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Abstract: Scan-based observations of the Galactic plane and continuing re-observations of known very-
high-energy (VHE) gamma-ray sources with the H.E.S.S. system of imaging atmospheric Cherenkov
telescopes have revealed a wide variety of new VHE objects. While in many cases these objects can be
associated with known sources in the X-ray, radio, or optical wavebands, a subset of them currently have
no obvious cataloged lower-energy counterpart. An analysis of 8 such unidentified sources is presented
here.

Introduction

The current generation of Imaging Atmospheric
Cherenkov Telescopes (IACTs) have provided an
unprecedented level of sensitivity to the field of
VHE (E =100 GeV–100 TeV) astronomy. In
particular, the H.E.S.S. instrument and the ongo-
ing H.E.S.S. Galactic Plane Survey of the inner
Galaxy [1], has increased the number of known
VHE sources by nearly an order of magnitude.
While many of the new VHE sources discovered
in the survey can be associated through multi-
wavelength data with previously identified objects
(e.g. shell-type supernova remnants, pulsar-wind
nebulae, or X-ray binaries), a growing population
of VHE sources have yet to be identified. Since at
least weak X-ray and radio emission is predicted
by most common VHE emission models, the lack
of lower-energy detections may provide substan-
tial model constraints and may even point to a new
class of objects which emit primarily in the VHE
energy range.

The results presented here should be considered
preliminary; further details (sky maps and spectra)
and final results will be available shortly in a refer-
eed article.

Technique

H.E.S.S. (the High Energy Stereoscopic System)
is an array of four atmospheric Cherenkov tele-
scopes located in the Khomas highland of Namibia
at an altitude of1800 m above sea-level. Each
telescope consists of a107m2 optical reflector
made up of segmented mirrors that focus light
into a camera of 960 photo-multiplier tube pixels
[2]. The telescopes image the UV/blue flashes of
Cherenkov light emitted by the secondary parti-
cles produced in gamma-ray-induced air-showers.
Stereoscopic shower observations using theimag-
ing atmospheric Cherenkov technique(e.g. [3, 4,
5]) allow for accurate reconstruction of the direc-
tion and energy of the primary gamma rays as well
as for the rejection of background events from air
showers of cosmic ray origin. H.E.S.S. is sensitive
to gamma rays above a post-cuts threshold energy
of approximately 150 GeV and has an average en-
ergy resolution of∼ 16% [6].

The data discussed here were taken as part of the
H.E.S.S. Galactic Plane Survey, which covers the
band−50◦ < l < 60◦ in galactic longitude and
−3◦ < b < 3◦ in latitude. Data are taken as a
series of 28-minute “runs”, each centered on regu-
lar grid points along the survey region, or in case
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of re-observed sources, inwobble-mode, where the
runs are taken at alternating offsets from the source
position (typically0.7◦). The data are analyzed
using the standard H.E.S.S. analysis and calibra-
tion techniques described in [6]. The predefined
hard gamma-ray selection cuts were applied to the
data, which provide better gamma-hadron separa-
tion (and are thus better for source detection) at the
expense of a higher analysis energy threshold. For
source detection and morphology studies, thering-
backgroundtechnique [7] was used for background
subtraction with an on-source integration radius of
0.22◦ and an off-source annulus with typical radius
0.7◦ (standard for H.E.S.S. scan sources).

Source Selection

The VHE sources discussed here include all new
sources discovered (with post-trials significances
over 6σ) in the H.E.S.S. Galactic Plane Survey
for which there is no obvious cataloged counter-
part at lower wavelengths, according to the crite-
ria cited below. Additionally, two sources meeting
these criteria that were previously published in [1]
are included due to a substantial increase in expo-
sure time. A search for counterparts to the VHE
emission was made by first looking in source cat-
alogs for objects which are of a type known to
produce VHE photons, including the ATNF pulsar
catalog [8], the Green’s supernova remnant cata-
log [9], and the High-Mass X-ray binary (HMXB)
catalog by [10]. We also checked the Low-Mass
X-ray binary (LMXB) catalog by [11], the IN-
TEGRAL source catalog [12], and the SIMBAD
database. Additionally, publicly available images
for lower-wavelength survey data in the radio and
X-ray wavebands, from the Molonglo [13, 14],
NRAO VLA [15], ROSAT [16], ASCA [17] Galac-
tic plane surveys, were compared with the H.E.S.S.
excess maps.

To reduce the possibility of chance coincidences,
some minimal selection criteria were applied to
the possible candidates. For pulsar wind nebu-
lae, only pulsars with spin-down fluxeṡE/D2 >
1033 erg sec−1 kpc−2 (e.g. ones which would re-
quire < 100% spin-down power to gamma ray
conversion efficiency) were considered. For shell-
type SNRs, only those that reasonably match the
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Table 2: Previously published unidentified VHE
sources, not discussed here. Coordinates are in
J2000 epoch. Sources with‡ have no obvious
lower-wavelength counterpart. For other sources,
possible counterpars exist, which are however
unidentified themselves or did not yet permit an
identification of the VHE source. Results are from
[18], [1], and [19].

morphology (size and position) of the VHE emis-
sion, and for XRBs (which have so far not been ob-
served to produce extended emission), only those
with small offsets from the VHE source were con-
sidered plausible candidates.

Results

The details of the six new and two updated uniden-
tified H.E.S.S. VHE sources are presented in Table
1, while previously published unidentified VHE
sources are listed in 2 for reference. The results of
a simple two-dimensional Gaussian function con-
volved with the H.E.S.S. point-spread function to
the uncorrelated excess event maps is given in Ta-
ble 3. This gives a rough impression of the size
of each object, however as the emission is in most
cases not Gaussian.

Discussion

Though the general characteristics (size, location,
flux) of the eight unidentified sources described
here are similar to previously identified galac-
tic VHE sources (e.g. PWNe), they have so far
no clear counterpart in lower wavebands and fur-
ther multi-wavelength study is required to under-
stand the emission mechanisms powering them.
Therefore, follow-up observations with higher-
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Source R. A. Dec l(◦) b(◦) T (hrs) S (σ) Counts
HESS J1427−608 14h27m2s −60◦51′00” 314.409 -0.145 21 7.3 197
HESS J1626−490 16h26m04s −49◦05′13” 334.772 0.045 12 7.5 153
HESS J1702−420† 17h02m44s −42◦00′57” 344.304 -0.184 9 12.8 412
HESS J1708−410† 17h08m24s −41◦05′24” 345.683 -0.469 39 10.7 513
HESS J1731−347 17h31m55s −34◦42′36” 353.565 -0.622 14 8.1 218
HESS J1841−055 18h40m55s −05◦33′00” 26.795 -0.197 26 10.6 346
HESS J1857+026 18h57m11s 02◦40′00” 35.972 -0.056 21 8.7 223
HESS J1858+020 18h58m20s 02◦05′24” 35.578 -0.581 25 7.0 168

Table 1: Positions in equatorial (J2000 epoch) and Galactic(l,b) coordinates along with the detection sig-
nificances of unidentified sources in the H.E.S.S. Galactic Plane scan discussed in this proceeding.S is
the significance (number of standard deviations above the background level) of the source using a fixed
integration radius of0.22◦, which was used for selecting the sources from the scan data.The position of
each source is based on a model fit to the background-subtracted gamma-ray maps. The fit positions have
an average statistical error of 0.05 degrees. Sources marked with a † are previously published in [1] and
have been updated with new data. The exposure time is corrected for the off-axis sensitivity of the telescope
system and accounts for instrumental readout dead-time.

Source σ1 (◦) σ2 (◦) φ (◦)
HESS J1427−608 0.04± 0.02 0.08± 0.03 80± 17

HESS J1626−490 0.07± 0.02 0.10± 0.05 3 ± 40

HESS J1702−420 0.30± 0.02 0.15± 0.01 68± 7

HESS J1708−410 0.06± 0.01 0.08± 0.01 -20± 23

HESS J1731−347 0.18± 0.07 0.11± 0.03 -89± 21

HESS J1841−055 0.41± 0.04 0.25± 0.02 39± 6

HESS J1857+026 0.11± 0.08 0.08± 0.03 -3 ± 49

HESS J1858+020 0.08± 0.02 0.02± 0.04 4 ± 17

Table 3: Results from an elongated 2-D Gaussian
model fit to the gamma-ray excess for each source.
σ1 andσ2 are the intrinsic semi-major and semi-
minor axes (in degrees on the sky), with the ef-
fect of the point-spread function removed. The er-
rors are statistical. The position angle (φ) is mea-
sured counter-clockwise in degrees relative to the
RA axis.

sensitivity X-ray and GeV gamma-ray telescopes
will be beneficial. Since most VHE sources are
predicted to emit X-ray and radio emission, a
non-detection of lower-wavelength emission with
current-generation experiments for some of these
objects may indicate a new VHE source class (as
suggested in [20]), and may provide new insight
into high-energy processes within our Galaxy.
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