the
LMC and our Galaxy have to be radically
different. Most important, our results
show that a considerable part of the stel-
lar population of W49A is accessible in
the 2 um window. Further characteriza-
tion of the embedded population (via H
and K-band spectra and adaptive optics
techniques) is called for and will surely
provide much needed information on the
starburst phenomenon seen across the
Universe.
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