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The H.E.S.S. II array in Namibia

!  Energy range: 100 GeV (~30 GeV) – 100 TeV

!  Angular resolution: ~4'

!  Field of view: 5.0° (3.5°)

!  Effective area: 5 x 105 m2
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■ Energy range: 100 (~30) GeV - 100 TeV 
■ Field of view:   5º (3.5º)

■ Angular resolution: 0.1º - 0.05º 
■ Effective area:        5 x 105 m2
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Figure 4.

First shell-type SNR ever detected in TeV gamma-rays
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HESS Collaboration (2006)

H.E.S.S. skymap

gamma-ray spectrum Fermi + HESS

Fermi/LAT collaboration (2011)
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3 HESS publications so far Ñ !
why do we want to revisit this source again?
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■ Ongoing debate in the literature about the origin of the emission 
■ Dataset increased by factor of ~2 since last publication (HESS Coll. 2004, 2006, 2007) 
■ New high-resolution / high-throughput analysis techniques available!

!

■ Spectral cut-off shape —> electrons vs. protons 
■ Spatially-resolved spectra w/ unprecedented resolution —> maps of physical quantities 
■ Morphology & radial profiles, comparison to X-rays —> particle diffusion + escape

What do we want to measure?
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The new high-resolution H.E.S.S. map

■ exposure:                170 h 
■ angular resolution:  0.05º 
■ energy threshold:    250 GeV 
■ Analysis:                  Model w/ HiRes cuts!

                                (de Naurois & Rolland, 2007)!
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Full-remnant photon flux spectrum
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■ exposure: 150 h 
■ threshold: 200 GeV  
■ excess:     >27000 counts

preliminary
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Full-remnant photon flux spectrum: cutoff behaviour
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preliminary

H.E.S.S. Collaboration et al.: H.E.S.S. precision measurements of RX J1713.7! 3946

Table 3: Results of the spectral fitting procedure on the full remnant analysis for a number of spectral models.

Spectral Model ! Ecut F(> 1 TeV) ! 2 / ndf
(TeV) (10! 11 cm! 2 s! 1)

F0E! ! 2.32±0.02 - 1.52±0.02 304.2/118
F0E! ! exp

!
! E

Ecut

"
2.06±0.02 12.9±1.1 1.64±0.02 120/117

F0E! ! exp
!
! E

Ecut

"2
2.17±0.02 16.5±1.1 1.63±0.02 113.8/117

F0E! ! exp
!
! E

Ecut

"0.5
1.82±0.04 2.7±0.4 1.63±0.02 142.1/117

Table 4: Spectral fitting results for the 29 Suzakuregions

Reg. ! Ecut F(> 1TeV) ! 2 / ndf
(TeV) (10! 13 cm! 2 s! 1)

1 1.99±0.16 19.8±16.8 3.4±0.6 74.37 / 78
2 1.95±0.15 10.9±6.3 4.7±0.9 69.53 / 76
3 1.66±0.22 4.2±1.7 4.6±1.3 57.85 / 77
4 1.84±0.17 10.1±5.5 4.1±0.8 72.53 / 81
5 2.06±0.13 24.9±18.2 3.4±0.5 93.84 / 83
6 1.72±0.10 8.1±2.1 8.3±1.0 73.84 / 80
7 1.65±0.11 5.8±1.4 8.6±1.2 97.01 / 79
8 1.95±0.08 13.2±3.9 9.6±0.8 84.27 / 81
9 1.81±0.08 7.3±1.6 12±1.1 81.9 / 82
10 1.90±0.10 11.1±3.9 6.8±0.8 80.3 / 82
11 1.87±0.11 9.8±3.3 6.0±0.7 119.4 / 80
12 1.57±0.13 6.0±1.5 6.6±1.2 79.17 / 81
13 1.69±0.12 7.0±1.9 6.8±1.0 61.63 / 82
14 1.97±0.10 12.6±4.6 6.6±0.7 67.18 / 83
15 1.99±0.09 8.4±2.5 8.4±0.9 88.83 / 77
16 2.02±0.09 14.7±5.4 7.6±0.7 88.43 / 81
17 1.80±0.11 9.3±2.8 6.4±0.8 76.05 / 80
18 1.34±0.22 2.8±0.8 5.1±1.5 83.06 / 80
19 1.82±0.12 10.3±4.1 5.4±0.8 72.53 / 78
20 1.77±0.13 8.0±2.8 5.3±0.9 84.5 / 81
21 1.98±0.09 9.2±2.7 8.9±0.9 74.35 / 82
22 2.14±0.10 24.2±15.3 5.9±0.6 98.88 / 78
23 1.91±0.12 14.3±6.0 5.0±0.6 80.85 / 80
24 1.99±0.11 45.0±41.7 4.0±0.5 79.75 / 83
25 1.88±0.15 6.2±2.4 5.2±0.9 82.61 / 76
26 1.76±0.12 6.0±1.6 7.3±1.0 78.03 / 79
27 1.79±0.09 6.2±1.3 10±1.0 84.03 / 81
28 1.45±0.17 4.4±1.2 5.5±1.2 60.07 / 80
29 2.05±0.09 17.3±7.7 6.2±0.6 77.75 / 80

power-law spectral models (below 6 TeV) to the 14 subregions
are shown in figure 4. In general the results of the fit are quite
consistent with those shown previously. The only exception be-
ing region x, such a di" erence may be due to the proximity of
this region to the brightest area of the remnant which in previous
publications with their worse PSF, may have contaminated this
region. Some variation can be seen in the spectral slope of the
regions, however when one considers the expected systematics
of 0.1 on the spectral slope, no obvious trend in spectral index
can be seen across the remnant.

A further set of 29 subregions of side length 0.08" was cre-
ated in order directly compare the H.E.S.S. spectral results with
those published by Tanaka et al. (2008) using SuzakuX-ray data.
A spectral analysis from such small sub-regions is now possi-
ble for the first time due to excellent angular resolution (#0.05" )
and high sensitivity of this data analysis. Table 4 lists the results
from fits with a power law model with an exponential cut-o" .
For some regions (e.g. Reg. 1, 5, 24), the surface brightness is
too low to derive tight constrains on the cut-o" energy and a
pure power law model without cut-o" yields a similarly good fit.
The same results are also shown in Fig. 5

Results of the power-law spectral fitting are shown in fig-
ure 5. Again no clear obvious spatial evolution of the spectral
index is seen across the remnant, however these results will be
discussed in more detail in section 5.

4. Muliwavelength Observations

4.1. XMM-Newton

To compare the H.E.S.S. VHE gamma-ray radial profiles to X-
rays, a map using all available archival XMM-Newtondata was
produced, following essentially the method described by Acero
et al. (2009). In addition to the work by these authors, not only
the brightest few but all detected point-like sources were re-
moved from the maps, refilling the holes using the count statis-
tics from annular regions surrounding the excluded regions. The
cosmic-ray-induced and instrumental backgrounds were sub-
tracted from each observation using filter-wheel-closed datasets.
To subtract the di" use Galactic astrophysical background from
the XMM-Newtonmap, the level of the surface flux at large dis-
tances (>0.7" ) from the SNR center was used. Through com-
parison with the ROSAT all-sky-survey map (Snowden et al.
1997) which covers a much larger area than XMM-Newtonit
was confirmed that the baseline Galactic di" use level is al-
ready reached within the FoV of the XMM-Newtoncoverage of
RX J1713.7! 3946 (see Fig. 8 in the Appendix). An energy range
of 1-10 keV was chosen for the XMM-Newtonmap that is com-
pared to the H.E.S.S. data, to suppress the influence of Galactic
di" use emission at low energies while retaining a high statistical
quality.

To compare the X-ray profiles to the H.E.S.S. measurement,
after background subtraction, the XMM-Newtonmosaic map was
convolved with a conservative H.E.S.S. PSF for this dataset. This
PSF was obtained from the nominal PSF from simulations for
the specific hirescuts and observed spectrum, but artificially in-
creased by 20% to account for potential systematic uncertainties
(see Sect. 3.1). Radial profiles from the PSF-convolved XMM-
Newtonmaps are shown in red in Fig. 2. The relative normal-

Article number, page 5 of 13page.13
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Full-remnant photon flux spectrum: cutoff behaviour
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Table 3: Results of the spectral fitting procedure on the full remnant analysis for a number of spectral models.

Spectral Model ! Ecut F(> 1 TeV) ! 2 / ndf
(TeV) (10! 11 cm! 2 s! 1)

F0E! ! 2.32±0.02 - 1.52±0.02 304.2/118
F0E! ! exp

!
! E

Ecut

"
2.06±0.02 12.9±1.1 1.64±0.02 120/117

F0E! ! exp
!
! E

Ecut

"2
2.17±0.02 16.5±1.1 1.63±0.02 113.8/117

F0E! ! exp
!
! E

Ecut

"0.5
1.82±0.04 2.7±0.4 1.63±0.02 142.1/117

Table 4: Spectral fitting results for the 29 Suzakuregions

Reg. ! Ecut F(> 1TeV) ! 2 / ndf
(TeV) (10! 13 cm! 2 s! 1)

1 1.99±0.16 19.8±16.8 3.4±0.6 74.37 / 78
2 1.95±0.15 10.9±6.3 4.7±0.9 69.53 / 76
3 1.66±0.22 4.2±1.7 4.6±1.3 57.85 / 77
4 1.84±0.17 10.1±5.5 4.1±0.8 72.53 / 81
5 2.06±0.13 24.9±18.2 3.4±0.5 93.84 / 83
6 1.72±0.10 8.1±2.1 8.3±1.0 73.84 / 80
7 1.65±0.11 5.8±1.4 8.6±1.2 97.01 / 79
8 1.95±0.08 13.2±3.9 9.6±0.8 84.27 / 81
9 1.81±0.08 7.3±1.6 12±1.1 81.9 / 82
10 1.90±0.10 11.1±3.9 6.8±0.8 80.3 / 82
11 1.87±0.11 9.8±3.3 6.0±0.7 119.4 / 80
12 1.57±0.13 6.0±1.5 6.6±1.2 79.17 / 81
13 1.69±0.12 7.0±1.9 6.8±1.0 61.63 / 82
14 1.97±0.10 12.6±4.6 6.6±0.7 67.18 / 83
15 1.99±0.09 8.4±2.5 8.4±0.9 88.83 / 77
16 2.02±0.09 14.7±5.4 7.6±0.7 88.43 / 81
17 1.80±0.11 9.3±2.8 6.4±0.8 76.05 / 80
18 1.34±0.22 2.8±0.8 5.1±1.5 83.06 / 80
19 1.82±0.12 10.3±4.1 5.4±0.8 72.53 / 78
20 1.77±0.13 8.0±2.8 5.3±0.9 84.5 / 81
21 1.98±0.09 9.2±2.7 8.9±0.9 74.35 / 82
22 2.14±0.10 24.2±15.3 5.9±0.6 98.88 / 78
23 1.91±0.12 14.3±6.0 5.0±0.6 80.85 / 80
24 1.99±0.11 45.0±41.7 4.0±0.5 79.75 / 83
25 1.88±0.15 6.2±2.4 5.2±0.9 82.61 / 76
26 1.76±0.12 6.0±1.6 7.3±1.0 78.03 / 79
27 1.79±0.09 6.2±1.3 10±1.0 84.03 / 81
28 1.45±0.17 4.4±1.2 5.5±1.2 60.07 / 80
29 2.05±0.09 17.3±7.7 6.2±0.6 77.75 / 80

power-law spectral models (below 6 TeV) to the 14 subregions
are shown in figure 4. In general the results of the fit are quite
consistent with those shown previously. The only exception be-
ing region x, such a di" erence may be due to the proximity of
this region to the brightest area of the remnant which in previous
publications with their worse PSF, may have contaminated this
region. Some variation can be seen in the spectral slope of the
regions, however when one considers the expected systematics
of 0.1 on the spectral slope, no obvious trend in spectral index
can be seen across the remnant.

A further set of 29 subregions of side length 0.08" was cre-
ated in order directly compare the H.E.S.S. spectral results with
those published by Tanaka et al. (2008) using SuzakuX-ray data.
A spectral analysis from such small sub-regions is now possi-
ble for the first time due to excellent angular resolution (#0.05" )
and high sensitivity of this data analysis. Table 4 lists the results
from fits with a power law model with an exponential cut-o" .
For some regions (e.g. Reg. 1, 5, 24), the surface brightness is
too low to derive tight constrains on the cut-o" energy and a
pure power law model without cut-o" yields a similarly good fit.
The same results are also shown in Fig. 5

Results of the power-law spectral fitting are shown in fig-
ure 5. Again no clear obvious spatial evolution of the spectral
index is seen across the remnant, however these results will be
discussed in more detail in section 5.

4. Muliwavelength Observations

4.1. XMM-Newton

To compare the H.E.S.S. VHE gamma-ray radial profiles to X-
rays, a map using all available archival XMM-Newtondata was
produced, following essentially the method described by Acero
et al. (2009). In addition to the work by these authors, not only
the brightest few but all detected point-like sources were re-
moved from the maps, refilling the holes using the count statis-
tics from annular regions surrounding the excluded regions. The
cosmic-ray-induced and instrumental backgrounds were sub-
tracted from each observation using filter-wheel-closed datasets.
To subtract the di" use Galactic astrophysical background from
the XMM-Newtonmap, the level of the surface flux at large dis-
tances (>0.7" ) from the SNR center was used. Through com-
parison with the ROSAT all-sky-survey map (Snowden et al.
1997) which covers a much larger area than XMM-Newtonit
was confirmed that the baseline Galactic di" use level is al-
ready reached within the FoV of the XMM-Newtoncoverage of
RX J1713.7! 3946 (see Fig. 8 in the Appendix). An energy range
of 1-10 keV was chosen for the XMM-Newtonmap that is com-
pared to the H.E.S.S. data, to suppress the influence of Galactic
di" use emission at low energies while retaining a high statistical
quality.

To compare the X-ray profiles to the H.E.S.S. measurement,
after background subtraction, the XMM-Newtonmosaic map was
convolved with a conservative H.E.S.S. PSF for this dataset. This
PSF was obtained from the nominal PSF from simulations for
the specific hirescuts and observed spectrum, but artificially in-
creased by 20% to account for potential systematic uncertainties
(see Sect. 3.1). Radial profiles from the PSF-convolved XMM-
Newtonmaps are shown in red in Fig. 2. The relative normal-
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Suzaku

spectral fits performed with naima, see poster by V. Zabalza

Modelling the spectral energy distribution

Fermi-LAT

H.E.S.S.
H.E.S.S.Fermi-LAT

leptonic model hadronic model

preliminarypreliminary
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■ Break in electron spectrum @2.5 TeV 
■ Synchrotron cooling? 
▪ required B-field: ~140 µG 
▪at odds with X-ray measurement!

B = 14.8 ± 0.2 µG!

■ Additional target photon field? 

▪ required energy density: 140 eV cm-3 

▪102 times larger than in all previous 
estimates

10

electron particle distribution
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■ Break in proton spectrum @0.8 TeV 
■ potential explanation through energy-

dependent diffusion into dense 
molecular clumps? 

■ Detailed studies of the ISM and photon 
fields:!
!
Porter+ (2006), Inoue+ (2012), !
Fukui+ (2012), Sano+ (2013,2015)!
Maxted+ (2013)!

proton particle distribution
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■ Break in proton spectrum @0.8 TeV 
■ potential explanation through energy-

dependent diffusion into dense 
molecular clumps? 

■ Detailed studies of the ISM and photon 
fields:!
!
Porter+ (2006), Inoue+ (2012), !
Fukui+ (2012), Sano+ (2013,2015)!
Maxted+ (2013)!

Gabici & Aharonian (2014)

Spectral hardening at lower energies



Peter Eger . H.E.S.S. precision measurements of RX J1713.7-3946 . August 2015  

Mapping the magnetic field
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!"#"$%&'($)*&+, #*&%&-.+/%&0122&)3445&6""#789%&!3#:;(6

The X-ray hotspots

X-rays: XMM-Newton!
H.E.S.S.-PSF-convolved

TeV: H.E.S.S.!
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Mapping the magnetic field
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The X-ray hotspots

X-rays: XMM-Newton!
H.E.S.S.-PSF-convolved

TeV: H.E.S.S.
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Mapping the magnetic field
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The X-ray hotspots

B-field map

X-rays: XMM-Newton!
H.E.S.S.-PSF-convolved

TeV: H.E.S.S.
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Radial profiles: X-ray vs TeV
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prelim
inary
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Radial profiles: X-ray vs TeV
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inary
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Radial profiles: X-ray vs TeV
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prelim
inary

particle escape?

prelim
inary
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Summary

■ Break in electron and proton spectrum required to describe the data!
—> challenges for leptonic scenario!
—> energy-dependent diffusion into dense molecular clumps in hadronic scenario?!

■ Large fluctuation of the magnetic field throughout the remnant!

■ TeV shell extended beyond X-ray shell!
—> detection of particle escape? (protons)!
—> B-field evolution? (electrons)

19


