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ABSTRACT
The High Energy Stereoscopic System (H.E.S.S.) is a
second generation array of four Imaging Cherenkov Atmospheric Telescopes situated in Namibia, with unprecedented sensitivity compared to past gamma-ray experiments. H.E.S.S. has tripled the number of Galactic
sources detected at TeV energies. Some of them do not
have a firm identification yet. The search for possible
counterparts at other wavelengths is fundamental for both
a correct identification and a physical description of the
new TeV sources. Here we present the new Galactic
sources detected by H.E.S.S. during its first year of operations and we discuss their possible X-ray counterparts.
Key words: Gamma-rays; supernova remnants; pulsar
wind nebulae.
1. INTRODUCTION
The study of astrophysical sources above ∼ 1011 eV,
in the TeV range (1 TeV = 1012 eV), is the domain of
Very High Energy (VHE) astronomy. At these energies, the most effective way to detect gamma-rays is on
the ground, through the Imaging Atmospheric Cherenkov
Technique. This method is based on the detection of the
Cherenkov light emitted by showers of secondary particles generated by the interaction of a primary gamma-ray
with the molecules of the upper atmosphere (see Fig. 1).
The use of several telescopes provides a multiple view of
the same shower and allows to reconstruct the photon’s
direction with good precision. The big advantage of such
a technique is the large collecting area of ∼ 105 m2 at 1
TeV. As a comparison, gamma-ray satellites have typical
detection areas of the order of square metres, too small
to be able to collect a sufficiently large number of VHE
photons given their very low flux. For this reason VHE
astronomy in space remains unpractical at present.
The main goals of VHE astronomy, for the purposes of
these proceedings, are the identification of the sites of
particle acceleration and of the acceleration mechanisms,
as well as the determination of the nature of the emitting particles (hadrons or leptons). VHE photons are ex-

pected to be produced at the sites where particles are accelerated up to TeV energies by different possible mechanisms: decay of neutral pions produced in hadronic interactions, Inverse Compton scattering of electrons, nonthermal bremsstrahlung and synchrotron emission from
ultra-high energy particles. Therefore VHE photons can
be used as tracers of the acceleration sites because, as opposed to the particles, they are not affected by magnetic
fields and they retain directional information.
The High Energy Stereoscopic System (H.E.S.S.) is a
TeV instrument situated in the Khomas Highlands in
Namibia at an altitude of 1800 m. It consists of a
square array of four Imaging Atmospheric Cherenkov
Telescopes (IACTs) with a side length of 120 m, a value
chosen to maximize the sensitivity above ∼ 100 GeV.
Each telescope has a mirror area of ∼ 107 m2 and is
equipped with a camera constituted by 960 fast photomultiplier tubes. H.E.S.S. is sensitive to the energy range
from ∼ 100 GeV up to a few tens TeV. The large field of
view of 5◦ is especially suited for the study of extended
sources and for surveys. The angular resolution is of the
order of a few arcminutes. The sensitivity is about an
order of magnitude higher than that of previous TeV instruments and reaches 1% of the Crab flux for a 5σ detection in 25 hours. H.E.S.S. works in stereoscopic mode,
meaning that a photon is recorded only when at least two
telescopes are triggered at the same time, which allows a
considerable reduction of hadronic background. The system has been fully operational since January 2004. For
more information about H.E.S.S. see for example Hinton
(2004).
2. THE NEW H.E.S.S. GALACTIC SOURCES
Galactic TeV astronomy before the beginning of H.E.S.S.
activities was limited to a handful of objects (see e.g.
Weekes 2003). Among these, only a few were detected
by more than one instrument and were considered as firm
sources, whereas the majority was still waiting for independent confirmations. After about one year of observations with the full H.E.S.S. array the situation has dramatically changed. Table 1 lists all the Galactic sources detected by H.E.S.S. up to September 2005. Some of them
are well known sources, previously detected at TeV ener-
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Figure 1. Sketch of the Imaging Atmospheric Cherenkov
Technique as implemented by H.E.S.S.
gies by other instruments, but the majority have been discovered during a survey of the inner part of the Galactic
Plane (Aharonian et al. 2005a, Aharonian et al. 2005b).
One should note that some earlier claimed TeV sources
(SN 1006 and PSR 1706-44) could not be confirmed by
H.E.S.S. and thus are not included in Table 1. Only upper limits could be determined for these sources and the
results are reported elsewhere (Aharonian et al. 2005c,
Aharonian et al. 2005d).
At present, there are twenty-four H.E.S.S. Galactic
sources, but this number will very likely increase in the
near future. All the sources are detected above a 4σ significance level (post-trials, i.e. accounting for the number
of grid points in the sky map tested for the presence of a
source) and most of them appear to be considerably extended. The Galactic latitudes of the sources (Table 1,
Col. 3) show that all of them cluster along the Galactic Plane. Typical systematic errors on the photon fluxes
listed in Table 1 are of the order of 30%.

3. X-RAY COUNTERPARTS
Given the above results a search for possible counterparts
of the new Galactic sources has been undertaken. Since
gamma-ray instruments in the MeV-GeV ranges, like
e.g. EGRET, do not allow to establish firm associations
with the H.E.S.S. sources due to their poor angular
resolutions, the most natural band where one would look
for counterparts of TeV sources is the X-ray band. Based
on their X-ray counterparts we have qualitatively divided
the TeV sources into four groups (see Table 1). The
first one includes the firm X-ray/TeV associations; as an
example, in this group we find the two shell-like SNRs
RX J1713.7-3946 and Vela Junior (RX J0852.0-4622).
Their TeV emission is spatially well resolved and reveals
a shell structure which correlates very well with that seen
in the X-ray band (Aharonian et al. 2004, Aharonian
et al. 2005e). In the second group we have the likely

associations, such as, for example, the plerion of the
pulsar PSR J1826-1334 (see Fig. 4). For this object
the association is based on both spectral arguments
and considerations on the relative extents and positions
of the X-ray and TeV emission regions (Aharonian et
al. 2005f), although in this case we do not see highly
spatially correlated morphologies as in the two SNRs
discussed above. In the third group we have placed
sources for which a good positional coincidence is found
between the TeV emission and an X-ray source, but for
which no other strong argument exists in favour of the
association. Some of these sources might eventually
turn out to be spurious identifications. The fourth group
includes all the sources for which no X-ray counterpart has been found so far. For some of the sources
(“dark” sources) no counterpart could be found at any
wavelength. However, it is not clear yet whether the
absence of X-ray counterparts is due to an intrinsic X-ray
weakness of the sources or just to the lack of X-ray
observations covering their entire TeV emission regions.
Deeper investigations on these objects are under way.
We will consider from now on only the first two groups
of reliable associations and we will show some examples
in more detail. As the majority are plerions, in the
following we will concentrate mainly on these sources.
However, for completeness, we will also show the case
of the shell-like SNR RX J1713.7-3946, which is a
beautiful example of the imaging capabilities of H.E.S.S.
Vela X. Figure 2 shows a smoothed excess map of
the Vela X region with ROSAT contours overlaid on
it. The TeV emission of HESS J0834-456 is clearly
elongated and extends to the south-west of the Vela
pulsar (Khélifi et al. 2005). It overlaps very well with
the X-ray emission as seen by ROSAT, which is believed
to originate from a pulsar jet (Markwardt & Ögelman
1995). The analysis of this source is still in progress
(Aharonian et al. 2005g, in preparation).
MSH 15-52. Figure 3 shows a smoothed excess map of
the SNR MSH 15-52 as well as ROSAT contours from
Trussoni et al. (1996). The centroid of the TeV emission
is indicated by the black star on the left, whereas the
pulsar’s position is given by the black dot on the right.
As one can see the TeV excess is significantly extended
and roughly centered on the pulsar’s location. The TeV
emission region is well compatible with the extension
of the X-ray emission from a diffuse PWN surrounding
the pulsar. This represents the first resolved image of
a PWN at TeV energies (see also Aharonian et al. 2005h).
HESS J1825-137. Figure 4 is an unsmoothed excess
map of the PWN associated with the Vela-like pulsar PSR
J1826-1334. Also shown in the figure are the XMM contours, the 95% confidence region of a closeby unidentified EGRET source which might be associated with the
H.E.S.S. source, the best fit position of the TeV excess
and its best fit size (see caption of Figure 4). The X-ray
emission is asymmetric with respect to the pulsar’s posi-
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Table 1. List of Galactic sources detected by H.E.S.S. during its first year of operations. Col. 1: H.E.S.S. name; Col.
2: Galactic longitude; Col. 3: Galactic latitude; Col. 4: photon flux above the threshold energy shown in parentheses;
Col. 5: counterpart, or possible counterpart (in italic); Col. 6: type of counterpart; Col. 7: division of the sources into
different groups according to their X-ray counterparts.
H.E.S.S. Name

l (◦ )

b (◦ )

J1713-397
J0834-456
J1514-591
J1747-281
J1745-290
J1826-148
J1825-137
J1813-178
J1837-069
J1713-381
J1640-465
J1634-472
J1632-478
J1804-216
J1303-631
J1834-087
J1745-303
J1708-410
J1702-420
J1616-508
J1614-518

347.28
266.28
263.86
320.33
304.19
-5.78
0.87
359.95
16.90
17.82
12.81
25.18
348.65
338.32
337.11
336.38
8.40
304.23
23.24
358.71
345.67
344.26
332.39
331.52

-0.38
-1.24
-3.07
-1.19
-0.99
19.1(>1)
0.08
-0.05
-1.28
-0.74
-0.03
-0.11
0.38
-0.02
0.22
0.19
-0.03
-0.36
-0.32
-0.64
-0.44
-0.22
-0.14
-0.58

Fph (> ETeV )
(10−12 cm−2 s−1 )
14.6(>1)
19.0(>1)
14.5(>1)
22.6(>0.28)
<2-6(>0.38)
Crab
5.5(>0.2)
18.2(>0.17)
5.1(>0.25)
39.4(>0.2)
14.2(>0.2)
30.4(>0.2)
4.2(>0.2)
20.9(>0.2)
13.4(>0.2)
28.7(>0.2)
53.2(>0.2)
12.0(>0.38)
18.7(>0.2)
11.2(>0.2)
8.8(>0.2)
15.9(>0.2)
43.3(>0.2)
57.8(>0.2)

tion, extending towards the south. It has been attributed to
synchrotron emission from a PWN (Gaensler et al. 2003).
The TeV emission extends further to the south and covers a larger area with respect to the X-rays. Aharonian
et al. (2005f) argue that this emission is also associated
with the PWN by interpreting both the offsets of the emission regions observed in the X-ray and TeV bands and the
corresponding spectra in terms of longer lifetimes of the
TeV emitting electrons compared to those of the X-ray
electrons.

RX J1713.7-3946. This is a well-known shell-like SNR.
Figure 5 shows a smoothed excess map with ASCA contours (1-3 keV) overlaid on it. The TeV emission clearly
shows a shell morphology which traces very well that observed in the X-ray band (Aharonian et al. 2004). The
quality of the TeV image is such that it allows to perform,
for the first time at these energies, a spatially resolved
spectral analysis (Aharonian et al. 2005i, submitted).

Possible counterpart

Type

RX J1713.7-3946
Vela Junior
Vela X
MSH 15-52
PSR B1259-63
plerion
G 0.9+0.1
Gal. Center
LS 5039
PSR J1826-1334
G 12.82
G 25.5+0.0
CTB 37B
G 338.3-0.0
IGR J16358-4726?
IGR J16320-4751?
G 8.7-0.1
G 23.3-0.3
3EG 1744-3011
PSR J1617-5055
-

SNR shell
SNR shell
plerion
plerion
“binary plerion”
plerion
BH/SNR?
Microquasar
plerion
SNR shell/PWN
SNR/PWN?
SNR?
SNR
Unid.
Unid.
SNR/PWN?
“Dark”
SNR
Unid.
“Dark”
“Dark”
PWN?
“Dark”

Group

Firm X-TeV
associations

Likely X-TeV
associations

X-TeV positional
coincidences

No X-rays

4. PROPERTIES OF THE SOURCES
The increasing number of newly discovered TeV sources
allows for the first time to carry out population studies at
very high energies. It is now possible to start to answer
questions such as whether the TeV spectra are correlated
in any way with those in the X-ray band or in other bands,
or with any other properties of the objects. The aim of
these studies is eventually to understand the physics behind particle acceleration and this requires a multiwavelength approach. As an initial attempt in this direction in
Table 2 we have summarized the TeV results and the Xray data from the literature for the plerions for which a reliable association between the emission in the two bands
has been established (i.e. first two groups in Table 1).
Basically all of the sources show X-ray and TeV photon indices falling in the range 2-3, with the exception of
the rather flat ΓX of PSR B1259-63. This is, however,
a rather peculiar system with a pulsar orbiting a massive
Be star and interacting periodically with the companion’s
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Table 2. X-ray and TeV data for plerions with a reliable association between the X-ray and TeV emission. Col. 1: name
of the source; Col. 2 and 3: monochromatic fluxes at 1 TeV and 1 keV, respectively; Col. 4: ratio of these two fluxes; Col.
5 and 6: gamma-ray and X-ray photon indices; Col. 7: age of the source.
F1 TeV
(10−12 erg s−1 cm−2 TeV−1 )
Vela X
21.55
MSH 15-52
9.12
PSR B1259-63
2.08
!
+
Crab
49.76
G 0.9+0.1
1.35
@ %> HK±% :K
A @ :' (K±% :K
HESS J1825-137
9.43

F1 keV
F1 TeV /F1 keV ΓTeV
(10−12 erg s−1 cm−2 keV−1 )
(10−10 )
234.44
0.92
1.90
11.27
8.09
2.27
8.48
2.45
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Fig. 1. Smoothed excess map from MSH 15-52 in arbitrary units (a.u.). The map is smoothed with a Gaussian of
σ=0.04◦ and only events with image sizes above 400 p.e. are used in order to improve the H.E.S.S. angular resolution.
The white contour lines denote the X-ray (0.6–2.1 keV) count rate measured by ROSAT (Trussoni et al. 1996). The
black point and black star lie at the pulsar position and at the excess centroid, respectively. The right-bottom inset
shows the simulated PSF smoothed identically.

after standard cuts. Fig. 3 shows the reconstructed spectrum from these events. The data are consistent with a
power law (dN/dE∝E −Γ ) up to ∼40 TeV with a photon
index of Γ=2.27±0.03 stat±0.20 syst and a differential flux
at 1 TeV of (5.7±0.2 stat ±1.4 syst )×10−12 TeV−1 cm−2 s−1 .
The χ2 /d.o.f. of the fit is 13.3/12. The corresponding integral flux above 280 GeV represents ∼15% of the Crab
Nebula flux above the same threshold. The flux distribution, as measured on a run by run basis, is compatible
with steady emission (the χ2 /d.o.f. is 47.0/51).
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Figure 2. Smoothed excess map of Vela X with ROSAT
Figure 3. Smoothed excess map of the SNR MSH 15-52
contours (0.9-2.0 keV) from Marqwardt & Ögelman
with ROSAT contours (0.6-2.1 keV) from Trussoni et al.
(1995).
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2. H.E.S.S. Observations and Results
The first H.E.S.S. observations of this region occurred as part
of a systematic survey of the inner Galaxy from May to July
2004 (with 4.2 hours of exposure within 2◦ of HESS J1825–
137). Evidence for a VHE γ-ray signal in these data triggered
re-observations from August to September 2004 (5.1 hours).
The mean zenith angle of the observations was 31◦ and the
mean offset (ψ) of the source from the pointing direction of the
system was 0.9◦ . The off-axis sensitivity of the system derived
from Monte-Carlo simulations has been confirmed via observations of the Crab Nebula (Aharonian et al. 2005c). The data
set corresponds to a total live-time of 8.4 hours after application of run quality selection based on weather and hardware
conditions.
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to study the properties of different classes of objects, although definite conclusions have to wait for the results
of deeper multiwavelength investigations currently under
way.
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