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PSR B1259-63/LS 2883 is a gamma-ray binary system composed of an 09.5Ve main sequence
star, LS 2883, and a 47.8 ms spinning neutron star in a highly eccentric 3.4 yr orbit (eccentricity
e = 0.87). PSR B1259-63/LS 2883 is so far the only gamma-ray binary in which the compact
object has been firmly identified. H.E.S.S. observed this system around its periastron passages
in 2004, 2007, 2011 and 2014. For this latter event, a detailed campaign was organised making
use of the new capabilities of H.E.S.S. 11, in particular its improved sensitivity and a lower energy
threshold. This campaign covered for the first time the time of periastron and parts of the orbit so
far unexplored at VHE energies, and included as well observations during the GeV flare observed
contemporaneously with the Fermi-LAT. The analysis of the H.E.S.S. II data indicates a relatively
high TeV flux during this GeV flare and also at orbital phases preceding the first neutron star
crossing of the circumstellar disk. These results will be summarised and discussed in the context

of previous models attempting to explain the complex gamma-ray emission from this source.
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1. Introduction

The gamma-ray binary PSR B1259-63/LS 2883 is a system comprising a pulsar in orbit
around the 09.5Ve star LS 2883. One of the peculiarities of this source is that it is the only mem-
ber of the small class of gamma-ray binaries for which the nature of the compact object has been
established. The pulsar has a rotational period of 48 ms with an associated spin-down luminosity
E ~8x10%ergs™! [1, 2]. The companion star LS 2883 has a mass between 20 and 30 M., and
drives a stellar wind and an equatorial outflow which forms a disk around the star which extends to
at least 10 stellar radii [1, 3, 4].

The orbital period of the system of 3.4 yr is one of the largest in the gamma-ray binaries sample
detected so far. The orbit itself is very eccentric with an eccentricity parameter e = 0.87, with an
orbital separation is 13.4 Astronomical Units (AU) at apastron and less than 1 AU at periastron
[1,5,6].

Because the plane of the orbit is inclined with respect to the plane of the circumstellar disk,
the pulsar crosses the disk twice, shortly before and after periastron. Its interaction with the stellar
wind and the circumstellar disk gives rise to an enhancement of the non-thermal emission that is
visible across the full electromagnetic spectrum, from radio to gamma rays (see e.g. Fig. 1 in [4]).
The times of the crossing with respect time of periastron (fpe;) are inferred from the time when the
pulsed signal of the neutron star either vanishes or reappears. These times correspond to #pe; — 15d
and fper + 15d [7]. In correspondence to these times there is a clear brightening of the X-ray and
radio emission so that a double-peak structured light curve is formed [4].

At GeV energies the source was detected by the Fermi-LAT for the first time during the perias-
tron passage of 2010/2011. In this energy band a strong, unexpected enhancement of the emission
starting approximately 30 d after periastron was detected. This flare lasted for more than one month.
At the peak, the emitted power in gamma rays almost matched the total spin-down luminosity [8, 9].
This flaring event was detected again around the periastron passage in 2014 [10] strengthening the
hypothesis of a periodic phenomenon. However, the explanation of this phenomenon is still un-
clear, with various possible explanations brought forward [10, 11, 12].

At very high energies, the H.E.S.S. Collaboration discovered the source during the periastron
passage in 2004 and recorded also the subsequent passages in 2007, 2010/2011 and 2014. Any
observation at other orbital phases did not reveal a detectable signal [13, 14, 15, 16, 17].

Due to the visibility constraints of ground-based telescopes, during each observation campaign
it was possible to probe only parts of the orbit around each periastron. A double-peak profile of
the TeV light curve emerges when merging the data from 2004, 2007 and 2011 into a single phase-
folded light curve, similar to what is seen at X-ray energies. In both the TeV and X-ray light
curves a local flux minimum close to ~ fpe; is observed [15]. However, observations were still
missing at the exact time of the periastron passage and also simultaneous observations together
with experiments detecting the GeV flare were yet to be performed!.

After several improvements of the analysis software, in addition to the results reported already
in [16, 17], an updated analysis of all the H.E.S.S. campaigns on this object is presented, showing
for the first time a phase-folded lightcurve of PSR B1259-63/LS 2883 for energies above 1 TeV
using all available data obtained with the H.E.S.S.-I telescopes.

I'The 2004 campaign covered that orbital phase, but at the time there was no GeV telescope available.
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2. H.E.S.S. Observations in 2014

The H.E.S.S. experiment is a hybrid array of Imaging Air Cherenkov Telescopes (IACTs)
situated in the Khomas Highland in Namibia at 1800 m above sea level. Until 2012 it consisted
of four 12 m telescopes (CT1-4) arranged in a square with a side length of 120m. In 2012 an
additional 28 m telescope (CT5) was added to the centre of the array with the aim of lowering the
energy threshold of the experiment. The data taken during the 2014 observation campaign targeted
on PSR B1259-63/LS 2883 were analysed in different ways depending on the telescopes that were
involved. The terminology used in the following paragraphs is:

o CT1-4 STEREO analysis — uses only data obtained with the 12 m telescopes. Even if the
CTS5 was participating in the observation, this information is ignored.

e CT1-5 STEREO analysis — uses the information from CT5 plus any one (or more) of the
12 m telescopes.

e CT5 MONO analysis — uses only the information obtained with CT5.

In these proceedings we are showing the results from 62.2 h using only CT5S MONO data,
63.3h of CT1-5 STEREO observations and 68.1h of CT1-4 STEREO observations from 2014,
and additionally the results from reanalyses of the archival data from previous observation cam-
paigns. The results reported here were obtained from analyses performed with the InPACT recon-
struction [18, 19].
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Figure 1: Left panel: Significance distribution around the position of PSR B1259-63/LS 2883. Right
panel: Spectra obtained from the three different analysis chains for the 2014 data sets.

In Figure 1 the significance distribution obtained from CT5 MONO data and the spectra ob-
tained from all three analysis configurations are shown. The sky map shows a clear detection of
a source that is compatible with a point-like source given the angular resolution described by the
point-spread function shown in the inset. The position of the excess is compatible with the position
of the PSR B1259-63/LS 2883 system. North of this source also the extended emission, detected
at a significance level of ~ 100, from the pulsar wind nebula HESS J1303-631 is visible. The
presence of this source was taken into account in the generation of the results.
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The spectrum is well described by a power law function with indices ranging from I' =
2.76 +0.06 for the CT1-4 STEREO analysis, to I' = 2.89 £ 0.06 found for the CT1-5 STEREO
data. The values are compatible with each other when taking into account the statistical and sys-
tematic uncertainties in the reconstruction. The normalization at 1 TeV was reconstructed at values
of (1.940.1) x 10~'2 ph/cm?/s/TeV for the CT5S MONO and CT1-5 STEREO analysis. The dif-
ferential flux at 1 TeV was instead slightly lower in the CT1-4 STEREO analysis with a value
of (1.4840.06) x 10~!2 ph/cm?/s/TeV. This discrepancy is however mitigated when systematic
effects, which are on the order of 20-25 %, are taken into account.

3. Phase-folded analysis

All the CT1-4 STEREO data were re-analysed separately for each year using the latest soft-
ware version and binned in weekly bins as shown in Figure 2. The data from the 2014 campaign
cover several of the sampling gaps in the light curve obtained from previous campaigns. Since
none of the overlapping flux points deviate from each other significantly, we assume that the same
physical processes are responsible for the emission seen in every cycle, and producing a similar
(repetitive) gamma-ray output. For the sake of increasing the statistics available at every orbital
phase, we stack the data collected in 2004, 2007, 2011 and 2014. For this purpose, each run was
analysed individually and the high-level results like the number of excess events or the respective
live times were grouped in daily bins, merging data in bins from different years that had the same
timely distance from the time of periastron. This phase-folded light curve was produced assuming
an average photon index I" = 2.7. However, the choice of the value of the assumed index has a
negligible effect on the flux value in each bin. The outcome is reported in Figure 3.
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Figure 2: Weekly light curve of the CT1-4 STEREO data. Red squares indicate the 2014 data, green circles
the 2011 data, blue upward triangles the 2007 data and black downward triangles the 2004 the data.
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Figure 3: Daily phase-folded light curve making use of all CT1-4 STEREO data available.

4. Discussion

Several interesting features can be noticed in the light curve. Especially in the less noisy
weekly light curve is can be seen that there are several parts of the orbit during which the detected
emission is at high levels. In particular at the time interval of the GeV flare the source remains in
high state. At the time around the periastron passage, we confirm that the flux from this source is in
a local minimum. The phase region before the periastron passage is the one that presents the most
unexpected features. As already described in [17] and confirmed by this new reanalysis, there is a
brightening of the source 30 days before the periastron passage, i.e. before the nominal time of the
first disk crossing. Here the flux is ~ 2.5 times higher than at the moment of the first disk crossing
(situated at 7, — 15d). The TeV emission increases approximately ten days before the time of the
periastron passage.

5. Conclusions

In these proceedings the latest results from the analysis of the gamma-ray binary PSR B1259—
63/LS 2883 are presented. We have shown here the results of the analysis of the 2014 data using all
three available telescope and analysis configurations, and for the first time a complete phase-folded
lightcurve in daily bins after a reanalysis of the entire available dataset on this source.

The major results are the confirmation of the enhanced emission in correspondence with the
GeV flare, already pointed out in the previous proceedings on this source [16, 17]. And more
interestingly, we also find a high flux approximately 30 days before the periastron. Such a high
flux was not expected beforehand. To investigate this point, observations are scheduled to obtain
data in this phase interval close to the next periastron passage, which will take place in September
2017.
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