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Abstract: Extended very high energy gamma-ray emission from the direction of the W41 supernova remnant (G23.3-
0.3) was first discovered by the H.E.S.S. Cherenkov telescopes and confirmed by MAGIC. However, the origin of this
emission is still in debate. Different scenarios such as pulsar wind nebula or interaction with a giant molecular cloud
(GMC) were proposed. Furthermore, a central compact object was detected in X-rays by XMM-Newton and recently by
Chandra. This object is surrounded by a diffuse X-ray emission, supposed to be a dust halo or a pulsar wind nebula,
could be the pulsar associated with W41.
The discovery of high energy γ-ray emission towards W41 with Fermi LAT opens the possibility to study jointly with
H.E.S.S. this region over seven decades in energy, helping us to unveil the origin of the γ-ray emission towards the W41
region.
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1 Introduction
The High Energy Stereoscopy System (H.E.S.S.) collabo-
ration reported the detection of a bright, extended (intrin-
sic width σ = 0.2o) very high energy (VHE) γ-ray source
HESS J1834–087 [3] spatially coincident with the super-
nova remnant (SNR) G23.3-0.3 (aka W41) thanks to a 7
hour live-time observation. The distance of the remnant
has been estimated between 3.9 and 4.5 kpc by HI [10] and
CO absorption [13]. The associated cloud used for the dis-
tance estimation has a radial velocity in the local standard
of rest of 77 km/s. An age between 6.104 and 2.105 yrs has
been proposed, depending on the expansion model [18]. In
X-rays, XMM-Newton [16] and Chandra [15] detected a
pulsar candidate at the centre of the remnant, but no pulsa-
tion were found. The putative pulsar is coincident with a
compact non-thermal X-ray nebula which could be a dust
halo or a pulsar wind nebula (PWN). PWN and interacting
SNR with molecular cloud have been proposed to explain
the VHE γ-ray emission [5].
Additional observation time has been obtained with
H.E.S.S. telescopes which allow us to perform joint mor-
phological and spectral analyses with Fermi LAT data.

2 H.E.S.S. observations and analysis
H.E.S.S. is an array of four identical 13-m diameter
imaging atmospheric Cherenkov telescopes (IACTs) lo-
cated in the Khomas Highland of Namibia (23◦16′18′′ S
16◦30′00′′ E) at an altitude of 1800 m above the sea level.
Each of these telescopes covers a large field-of-view (FoV)
of 5o diameter. Due to its large FoV and geographic sit-
uation, H.E.S.S. is ideally suited for studies of extended
sources and Galactic plane survey.
The dataset used for this work correspond to 50 hours live-
time which represent a significant improvement in com-
parison with the 7 hours in the discovery paper. The data
has been analysed with the Xeff reconstruction method [7]
which has a better sensitivity than more common tech-
niques. The studied source is very bright S ∼ 23 σ within
0.3◦ radius around the pulsar candidate position. A sec-
ond independent analysis chain was used to cross-check
the results, including independent calibration of pixel am-
plitudes and identification of dead pixels in the IACTs cam-
eras, leading to compatible results.

2.1 Morphological analysis

Figure 1 presents the excess map smoothed to the H.E.S.S.
point spread function (r68% = 0.062◦). Radio contours
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Figure 1: Excess map of the SNR W41 FoV smoothed
with the point spread function (PSF) of the H.E.S.S. ex-
periment (r68% = 0.062◦). Black contours represents the
13CO data from the GRS integrated around W41’s velocity
(between 74 km/s and 82 km/s), whereas the white con-
tours shows the NRAO radio data at 20 cm. The pulsar
candidate XMMU J183435.3–084443 is represented by a
blue triangle.

(white) from the shell, cloud density (black) traced by
13CO from the Galactic Ring Survey (GRS) [12], and new
pulsar candidate (triangle) are shown as well.
The best-fit position of the excess (l = 23.24◦ ±
0.01◦stat, b = −0.27◦ ± 0.01◦stat) is compatible with the
pulsar candidate position (l = 23.235◦, b = −0.269◦)
which has been chosen to perform the radial profile in fig-
ure 2. The latter shows that a double components function
(red) fit better the data (χ2 = 3/6) than a single gaus-
sian (χ2 = 26/8). The central peak and the extended
emission are each modeled by a gaussian. Their intrinsic
sizes are respectively: rintcent = (0.04 ± 0.01) deg and
rintext

= (0.20± 0.01) deg. No correlation between γ-ray
and cloud morphologies is observed.

2.2 Spectral analysis

In order to test for spectral variations in the compact and
annular regions, two distinct spectral extraction regions
were used. In figure 2, the blue line at rint = 0.1◦ de-
fines the limit between central and annnular regions. The
annular boundary rann = 0.3◦ has been chosen to select
significant excess (S > 4σ) on Gaussian-smoothed excess
map (σ = 0.11◦). The multiple reflected regions technique
has been used to evaluate the background in the FoV. The
central emission is analyzed within a circular region of ra-
dius 0.1◦. Its spectrum is better fitted by an exponential

Figure 2: Radial profile of normalised excesses centred on
the pulsar candidate position. The best-fit model is com-
posed by two gaussians (red line) compared to the single
gaussian (black line).

cut off power law (χ2 = 13/15 dof) than a pure power law
(χ2 = 24/16 dof):

dN
dE

= Φ0(E0)×
( E

E0

)−Γ
× exp

( −E
Ecut

)
(1)

with Φ0(E0) = (3.52 ± 0.64stat) × 10−8 m−2s−1TeV−1,
E0 = 0.653 TeV, the spectral index Γ = 1.6 ± 0.3stat ±
0.1sys and the energy cut Ecut = 1.9± 0.8 TeV.
The spectra extracted inside the annular region presents a
pure power law spectrum (χ2 = 40/20 dof) with a normal-
ization constant of Φ0(E0) = (10.47 ± 0.63stat) × 10−8
m−2s−1TeV−1, E0 = 0.580 TeV, and a photon index of
Γ = 2.6± 0.1stat ± 0.1sys.

3 Fermi LAT observations and analysis
The Large Area Telescope (LAT), launched in June 2008
onboard the Fermi observatory, observes the entire γ-ray
sky every 3 hours, thanks to its wide field-of-view (FoV) of
2.4 sr. For a detailed description of the instrument, see [6].
The data used in this work have been acquired between 4
August 2008 and 10 June 2010, which is more than used
in the 1FGL catalogue [1]. Only γ-ray events coming from
zenith angles smaller than 100◦ have been selected in order
to reduce the Earth albedo contribution. Events have been
selected from 1 GeV to 100 GeV in the P6 DIFFUSE class.
Such cut selection is motivated by point spread function
better than 1.0◦ (for 68% containment) at 1 GeV, and the
difficulties to model the associated diffuse emission.
Figure 3 shows the TS map with superimposed TS Fermi
LAT contours from 40 increasing by step of 40 obtained
with Pointlike analysis. The source is very bright with
TSmax = 153. The best morphological fit of the high
energy (HE) γ-ray excess is obtained with an extended
gaussian model which is statisticaly better than a point-
like source (TSext = 47). The intrisic size is σ =
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Figure 3: TS map with TS contours 40, 80, 120 from Fermi
analysis using PointLike. Only events above 1 GeV were
used.

(0.16±0.07)◦ and the best-fit position (l = 23.18◦±0.05◦,
b = −0.24◦ ± 0.05◦) is compatible with SNR W41.
The best-fits results demonstrate that GeV and TeV ex-
tended components have compatible intrinsic sizes. More-
over, figure 4 presents the comparison of best-fits positions
(crosses) and extensions (the rings represents the statisti-
cal uncertainties) from Fermi LAT (white) and H.E.S.S.
(yellow) analysis. Their position are both compatible with
W41.
The spectra associated to the Fermi source can be modeled
as an integrated power law function:

dN
dE

= I0
(α+ 1)Eα

Eα+1
max − Eα+1

min

(2)

with I0 = 1.2 ± 0.1 × 10−8 cm−2s−1 the integrated flux
between Emin = 1 GeV and Emax = 100 GeV and α =
2.1± 0.1 the spectral index.

4 Discussion
4.1 GeV - TeV morphology comparison

GeV and TeV extended emission are compatible in terms
of position and intrisic extension. Figure 5 shows the
spectral energy distibution (SED) from GeV to TeV ener-
gies. Because the spectra of both extended emissions joint
smoothly, the same mechanism can be at the origin of these
emissions. The TeV central emission (blue butterfly) can
not be observed by Fermi LAT because its flux is to low.

Figure 4: Radio map from VLA with superimposed posi-
tions and intrinsic size in white and yellow respectively for
Fermi LAT and H.E.S.S. sources. The crosses size informs
the position error, whereas the ring’s thickness represents
the extensions errors.

4.2 Shell-type morphology scenario

The origin of the γ-ray emission from the SNR shell is un-
likely because of the morphology. The emission is not a
shell-like morphology as RX J1713–3946 at VHE [4] or
W44 at HE [2]. On the contrary, the VHE radial profile
shows that the main emission comes from the centre of the
SNR.

4.3 SNR-MC interaction

Four interacting SNRs are known with associated γ-ray
emission from GeV to TeV energies, namely IC443, W28,
W44, W51. Their spectra presents two parts, below the en-
ergy cut (around 1 - 3 GeV) the power law spectra follows
an index of 1.9 or 2.1, while above the break the index is
between 2.6 and 3.1.
The possibility for W41 to be in interaction with the as-
sociated GMC has been suggested [5]. From the best-fit
position performed with H.E.S.S., it is clear that the TeV
emission is not coincident with the 13CO peak extracted
from GRS data [12]: the angular distance between each is
around 0.11◦. Moreover, the TeV morphology is not com-
patible with the cloud morphology.
Looking at the SED, the indexes found for the extended
emissions are respectively 2.1 ± 0.1 and 2.6± 0.1 at GeV
and TeV energies. This shape is comparable to interacting
SNRs’s, but requires a rather high energy cut off (∼ 100
GeV) compared to those observed.
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Figure 5: Spectral energy distribution from GeV to TeV
energies. The TeV spectra are the 1σ confidence regions of
the fits.

4.4 Pulsar wind nebula candidate

Because of the putative X-ray nebula surrounding the pul-
sar candidate at the center of the remnant, the PWN sce-
nario has been tested. From PWNs observed in X-ray and
γ-ray, a correlation between luminosities ratio (Lγ/LX )
and the characteristic age τc of the pulsar at the origin of
the emission seems to exist [14]. In our case, the range al-
lowed on τc is estimated based on the data dispersions. We
assumed the whole (central + annular) VHE γ-ray emission
coming from the source and estimated Lγ � 2.4 × 1034
erg/s, whereas Chandra observations provided LX � 4.1×
1033 erg/s. We found τc ∈ [5.103; 8.104] yr comparing
to the W41’s estimated age (between 6.104 and 2.105 yr),
then the PWN scenario can’t be rejected. In addition, based
on X-ray observations, the spin down luminosity estimated
from PWN modelisation Ė ∈ [1036−1037] erg/s (see [15])
is compatible with values of other TeV PWN.

5 Conclusion
The detailed study of Fermi LAT HE γ-ray excess from
SNR W41 revealed an extended emission. At VHE, the
latest H.E.S.S. data exhibit a two-component morphology.
Fermi LAT analysis results in a significant extension of the
GeV emission which has a compatible intrinsic size with
the TeV extended component. Their positions are both in
coincidence with SNR W41. The shape of the GeV to TeV
spectra is compatible with those of the interacting SNRs
even if an energy break around 100 GeV is required. Un-
fortunately, the CO-γ-ray morphological aspect does not
support this scenario.
The central position of the pulsar candidate suggests its
association with SNR W41. The surrounding X-ray dif-
fuse emission detected by Chandra could be explained by
a PWN, the VHE central component is spatially compati-
ble with it. The ratio luminosities between γ- and X-rays
of the whole TeV emission and the estimated Ė of the pul-

sar candidate are in the range of what have been observed
in other TeV sources powered by pulsars.
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