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Quatre observations marquantes

‣ saut non seulement quantitatif mais qualitatif ; 

‣ fort impact dans la communauté astrophysique ;  

‣ qui ont changé nos questionnements.



Image 𝞬 d’un reste de supernova

X-ray (ASCA)

RXJ 1713.7-3946  (H.E.S.S. Nature 2004)

VHE



Emission 𝞬 périodique d’une binaire
LS 5039  (H.E.S.S. Science 2005, A&A 2006)
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746 F. Aharonian et al.: Orbital modulation in LS 5039
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Fig. 5. Top: integral γ-ray flux (F > 1 TeV) lightcurve (phasogram) of
LS 5039 from HESS data (2004 to 2005) on a run-by-run basis folded
with the orbital ephemeris of Casares et al. (2005). Each run is ∼28 min.
Two full phase (φ) periods are shown for clarity. The blue solid arrows
depict periastron and apastron. The thin red dashed lines represent the
superior and inferior conjunctions of the compact object, and the thick
red dashed line depicts the Lomb-Scargle Sine coefficients for the pe-
riod giving the highest Lomb-Scargle power. This coefficient is sub-
tracted from the light curve in Fig. 1 middle panel. Middle: fitted pure
power-law photon index (for energies 0.2 to 5 TeV) vs. phase interval
of width ∆φ = 0.1. Because of low statistics in each bin, more compli-
cated functions such as a power-law with exponential cutoff provide a
no better than a pure power-law. Bottom: power-law normalisation (at
1 TeV) vs. phase interval of width ∆φ = 0.1.

(0.2 to 10.0 TeV) for INFC is consistent with a hard power-law
where Γ = 1.85±0.06stat±0.1syst with exponential cutoff at Eo =

8.7 ± 2.0 TeV (for fitted function dN/dE ∼ E−Γ exp(−E/Eo)).
In contrast, the spectrum for SUPC is consistent with a rela-
tively steep (Γ = 2.53 ± 0.07stat ± 0.1syst) pure power-law (0.2 to
10 TeV) (see Fig. 6). The spectra from these phase intervals are
mutually incompatible, with the probability that the same spec-
tral shape would fit both simultaneously being ∼2×10−6. Fitting
a pure power-law (which is statistically sufficient at present) to
narrower phase intervals of width ∆φ = 0.1, and restricting the
fit to energies E ≤ 5 TeV to reduce the effect of any cutoff,
also demonstrates that a harder spectrum occurs when the flux
is higher (Fig. 5 middle and bottom panels). Notably, the VHE
flux at E ∼ 0.2 TeV appears to be quite stable over phases and
the strongest modulation occurs at a few TeV.
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Fig. 6. Very high energy γ-ray spectra of LS 5039 for two broad orbital
phase intervals (defined in the text): INFC 0.45 < φ ≤ 0.9 (red circles);
SUPC φ ≤ 0.45 and φ > 0.9 (blue triangles). The shaded regions rep-
resent the 1σ confidence bands on the fitted functions (Table 1). Both
spectra are mutually incompatible with the probability that the same
spectral shape would fit both simultaneously being ∼2 × 10−6. A clear
spectral hardening in the region 0.3 to ∼20 TeV is noticed for the INFC
phase interval.
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Fig. 7. Top: integral flux (E > 1 TeV) vs. time (MJD) for LS 5039 on
a run-by-run basis. Bottom: after subtraction of the orbital period of
3.9063 days (this is achieved by subtraction of the Lomb-Scargle co-
efficients for the selected period). The average flux (dashed lines) for
the post-subtracted light-curve is consistent with a steady source with a
chance probability of 4×10−2. In addition, the average flux levels deter-
mined exclusively for 2004 and 2005 data differ at a 2σ level (statistical
errors) but are consistent when factoring in systematic errors of ∼10%
on a run-by-run basis.

We found no evidence for long-term secular variations in
VHE flux on a yearly scale independent of the orbital modu-
lation (Fig. 7). The orbital modulation represents a VHE γ-ray
luminosity (0.2 to 10 TeV; at 2.5 kpc) variation between 4 to
10 × 1033 erg s−1. Spectral fits and other numerical results are
summarised in Table 1. Finally, in Fig. 8 we show that the spec-
tral results obtained from a pure Hillas-based analysis using a
separate calibration procedure are consistent with results from
the Semi-analytical Model+Hillas results within statistical er-
rors.

4. Discussion

The basic paradigm of VHE γ-ray production requires the pres-
ence of particles accelerated to multi-TeV energies and a target



Deux sources dans le même champ
Binaire PSR B1259-63 et source non-identifiée (H.E.S.S. A&A 2005)



Variabilité ultra-rapide des blazars
PKS 2155-304 (H.E.S.S. ApJ 2007)
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Merci Bernard ! 

‣ pour ta contribution essentielle au développement 
de l’astronomie gamma, 

‣ pour avoir su tisser des liens durables entre 
physique des particules et astrophysique, 

‣ pour avoir ainsi donné un rôle majeur à la 
communauté française.


