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!  H.E.S.S. phase I 
!  four 12m telescopes 
!  FoV 5 deg 
!  energy threshold 100 GeV 
!  angular resolution < 0.1 deg 

The H.E.S.S. experiment 

!  H.E.S.S. phase II 
!  four 12m telescopes  
!  one 28m telescope (FoV 3.5 deg) 
!  energy threshold O(30 GeV) 
!  angular resolution from 0.4 deg to 

less than 0.1 deg 

H.E.S.S. phase I                    H.E.S.S. phase II 
Christian Stegmann . H.E.S.S. Highlights . APP14/TeVPA . 23.6.2014 

▪ H.E.S.S. phase I 
- four 12m telescopes 
- FoV 5 deg  
- energy threshold 100 GeV 
- angular resolution < 0.1 deg 

▪ H.E.S.S. phase II 
- four 12m telescopes 
- one 28m telescope (FoV 3.5 deg) 
- energy threshold O(30 GeV) 
- angular resolution 0.4 to ≲ 0.1 deg 
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!  Standard analysis 
!  5σ in 100 h 
!  5% background 

systematics 

!  Pulsar analysis 
!  5σ in 100 h 
!  no background 

systematics 

Sensitivity 
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 - Vela PSR  
 - Crab flares 
 - 1FGL J1018.6-5856 
 - HESS J0632+057 
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Figure 2. Light curves for different energy bands over two pulse periods. Joints fits of P1, P2, and P3 in each energy band (as described in the text) are superposed on
the light curves in the first cycle.
(A color version of this figure is available in the online journal.)

light curve, we have jointly fit two-sided Lorentzian peaks to P1
and P2, and a log-normal fit to P3 as a function of energy. The
results are shown in Table 1 and Figures 3 and 4. The positions
of P1 and P2 are constant with energy within our measure-
ment errors, and the phase of the P3 centroid shows a marked
increase with increasing energy as first noted by Abdo et al.
(2009a). Both P1 and P2 widths, shown in Figure 3, decrease
with increasing energy, but we find that this decrease is caused
primarily by a decrease in the width of the outer wings of the

peaks. The peak inner widths show a more complex energy evo-
lution, initially increasing with energy, but decreasing sharply
at the highest energies. In the case of P2, the broadening fol-
lowed by a sudden narrowing of the inner wing may be caused
by the splitting off of an additional feature at energy >8 GeV.
This feature can indeed be seen in the >8 GeV light curve in
Figure 2. The width of P3 is found to also decrease with increas-
ing energy above 100 MeV, as shown in Figure 4. The ratio of
P1/P2 heights decreases with energy, in agreement with Abdo

Fermi-LAT (2010)

H.E.S.S. II mono analysis

Observations

▪ obs. lifetime = 20h 
▪ <zenith angle> = 27 - 35 deg 

PSR analysis

▪ optimised cuts for low energies 
▪ unblinded data-set analysis 
▪ NON - NOFF = 6059 +/- 640, LiMa = 9.5σ



outline

Pol Bordas, VGGS III, Heidelberg, May 4th 

160 ABDO ET AL. Vol. 713

Energy (GeV)

-110 1 10

 )
-1

 s
-2

d
N

/d
E

 (
er

g
 c

m
2

E

-1010

-910

Energy Band Fits

Maximum Llikelhood Model

Figure 7. Phase-averaged spectrum for E > 0.1–100 GeV.

energies are greatly improved, so that the shape of the spectral
cutoff can be scrutinized more accurately. In addition, it is
now possible to measure the parameters of the phase-resolved
spectrum by performing fits of a power law with exponential
cutoff in small phase intervals.

3.2.1. Phase-averaged Spectrum

A binned maximum likelihood fit was performed to study
the phase-averaged pulsar spectrum using the spectral fitting
tool gtlike, version v9r15p2 of the LAT Science Tools and the
P6_V3 instrument response functions. The analysis was done
on a 20◦ × 20◦ region (a square region that inscribed a circle of
radius 10◦) centered on the radio position of the pulsar with 10
bins per decade in energy. All point sources within 15◦ of the
pulsar, found above the background with a significance !5σ ,
were included in the model in addition to a uniform disk with
extension 0.◦88 for the Vela X remnant. Spectral parameters
for point sources >10◦ from the pulsar were kept fixed to the
values found in a preliminary version of the year one LAT
catalog (Abdo et al. 2010b). The Galactic diffuse background
was modeled using the gll_iem_v02 map cube available from
the FSSC. The extragalactic diffuse and residual instrument
backgrounds were modeled jointly using the isotropic_iem_v02
template, also available from the FSSC. An off-pulse region,
defined as φ ∈ [0.8, 1.0], was selected and a fit was done
without the pulsar. The source model was then adjusted to the
exposure-corrected, off-pulse values for a phase-averaged fit in
which the spectral parameters for all sources "10◦ of the pulsar
were kept free. The pulsar was fit assuming a power law plus
hyper-exponential cutoff spectral model of the form

dN(E)
dE

= AE−Γ exp[−(E/Ec)b] (2)

and allowing the parameter b to vary in the fit. We find that the
spectrum is best fit with a value of b < 1, as found by Abdo et al.
(2009a). The Vela phase-averaged spectrum thus appears to be
cutting off more slowly than a simple exponential. The spectral
energy distribution with the best-fit parameters is shown in
Figure 7, along with points derived from gtlike fits to individual
energy intervals in which the pulsar was fit with a power-law
spectral model. The best-fit parameters for the phase-averaged
spectrum are A = (3.63±0.25±1.01)×10−9 cm−2 s−1 MeV−1,
Γ = 1.38 ± 0.02++0.07

−0.03, Ec = 1.36 ± 0.15++1.0
−0.5 GeV, and

b = 0.69 ± 0.02++0.18
−0.10, where the first errors are statistical and

the second are systematic. As will be discussed in Section 3.2.2,
the preference for b < 1 in the phase-averaged spectral fit
is expected from the large variation in Ec with phase of the
phase-resolved spectra. To derive the systematic errors on
the fit parameters, we used bracketing instrument response
functions (IRFs) that propagate the effective area uncertainty
to uncertainties in the parameters.63 Since there is significant
degeneracy between the Γ, Ec, and b parameters in the fit,
the derived systematic errors are asymmetric. Comparing the
log(likelihood) values from this fit with the same fit holding b
fixed to 1, we can exclude a simple exponential fit at about the
11σ level. We also tried fitting the spectrum with a power law
with simple exponential cutoff plus an additional power law at
high energy, but this form gave a fit with lower significance. The
phase-averaged integral photon flux in the range 0.1–100 GeV
is found to be F (0.1–100 GeV) = (1.070 ± 0.008 ± 0.030) ×
10−5 ph cm−2 s−1. The energy flux in this spectral range is
H (0.1–100 GeV) = (8.86 ± 0.05 ± 0.18) × 10−9 erg cm−2 s−1.
COMPTEL measured the spectrum of Vela at energies of
1–30 MeV (Schönfelder et al. 2000) and OSSE at energies
between 0.07 and 10 MeV (Strickman et al. 1996). Although
we have not derived the LAT spectrum for energies below
0.1 GeV, we have compared an extrapolation of the best-
fit LAT model spectrum for energies >0.1 GeV with the
COMPTEL and OSSE data points. Taking into account only
statistical errors, we find that the extrapolated LAT model falls
below the COMPTEL points but is consistent with the OSSE
points.

Abdo et al. (2009a) presented the Fermi phase-averaged
spectrum of Vela using 2 and 1/2 months of data. Comparing
their spectral points with those in Figure 7, the two are consistent
within the errors. The points in Figure 7 are systematically
higher for energies below 1 GeV, but this is expected since
the more recent IRF gives an increased flux at low energy.
Their spectral parameters for a fit with b fixed to 1.0 are
A = (2.08 ± 0.04 ± 0.13) × 10−9 cm2 s−1 MeV−1, Γ =
1.51 ± 0.01 ± 0.07, Ec = 2.857 ± 0.089 ± 0.17 GeV, and
H (0.1–10 GeV) = (7.87 ± 0.33 ± 1.57) × 10−9 erg cm−2 s−1.
In order to compare directly with these parameters, we have
fit our 11 month data set assuming b fixed to 1.0 and obtain
A = (2.20 ± 0.02) × 10−9 cm2 s−1 MeV−1, Γ = 1.57 ± 0.01,
and Ec = 3.15 ± 0.05 GeV, which are consistent within errors.
The integrated photon flux quoted above is 14% larger than the
photon flux derived from the fit reported in Abdo et al. (2009a),
which is in agreement with a ∼25% increase expected from
the differences in the IRFs, partly offset by the different source
models and diffuse backgrounds used in the two analyses. The
analysis in Abdo et al. (2009a) was based on pre-launch P6_V1
IRFs. The P6_V3 IRFs (Rando et al. 2010) used here are updated
to account for pile-up effects observed in flight data. Owing to
the consequent decreased efficiency for event reconstruction,
the effective area is reduced in P6_V3, especially at lower
energies.

63 The systematic uncertainties were estimated by applying the same fitting
procedures described above and comparing results using bracketing IRFs
which assume a systematic uncertainty in the effective area of ±10% at
0.1 GeV, ±5% near 0.5 GeV, and ±20% at 10 GeV with linear extrapolations,
in log space, between. To further address the specific systematics associated
with an exponentially cutoff spectrum, these systematics were multiplied by a
fractional uncertainty of ±1 at 0.1 GeV, ∓1 near 3 GeV and ±1 for energies
above 10 GeV with linear extrapolations, in log space, between. The resulting
correction factor is used to perturb the effective area from that defined in the
P6_V3 IRFs.

H.E.S.S. II

energy distribution

▪ mean E = 40 GeV 
▪ RMS = 13 GeV 
▪ energy resolution = 50% 
▪ angular resolution < 50 GeV = 0.4 deg 

Pulsar physics (not only Vela?)

▪ characterise spectrum above few x 10 GeV 
▪ constrain the cutoff ? 
▪ P2 energy-evolution 
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H.E.S.S. Collaboration et al.: H.E.S.S. observations of the March 2013 Crab flare

Table 1. Analysis results and for each night and the complete data set.

Date MJD Tlive Zmean NON NOFF Excess Sign. I0 (1 TeV) Index Flux >1 TeV Flux >5 TeV
2013 −56 300 (s) (deg.) σ

03-06 57.8 3181 54 202 498 175 20 3.5 ± 0.5 2.6 ± 0.1 1.89 ± 0.19 0.11 ± 0.03
03-07 58.8 3152 52 223 455 198 23 4.2 ± 0.4 2.8 ± 0.1 2.37 ± 0.21 0.08 ± 0.03
03-08 59.8 3155 53 184 460 159 19 3.5 ± 0.5 2.6 ± 0.1 2.24 ± 0.21 0.18 ± 0.04
03-09 60.8 4827 55 199 557 169 19 3.3 ± 0.5 2.7 ± 0.1 1.76 ± 0.18 0.12 ± 0.03
03-13 64.8 1596 54 62 173 53 11 5.2 ± 1.4 3.4 ± 0.3 2.06 ± 0.36 0.06 ± 0.05
Full set − 15911 54 870 2143 754 42 3.8 ± 0.2 2.7 ± 0.1 2.14 ± 0.10 0.12 ± 0.01

Notes. Modified Julian date (MJD) of the start of the observation, live-time (Tlive), mean zenith angle (Zmean), the number of ON and OFF source
events, the excess and its significance. The normalisation at 1 TeV (I0) is given in units of (10−11 cm−2 s−1 TeV−1) and integral fluxes above 1 TeV
and above 5 TeV in units of 10−11 cm−2 s−1. The underlying spectral model was assumed to be a power law. The given errors are statistical ones.
The estimated systematic errors are 30% for all fluxes and 0.1 for spectral indices.

model the energy distribution, motivated by previous publica-
tions (Aharonian et al. 2006). Low statistics for E > 10 TeV,
however, made it impossible to distinguish between an expo-
nential cut-off and a simple power law model. This is not a
characteristic of this specific data set: A sample of ten runs
on the Crab nebula from another period with similar telescope
participation did not allow any discrimination between a power
law model and a power law model with an exponential cut-
off, either. Therefore, the numerically more stable power law
model was adopted for all spectra and fitted in the energy range
[0.681−46.46] TeV. The energy spectrum of the complete sam-
ple is shown in Fig. 2, together with the exponential cut-off
power law spectrum taken from Aharonian et al. (2006) as a
reference. Night-wise data were fitted with a power law model
as well, and all results and their statistical errors are compiled
in Table 1. The spectral analysis results of both night-wise and
complete samples agree with Aharonian et al. (2006), where
an exponential cut-off power law was the best-fitting spectral
model with I0(1 TeV) = (3.76 ± 0.07) × 10−11 cm−2 s−1 TeV−1,
Γγ = 2.39 ± 0.03, and Ecutoff = (14.3 ± 2.1) TeV.

To test for the compatibility of this spectrum with the spec-
trum of the flare data set presented here, a χ2-test was conducted.
Under the optimistic assumption of cancelling systematics be-
tween both data sets, the spectrum from Aharonian et al. (2006)
served as the null hypothesis for testing the photon spectrum
above 1 TeV, 5 TeV, and 10 TeV, resulting in χ2/ndf values of
32.6/31, 15.7/14, and 5.0/7, respectively. These values indicate
no significant difference in the spectra. Due to the low statistics
in the last bin of the spectrum (four ON events, one OFF event)
a likelihood profile was calculated as described in Rolke et al.
(2005). With this method, a deviation of the last spectrum point
from the expected flux according to Aharonian et al. (2006) is
about 2.5σ, including neither systematic uncertainties nor the
statistic uncertainties on the spectrum from Aharonian et al.
(2006).

Since a flare in the MeV energy band is expected to be ac-
companied by an enhanced flux at tens of TeV (Lobanov et al.
2011), a search for variations in the flux above different en-
ergy thresholds was conducted. Integral fluxes above 1 TeV and
5 TeV were calculated for the night-wise samples (see Fig. 1),
and higher energy thresholds were tested but are non-restrictive
owing to low statistics. Fits of constants to the night-wise flux
measurements give values of (2.0 ± 0.1) × 10−11 cm−2 s−1 with
χ2/ndf = 6.1/4 and (0.11 ± 0.1) × 10−11 cm−2 s−1 with χ2/ndf =
1.2/4 for an energy threshold of 1 TeV and 5 TeV, respectively.
For comparison, the integral fluxes of the spectrum published
in Aharonian et al. (2006) above 1 TeV and above 5 TeV are
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Fig. 1. Night-wise light curves for energy thresholds of 1 and 5 TeV.
Red squares indicate integral fluxes >1 TeV relative to the integral flux
above 1 TeV obtained from Aharonian et al. (2006). Error bars de-
pict 1σ statistical errors. The dashed red line is the fit of a constant
to this light curve, and the hatched red area marks the 1σ statistical
error. The equivalent data for an energy threshold of 5 TeV are pre-
sented in blue. For reference, the Fermi-LAT synchrotron light curve
as published in Mayer et al. (2013) is shown in magenta. Each bin
corresponds to 6 h of observations. The flux is scaled to the average
quiescent synchrotron photon flux as reported in Buehler et al. (2012)
((6.1 ± 0.2) × 10−7 cm−2 s−1).

(2.26±0.08)× 10−11 cm−2 s−1 and (0.14± 0.01)× 10−11 cm−2 s−1,
respectively.

The first night of H.E.S.S. observations (MJD 56 358) is co-
incident with the highest flux level detected by Fermi-LAT in
the March 2013 period of enhanced flux (Mayer et al. 2013). For
that reason, upper limits on an enhancement of integral fluxes
above 1 TeV and above 5 TeV were calculated for that night by
comparison with the integral flux of the spectrum published in
Aharonian et al. (2006). The spectrum in Aharonian et al. (2006)
was produced with a different analysis and under different ob-
servation conditions; therefore, event-number based upper limit
calculations as put forward in Rolke et al. (2005) cannot be ap-
plied. Instead, the two flux values F2006 and F2013, determined by
integration of the fitted spectral functions, are compared, which
automatically takes energy migrations and efficiencies correctly

L4, page 3 of 5

H.E.S.S. observations of the Crab during its March 2013 GeV gamma-ray flare  
H.E.S.S. collaboration 2014, A&A, 562L ,4H

▪ March 2013: Fermi-LAT and AGILE report HE flare from Crab (~ 6 × ΦHE) 
▪ H.E.S.S.: 5-consecutive nights observations (acc. corrected lifetime = 4.4h)  
▪ no increased TeV emission: ΔΦVHE ≤ 63% (>1 TeV), 78% (> 5 TeV) at 95% C.L. 
▪ in agreement with VERITAS/MAGIC results 
▪ ARGO-YBJ:  ΔΦ1TeV ~ 4-8 × <ΦVHE> ? 

(see R. Zanin’s talk on Wednesday)
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Periodic Emission from the Gamma-Ray Binary 1FGL J1018.6-5856  
Fermi-LAT coll. 2012, Science, 335, 189F

▪ “genuine” γ-ray binary, Fermi-LAT discovery through periodicity (16.6d) (Fermi-LAT coll. 2012) 
▪ periodic emission observed also in X-rays (+ radio variability, but no peak at phase 0) 
▪ similar to LS 5039 (e.g.companion O6Vf)… but correlated hardness-intensity at GeV 



Pol Bordas, VGGS III, Heidelberg, May 4th 

▪ two sources, point-like (1FGL J1018?) + extended source (PSR J1016’s nebula?) 
▪ possible TeV counterpart to 1FGL J1018: HESS J1018-589 “A”? 
▪ source confusion and no clear sign of variability precluded clear identification 

HESS results
� In the �rst HESS paper of the region, a point-like source
in a crowded region was tentatively associated with the
binary.

Vı́ctor Zabalza (Leicester) Paper update: �FGL ����-���� � / ��

Discovery of VHE emission towards the Carina arm region with H.E.S.S.: HESS J1018-589  
H.E.S.S. coll. 2012, A&A, 541, A5

1FGL J1018.6-5856 / HESS J1018-589
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1FGL J1018.6-5856 / HESS J1018-589

Discovery of variable VHE gamma-ray emission from the binary system 1FGL J1018.6-5856  
H.E.S.S. coll. 2015 (arXiv:1503.02711) H.E.S.S. Collaboration: Variable VHE emission from 1FGL J1018.6–5856

Fig. 2. Lightcurve of the integral flux above 0.35 TeV in a 0.1� region
centered on HESS J1018–589 A binned by observation run, correspond-
ing to approximately 30 minutes of observation time per bin. The dashed
horizontal line shows the mean integral flux.

flux normalisation is N0 = (2.9 ± 0.4stat) ⇥ 10�13 TeV�1cm�2s�1

at 1 TeV. The systematic error on the normalisation constant
N0 is estimated to be 20% (Aharonian et al. 2006). The better
statistics allow for a better determination of the spectral fea-
tures of the point-like source compared with the one presented
in Abramowski et al. (2012), including a clearer separation from
HESS J1018–589 B. The nearby source introduces a maximum
of 30% contamination on HESS J1018–589 A, although above
1 TeV, thanks to the better PSF, less than 10% contamination was
calculated from a simultaneous fit of the two sources.

The light curve of the source above 0.35 TeV, binned by ob-
servation run (approximately 30 minutes of observation time), is
shown in Fig. 2. The best-fit mean flux level above 0.35 TeV is
marked with a dashed gray line. The lightcurve displays clear vari-
ability, with a �2/⌫ of 238.3/155 (corresponding to 4.3�) using a
likelihood ratio test with a constant flux as null hypothesis.

To investigate the periodicity of the source, the data were
folded with the 16.58 day period found in the HE �-ray ob-
servations (Fig. 3, top panel) using the reference time of
Tmax=55403.3 MJD as phase 0 (Ackermann et al. 2012) in a
single trial. The number of bins in the phaseogram was selected
to obtain a significance of at least 1� in each phase bin. For
comparison, the same phaseogram is also shown for HESS J1023–
589, a nearby bright �-ray source expected to be constant. The
flux variation along the orbit shows a similar behaviour when
comparing it with the Fermi-LAT flux integrated between 1 and
10 GeV (Fig. 3, middle panel). An increase of the flux towards
phase 0 is observed, with a �2/⌫ of 22.7/7 (3.1�) when fitting the
histogram to a constant flux, providing evidence of periodicity at
the a priori selected period. Unfortunately, the uneven sampling
and large timespan of the observations did not allow for an inde-
pendent determination of the periodicity from the VHE �-ray data
using a Lomb-Scargle test (Scargle 1982), since the equivalent
frequency is ⇠8 times larger than the sample Nyquist frequency.
Finally spectral modulation was examined by deriving the photon
spectrum for observations in the 0.2 to 0.6 phase range (motivated
by the Fermi-LAT observations) and comparing it with the one
derived at the maximum of the emission in the complementary
phase range. No spectral modulation was found within the photon
index errors (�� = 0.36 ± 0.43) although it should be noted that
the data statistics in the 0.2 to 0.6 phase range are insu�cient (3�
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Fig. 3. VHE, HE, and X-ray fluxes of 1FGL J1018.6–5856 folded
with the orbital period of P=16.58 d. Two orbits are shown for clar-
ity. Top: VHE integral flux above 0.35 TeV measure by H.E.S.S. (red
circles). For comparison, a scaled lightcurve from the nearby bright
source HESS J1023-589 is shown in gray. Middle top and middle bottom:
Fermi-LAT lightcurve between 1 and 10 GeV (solid blue squares) and
between 0.1 and 1 GeV (open blue squares; Ackermann et al. 2012).
Bottom: X-ray 0.3–10 keV count rate lightcurve from 67 Swift-XRT
observations in 2011 (green), 2012 (blue), and 2013 (red).

detection) to firmly conclude a lack of variation in the spectrum
at di↵erent orbital phases.

In order to compare the VHE orbital modulation with the
behaviour of the source at X-ray energies, 67 Swift-XRT obser-
vations of 1FGL J1018.6–5856, performed between 2011 and
2013 and with a median observation time of 2.2 ksec, were anal-
ysed. Early subsets of these observations were presented previ-
ously by Ackermann et al. (2012) and An et al. (2013). Cleaned
event files were obtained using xrtpipeline from HEAasoft
v6.15.1. For each observation, source count rates were extracted
from a 1 arcmin circular region around the nominal position of
1FGL J1018.6–5856, and background count rates extracted from
a nearby region of the same size devoid of sources. The resulting
count rate lightcurve, folded with the orbital period, is shown in
the bottom panel of Figure 3. The phaseogram displays a sharp
peak around phase 0, matching the location of the maximum in
the VHE and HE phaseograms. There is an additional sinusoidal
component with a maximum around phase 0.3 and with lower
amplitude than the sharp peak at phase 0.
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Fig. 2. Lightcurve of the integral flux above 0.35 TeV in a 0.1� region
centered on HESS J1018–589 A binned by observation run, correspond-
ing to approximately 30 minutes of observation time per bin. The dashed
horizontal line shows the mean integral flux.

flux normalisation is N0 = (2.9 ± 0.4stat) ⇥ 10�13 TeV�1cm�2s�1

at 1 TeV. The systematic error on the normalisation constant
N0 is estimated to be 20% (Aharonian et al. 2006). The better
statistics allow for a better determination of the spectral fea-
tures of the point-like source compared with the one presented
in Abramowski et al. (2012), including a clearer separation from
HESS J1018–589 B. The nearby source introduces a maximum
of 30% contamination on HESS J1018–589 A, although above
1 TeV, thanks to the better PSF, less than 10% contamination was
calculated from a simultaneous fit of the two sources.

The light curve of the source above 0.35 TeV, binned by ob-
servation run (approximately 30 minutes of observation time), is
shown in Fig. 2. The best-fit mean flux level above 0.35 TeV is
marked with a dashed gray line. The lightcurve displays clear vari-
ability, with a �2/⌫ of 238.3/155 (corresponding to 4.3�) using a
likelihood ratio test with a constant flux as null hypothesis.

To investigate the periodicity of the source, the data were
folded with the 16.58 day period found in the HE �-ray ob-
servations (Fig. 3, top panel) using the reference time of
Tmax=55403.3 MJD as phase 0 (Ackermann et al. 2012) in a
single trial. The number of bins in the phaseogram was selected
to obtain a significance of at least 1� in each phase bin. For
comparison, the same phaseogram is also shown for HESS J1023–
589, a nearby bright �-ray source expected to be constant. The
flux variation along the orbit shows a similar behaviour when
comparing it with the Fermi-LAT flux integrated between 1 and
10 GeV (Fig. 3, middle panel). An increase of the flux towards
phase 0 is observed, with a �2/⌫ of 22.7/7 (3.1�) when fitting the
histogram to a constant flux, providing evidence of periodicity at
the a priori selected period. Unfortunately, the uneven sampling
and large timespan of the observations did not allow for an inde-
pendent determination of the periodicity from the VHE �-ray data
using a Lomb-Scargle test (Scargle 1982), since the equivalent
frequency is ⇠8 times larger than the sample Nyquist frequency.
Finally spectral modulation was examined by deriving the photon
spectrum for observations in the 0.2 to 0.6 phase range (motivated
by the Fermi-LAT observations) and comparing it with the one
derived at the maximum of the emission in the complementary
phase range. No spectral modulation was found within the photon
index errors (�� = 0.36 ± 0.43) although it should be noted that
the data statistics in the 0.2 to 0.6 phase range are insu�cient (3�

Fig. 3. VHE, HE, and X-ray fluxes of 1FGL J1018.6–5856 folded
with the orbital period of P=16.58 d. Two orbits are shown for clar-
ity. Top: VHE integral flux above 0.35 TeV measure by H.E.S.S. (red
circles). For comparison, a scaled lightcurve from the nearby bright
source HESS J1023-589 is shown in gray. Middle top and middle bottom:
Fermi-LAT lightcurve between 1 and 10 GeV (solid blue squares) and
between 0.1 and 1 GeV (open blue squares; Ackermann et al. 2012).
Bottom: X-ray 0.3–10 keV count rate lightcurve from 67 Swift-XRT
observations in 2011 (green), 2012 (blue), and 2013 (red).

detection) to firmly conclude a lack of variation in the spectrum
at di↵erent orbital phases.

In order to compare the VHE orbital modulation with the
behaviour of the source at X-ray energies, 67 Swift-XRT obser-
vations of 1FGL J1018.6–5856, performed between 2011 and
2013 and with a median observation time of 2.2 ksec, were anal-
ysed. Early subsets of these observations were presented previ-
ously by Ackermann et al. (2012) and An et al. (2013). Cleaned
event files were obtained using xrtpipeline from HEAasoft
v6.15.1. For each observation, source count rates were extracted
from a 1 arcmin circular region around the nominal position of
1FGL J1018.6–5856, and background count rates extracted from
a nearby region of the same size devoid of sources. The resulting
count rate lightcurve, folded with the orbital period, is shown in
the bottom panel of Figure 3. The phaseogram displays a sharp
peak around phase 0, matching the location of the maximum in
the VHE and HE phaseograms. There is an additional sinusoidal
component with a maximum around phase 0.3 and with lower
amplitude than the sharp peak at phase 0.
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▪ Variability: LTR with cte. flux as null hypothesis: 
𝝌2/ν = 238.3/155 => 4.3 σ 

▪ Periodicity: P = 16.58d, MJD0 = 55403.3 
𝝌2/ν = 22.7/7=> 3.1 σ



A&A proofs: manuscript no. hessj1018-var

1. Introduction

The region around the supernova remnant (SNR) SNR G284.3–
1.8 (Milne et al. 1989) shows two clearly distinct regions
of very-high-energy (VHE; E>100 GeV) gamma-ray emis-
sion (Abramowski et al. 2012); an extended emission named
HESS J1018–589 B likely associated with the pulsar wind nebula
(PWN) powered by the bright pulsar PSR J1016–5857 (Camilo
et al. 2001, 2004), and the point-like source HESS J1018–589 A.
The latter is positionally coincident with 1FGL J1018.6–5856, a
point-like high-energy gamma-ray (HE; 100 MeV<E<100 GeV)
variable source detected by the Fermi Large Area Telescope (LAT)
(Abdo et al. 2010).

The �-ray binary 1FGL J1018.6–5856 was detected in a blind
search for periodic sources in the Fermi-LAT survey of the Galac-
tic Plane through the modulation of its HE �-ray flux (Acker-
mann et al. 2012). Optical observations show that the non-thermal
source is positionally coincident with a massive star of spectral
type O6V((f)). The radio and X-ray flux from the source are
modulated with the same period of 16.58±0.02 days, interpreted
as the binary orbital period (Pavlov et al. 2011; Li et al. 2011;
Abramowski et al. 2012; An et al. 2013).

The spectrum of the periodic source in the Fermi-LAT do-
main exhibits a break at ⇠1 GeV with best-fit values of �HE(0.1–1
GeV)=2.00±0.04 and �HE(1–10 GeV)=3.09±0.06 and an inte-
gral energy flux above 100 MeV of (2.8±0.1)⇥10�10 erg cm�2 s�1.
The HE �-ray spectral shape evolves with orbital phase, with a
decrease in spectral curvature at flux minimum of the emission
(between phases 0.2 and 0.6) and a hardening of the spectrum at
flux maximum.

The best-fit position reported in the previous pa-
per (Abramowski et al. 2012) for HESS J1018–589 A,
↵=10h18m59.3s±2.4s

stat and �=–58�5601000±3600stat (J2000), is
compatible with the 95% confidence contour of 1FGL J1018.6–
5856. The VHE emission is well-described by a power-law
function with a spectral index of �=2.7±0.5stat±0.2sys, similar
to the one describing the VHE emission of the larger region
HESS J1018–589 B (�=2.9±0.4stat±0.2sys). No variability was
found in the H.E.S.S. data set, although the contamination of
the nearby source and the uneven sampling of the observations
prevented a firm conclusion at the time.

Here, a deeper study of HESS J1018–589 A to assess its asso-
ciation with the �-ray binary is presented. In Section 2, the data
sample and results are described. In Section 3, the features of
HESS J1018–589 A are discussed in light of the multi-wavelength
observations available, and conclusions are drawn in Section 4.

2. Data Analysis and Results

The H.E.S.S. telescope array is a system of five VHE �-ray imag-
ing atmospheric Cherenkov telescopes (IACTs) located in the
Khomas Highland of Namibia (23�1601800 S, 16�3000000 E). The
fifth telescope was added to the array in summer 2012 during the
H.E.S.S. phase-II upgrade, increasing the energy coverage and
boosting the system sensitivity. The nominal sensitivity of the
H.E.S.S. phase-I array (excluding the large telescope) reached
in 25 hours is ⇠2.0⇥10�13 ph cm�2s�1 (equivalent to 1% of the
Crab Nebula flux above 1 TeV) for a point-like source detected
at a significance of 5� at zenith. The stereoscopic approach re-
sults in a positional reconstruction uncertainty of ⇠60 per event,
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Fig. 1. The SED of HESS J1018–589 A / 1FGL J1018.6–5856 is shown
in black (filled squares and circles for the LAT and H.E.S.S. detection
respectively). For comparison, the SEDs of LS 5039 during superior
(SUPC) and inferior conjunction (INFC) are also included (blue points
from Hadasch et al. 2012; Aharonian et al. 2005a)

good energy resolution (15% on average) and an e�cient back-
ground rejection (Aharonian et al. 2006). H.E.S.S.-I observed
the region towards the Carina arm from 2004 to 2009. The data
set presented in Abramowski et al. (2012) was increased in the
subsequent years from 40 hours to 63.3 hours e↵ective time with
dedicated observations with the H.E.S.S.-I array to cover the
orbital phases in which the emission of 1FGL J1018.6–5856 ob-
served in X-rays and HE increases. The zenith angle at which
the source was observed ranged from 35� to 55� resulting in a
mean energy threshold of 0.35 TeV. These new observations were
performed in wobble-mode, during which the telescopes were
pointed o↵set (0.7�) from the nominal source location to allow si-
multaneous background estimation. The data were analyzed using
an improved analysis technique (multivariate analysis, reaching
⇠0.7% of the Crab Nebula flux at 1 TeV, 5 �; Becherini et al.
2011) and cross-checked with the Hillas second moment event re-
construction method (Aharonian et al. 2006) and Model Analysis
(de Naurois & Rolland 2009), including independent calibration
of pixel amplitudes and identification of problematic or dead pix-
els in the IACTs cameras. The spectra and light curves shown
here are derived for a cut of 80 photoelectrons in the intensity of
the recorded images.

The new analysis of HESS J1018–589 A, using the larger
data set, confirms the point-like VHE �-ray emission reported in
Abramowski et al. (2012). The �-ray signal is detected with a sta-
tistical significance of 9.3� pre-trials (derived using an oversam-
pling radius of 0.10� and corresponding to more than 7.5� post-
trials), centered at ↵=10h18m58s±5s

stat and �=–58�5604300±3000stat
(J2000). The best-fit position is estimated by means of a maxi-
mum likelihood fit of the exposure-corrected uncorrelated excess
image. This position is compatible with the position derived in
Abramowski et al. (2012), but the presence of the nearby extended
source HESS J1018–589 B precludes from an improvement in the
position uncertainty even with the additional observation time.
The fitted extension is compatible with the H.E.S.S. point spread
function (PSF, estimated to have a mean 68% containment radius
of ⇠0.1�). The obtained position is used to derive the spectrum
of the point-like source, integrating in a circle of 0.1� around
it and using a forward-folding maximum likelihood fit (Piron
et al. 2001). The photon spectrum is well-described with a power-
law function with index �=2.20±0.14stat±0.2sys (Fig. 1) and the
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3. Discussion

The flux variability and periodical behaviour of HESS J1018–
589 A suggest the identification of the VHE source with the
�-ray binary 1FGL J1018.6–5856. It therefore becomes the fifth
binary system, along with LS 5039 (Aharonian et al. 2005a),
LS I+61 303 (Albert et al. 2006), PSR B1259–63 (Aharonian
et al. 2005b) and HESS J0632+057 (Acciari et al. 2009) detected
at VHE during multiple orbits, in addition to the hint of a flaring
episode from the X-ray binary Cygnus X-1 (Albert et al. 2007).
When folded with the modulation period found at other wave-
lengths, the rebinned VHE lightcurve shows a modulation, signif-
icant at the 3.1� level, in phase with the HE �-ray lightcurve. The
phaseogram (Fig. 3) shows a similar behaviour (within the limited
statistics) to the high-energy lightcurve of 1FGL J1018.6–5856
showing a flux increasing simultaneously to the one occurring in
the HE and X-ray counterpart.

Despite the di↵erent orbital behaviour at di↵erent wave-
lengths, the stars in the �-ray binaries 1FGL J1018.6–5856 and
LS 5039 are thought to be very similar, with spectral types of
O6V((f)) and O6.5V((f)), respectively (Ackermann et al. 2012;
Clark et al. 2001). Unfortunately, the orbital parameters of
HESS J1018–589 A are not yet known and only limited conclu-
sions can be drawn on the relation between the compact object and
the massive star. Both binary systems are composed of an almost
identical massive star and a compact object orbiting around it on a
timescale of days. The four-times larger period of 1FGL J1018.6–
5856 implies a factor ⇠2.5 larger semi-major axis than in LS 5039,
and the low amplitude of the flux modulation observed by Fermi-
LAT, of the order of 25%, can be interpreted as a sign of a low-
eccentricity orbit. Although the spectral index variability at HE
�-ray is at odds with anisotropic IC being the only source of flux
variability, such low modulation amplitude would be di�cult to
realize under the widely changing conditions of an eccentric orbit.
The behaviour of HESS J1018–589 A at di↵erent orbital phases
is mimicked in X-rays, HE, and VHE, showing in all cases a max-
imum flux near phase 0. There is a second sinusoidal component
that peaks at phase 0.3 and appears in radio (Ackermann et al.
2012) and X-rays (Fig. 3, bottom panel), as well as a hint in the
0.1 to 1 GeV Fermi-LAT lightcurve peaking at phase 0.5 (Fig. 3,
middle-bottom panel), but it is not observed (with the current
statistics) at higher energies. However, in LS 5039 the VHE flux
is correlated to the X-ray flux but anti-correlated to the HE flux
(Aharonian et al. 2005a; Takahashi et al. 2009; Ho↵mann et al.
2009; Hadasch et al. 2012). The HE spectral energy distributions
(SEDs) of the two binary systems are remarkably similar in shape
and flux (see Fig. 1), although it should be noted that the systems
are believed to be located at di↵erent distances: whereas LS 5039
is ⇠2.5 kpc away, 1FGL J1018.6–5856 is believed to be located
at 5±2 kpc, derived from the interstellar absorption lines of the
companion (Ackermann et al. 2012). At VHE, LS 5039 shows a
clear spectral modulation at di↵erent orbital phases, with a mean
luminosity between 1 and 10 TeV of ⇠ 1033(d2.5 kpc)2 erg s�1, sim-
ilar to the one found in HESS J1018–589 A in the same energy
range (9.9 ⇥ 1032(d5 kpc)2 erg s�1). However, the ratios between
the fluxes measured at HE and VHE of the two binary systems
di↵er substantially (see Figs. 1 and 3): whereas for LS 5039 the
ratio between the fluxes at 1 GeV and 1 TeV varies between ⇠15
and 40 in superior and inferior conjunction, respectively, for
1FGL J1018.6–5856 and HESS J1018–589 A a ratio of ⇠160 is
found, with the TeV flux strongly reduced with respect to the
GeV flux when compared with LS 5039. Similar to other binaries,
the spectrum of 1FGL J1018.6–5856 measured at HE does not
extrapolate to VHE.
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Fig. 4. Results of the fit of a pair-production-absorbed power-law to the
HE and VHE spectra of 1FGL J1018.6–5856, with solid (dashed) lines
indicating the absorbed (intrinsic) spectra. The emitter is assumed to be
in the plane of the sky with respect to the star (i.e., on the plane of an
orbit with i = 0�). The model with the maximum absorption compatible
with the VHE spectral data is shown in red, the best-fit model with
h⌧300i = 1 in green, and the best-fit model with no absorption in blue.
Observational points are as in Fig. 1.

Regardless of the nature of the emission process responsible
for the TeV emission, the strong stellar photon field in the envi-
ronment of the binary system unavoidably leads to the absorption
of �-rays above ⇠50 GeV through pair production (Moskalenko &
Karakula 1994; Böttcher & Dermer 2005; Dubus 2006). Assum-
ing that the VHE emission is due to anisotropic inverse-Compton
(IC) scattering of a leptonic population at a similar location as the
HE one, the identical phasing of HE and VHE would imply a low
inclination of the orbit with respect to the observing direction.
Furthermore, the sinusoidal modulation implies that the orbit
cannot be highly eccentric (or the density of photons would lead
to strong variation). Under this scenario, IC anisotropic emission
would be most e�cient when the emitter is behind the star with
respect to the emitter, i.e., at superior conjunction, and therefore
the flux maximum at phase 0 can be tentatively associated with
this orbital configuration.

In order to illustrate the e↵ects of absorption on the observed
VHE spectrum, in the following calculations a circular orbit on
the plane of the sky (i = 0�) is assumed to exemplify the low, but
likely non-zero, inclination of the orbit, and take stellar parame-
ters as in LS 5039. A fit of a pair-production-absorbed power-law
function (of shape / E�↵ exp(� h⌧Ei), where h⌧Ei is the energy-
dependent orbit-averaged optical depth and ↵ the intrinsic spectral
index) to the measured VHE spectrum indicates that the maxi-
mum optical depth at 300 GeV compatible with the VHE data
(at 68% CL) is h⌧300i ⇡ 3.4, with an intrinsic index of ↵ ⇡ 3.1.
Figure 4 shows how the energy dependence of pair-production
absorption results in a power-law-like spectrum between 500 GeV
and 10 TeV even for high optical depths, as long as the intrinsic
spectrum is steep enough. This means that for an optical depth
of h⌧300i ⇡ 3.4, the steep spectral index required to fit the VHE
data would result in a large HE emission below 100 GeV, where
pair-production absorption is no longer significant, up to a factor
100 brighter than the flux observed by Fermi-LAT between 10
GeV and 100 GeV. Therefore, either the intrinsic emission from
the VHE component has a sharp spectral break between 80 and
200 GeV, or the VHE instrinsic spectrum must be significantly
harder than ↵ ⇡ 3. Considering the latter, and taking the Fermi-
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▪ Low absorption required to explain narrow peak at phase 0 and correlated GeV/TeV emission: 
▪ Lack of absorption features (pair production) in spectrum: low absorption or break at 100-300 GeV 

(see E. de Oña Wilhelmi’s talk)
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     (Aharonian et al. 2007, A&A, 469, L1) 

     - The Monoceros Loop SNR    ✘ 

     - 3EGJ0634+0521 ✘ 

     - 1RXS J063258.3+054857 ✘ 

     - MWC148 (HD259440)  ✔ 

“A related possibility is that MWC148 is part of a 
binary system with an, as yet undetected, compact 
companion. Such a system might then resemble the 
known VHE γ-ray source PSR B1259-63/SS2883 
(Aharonian et al. 2005a). Further multiwavelength 
observations are required to confirm or refute this 
scenario.”

▪ possible associations

▪ "Discovery of a point-like VHE γ-ray 
source in Monoceros”



Skilton et al. (2011)

HESSJ0632+057

Casares et al. (2012)

HESS J0632+057

Pol Bordas, VGGS III, Heidelberg, May 4th 

Bongiorno et al (2011) Moldón et al. (2011)

▪ HESS J063+057: a new γ-ray binary system

▪ binary nature from optical data (Casares+ 2012)   
▪ MWC 148: High-Mass, B0pe star, d = 1.1 - 1.7 kpc 
▪ X-rays: 321±5d periodic modulation (Bongiorno+2011) 
▪ no pulsations found (Chandra, GBT) (Rea & Torres 2011)   
▪ point-like → extended radio source  

(+30d after X-ray burst) (Moldón+ 2011) 



VERITAS    
HESS  

Swift-XRT

HESS J0632+057

Pol Bordas, VGGS III, Heidelberg, May 4th 

Long-term TeV and X-Ray Observations of the Gamma-Ray Binary HESS J0632+057  
Aliu+ (VERITAS coll.), Abramowski+ (H.E.S.S. coll) 2014, ApJ, 780, 168A

▪ VHE observations: MJD 53087 to MJD 55955: > 8 yrs coverage 
▪ Swift-XRT: MJD 54857 to 55972: ~ 3 yrs observations

▪ Extremely rich VHE/X-ray data-set 
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Long-term TeV and X-Ray Observations of the Gamma-Ray Binary HESS J0632+057  
Aliu+ (VERITAS coll.), Abramowski+ (H.E.S.S. coll) 2014, ApJ, 780, 168A
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round markers), MAGIC (brown open markers, scaled to 1 TeV assuming a power law with

index �2.6 (Aleksic et al 2012)) and VERITAS (filled squared markers). X-ray fluxes (0.3-10

keV) are shown as measured by Swift-XRT (open grey marker; vertical scale on the right).

All measurements are folded with the orbital period of 315 days, the colors indicate di�erent

orbits. Vertical error bars show 1⇥ statistical uncertainties, horizontal error bars indicate

the width of the corresponding observing interval.
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▪ correlated X-ray/TeV emission driven by sharp rise-and-fall at phases ~0.3 
▪ TeV emission reported for the first time at phases ~ [0.6 - 0.9]. Secondary peak? 
▪ only gamma-ray binary not detected at GeV energies (Caliandro+ 2013) 

(models on HESS J0632: see A. Ozazaki and T. Kawano talks) 
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     -  PSR B1259-63 
     -  LS 5039 
     -  Eta Carinae 
     -  mQs, novae, transients

▪ ongoing studies
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PSR B1259-63

4 M. Chernyakova et.al.
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Figure 1. Orbital light curves of PSR B1259−63 around periastron for several passages. Panel a: observations by H.E.S.S. in the E > 1 TeV energy range
for the 2004, 2007, and 2010 periastron passages (Aharonian et al. 2005, 2009; H.E.S.S. Collaboration et al. 2013). Flux is given in 10−12 cm−2 s−1. Panel b:
Fermi-LAT flux measurements in the E > 100 MeV energy range for the 2010 periastron passage. Flux is given in 10−6 cm−2 s−1.Panel c: X-ray fluxes from
three periastron passages (Abdo et al. 2011b; Chernyakova et al. 2009). Flux is given in 10−11 erg cm−2 s−1. Panel d: Radio (2.4 GHz) flux densities measured
at ATCA for the 2010, 2004 and 1997 periastron passages (Abdo et al. 2011b; Johnston et al. 2005, 1999). Dashed lines correspond to the periastron and to the
moments of disappearence (last detection) and reappearence (first detection) of the pulsed emission. Panel e: Evolution of the equivalent widths of Hα (filled
circles) and He I λ6678 (open circles). W6678 is shown multipled by a factor of 100 for easier comparison to WHα.

estimate of the 1-σ uncertainty in position, which turns out to be
0.2 mas in right ascension and 0.4 mas in declination. The cross
plotted in Fig. 2 represents five times these values to be on the
conservative side, given the unmodeled uncertainties related to the
self-calibration processes.

The extended emission has a total size of ∼50 mas with a
position angle (P.A.) of approximately −75◦. Visual inspection of
higher-resolution images shows that the structure is dominated by
a bright compact core and a diffuse component. We fitted two com-
ponents to the uv data using the task UVFIT. We found that the
core component is well fitted by a point-like component, whereas
the diffuse emission is described by a circular Gaussian component

with a FWHM of 20 mas located at −32.0 ± 0.2 and 8.7 ± 0.2 mas
from the peak of the emission in right ascension and declination,
respectively.

3 OPTICAL SPECTROSCOPY

Spectroscopic observations of LS 2883, the optical counterpart of
PSR B1259−63, were performed with the CTIO 1.5m telescope,
operated by SMARTS, between UT dates 2010 December 5 and
2011 May 17. We used the RC spectrograph in service observ-
ing mode with the standard SMARTS grating setup 47/Ib (grat-

c⃝ 2013 RAS, MNRAS 000, 1–13

▪ pulsar (P 48ms, Lsd= 8 ×1035 erg/s ) + O9.5Ve star (Lstar= 2.3 × 1038 erg/s) + circ. disk 
▪ binary system: D = 2.3, Porb= 3.4 years, eccentricity = 0.87, orbital inclination i ~24o  
▪ variable/periodic emission in radio, optical, X-rays, GeV and TeV γ-rays 
▪ pulsations seen only in radio (and away from periastron) 
▪ GeV flare in 2011; happening again in 2014 

PSR B1259-63, credits: NASA archive

PSR B1259-63: a γ-ray binary laboratory 
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Fig. 4. Di�erential energy spectra of the VHE �-ray emission from
PSR B1259-63/LS 2883 for the data collected around the 2004 (blue
squares), 2007 (red triangles), and 2010/2011 (green circles) perias-
tron passages. For the 2004 data the spectrum presented in this paper
is shown. The 2007 spectrum is extracted from Aharonian et al. (2009).

the 2010/2011 observation campaign is compatible with the
flux detected in 2004 at the similar orbital phases. Observation
periods from 2004 and 2007 were separated in time with re-
spect to the periastron position, i.e., observations in 2004 were
performed mainly after and in 2007 mainly before the perias-
tron. Therefore, it was impossible to directly confirm the repet-
itive behaviour of the source by comparing observations of
PSR B1259-63/LS 2883 at the same orbital phases. In this per-
spective, although the 2011 observations do not exactly overlap
with the orbital phases of previous studies, they cover the gap in
the 2004 data post-periastron light curve and the integrated flux
follows the shape of the light curve, yielding a stronger evidence
for the repetitive behaviour of the source.

The spectral shape of the VHE �-ray emission from
PSR B1259-63/LS 2883 around the 2010/2011 periastron pas-
sage is similar to what was observed during previous periastron
passages (Fig. 4). The photon index of 2.92 ± 0.25stat ± 0.2syst
inferred from the 2011 data is well compatible with previous re-
sults. The spectrum measured for the 2011 data can be resolved
only up to ⇤4 TeV, which is explained by a very low statistics at
higher energies due to a short exposure of the source.

4.2. Search for the equivalent “GeV Flare”
in the H.E.S.S. data

The absence of the flux enhancement during the GeV flare at
radio and X-ray wavebands indicates that the GeV flare may
be created by physical processes di�erent from the those re-
sponisble for the emission at other wavelengths. The VHE post-
periastron data obtained with H.E.S.S. around the 2004 peri-
astron passage do not show any evidence of a flux outburst at
orbital phases at which the GeV flare is observed. However,
the H.E.S.S. observations around the 2004 periastron passage
do not comprise the orbital phase when the GeV flare starts.
Moreover, to compare H.E.S.S. 2004 data with the GeV flare ob-
served after the 2010 periastron passage, one has to assume that
the GeV flare is a periodic phenomenon, which may not be the
case. The H.E.S.S. data taken between 9th and 16th of January
in 2011 provide a three-day overlap in time with the GeV flare.
Therefore, it is possible to directly study any flux enhancement
in the VHE band on the time scale of the HE flare. To improve
the sensitivity of the variability search the whole period of the
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Fig. 5. (Top) Integrated photon fluxes above 1 TeV for the pre-flare and
flare periods (see text) are shown as black filled boxes. The dashed hor-
izontal line shows the best fit with a constant. The HE data points above
0.1 GeV as reported by Abdo et al. (2011) are shown as red filled cir-
cles. The flare start date is indicated by the dashed vertical line. The left
axis indicates the units for the VHE flux and the right (red) axis denotes
the units for the HE flux. (Bottom) The spectral energy distribution of
the HE-VHE emission. For the HE emission the overall flare spectrum
is shown as reported by Abdo et al. (2011). Marking of the data points
is the same as in the top panel. Solid lines denote the fit of the Fermi
data only with the power law with exponential cut-o� (red) and the fit
of the H.E.S.S. data only with the power law (black). The dashed black
line denotes the fit of the Fermi (excluding upper limits) and H.E.S.S.
data together with the power law.

H.E.S.S observations was divided into two time periods of al-
most equal length: before (“pre-flare”) and during (“flare”) the
HE flare (see Sect. 3.4). The pre-flare and flare dataset analysis
results are presented in Table 1.

To search for variability, the flux as a function of time
was fitted with a constant, which resulted in a mean flux of
(0.91 ± 0.18) ⇥ 10�12 cm�2 s�1 (black horizontal dashed line in
Fig. 5 top). The fit has a ⇤2-to-NDF ratio of 0.73/1, which cor-
responds to a ⇤2 probability of 0.39, showing no indication for
a flux enhancement. Note that the spectral parameters obtained
by an independent fit of each of the two periods have been used
here.

If one assumes that HE and VHE emission are created ac-
cording to the same scenario, i.e. the same acceleration and ra-
diation processes and sites, then a flux enhancement of the same
magnitude as observed at HEs should be also seen at VHEs. To
investigate this hypothesis, the flare coe⇥cient ⇥ is introduced
as the ratio of the fluxes during the flare period and the pre-flare
period. The ratio of the HE (E > 0.1 GeV) flux averaged over
the three-day interval between (tp + 30 d) and (tp + 32 d) to the
upper limit on the HE pre-flare emission (see Fig. 5 top) yields
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Fig. 4. Di�erential energy spectra of the VHE �-ray emission from
PSR B1259-63/LS 2883 for the data collected around the 2004 (blue
squares), 2007 (red triangles), and 2010/2011 (green circles) perias-
tron passages. For the 2004 data the spectrum presented in this paper
is shown. The 2007 spectrum is extracted from Aharonian et al. (2009).

the 2010/2011 observation campaign is compatible with the
flux detected in 2004 at the similar orbital phases. Observation
periods from 2004 and 2007 were separated in time with re-
spect to the periastron position, i.e., observations in 2004 were
performed mainly after and in 2007 mainly before the perias-
tron. Therefore, it was impossible to directly confirm the repet-
itive behaviour of the source by comparing observations of
PSR B1259-63/LS 2883 at the same orbital phases. In this per-
spective, although the 2011 observations do not exactly overlap
with the orbital phases of previous studies, they cover the gap in
the 2004 data post-periastron light curve and the integrated flux
follows the shape of the light curve, yielding a stronger evidence
for the repetitive behaviour of the source.

The spectral shape of the VHE �-ray emission from
PSR B1259-63/LS 2883 around the 2010/2011 periastron pas-
sage is similar to what was observed during previous periastron
passages (Fig. 4). The photon index of 2.92 ± 0.25stat ± 0.2syst
inferred from the 2011 data is well compatible with previous re-
sults. The spectrum measured for the 2011 data can be resolved
only up to ⇤4 TeV, which is explained by a very low statistics at
higher energies due to a short exposure of the source.

4.2. Search for the equivalent “GeV Flare”
in the H.E.S.S. data

The absence of the flux enhancement during the GeV flare at
radio and X-ray wavebands indicates that the GeV flare may
be created by physical processes di�erent from the those re-
sponisble for the emission at other wavelengths. The VHE post-
periastron data obtained with H.E.S.S. around the 2004 peri-
astron passage do not show any evidence of a flux outburst at
orbital phases at which the GeV flare is observed. However,
the H.E.S.S. observations around the 2004 periastron passage
do not comprise the orbital phase when the GeV flare starts.
Moreover, to compare H.E.S.S. 2004 data with the GeV flare ob-
served after the 2010 periastron passage, one has to assume that
the GeV flare is a periodic phenomenon, which may not be the
case. The H.E.S.S. data taken between 9th and 16th of January
in 2011 provide a three-day overlap in time with the GeV flare.
Therefore, it is possible to directly study any flux enhancement
in the VHE band on the time scale of the HE flare. To improve
the sensitivity of the variability search the whole period of the
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Fig. 5. (Top) Integrated photon fluxes above 1 TeV for the pre-flare and
flare periods (see text) are shown as black filled boxes. The dashed hor-
izontal line shows the best fit with a constant. The HE data points above
0.1 GeV as reported by Abdo et al. (2011) are shown as red filled cir-
cles. The flare start date is indicated by the dashed vertical line. The left
axis indicates the units for the VHE flux and the right (red) axis denotes
the units for the HE flux. (Bottom) The spectral energy distribution of
the HE-VHE emission. For the HE emission the overall flare spectrum
is shown as reported by Abdo et al. (2011). Marking of the data points
is the same as in the top panel. Solid lines denote the fit of the Fermi
data only with the power law with exponential cut-o� (red) and the fit
of the H.E.S.S. data only with the power law (black). The dashed black
line denotes the fit of the Fermi (excluding upper limits) and H.E.S.S.
data together with the power law.

H.E.S.S observations was divided into two time periods of al-
most equal length: before (“pre-flare”) and during (“flare”) the
HE flare (see Sect. 3.4). The pre-flare and flare dataset analysis
results are presented in Table 1.

To search for variability, the flux as a function of time
was fitted with a constant, which resulted in a mean flux of
(0.91 ± 0.18) ⇥ 10�12 cm�2 s�1 (black horizontal dashed line in
Fig. 5 top). The fit has a ⇤2-to-NDF ratio of 0.73/1, which cor-
responds to a ⇤2 probability of 0.39, showing no indication for
a flux enhancement. Note that the spectral parameters obtained
by an independent fit of each of the two periods have been used
here.

If one assumes that HE and VHE emission are created ac-
cording to the same scenario, i.e. the same acceleration and ra-
diation processes and sites, then a flux enhancement of the same
magnitude as observed at HEs should be also seen at VHEs. To
investigate this hypothesis, the flare coe⇥cient ⇥ is introduced
as the ratio of the fluxes during the flare period and the pre-flare
period. The ratio of the HE (E > 0.1 GeV) flux averaged over
the three-day interval between (tp + 30 d) and (tp + 32 d) to the
upper limit on the HE pre-flare emission (see Fig. 5 top) yields
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Fig. 1. Overall di⇥erential energy spectrum of the VHE �-ray emission
from PSR B1259-63/LS 2883 for the whole observation period from
9th to 16th of January 2011. The solid line denotes the spectral fit with
a simple power law. The green band represents the 1⇥ confidence in-
terval. Points are derived for the minimum significance of 1.5⇥ per bin.
Points’ error bars represent 1⇥ errors.
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3.4. Light curves

To check for variability of the source a light curve was pro-
duced on a night-by-night basis assuming the photon spectral
index obtained in the spectral fit (Fig. 2). The spectral index
was fixed at the value obtained in the spectral analysis of the
total data because of the low statistics for each individual night.
The light curve is consistent with a constant resulting in a mean
flux of (0.77 ± 0.13) ⇥ 10�12 cm�2 s�1 (horizontal line in Fig. 2)
with ⇤2/NDF = 6.35/4 (corresponds to the probability of 0.17;
NDF is the number of degrees of freedom), yielding no evidence
for variability in the seven-nights observation period. For each
individual night the source is detected at a statistical signifi-
cance level >3⇥ except for the last point, whose significance is
only 1.5⇥.

Time [d]
-100 -50 0 50 100

]
-1

 s
-2

 c
m

-1
2

F(
E

>1
Te

V
) [

10

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5
 2004 

 2007 

 2011 H.E.S.S.

Phase
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Fig. 3. Integrated photon flux above 1 TeV as a function of the time with
respect to the periastron passage indicated with the vertical dashed line.
The corresponding orbital phases (mean anomaly) are shown on the up-
per horizontal axis. The data from the 2004 (blue squares) (Aharonian
et al. 2005b), 2007 (red triangles) (Aharonian et al. 2009), and 2011
(green circles) observation campaigns are shown. For the 2004 and 2011
data the flux is shown in daily bins while for the 2007 data the flux is
shown in monthly bins for clarity.

For a comparison with the GeV flare (see Sect. 4.2) the whole
dataset was divided into two datasets: “pre-flare” (tp + 26 d
to tp + 29 d) and “flare” (tp + 30 d to tp + 32 d). These two
datasets were analysed independently and revealed similar fluxes
and significance levels (see Table 1). A spectral analysis of the
two datasets shows that both spectra are consistent with a sim-
ple power law, yielding similar values of the spectral index (see
Table 1). The two spectral indices are consistent with the one
obtained for the total dataset. These results are discussed in
Sect. 4.2.

3.5. Re-analysis of the 2004 data

For the data taken around the 2004 periastron passage the energy
spectrum had been measured only up to ⇤3 TeV (Aharonian et al.
2005b) while for the much smaller dataset of 2011 observations
the spectrum was measured up to >4 TeV and for the compa-
rable dataset of 2007 observations up to >10 TeV (Aharonian
et al. 2009) using more advanced analysis techniques with a
better understanding of weak fluxes. To fully compare obser-
vation results around di⇥erent periastron passages (see below),
the 2004 data were re-analysed with the current analysis tech-
niques, the same as used for the analysis of the 2011 data de-
scribed above. The re-analysis results are compatible with the
published ones. The di⇥erential energy spectrum measured up
to ⇤10 TeV is consistent with a power law with a spectral in-
dex � = 2.8 ± 0.1stat ± 0.2syst and a flux normalisation at 1 TeV
of N0 = (1.29 ± 0.08stat ± 0.26syst) ⇥ 10�12 TeV�1 cm�2 s�1. The
new analysis of the 2004 data is therefore compatible with the
published results when extrapolated above 3 TeV.

4. Discussion

4.1. Comparison with previous H.E.S.S. observations

In Fig. 3, the integrated photon flux above 1 TeV as a function of
time with respect to periastron (indicated by the dashed vertical
line) is shown. The light curve compiles the data from all three
periastron observation campaigns spanning from 100 days be-
fore to 100 days after the periastron. The observed flux from
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H.E.S.S. observations of  PSR B1259-63/LS 2883 around the 2010/2011 periastron passage  
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PSR B1259-63

Pol Bordas, VGGS III, Heidelberg, May 4th 
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▪ H.E.S.S. observations in 2014 periastron passage (+ Fermi, Swift, INTEGRAL, NuStar, SALT, ATCA…)

PSR B1259-63

▪ simultaneous observations of the 2014 GeV flare 
▪ long-term variability through coverage of previously studied orbital phases (2004, 2007, 2011)  
▪ first-time VHE observations during exact tperiastron 
▪ studying double-peak profile at VHEs in a single orbit 
▪ spectral extension down to ~100 GeV 

(see C. Romoli’s talk later today)



LS 5039

Pol Bordas, VGGS III, Heidelberg, May 4th 

Hadasch et al. 2012

▪ well-studied @ TeVs with H.E.S.S. and GeV with Fermi-LAT  
▪ still many unknowns: accelerator/emitter location, SUPC TeV “excess” and spectral shape… 
▪ H.E.S.S. I: deep obs. campaign conducted: contamination by HESS J1825, fine phase-resolved spectra 

H.E.S.S. II observations ongoing: probe GeV-TeV transition, signatures of pair-production @ SUPC…

LS 5039: the only swiss-clock gamma-ray binary  



Eta Carinae

Pol Bordas, VGGS III, Heidelberg, May 4th 

H.E.S.S. observations of the Carina nebula and its enigmatic colliding wind binary Eta Carinae  
H.E.S.S. coll. 2012, MNRAS 424, 128H

▪ Search for Eta Carinae (+ phase-folded analysis) + extended emission from Carina Nebula 
▪ No signal ⇒ uu.ll. > Eth = 470 GeV: η-Car ≤ 7.7 ×10-13 ph cm-2 s-1; Nebula: ≤ 4.2 ×10-12 ph cm-2 s-1 



Pol Bordas, VGGS III, Heidelberg, May 4th 

HESS-II 
⦿  Opportunities with HESS-II 

–  unique object, wide interest in astrophysics community 
–  energy threshold of HESS-I system was already !470 GeV (Fermi sees emission 

up to 300 GeV) 
–  variability timescales of < months can only be observed with IACTs 
–  next periastron passage in summer next year 
–  next one only in 2019, when CTA will be operational 
–  guaranteed science output 

! observation proposal 
for 2013/2014 submitted 
November last year 
! updated proposal in 
this year for 2013, since 
CT5 commissioning was 
delayed 
what can we expect to 
see? 
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Figure 2: Multi-wavelength lightcurve of Eta Carinae as shown in [1] for the previous cycle. The grey bands indicate
when Eta Carinae is visible to H.E.S.S. under zenith angles smaller than 40�. Note that due to the 5.5 years orbital
period, only periods that have not been covered by H.E.S.S. yet would be observed.
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▪ H.E.S.S. observations planned for 2014 periastron passage  
(last call: next passage in 2020 → CTA?) 

▪ Fermi-LAT enhancement of HE (>10 GeV) emission in mid-2014 (c.f. C. Farnier’s analysis)  
▪ H.E.S.S. 2014 observations successfully obtained (including CT5 to lower Eth) 
▪ data analysis ongoing, difficult region (very high NSB) 

Eta Carinae

(Eta Car in gamma-rays: O. Reimer and V. Zabalza talks on Tuesday)



SS433/W50

Pol Bordas, HESS Coll. meeting Meudon April 2015 

Observations of SS433 with the MAGIC and H.E.S.S. telescopes  
MAGIC and H.E.S.S. collaborations, in prep.

z
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~10   cmz jet, i

13

shock

~10Z rec

forward shock

reverse shock

~10l b

e1, e2, e3     

w1, w2, p1, p2, p3     

▪ SS433: first galactic-jets source discovered 
▪ extremely powerful, baryon-loaded jets (Lkin ~1039-40 erg/s) 
▪ precession every ~162d covering inner system 

MAGIC + H.E.S.S. long-term coverage "good" phases: 2006-2011 
▪ non-thermal emitting interaction regions also studied  

Reynoso et al. (2008)



SS433/W50

Pol Bordas, HESS Coll. meeting Meudon April 2015 

Bordas, + (arXiv1411.7413B)

Gamma-rays from SS433 5
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Fig. 1.— Test Significance (TS) map above 300 MeV for the 5� ⇥ 5� ROI around the nominal position of SS433, with pixel size
corresponding to 0.1� ⇥ 0.1�. Sources included in the 3 ndFermi-LAT catalog located within the ROI, in particular the bright gamma-ray
pulsar 3FGL J1907+0602, as well as the candidate source “ps2” found in our analysis, have been excluded from the map for clarity. A green
diamond indicates the position of SS433, whereas the green contours show the 68%, 95% and 99.9% positional accuracy of its proposed
Fermi-LAT counterpart, with a TS value of 57.6.

   0.0e+00

   2.0e-08

   4.0e-08

   6.0e-08

 0  0.2  0.4  0.6  0.8  1

φ
(E

)(
G

eV
-1

 s
-1

 c
m

-2
)

Orbital Phase

   0.0e+00

   2.0e-08

   4.0e-08

   6.0e-08

 0  0.2  0.4  0.6  0.8  1

φ
(E

)(
G

eV
-1

 s
-1

 c
m

-2
)

Precession Phase

Fig. 2.— Phase-folded gamma-ray light-curve on the orbital and precession period of the system (P = 13.15 and 162.4 days, respectively).
Ephemeris by Gies et al. (2002) have been employed. No statistically significant signature of flux modulation is observed, with a constant
fit to the data yielding �2/d.o.f of 0.60/4 and 2.27/4 for the orbital and precession phase-folded light-curves, respectively.

6 Bordas, Yang, Kalexhiu & Aharonian.
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through IC (blue), relativistic Bremsstrahlung (red) and proton-plasma interactions (black). The target photon field for IC is provided by
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spectrum below ⇠ 250 MeV. For pp interactions, a thermal proton distribution with kb T ⇠ 35 MeV is insu�cient to match the high-energy
data-points. A proton power-law extending up to a few GeVs is required to fit the spectrum.

752 S. Heinz and R. Sunyaev: A narrow component to the CR spectrum

Fig. 1. Cartoon of the proposed model of CR production in micro-
quasars: The interface between the relativistic jet and the ISM is a
natural site for the production and release of relativistic particles.

in relativistic flows, like those encountered in microquasars,
should show clearly distinguishable, and possibly narrow, spec-
tral features.

If these particles can escape the working surface with-
out suffering significant adiabatic energy losses, they will dif-
fuse through interstellar space, and will thus contribute to the
Galactic cosmic ray (CR) spectrum1.

Based on the arguments presented in this paper, we con-
clude that an additional component of CRs generated by rela-
tivistic jets in microquasars should exist in the Galaxy. Initially,
this component should consist of narrow peaks, with peak en-
ergies corresponding to Γjet mp c2 from different jet sources.

There are many mechanisms which might broaden these
features. However, any observational limits on their existence
would give us additional information about the physics of mi-
croquasar jets and the physical conditions in relativistic shocks.
Below, we will discuss the main mechanisms which could
smooth out the component under discussion. In this paper, we

1 The production of ultra-high energy CRs in Galactic X-ray bi-
naries has been discussed in the past in the context of Cyg X-3
(Lloyd-Evans et al. 1983; Manchanda et al. 1993; Mitra 1994), though
recent studies have not confirmed the presence of ultra-high energy
gamma rays (Borione et al. 1997). This scenario is shown as a cartoon
in Fig. 1. The production of CRs in microquasars has so far only re-
ceived minor attention in the literature (for example, it was mentioned
as an alternative source to produce all CRs by Dar & De Rújula 2001),
and requires further study.

content ourselves with presenting order of magnitude estimates
only, since the goal of the paper is to point out to the CR
community that, in addition to CR acceleration in supernova
remnants (SNRs), there is another very effective mechanism to
release relativistic particles in the Galaxy. Traces of these parti-
cles might be hidden in the observed CR spectra, in γ-rays with
energies of a few 100 MeV, and possibly in electron-positron
annihilation line emission from regions close to the location of
microquasars in the Galactic plane.

2. Outline of the model

In this section we will present a general description of the
model proposed for CR production in microquasars.

As we will argue below, it is likely that the plasma traveling
far downstream in the jet towards the working surface is cold
(the mean particle velocity is ⟨v2⟩ ≪ c2 in the rest frame of
the jet plasma), especially if microquasar jets are composed of
electron-ion plasma. The same is, of course, also true for the
undisturbed interstellar medium (ISM). Thus, the bulk of the
plasma transported to the interface between the jet and the ISM
(for simplicity we will call this interface the working surface of
the jet, regardless of its detailed physical structure) is initially
cold.

This conjecture is inspired by observations of the mildly
relativistic jets in SS433 (the best studied relativistic Galactic
jet to date, albeit mildly relativistic and not considered a mi-
croquasar). In this source, red- and blue-shifted Balmer Hβ and
other optical recombination lines, usually radiated by plasmas
with temperatures of order 104 K ∼ 1 eV, allow the determi-
nation of the bulk velocity of the flow: 0.26 c. This velocity
is remarkably constant over the 20 years the source has been
observed (Margon 1984; Milgrom et al. 1982). ASCA (Kotani
et al. 1998) and recent Chandra (Marshall et al. 2002) observa-
tions of X-ray lines of hydrogen- and helium-like ions of iron,
Argon, Sulfur, and Oxygen show that these ions are moving
in the flow with the same velocity, 0.26 c. This X-ray emit-
ting plasma at temperatures of T ∼ 107−108 K ∼ 103−104 eV
is observed at much smaller distances (∼1011 cm) from the
central compact object than the optical line emission region
(∼1014 cm). A striking feature of the SS433 jet is that the
plasma is observed to be moving with relativistic velocities.
Yet, at the same time the jet plasma itself shows very little line
broadening (i.e., it is cold).

If microquasar jets are similar to the SS433 jets in composi-
tion and properties (i.e., cold electron-ion plasma at relativistic
bulk speeds) the consequences for the interpretation of these
jets will be far reaching, as we will argue below. Independent
from this argument, the radio synchrotron emission detected
from microquasar jets and several radio nebulae surrounding
microquasar sources (see Sect. 3.1) is clear evidence for the
presence of relativistic electrons, which, when released into the
ISM, will act as cosmic ray electrons.

2.1. The standard picture for jet working surfaces

The standard picture for the interface between powerful ra-
dio galaxies and their environment is a strong double shock

S. Heinz and R. Sunyaev: A narrow component to the CR spectrum 761
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Fig. 7. Toy model of the microquasar contribution to the CR spec-
trum, for a single microquasar situated in a low mass X-ray binary,
active for τ ∼> 1.5 × 107 yrs on the level of 3 × 1038 ergs s−1 (simi-
lar to GRS 1915+105), and at a distance of 1 kpc. For simplicity, we
assumed the source was operating with uniform bulk Lorentz factor
Γjet = 5 (top) and Γjet = 2.5 (bottom). The curves are normalized rel-
ative to the measured differential Galactic CR background spectrum
(thick grey dashed line). Shown are the same curves as in Fig. 5: nar-
row feature for upstream temperature of T ∼ 7 × 1010 K (dotted line)
and for T ∼ 7 × 108 K (solid line), Maxwellian with kT ∼ Γjet mp c2/3
(dashed line), multiply scattered component for efficient pitch angle
scattering (dash-dotted line) and for inefficient pitch angle scatter-
ing (dash-triple-dotted line), and the relative contribution of heavy
elements for metallicity 10 times the solar value (long-dashed grey
curve), as seen in GRO J1655-40 and V4641 Sgr. Each spectral com-
ponent has been steepened by E−1/2 to account for the energy depen-
dence of the diffusion coefficient.

AMS 02, we can estimate the detectability of spectral features
such as produced by microquasars. The rigidity resolution (i.e.,
energy resolution) of the instrument is expected to be around
2% in the crucial range from 1 to 10 GeV, which will easily be
sufficient to identify and resolve even the narrowest feature in
Fig. 7.

For an effective area of order 0.4 m2 sr, the expected total
CR proton count rate by AMS 02 in the energy range from 1 to
10 GeV should be of the order of 103 s−1. At 2% energy reso-
lution, this implies a detection rate of about 2 × 108 yr−1 bin−1,
with a relative Poisson-noise level of order 10−4. Calibration
and other systematic errors will likely dominate the statistics,
however, these numbers are encouraging, and we expect that a
source at the few-percent level will be detectable with AMS 02.

The heavy element sensitivity of AMS 02 will share sim-
ilar characteristics: for the same energy resolution and effec-
tive area, the detection rates of carbon and iron, for example,
should be of order 4 × 105 s−1 bin−1 and 4 × 104 s−1 bin−1 re-
spectively. Aside from AMS 02, signatures might be detected
by other instruments, and even existing data sets might contain
signals. Identification would require scanning these data with
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Fig. 8. Toy model for the gamma ray signature produced in a
microquasar CR halo via pion decay (including π0 decay and
bremsstrahlung from secondary electrons and positrons). Curves were
calculated assuming a source active for over τ ∼> 15 × 106 yrs with an
average power of Lkin = 3 × 1038 ergs s−1, at a distance of 10 kpc, and
for an ISM particle density of 1 cm−3, assuming CRs are lost once they
have reached the edge of the Galactic disk at about 1 kpc distance from
the source. Labes according to Fig. 5. Dotted line: Gamma ray signa-
ture from narrow component of the microquasar halo; dashed line:
from thermalized component; dash-dotted line: from “powerlaw type
component” in the case of efficient scattering; dash-triple-dotted line:
from “powerlaw type component” in the case of inefficient scattering.
Thick grey line: EGRET diffuse gamma ray background at the posi-
tion of GRS 1915+105 (Hunter et al. 1997), assuming the same solid
angle as subtended by the source. Thick long dashed line: background
gamma ray emission over the same solid angle modeled assuming the
proton CR spectrum measured near earth and an average ISM density
of 1 cm−3. Hatched line: GLAST sensitivity. Models were computed
using the GALPROP routines by Moskalenko & Strong (1998). Insert:
Angular dependence of the source contribution to the gamma ray flux
Fν, relative to the background flux Bν at a photon energy of 1 GeV
(see Eq. (8)). The right Y-axis shows the source distance at which
the GLAST sensitivity is reached for the value of Fν/Bν shown in the
curve, the top X-axis shows the angle θ = r/D in units of arcmin/D10

where D10 is the source distance in units of 10 kpc.

high spectral resolution. Note that the effects of solar modula-
tion will broaden any narrow spectral component significantly.
Results by Labrador & Mewaldt (1997) demonstrate that a line
at ∼5 GeV will be broadened by ∼1 GeV, (less at higher ener-
gies) though this effect will be reduced at solar minimum.

4.3. Gamma-ray emission from pion decay

As the CRs produced in microquasars travel traverse the
Galaxy, they will encounter the cold ISM. The interaction of
a CR proton (by far the most abundant and thus most energetic
component of the CR spectrum) with a cold ISM proton can
lead to secondary particle production and to the emission of
gamma rays via several channels, the most important of which
is π0 decay.

Heinz & Sunyaev (2002)

“Detection of persistent gamma-ray emission  
  towards SS433/W50“ (Bordas+ 2014 arXiv1411.7413B) 

▪ 5-years LAT data, 3FGL: “ps1” with TS = 57  
▪ 3-sigma position contours enclosing SS433/W50 
▪ spectrum: sharp peak at ~250 MeV, up to ~800 MeV only 
▪ no significant variability (phase-folded orbital/precession) 
▪ pp-interactions favored, IC/rel.-Bremss not discarded 
▪ jet/medium interaction regions as possible scenario 



Summary

Pol Bordas, VGGS III, Heidelberg, May 4th 

▪ >12 yrs observations of Variable Galactic Gamma-ray Sources with H.E.S.S 
- unprecedented high-quality observations at VHEs reported for several (most) VGGSs 
- many source discoveries at TeVs (PSR B1259-63, LS 5039, HESS J0632+057, HESS J1018…) 
- wealth of new physics in compact sources revealed, still many enigmas remain 

▪ H.E.S.S. II: best-suited for variable sources → key targets for next years 
- huge collection area for short-lived events (vs Fermi) + pave the way for CTA 
- first results already available (e.g. Vela PSR), many more coming soon (ICRC 2015) 
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Transients with H.E.S.S. II 

adapted from Funk & Hinton 

Christian Stegmann . H.E.S.S. Highlights . APP14/TeVPA . 23.6.2014 


