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REIMER4 FOR THEH.E.S.S.COLLABORATION
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Abstract: In view of the discovery of HESS J1023-575 (discussed in a separate presentation), we ex-
amine another very high energy (VHE) gamma-ray source possibly associated with massive star clusters.
Particle acceleration in massive star forming regions can proceed at the interface of two interacting winds
or result from a collective process; e.g. multiple shock acceleration or MHD turbulence. The gamma-ray
emission can also take place at the edge of the superbubble blown by the winds and multiple supernova
explosions. Non-thermal radiation from the shell structure then traces the interaction of energetic par-
ticles (ions and/or electrons) with the surrounding interstellar matter. In particular, HESS J1837-069 is
spatially coincident with a recently discovered very massive star cluster. We discuss the VHE gamma-ray
data resulting from H.E.S.S. observations on this or other possible such associations. We consider data
in other wavelength domains, in particular in X-rays, and examine the available evidence that the VHE
emission could originate in particles accelerated by the above-mentioned mechanisms in massive star
clusters.

Introduction

High energy radiative processes are strongly con-
nected with very energetic events as only a fraction
of the free energy of the source is necessary to be
injected into a small amount of relativistic parti-
cles. The Galactic cosmic-rays (GCRs) are prob-
ably connected with the explosion of supernovæ
(see [1]). A majority of the supernova (SN) pro-
genitors are associated with massive stars (the so-
called core collapse supernova) and a majority of
massive stars are born, live and die in groups: in
massive star clusters and/or OB associations (both
hereafter together called massive star forming re-
gions or MSFR); see [2], [3], [4]. The question of
the production of energetic particles (EP), the non-
thermal signatures and the contribution of MSFR
to the GCR population then arises naturally. The
acceleration and the propagation of EP in MSFR as
well as their interaction with the ambient medium

have been widely debated in the literature ([5], [6],
[7], [8], [2]). Observational probes of energetic
events in MSFR have concentrated on the search
of radiative signatures of supernova remnants in
superbubbles (SB); e.g. the low density high tem-
perature region blown up by the collective interac-
tion of stellar winds and supernova explosions (see
[9]). Usually a firm detection have been proven to
be difficult unless the shock is currently interacting
with a molecular cloud (as it is probably the case of
IC443 discussed by [10] and recently by [11]), or
with the shell produced by the multiple wind sys-
tem. The termination shock or wind-wind interac-
tion shocks in massive star systems have been ex-
plored as sites of non-thermal radiation ([12] and
references therein). With its improved sensitiv-
ity (able to detect at 5σ level a source at 1% of
the Crab in 25h), a large field of view (5o) and a
good angular resolution (about0.1o) the H.E.S.S.
(High Energy Stereoscopic System) telescope has
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the technical capacities to explore the faint and dif-
fuse VHE gamma-ray emission that may be pro-
duced in MSFR. In this work, we examine differ-
ent acceleration and radiation scenarii that should
contribute to the high energy emission in MSFR
(section 2). We discuss the possible association of
the source HESS J1837-069 with a MSFR (section
3).

Particle acceleration and non-thermal
radiation

Several acceleration processes and radiation mech-
anisms could give rise to the TeVγ-ray emis-
sion detected from HESS J1023-575 (Reimer et
al, these proceedings and [13]), as well as in the
source TeV J2032+4130 detected by HEGRA in
the Cygnus OB2 SB [14]. We discuss briefly here
the most relevant acceleration and gamma-ray ra-
diative mechanisms.
Scenario 1: Massive star termination shock: Sev-
eral authors have considered the possibility of ac-
celerating EP at the terminal shock of massive stars
([15], [16]). The shock particle acceleration effi-
ciency appears to be highly reduced by the mag-
netic field configuration; the toroı̈dal component
dominates at the termination shock radiusRt and is
perpendicular to the shock normal. Unless a turbu-
lent component randomizes the magnetic field ori-
entation over a rotational period, the acceleration
process is inoperant. Even in the case of a stronger
stellar magnetic field, the maximum energy EP can
reach would hardly be above the threshold for neu-
tral pion production. The result is also relatively
insensitive to the modelling of the wind modula-
tion which uses mean free path estimates strictly
valid for protons with energies∼ GeV in the solar
wind. The re-acceleration of an ambient CR pop-
ulation has also been proven to be inefficient [16].
It appears that the modulation factor (the ratio of
advective and diffusive lengths) in the downstream
region is probably so large that the shock region is
shielded from the outer medium. Flare particles
accelerated in the star atmosphere cool adiabati-
cally in the strongly diverging wind flow and do
not contribute to the EP at the shock front. Several
issues seem however interesting to be investigated.
Firstly, only proton or ion acceleration and radi-
ation have been considered. A leptonic scenario

(non-thermal bremsstrahlung or Inverse Compton)
may contribute to a gamma-ray emission. Sec-
ondly, other turbulence regimes can lead to smaller
and/or anisotropic mean free paths that are possi-
bly more convenient for the particle transport.
Scenario 2: Wind-wind interaction in massive bi-
nary systems: As discussed above, non-thermal ra-
dio synchrotron emission from several massive star
binaries supports the scenario of particle accelera-
tion at the interface of two colliding winds. Eichler
& Usov (1993) [17] demonstrated the possibility
of an efficient particle acceleration at strong shocks
created by the wind-wind collision. A more precise
treatment of both acceleration and loss effects lead
generally to a gamma-ray spectrum with a cut-off
in the sub-TeV regime [18]. Good knowledge of
the viewing angle and the system parameters are
also necessary to evaluate theγ − γ absorption
properly. Alternatively, VHE radiation could be
produced by the interaction of a SNR shock wave
and a stellar wind [19]. The result is the production
of two reflected shocks, one propagating inside the
SNR, the second one inside the wind bubble and a
converging flow which develops between the two
shocks where particle acceleration can take place.
Scenario 3: Collective wind scenario: Gamma-
rays produced by neutral pion decay can also re-
sult from collective interaction of winds, where the
interaction region could serve both as accelerating
region and target for the high energy hadrons, or
just provide the target material alone. The former
has been partly discussed above, the sources of ra-
diation being in that case the termination shock of
massive stars or the colliding winds. The second
case requires an accelerator relatively close to the
star cluster and has been considered by [20]. There
are several issues to the gamma-ray observability
of these sources. Firstly, the opacity fromγ − γ
pair production in the stellar photon field should be
low enough. Secondly, if the CR source is outside
the star cluster where the interaction takes place, as
discussed above, the wind modulation can prevent
low energy particles to enter the wind regions. The
threshold energyElim is very sensitive to the struc-
ture of the magnetic field, both to normalisation
and energy dependence of the spatial diffusion co-
efficient and to the dominance of the parallel to the
perpendicular diffusion coefficient. Depending on
the strengths of these effects,Elim can range from
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GeV to TeV energies. The modulation is treated
similarly to the modelling in [15].
Scenario 4:MHD turbulence and collective par-
ticle acceleration processes: The SB turbulent
model ([7] and references therein) predicts a peak
in the acceleration efficiency after a few times
105 years after the ingnition of the turbulence (a
network of MHD fluctuations and weak reflected
shocks). The peak is reached at the maximum of
turbulence conversion into non-thermal particles.
The particles accelerated by the last or the afore-
mentioned scenarii can interact with dense sur-
rounding shells [5]. In that case gamma-rays are
expected to be produced not only from neutral pion
decay but also by non-thermal Bremsstrahlung in
dense surroundings shells or in molecular clouds.
An accurate spectral measurement at lower ener-
gies by AGILE and GLAST would offer better
constraints to the emitting process.

A new possible association with a
MSFR:HESS 1837-069

HESS 1837-069 is an extended source discovered
during the galactic plane scan survey [21]. It shows
a flux characterised by a power-lawI0(E/TeV )−Γ

with I0 ≃ 5 × 10−12 TeV−1 cm−2 s−1 and
Γ = 2.27(±0.06). The source has still no clear
counterpart. At the edge (towards the north-east)
of the peak flux, [22] reported on a cluster com-
posed of 14 red super-giants (RSGs) using 2MASS
data. The cluster is located at an estimated distance
of 5.8 kpc with an age of∼ 10 Myrs. In X-rays, a
bright source AX J1838.0-0655 (with a photon in-
dex ofΓ = 0.65) was previously reported [23] lo-
cated at the south-East of the star cluster and close
to the peak of the HESS source. Our Chandra ob-
servations (see figure 1) reveal a large number of
previously unknown X-ray sources. Although dif-
fuse X-ray emission is often associated with MS-
FRs, we find no evidence for extended emission
coincident with the RSG star cluster. AX J1837.8-
0653 appears as a point source coincident with
a radio source (GPSR5 25.252-0139) itself at the
center of elongated radio emission [22]. Structure
is resolved in the X-rays source AX J1838.10648
(coincident with the HII region W42) but this
source appears too distant to power the H.E.S.S.
source. Diffuse emission is apparent surrounding

Figure 1: Adaptively smoothed Chandra map
(0.3-7 keV band - ObsId 6719 - 20 ks expo-
sure) background-subtracted and exposure cor-
rected. H.E.S.S. excess contours are in green, RSG
cluster stars as yellow crosses. Coordinates are
J2000

the hard X-ray source AX J1838.0-0655 (also de-
tected by INTEGRAL [24]).
Several possible scenarios can produce the gamma-
ray radiation. The RSG stage is short compared to
the main sequence phase (about one order of mag-
nitude less). In this stage a massive star is known
to have slow winds (vw ∼ 10 − 15 km/s) and
mass losses a few times10−6M⊙/yr. This aspect
does not favor scenarios relying on the wind ac-
tivity (scenarios 1 to 3 above). Another important
issue is that SN have probably already exploded
(contrary to Westerlund 2) in the RSG cluster as
suggested by [22]. In the framework of an associ-
ation between HESS J1837-069 and the RSG clus-
ter, the scenarios of type 4 offer an interesting alter-
native. Further multiwavelength observations are
necessary to confirm or reject them.

Perspectives and conclusions

The high energy gamma-ray H.E.S.S. observa-
tions (as well as well multi-wavelength survey) are
of prime importance to directly probe the occur-
rence of efficient particle acceleration processes in
MSFR in connection with the origin of galactic
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cosmic rays. Unfortunately, these regions are com-
plex and associated with diverse environments (ex-
tended ionised regions, multiple shell structures,
molecular clouds), all in themselves potential sites
of particle acceleration and non-thermal radiation.
Several scenarios of particle acceleration and radi-
ation mechanisms in MSFR have been examined.
They differ by the extension of the cluster and the
acceleration / radiation zone, the massive star con-
tent, the impact of SN explosion over the cluster or
the amount of dense material in the environment.
The production of TeV gamma-rays is not sys-
tematic and requires favorable conditions: efficient
conversion of free energy into turbulence or super-
sonic flows, sufficiently weak radiation losses, op-
tically thin media. We discuss in some details the
source HESS J1837-069. This VHE source is still
unidentified and close to an exceptional cluster of
RSG stars in the Galactic ridge. Among the scenar-
ios we considered, an extended source associated
with dense shells or a molecular cloud seems to be
possible but further multi-wavelength observations
are necessary to support this conclusion.
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