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Abstract: The results from H.E.S.S. observations towards Westerlund 2 are presented. The detection of
very-high-energy gamma-ray emission towards the young stellar cluster Westerlund 2 in the HII complex
RCW49 by H.E.S.S. provides ample evidence that particle acceleration to extreme energies is associ-
ated with this region. A variety of possible emission scenarios is mentioned, ranging from high-energy
gamma-ray production in the colliding wind zone of the massive Wolf-Rayet binary WR 20a, collective
wind scenarios, diffusive shock acceleration at the boundaries of wind-blown bubbles in the stellar cluster,
and outbreak phenomena from hot stellar winds into the interstellar medium. These scenarios are briefly
compared to the characteristics of the associated new VHE gamma-ray source HESS J1023–575, and
conclusions on the validity of the respective emission scenarios for high-energy gamma-ray production
in the Westerlund 2 system are drawn.

The young stellar cluster Westerlund 2
in the HII region RCW 49

The prominent giant HII region RCW 49, and its
ionizing young stellar cluster Westerlund 2, are lo-
cated towards the outer edge of the Carina arm
of our Milky Way. RCW 49 is a luminous, mas-
sive star formation region, and has been exten-
sively studied at various wavelengths. Recent mid-
infrared measurements with SPITZER revealed
still ongoing massive star formation [1]. The
regions surrounding Westerlund 2 appear evacu-
ated by stellar winds and radiation, and dust is
distributed in fine filaments, knots, pillars, bub-
bles, and bow shocks throughout the rest of the
HII complex [2, 3]. Radio continuum observa-
tions revealed two wind-blown shells in the core
of RCW 49 [4], surrounding the central region of
Westerlund 2, and the prominent Wolf-Rayet star
WR 20b. A long-standing distance ambiguity has

been recently [5] revised in a determination of the
distance to Westerlund 2 by spectro-photometric
measurements of 12 cluster member O-type stars
of (8.3±1.6) kpc. This value is in good agreement
with the measurements from the light curve of the
eclipsing binary WR 20a [6], associating WR 20a
as a cluster member of Westerlund 2 (Note, how-
ever the 2.8 kpc as of [20]). The stellar cluster con-
tains an extraordinary ensemble of hot and massive
stars, presumably at least a dozen early-type O-
stars, and two remarkable WR stars. Only recently
WR20a was established to be a binary [7, 8] by pre-
senting a solutions for a circular orbit with a period
of 3.675, and 3.686 days, respectively. Based on
the orbital period, the minimum masses have been
found to be(83±5) M⊙ and(82±5) M⊙ for the bi-
nary components [6]. At that time, it classified the
WR binary WR 20a as the most massive of all con-
fidently measured binary systems in our Galaxy.
The supersonic stellar winds of both WR stars col-
lide, and a wind-wind interaction zone forms at the
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stagnation point with a reverse and forward shock.
In a detached binary system like WR 20a, the col-
liding wind zone lies between the two stars, and
is heavily skewed by Coriolis forces. The winds
of WR 20a can only be accelerated to a fraction
of their expected wind speedv∞ ∼ 2800 km/s,
and a comparatively low pre-shock wind velocity
of ∼ 500 km/s follows. Synchrotron emission
has not yet been detected from the WR 20a sys-
tem, presumably because of free-free-absorption in
the optically thick stellar winds along the line of
sight. WR 20a has been detected in X-rays [9], but
non-thermal and thermal components of the X-ray
emission remain currently indistinguishable. De-
tectable VHE gamma-radiation from the WR 20a
binary system was only predicted in a pair cas-
cade model [10], although detailed modeling of
the WR 20a system in other scenarios (e.g. as of
[11] when produced either by optically-thin inverse
Compton scattering of relativistic electrons with
the dense photospheric stellar radiation fields in the
wind-wind collision zone or in neutral pion decays,
with the mesons produced by inelastic interactions
of relativistic nucleons with the wind material) is
still pending. At VHE gamma-rays, photon-photon
absorption will diminish the observable flux from
a close binary system such as WR 20a [12].

H.E.S.S. observations of Westerlund 2

The H.E.S.S. (High Energy Stereoscopic System)
collaboration observed the Westerlund 2 region be-
tween March and July 2006, and obtained 14 h
(12.9 h live time) of data, either on the nominal
source location of WR 20a or overlapping data
from the ongoing Galactic plane survey. Standard
quality selections were imposed on the data. The
data have been obtained in wobble-mode observa-
tions to allow for simultaneous background esti-
mation. The wobble offsets for these observations
range from 0.5◦ to 2◦, with the majority of data
taken with wobble offset less than 0.8◦. The zenith
angles range between 36◦ and 53◦, resulting in an
energy threshold of 380 GeV for the analysis. The
data have been analyzed using the H.E.S.S. stan-
dard Hillas analysis with standard cuts (> 80 p.e.).
A point source analysis on the nominal position
of WR 20a resulted in a clear signal with a sig-
nificance of 6.8σ. Further investigations revealed

an extended excess with a peak significance ex-
ceeding 9σ (Fig.3 left). The center of the excess
was derived by fitting the two-dimensional point
spread function (PSF) of the instrument folded
with a Gaussian to the uncorrelated excess map:
α2000 = 10h23m18s

± 12s, δ2000 = -57◦45’50” ±
1’30”. The systematic error in the source location
is 20” in both coordinates. The source is clearly
extended beyond the nominal extension of the PSF
(Fig. 1). A fit of a Gaussian folded with the PSF
of the H.E.S.S. instruments gives an extension of
0.18◦ ± 0.02◦.
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Figure 1: Number of excess events versus the
squared angular distance from the best fit position
of the excess. The dashed line shows the expecta-
tion for a point source derived from Monte Carlo
data. The solid line is a fit of the PSF folded with
a Gaussian (σ = 0.18◦ ± 0.02◦).

The differential energy spectrum for photons in-
side the corresponding 85% containment radius of
0.39◦ is shown in Fig. 2. It can be described by a
power law (dN/dE= Φ0·(E/1 TeV)−Γ) with a pho-
ton index ofΓ = 2.53 ± 0.16stat ± 0.1syst and a
normalization at 1 TeV ofΦ0 = (4.50±0.56stat±

0.90syst) × 10−12 TeV−1 cm−2 s−1. The integral
flux for the whole excess above the energy thresh-
old of 380 GeV is (1.3± 0.3)×10−11 cm−2 s−1.
No significant flux variability could be detected in
the data set. The fit of a constant function to the
lightcurve binned in data segments of 28 minutes
has a chance probability of 0.14. The results were
checked with independent analyses and found to be
in good agreement.
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Figure 2: Differential energy spectrum and resid-
uals to a single power-law fit of HESS J1023–575
from photons inside the 85% containment radius
(0.39◦) around the best fit position. The back-
ground is estimated with background regions of the
same size and distance from the camera center as
the signal region.

HESS J1023–575 in the context ofγ-ray
emission scenarios

The detection of VHE gamma-ray emission from
the Westerlund 2 region [13] is proof for ex-
treme high-energy particle acceleration associated
with this young star forming region. With a pro-
jected angular size of submilliarcsecond scale, the
WR 20a binary system, including its colliding
wind zone, would appear as a point source for ob-
servations with the H.E.S.S. telescope array. Un-
less there are extreme differences in the spatial
extent of the particle distributions producing ra-
dio, X-ray, and VHE gamma-ray emission, acol-
liding stellar wind scenariofor the WR 20a bi-
nary faces the severe problem of accounting for
the observed VHE source extension. At a nom-
inal distance of 8.0 kpc, this source extension is
equivalent to a diameter of 28 pc for the emis-
sion region, consistent in size with theoretical pre-
dictions of bubbles blown from massive stars into
the ISM [14]. The spatial extension found for
HESS J1023–575 contradicts emission scenarios
where the bulk of the gamma-rays are produced
close to the massive stars. Alternatively, the emis-

sion could arise fromcollective effects of stellar
winds in the Westerlund 2 stellar cluster. Diffu-
sive shock acceleration in cases where energetic
particles experience multiple shocks can be con-
sidered for Westerlund 2. The stellar winds may
provide a sufficiently dense target for high-energy
particles, allowing the production ofπ0-decayγ-
rays via inelastic pp-interactions. Collective wind
scenarios [15, 16] suggest that the spatial extent
of the gamma-ray emission corresponds to the
volume filled by the hot, shocked stellar winds,
but HESS J1023–575 substantially supersedes the
boundary of Westerlund 2. Supershells, molecu-
lar clouds, and inhomogeneities embedded in the
dense hot medium may serve as the targets for
gamma-ray production in Cosmic Ray interactions.
Such environments have been studied in the non-
linear theory of particle acceleration by large-scale
MHD turbulence [17]. Shocks and MHD turbu-
lent motion inside a stellar bubble or superbubble
can efficiently transfer energy to cosmic rays if the
particle acceleration time inside the hot bubble is
much shorter than the bubble’s expansion time.

Finally, shock acceleration at the boundaries of the
”blister” (Fig. 3 right) may enable particles to dif-
fusively re-enter into the dense medium, thereby
interacting in hadronic collisions and producing
gamma-rays. A scenario as outlined in [18] for
a Supernova-driven expansion of particles into a
low density medium may be applicable to the ex-
panding stellar winds into the ambient medium.
If one accepts such a scenario here, it might give
the first observational support of gamma-ray emis-
sion due to diffusive shock acceleration from su-
personic winds in a wind-blown bubble around
WR 20a, or the ensemble of hot and massive OB
stars from a superbubble in Westerlund 2, break-
ing out beyond the edge of a molecular cloud. Ac-
cordingly, one has to consider that such accelera-
tion sites will also contribute to the observed flux
of cosmic rays in our Galaxy [19].

Further observations with the H.E.S.S. telescope
array will help to discriminate among the alter-
natives in the interpretation of HESS J1023–575.
However, the convincing association with a new
type of astronomical object a massive HII region
and its ionizing young stellar cluster profoundly
distinguishes this new detection by the H.E.S.S.
telescope array already from other source findings



Figure 3: Left: H.E.S.S.γ-ray sky map of the Westerlund 2 region, smoothed to reduce the effect of
statistical fluctuations. The inlay in the lower left corner shows how a point-like source would have been
seen by H.E.S.S. WR 20a and WR 20b are marked as filled triangles, and the stellar cluster Westerlund 2
is represented by a dashed circle. Right: Significance contours of theγ-ray source HESS J1023–575
(corresponding 5, 7 and 9σ ), overlaid on a MOST radio image. The wind-blown bubble around WR 20a,
and the blister to the west of it can be seen as depressions in the radio continuum. The blister is indicated
by white dots as in [4], and appears to be compatible in direction and location with HESS J1023–575.

made during earlier Galactic Plane Scan observa-
tions.
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