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Abstract. Massive star-forming regions assemble a large number of young stars with remnants of stellar
evolution and a very dense environment. Therefore, particles accelerated in supernova remnants and pulsar wind
nebulae encounter optimal conditions for interacting with target material and photon fields, and thus produce
gamma-ray emission. However, observations are challenging because multiple phenomena may appear entangled
within the resolution of current gamma-ray telescopes. We report on MAGIC observations aimed to understand
the nature of the emission from the star-forming region W51 and the unidentified source HESS J1857+026. While
gamma-ray emission from W51 is dominated by the interaction of the supernova remnant W51C with dense
molecular clouds, HESS J1857+026 is associated to the pulsar wind nebula from PSR J1856+0245. However, an
additional source is resolved north of HESSJ1857+026, with sufficient separation to determine that it cannot be
powered by the same pulsar. We search for multiwavelength data to determine the origin of the new source.

1. Introduction

MAGIC are two imaging atmospheric Cherenkov tele-
scopes characterized by its ~50 GeV threshold, the lowest
achieved in ground-based stereo observations of very-
high-energy (VHE) gamma rays. The best performance of
MAGIC is achieved above 300 GeV [1], where the current
sensitivity1 is 0.56% the flux of the Crab Nebula; the
angular resolution is 0.07°; and the energy resolution is
about 16%.

The science cases for MAGIC include the observation
of Galactic sources of VHE gamma rays: to resolve the
multiple components that may overlap along the line of
sight; to understand the physical processes that produce
the observed gamma-ray emission; and to assess the
contribution that these sources may have to the Galactic
cosmic rays. In this contribution, we discuss the particular
cases of W51 [2] and HESSJ1857+026 [3]. These sources
were observed for 53 and 29 hours (effective time,
respectively) in 2010 and 2011. The configuration and
performance of the telescopes at that time is described
in [4].
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! Sensitivity is defined as the minimum flux from a point-like
source to be detected with a significance of 5o in 50 hours of
observations.

2. The supernova remnant W51C in W51
2.1. Multiwavelength context

W51 is a very massive giant molecular complex composed
by the star-forming regions W51A and WS5I1B, and
the supernova remnant (SNR) WS5IC. In [5], a very
comprehensive study of the region where W51B and
WS5I1C overlap, confirmed that there is physical interaction
between the two components®. Some remarkable features
of the interaction region are: the presence of 1720 MHz
OH masers; the non-thermal radio emission surrounding
the HII region G49.2-0.2 (which is engulfed by the SNR);
and the discovery of a non-thermal, unresolved source
W51B_NT.

The X-ray emission from WS51C is dominated by
thermal emission from shocked material in the SNR
interior [10]. However, a few hard, non-thermal sources
have been discovered [11]. Notably:

e The compact source CXO J192318.5+1403035 [12] is
a presumed pulsar wind nebula (PWN), with energetics
compatible with being generated by the compact object
resulting from the W51C progenitor.

e Towards the northwest of W5IC, precisely where
the SNR interacts with W51B, the diffuse source

2 The W51B/C interaction was already quite clear from [6-8], but
some controversy was recently raised by [9].
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Figure 1. Relative flux map for energies above 1TeV observed
by MAGIC. Green contours represent the 21 cm radio continuum
emission is shown from [6]. The blue diamond represents the
position of CX0OJ192318.5+140305 and the black cross the
position of the OH maser emission. The red dashed ellipse
represents the region where W51B and WS5I1C interact. The
gamma-ray emission detected by Fermi/LAT above 1GeV is
depicted by the pink contour. In addition, the test statistic
(TS) contours for MAGIC (cyan) are shown, starting at 3 and
increasing by one per contour.

HX3-west has uncertain nature. It is not excluded to
be an additional PWN [13]; but it can also be the result
from collective effects of OB stars in W51B, or due
to synchrotron emission from ~tens of TeV electrons
accelerated by W51C [14].

A gamma-ray source in W51 was discovered from early
Fermi/LAT data [15]. The modeling of the spectral
energy distribution (SED) suggested that the gamma-ray
emission is of hadronic origin, with an extreme luminosity
of ~10% erg/s. Together with the Fermi/LAT detection,
a coincident VHE detection was reported by H.E.S.S.
[16]; and a hint of multi-TeV emission was reported by
MILAGRO [17]. Recently, an updated analysis of the
Fermi/LLAT, data [18] has evidenced the existence of low-
energy roll-off in the gamma-ray spectrum of W5IC,
usually attributed to the pion production threshold [19].

2.2. MAGIC observations of W51

The MAGIC observations campaign on W51 resulted in
a highly significant (110) detection of a VHE source,
precisely at the W51B/C interaction region described
above. The morphology of the emission above 1TeV
(Figure 1) suggests a small contribution from the PWN
CXO0J192318.5+1403035, but cannot be statistically
established as an additional source. The total gamma-ray
flux is about 3% that of the Crab Nebula, and the spectrum
follows a power law with index I' = 2.58 +0.07,, +
0.22,, between 58 GeV and 5.5 TeV.

We fitted SED of W51C with a one-zone model, from
radio [20] to VHE, including the Fermi/LAT flux points
from [15]. Already before knowing the recent results from
[18], we realized that a model where hadronic emission
dominates over leptonic processes was strongly favored,
and the flux level recently measured around 100 MeV was
correctly predicted. Under the assumptions of this model,
WS51C accelerates protons up to at least 120 TeV, with
a remarkable efficiency in converting kinetic energy into
accelerated particles of about 16%.

3. The unidentified VHE source
HESSJ1857+026

3.1. Previous observations

HESSJ1857+026 was discovered in the H.E.S.S.
Galactic Plane Survey and initially classified as uniden-
tified [21]. Shortly after, the newly discovered pulsar
PSR J1856+0245 and the nebula around it [22] became the
most plausible counterpart for the VHE source. As a PWN,
HESSJ1857+026 is peculiar in the sense that it is one of
the few such objects detected by Fermi/LAT [23], while no
gamma-ray pulsations are detected from PSR J1856+0245.
It is interesting to note that, to fit the Fermi/LAT data,
two electron populations must be invoked. Moreover, a
source slightly north of PSR J1856+0245 was introduced
in the Fermi/LAT source model as an analysis refinement.
This additional source was not significantly detected above
300MeV (significance is 3.60), and is considered a
background source in [23].

3.2. MAGIC observations of HESSJ1857+026

MAGIC detected the extended gamma-ray emission from
HESSJ18574+026 with 120 significance above 150 GeV.
The spectrum follows a power law with index I' = 2.16 +
0.074ar £ 0.15,, and the flux is 16% that of the Crab
Nebula at 1 TeV. The MAGIC measurement smoothly con-
nects the spectral points from Fermi/LAT with H.EE.S.S.,
thus resolving a peak in the SED. At estimated energies
between 300 GeV and 1 TeV, the position and morphology
of the source is compatible with that seen with H.E.S.S.
However, above 1 TeV (Fig. 2) two statistically significant
components are resolved, MAGICJ1857.2+0263 and
MAGICJ1857.6+0297. While MAGICJ1857.2+0263 is
likely to be associated to the PWN of PSR J1856+0245,
the nature of MAGIC J1857.6+0297 is not known. Being
PSR J1856+0245 at an estimated distance of 9kpc, the
angular separation between the two MAGIC sources
ensures that they are not produced by the same electron
population.

The 3CO(J = 1 — 0) line emission [24] in the radial
velocity range 53.76 to 56.11km/s displays a shell-like
structure coincident with MAGIC J1857.6+0297 (Fig. 3).
This feature is inside the molecular cloud G036.59-00.06
(kinematic distance of 3.6kpc, [25]), and could be a
wind-blown bubble. We suggest that possible origins of
the gamma-ray emission from MAGIC J1857.6+0297 are:
a PWN whose progenitor star created a cavity in the
cloud prior to its explosion [26]; or particle acceleration
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Figure 2. MAGIC gamma-ray relative flux map for events with
estimated energy > 1TeV overlaid with TS contours in steps of
1, starting at 3. The positions of the two resolved components,
MAGIC J1857.2+0263 and MAGIC J1857.6+0297, are indicated
with blue triangles together with the position of HESSJ1857+026
determined by Fermi/LAT [23] and H.E.S.S. [21]. For reference,
it is also shown the position HESSJ1858+020, another
unidentified source not discussed in this article.
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Figure 3. *CO(J = 1 — 0) line emission integrated intensity
(in units of Kkms~!) in the vicinity of HII region U36.40+0.02
(ViLsr=53.3kms™!) and of the cataloged clouds G036.59-00.06
(Visr=53.49kms™") and G036.74-00.16 (Vi sg=55.19kms™").
The cyan contours indicate the MAGIC > 1TeV TS levels from
Fig. 2 in steps of 1, starting at 3. The circle-square green markers
indicate HII regions in the catalog of [29]. The dashed green
circle indicates the position of a possible cavity in the molecular
gas.

based on the combined effects of strong stellar winds
from massive stars, or outflows from massive protostars
[27,28].

4. Conclusions

The VHE observations of W51 poses the question of how a
relatively old SNR, whose shock should have been slowed
down by the dense environment long ago, still accelerates
protons so efficiently, up to energies above 100 TeV.
Factors contributing to the extreme luminosity of W51C
could be presence of HII regions, or collective effects
from early-type stars and protostars near the SNR shock.
If gamma-ray emission enhancement also occurs in other
regions where intensive star-formation takes place, this
phenomenon might provide an explanation for the nature
of MAGIC J1857.6+0297 near the PWN HESSJ1857+026.
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