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Abstract: Recent observations of binary systems obtained with the High Energy Stereoscopic System of
Cherenkov telescopes are providing crucial information on the physics of relativistic outflows and the engines
powering them. We report here on new H.E.S.S. results on HESS J0632+057, PSR B1259-63/LS 2883, Eta Carinae
and the recently discovered source HESS J1018-589. Despite the high-quality data obtained in the last years
through both ground and space-based gamma-ray detectors, many questions on the mechanisms that permit binary
systems to emit at gamma-rays remain open. In particular, it is becoming apparent that emission at high and very-
high energies is uncorrelated in some gamma-ray binary systems, with bright GeV flares not observed at TeV
energies (e.g. PSR B1259-63), and sources periodically detected at VHEs which are lacking its HE counterpart
(e.g. HESS J0632+057). Our results mainly confirm the predictions derived previously for the studied sources,
but unexpected results are also found in a few cases, which are discussed in the context of contemporaneous
observations at lower energies.
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1 Introduction
Gamma-ray binary systems are X-ray binaries displaying
the peak of their non-thermal energy flux at gamma-ray
energies. The total number of known systems is still low,
owing to the required sensitivity of instruments operating
in the High- and Very High Energy (HE, 100 MeV ≤
E ≤ 100 GeV; VHE, E >100 GeV) gamma-ray domains,
which became only available in recent years with the
third generation of Cherenkov telescopes as well as with
improved pair-conversion space-based detectors. Gamma-
ray binaries are further characterized by displaying variable
and in most cases orbitally modulated emission. All systems
known so far are high-mass X-ray binaries, consisting
of a compact object orbiting around a massive star of O
or Be type. Implicitly, the dense photon and/or matter
densities provided by the powerful companions are required
to generate gamma-rays, through Inverse Compton (IC)
and/or hadronic interactions. In addition, young and bright
stars are mainly lying on the Galactic plane, where therefore
all known gamma-ray binaries are also found. Regarding
the compact object, the presence of a neutron star has been
clearly identified only in the gamma-ray binary PSR B1259-
63/LS 2883 [1], whereas for the systems LS 5039 [2],
LS I +61◦ 303 [3, 4] and the recently discovered sources
HESS J0632+057 [5, 6] and 1FGL J1018.6-5856 [7, 15],
the nature of the compact object is still unknown. In the
case of Cyg X-3 [10, 11, 14] and Cyg X-1 [13, 12], a black
hole scenario seems to be preferred. Interestingly, neither a
neutron star or a black hole are present in the HE gamma-
ray emitting binary system Eta Carinae [8, 9].

We summarize in these proceedings the recent H.E.S.S. ob-
servations of the systems PSR B1259-63/LS 2883, HES-
S J0632+057, HESS J1018-589 (with its possible associa-
tion to 1FGL J1018.6-5856) and Eta Carinae. The reader is
referred to a more complete description of the observations
and the data-analysis as well as on the discussion of the
obtained results shown in [16, 17, 18] and [15] for each of
those sources, respectively.

2 Observations
2.1 PSR B1259-63/LS 2883
PSR B1259-63/LS 2883 was originally discovered in a high-
frequency radio survey devoted to the detection of young
and short-period pulsars [19]. It consists of a rapidly rotating
neutron star with a spin period of about 48 ms and a spin-
down luminosity ∼ 1035 erg s−1, which orbits a massive
Be star every ∼ 3.4 years in a highly eccentric (e = 0.87)
orbit. The Be companion displays a dense equatorial disk,
which seems to be inclined with respect to the pulsar orbital
plane [20]. The pulsar is therefore forced to cross twice
the Be disk in each orbit and, given the high eccentricity,
both stars are found at relatively close distances during
periastron passage. PSR B1259-63/LS 2883 is a rather well-
observed system and since it discovery it has been studied
at all energy bands. In the TeV domain, the system was
observed by H.E.S.S. during the 2004 and 2007 periastron
passages, at slightly different orbital phases, providing a
highly significant detection at VHEs on both occasions
[2, 21].
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New H.E.S.S. observations were scheduled to cover the
2010/2011 periastron passage. However, in this occasion
the source was not visible for H.E.S.S. before and at the
periastron passage. In addition, observations were partially
hampered by bad weather conditions, resulting in a total
data-set of ∼ 6 h of livetime after the quality selection cuts
[16]. These new observations partially overlapped with the
start time of a strong gamma-ray flare reported by the Fermi-
LAT, about 30 d after periastron. This HE flare lasted for
about 7 weeks, displaying an average flux∼10 times higher
than that close to the periastron, and implied a very high
efficiency for the conversion of the pulsar rotational energy
into gamma-rays, approaching a 100% level [22].

The new H.E.S.S. observations resulted in a clear de-
tection of PSR B1259-63/LS 2883, at a ∼ 11.5σ signifi-
cance level, and both the flux level and the spectral prop-
erties are consistent with those obtained in previous peri-
astron observations [16]. No signature of the emission en-
hancement seen at GeV energies is observed at VHEs. A
careful statistical study based on the Fermi and H.E.S.S.
lightcurves has been performed to check for this different
behavior using the three-day overlap of the HE and VHE
observations. Both the H.E.S.S. and Fermi data are divid-
ed into “pre-flare” and “flare” intervals. The HE flux ratio
φ HE

flare/φ HE
pre−flare is ≥ 9.2 in the Fermi data, whereas a profile

likelihood method applied to the VHE data yields a value
φ VHE

flare /φ VHE
pre−flare < 3.5 (99.7% C.L.). The GeV and TeV e-

mission may have therefore a different origin; if they were
produced by the same processes, a flux enhancement of a
similar magnitude in both energy bands would be expect-
ed. This conclusion is further supported by a joint fit to
the HE and VHE spectra [16], which can not account for
both emissions with any reasonable model, in particular
when accounting for the reported Fermi-LAT upper limits
at energies 1–100 GeV. One possible interpretation could
be that VHE emission is produced by the shocked pulsar
wind particles, the same responsible for the radio and X-ray
emission, whereas the GeV flare could correspond to IC by
the unshocked relativistic wind scattering off the compan-
ion’s photon field as well as photons from a heated part of
the Be circumstellar disk [23].

2.2 HESS J0632+057
The point-like TeV source HESS J0632+057 was discov-
ered by H.E.S.S. during the Galactic Scan program [5] and
later confirmed as a TeV emitter through further VERITAS
([24, 25]) and MAGIC ([26]) observations. Its position is
coincident with the massive B0pe-type star MWC 148 (HD
259440), for which optical spectroscopic observations have
been recently obtained and confirm that HESS J0632+057
is indeed a binary system [27]. HESS J0632+057 is also co-
incident with the ROSAT source 1RXS J063258.3+054857,
the unidentified gamma-ray source 3EG J0634+0521, and
has a point-like radio counterpart coincident with MWC 148
[28], which also shows variable extended radio emission
[29]. Its radio and X-ray properties [6, 30, 31, 32] resemble
those found in LS 5039, LS I +61◦ 303 and PSR B1259-
63. In contrast to these systems, however, no emission at
MeV-GeV energies has been detected so far from the sys-
tem, with a 99% C.L. upper limit at energies E >100 MeV
at the level of F100 ≤ 3.0×10−8 ph cm−2 s−1, as reported
by the Fermi-LAT Collaboration [33].
The total H.E.S.S. data-set on HESS J0632+057 spans a
wide time interval from 2004 to 2012, amounting to ∼ 52
h of observations. Such a long observing time-range pro-

vides a good coverage of the ∼ 315-days orbital periodicity
of the system. The latest H.E.S.S. data correspond to the
2011/2012 campaign, with observations taken in December
2011 and February 2012, which provide a total of 8.2 h
of data after standard quality cuts filtering. However, the
expected maximum in the source light-curve could not be
well-sampled in this occasion due to bad weather condition-
s, and most of the observations felt in the so-called X-ray
“dip” phase right after the maximum, at orbital phases∼ 0.4
([31, 17]). The total data-set also includes H.E.S.S. obser-
vations corresponding to orbital phases poorly explored
so far by any current Cherenkov telescope, in particular
at phases in the range 0.6–0.9. Data taken in March 2007,
January 2008 and October 2009 amounting to ∼ 14 h of
observing time fall in this phase interval. Making use of the
Model analysis technique [34], the data provides a > 7σ

significance detection at those phases. No trial factors are
to be considered as the signal searched is based on the ex-
istence of a secondary peak in the source phase-folded X-
ray lightcurve. Accounting nevertheless for a conservative
trial factor estimation corresponding to a blind search, they
would still provide a > 6σ significance detection. A cross-
check of these results, performed using a Hillas based anal-
ysis for the same run list, which also makes use of an in-
dependent calibration of the raw data, provides compatible
results. A detailed report on these results, including an up-
dated H.E.S.S data-set together with VERITAS and Swift-
XRT long-term observations is in preparation.

2.3 HESS J1018-589
The Fermi-LAT collaboration has recently reported on
the detection of the new gamma-ray binary candidate
1FGL J1018.6–5856 [36]. The periodic modulation of
Porb = 16.58±0.02 days observed in the Fermi-LAT data
strongly suggests a binary nature of the source, with the
O6V-type star 2MASS 10185560–5856459 proposed as the
companion star [36]. Further indications of the its binary
nature are provided by the observation of periodic X-ray
and radio emission from a point-like source spatially coin-
cident with 1FGL J1018.6–5856 [36]. At hard X-ray wave-
lengths, Li et al. (2011) [37] found a possible INTEGRAL
counterpart to the system, with also a hint of anticorrelation
with respect to the Fermi-LAT phase-folded lightcurve.

H.E.S.S. pointed towards the region around 1FGL J1018.6–
5856 mainly during a multi-year observation campaign in
2007, 2008 and 2009 on Westerlund 2, leading to the de-
tection of two distinct emission regions [18]. The first one
consists of a diffuse emission region that extends towards
the direction of PSR J1016–5857, the position of which is
compatible with that of the pulsar, whilst the second one
is a point-like source at the center of G284.3–1.8, which
is spatially compatible with 1FGL J1018.6–5856. No flux
variability could be derived in the 2007–2009 data. To fur-
ther search for VHE variability/periodicity, new H.E.S.S.
observations were performed in 2011-2012, improving the
sampling of the system orbital phases. First evidences of
flux variability have been found when these new data are
included in the analysis. A detailed report on these results
as well as a study on the VHE emission and absorption
mechanisms at work in the source is in preparation.

2.4 Eta Carinae
Eta Carinae is a binary system located in the Carina Nebula,
one of the most active HII region in our Galaxy. The system
is composed by a Luminous Blue Variable (LBV) and an



H.E.S.S. binaries
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

O- or B-type companion star, orbiting one another with
a period of ∼ 5.5 years in a highly eccentric orbit (e ∼
0.9). The LBV displays a strong mass loss rate, Ṁ ≥ 5×
10−4 M� yr−1, with a terminal wind velocity of vwind ∼
(500−700) km s−1. Together with the (less extreme) wind
parameters of the companion star, the system outputs a total
wind kinetic energy of about 1037 erg s−1 (see, e.g. [38]
and references therein). The collision region of the stellar
winds may lead to efficient particle acceleration [39], which
could be behind the high-energy emission observed from
the system in X-rays [40, 41] and HE gamma-rays [42, 43].
Recently, a variable high-energy component has been found
in the Fermi-LAT data, extending up to & 100 GeV [9, 44],
further motivating the search for a possible VHE signal
from the source.

H.E.S.S. observed the Carina region between 2004 and
2010 for a total of 33 hours after standard quality selection
cuts [15]. Observations were taken at zenith angles in
the range 36◦ to 54◦, with a mean value of 39◦. The
average pointing offset from the target position was 0.8◦.
Data were analysed with the H.E.S.S. Standard Analysis
software and made use of a Hillas-based Boosted Decision
Trees method for an efficient suppression of the hadronic
background component [35]. No significant signals of VHE
γ-ray emission from Eta Carinae or the Carina Nebula
have been obtained from the H.E.S.S. observations. A 99%
confidence level upper limit on the integral γ-ray flux above
470 GeV at the level of 7.7× 10−13 ph cm−2 s −1 and
4.2×10−12 ph cm−2 s −1 have been derived for the central
system and the surrounding nebula, respectively. The non-
detection, together with the spectral properties of the high-
energy component observed in the Fermi-LAT data, implies
the presence of a cut-off at energies . 1 TeV, caused either
by a cut-off in the accelerated particle spectrum or as a
consequence of a strong γ-γ absorption in the inner regions
of the binary system in either leptonic or hadronic scenarios
[9, 45].

3 Concluding remarks
H.E.S.S. observations are providing new and exciting in-
sights on most of the currently known gamma-ray bina-
ries. These results unambiguously disentangle the HE and
VHE emission in the pulsar-wind/disk interaction region
in PSR B1259-63/LS 2883 during a recently detected HE
flare. They reveal a periodic detection at VHE of HES-
S J0632+057 at orbital phases close to the maximum of the
X-ray lightcurve, whereas also a significant VHE emission
at later orbital phases is observed. H.E.S.S. observations
suggest a VHE counterpart in the extended VHE source
HESS J1018-589 to the recently discovered gamma-ray bi-
nary 1FGL J1018.6-5856. Finally, upper limits obtained at
VHEs on Eta Carinae, together with the Fermi-LAT detec-
tion of a variable high-energy component in the source spec-
trum, imply the presence of a cut-off in the particle energy
distribution and/or the signatures of strong attenuation due
to γ-γ absorption close to the wind-wind collision region.

Further H.E.S.S. observations of binary systems are fore-
seen in the near future. They will make use of the recent
H.E.S.S. II upgrade, providing an improved sensitivity and,
for the first time, the possibility to use the Cherenkov tech-

nique to detect sources down to ∼ 30 GeV energy thresh-
olds in comparatively short (∼ few ×10 h) exposure times.
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[27] Casares, J., Ribó, M., Ribas, I. et al. 2012, MNRAS, 421,

1103
[28] Skilton, J. L., Pandey-Pommier, M., Hinton, J. A. et al.

2009, MNRAS, 399, 317
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