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With the improved sensitivity with respect to the previous generation, current space-borne and
ground-based gamma-ray telescopes have made the number of y-ray sources detected at GeV-
TeV energies increase many folds over the last decade. Many of the detected extended gamma-ray
sources are not associated with any known sources at other wavelengths. Understanding the nature
of these sources and the origin of the observed high energy gamma-ray emission remains a great
challenge. Using the MAGIC telescopes, we have observed one such unassociated gamma-ray
source, named HESS J1841-055 at TeV energies. We investigate the physical nature and origin
of the y-ray emission from this extended source. In this paper, we present the results of our
detailed investigation on this source using MAGIC data and other multi-waveband information
on nearby sources. The results included in this proceeding and shown in this presentation were
published in ref. [1]. The details about the analysis, interpretation and modelling can be found in

the aforementioned reference.
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The unidentified y-ray source HESS J1841-055 was first discovered at TeV energies in 2007
with a statistical significance of 10.70 by the High Energy Stereoscopic System (H.E.S.S.) during
the Galactic plane survey [2]. The observed emission was reported as extended with an elliptical
extension of 0.41° and 0.25° along the semi-major and semi-minor axes, respectively and centered
at Right Ascension (RA):18"40™55° and Declination (Dec): 5°33’00”” with a position angle 39°
relative to the RA axis. HESS J1841-055 is further observed with other experiments like ARGO-YBJ
and HAWC and the observed y-ray emission was also found to be extended [3, 4] .

This region was further investigated at other wavelengths to search for possible counterparts.
Although no confirmed counterparts of the TeV source HESS J1841-055 at lower energies are
known, several possible associations have been suggested. The detection of two separate extended
sources (FGES J1839.4-0554 and FGES J1841.4-0514) was also reported in this region at energies
above 10 GeV using data from the Fermi-Large Area Telescope [LAT, 5, 6].

We have observed HESS J1841-055 between April 2012 and August 2013 using MAGIC
telescopes, for a total of about 43 hours, at zenith angles between 5° and 50°, resulting in an
energy threshold for this analysis of ~150 GeV. After quality cuts, which account for hardware
problems, unusual rates, and bad atmospheric conditions, ~34 hours of high-quality, dark-time data
are selected for further analysis. The analysis of the MAGIC data is performed using the standard
MAGIC Analysis and Reconstruction Software [Mars; 7, 8] and standard analysis procedure. Given
the extension of the source and the possibility of contamination from other nearby sources, we study
the region using an iterative maximum likelihood method included in the Skyprism package [9].
Skyprism has specifically been developed to perform 2D fitting of Imaging Atmospheric Cherenkov
Telescopes (IACTs) data and has been optimised for MAGIC data.

We also explore the GeV counterpart making use of 10-year data of Fermi-LAT. We finally
model the GeV-TeV emission to unveil the dominant y-ray emission mechanisms at work. The
potential counterparts at other frequencies are also investigated. The low energy threshold of
MAGIC, which allows to overlap with Fermi-LAT in the GeV domain, combined with the MAGIC
capabilities of reaching several TeV, make the MAGIC telescopes a suitable instrument to study
this region within a broad energy range. The combination of both MAGIC and Fermi-LAT allows
spectral studies of this complex region for almost four decades in energy.

In order to study the energy-dependent morphology of the extended source HESS J1841-055,
we consider three different energy ranges: 50 — 500 GeV (low energy, LE), 500 GeV — 1 TeV
(medium energy, ME) and >1 TeV (high energy, HE), respectively. We find that the extension of
the source at these three energy ranges appears to be the same (approximately 0.4°). However, the
overall detection significance of the extended emission reduces at higher energies, revealing only a
few hotspots in the southern part of the source (see left panel of Fig. 1). MAGIC observations show
that the source has an extension compatible with that measured by the H.E.S.S. collaboration at TeV
energies. It is also evident from the different maps that the extended region shows several bright
hotspots with a significance of more than 5o-. Many bright highly-significant spots are detected at
LE and ME, while they mostly disappear at HE (see Fig. 1 of ref. [1]). These hotspots hint the
presence of multiple sources in the region. It also indicates that the most significant emission at
higher energies is coming from the southern part of the region.

As discussed above, the extended source HESS J1841-055 may potentially consist of multiple
sources. To check this, we consider three different source models covering the full energy range,
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Figure 1: Left panel: y-ray relative flux maps with 3o (yellow) and 50 (white) contour levels of the extended
source HESS J1841-055 as seen by MAGIC is for HE (> 1 TeV). Right panel: SED of both MAGIC and
Fermi-LAT observations.

i.e., energies from 50 GeV to above 1 TeV. We first consider a single-source model where the
extended source is considered to be a 2D elliptical Gaussian. We leave the peak position, extension
along X and Y direction and angle w.r.t. the X direction free while maximizing the likelihood value
of the fit. For the second model, we replace the single-source model with two sources which are
modelled as 2D circular Gaussian. The peak position and radius (1o standard deviation) of the
two sources are free parameters of the model. Finally, for the third option, we model the entire
source region considering three different sources, one with elliptical disk model and the other two
with Gaussian models. It is found that both two-source model and three-source models are better
than a single-source model. The improvement of the two-source model w.r.t. to the one-source
model is given by TS = 9.4 for 1 additional degree of freedom (d.o.f.), which corresponds to an
improvement at 30~. The improvement of the three-source model w.r.t. to the one-source model is
given by test-statistics of 16.2 for additional 5 d.o.f which corresponds to an improvement of 2.7¢ .
This hints that the HESS J1841-055 region is better modelled by multiple sources.

The spectral energy distribution (SED) is calculated in the energy range of 50 GeV to > 1 TeV,
using the Skyprism package. We consider the extended 2D Gaussian template with the extension
0.4° at the position of the HESS J1841-055 and an isotropic background. The observed spectrum
in this energy range is best described by a power-law model with spectral index of 2.57 + 0.05. We
have also combined both MAGIC and Fermi-LAT SED points and performed a joint likelihood fit.
Both the broken power-law and power-law with exponential cutoff models describe the combined
SED better than a simple power-law model, implying that a significant curvature is present in the
SED (see right panel of Fig 1).

Multi-wavelength modelling of the data indicates that the leptonic model can explain the data
well. Due to the higher ambient matter density, the bremsstrahlung spectrum dominates over 1C
spectrum. The radio and X-ray fluxes put a constraint on the magnetic field of 5 uG in the emission
volume when they are accounted with a synchrotron emission process. The magnetic field of 5 uG
is very close to that of some other known old pulsar wind nebulae (PWNe) [10, 11]. Given the
high ambient matter density and presence of molecular clouds, a hadronic emission model is also
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suitable to explain the observed data at GeV-TeV energies. We find that the hadronic model can
explain the data very well for a BPL proton distribution and an ambient matter density of 100 cm™>.

In the whole discussion on multi-wavelength modelling of the data, our assumption was that the
observed emission is entirely due to a single source. However, we have already seen that the region is
populated by different sources which were established through observations at lower energy bands.
Some of them could be potentially associated with the observed emission at GeV-TeV energies
following their location and energetics. Given the angular resolution of the y-ray telescopes at
present generation, it is not possible to have an unambiguous association with the sources at other
wavebands. One possible scenario for the extension of the emission is the interaction of run-
away cosmic particles from the source and the y-ray visibility is enhanced due to interaction with
molecular clouds which are covering the extended source very well (see Fig. 8 of [1]). The
presence of molecular clouds along the extension of the source also supports the relatively high
ambient matter density required for both leptonic and hadronic model.

The nature of this source is ambiguous due to its extension at very high energies and presence
of several different class of the objects. The observations at X-ray energies did not show any bright
synchrotron nebula around the pulsars present in this region. However, in this scenario the absence
of bright synchrotron nebula can be easily explained. If the TeV source is powered by one or several
pulsars present in this region, then pulsars are expected to be relic ones. For such PWNe, IC emission
efficiency is more pronounced due to lower magnetic fields. In our multi-waveband modelling, we
find that the IC contribution for this source is 10% less compared to the bremsstrahlung spectrum.
Therefore, it is reasonable to consider that the synchrotron emission could be even more inefficient,
which supports the absence of the bright synchrotron nebula around the pulsars. Therefore, if
the bright TeV emission is assumed to be associated with a PWN, then the PWN requires to be
a relic one where the remnant of the supernova explosion has already disappeared. We therefore
conclude that the observed emission can be potentially most likely associated with a PWN. In an
SNR scenario, a strong association can be made provided that the observed emission is considered
due to the particles that escaped the SNR shocks and are interacting with the molecular clouds.
Following the diffusion timescale (¢4;rr=17 kyr) and the age of the SNR G26.6-0.1 as a middle-age
SNR [~103 years; 13], it can be considered a possible candidate for at least part of the detected
GeV-TeV emission.

In summary, our deep study of the unidentified extended y-ray source HESS J1841-055 at TeV
energies shows that the observed y-ray emission from HESS J1841-055 is significantly extended
and is consistent with other measurements. Within the present morphological and spectral studies of
this extended source using GeV-TeV data and available MWL information on sources present within
the region, we find that the extended y-ray emission seems to be associated with multiple sources
in this region. The observed SED can be explained well with both a leptonic (bremsstrahlung) and
a hadronic model for the density of ambient matter of 100 cm™> assuming a broken power-law dis-
tribution of electrons and protons, respectively. The GeV-TeV emission is compatible with a PWN
scenario, although a fraction of the y-ray emission can also be explained within a SNR scenario.
However, disentangling these sources at TeV energies (either point sources or extended sources)
one from another and quantifying their contribution to the observed morphology of the source
demands much better angular resolution compared to the present generation of y-ray telescopes.
Hence, it becomes naturally an interesting source of study for the next generation of IACT telescopes.
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