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A brand new look at the RX J1713, CR accelerator prototype
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XMM-Newton 
2009 mosaic 2018 mosaic 

> 1 Ms exposure

• SNR of a CC supernova. Age ~ 1600 yrs (Historical SN 393). d ~ 1kpc 
• Young SNR with fast shock ~3500 km/s  
• X-ray emission is synchrotron dominated 
• Brightest TeV SNR



Original Goals of the Large Program

• Measure proper motion of the shock around the SNR 
– Constrain external densities, acceleration mechanism 

• Map the thermal emission from ejecta and shocked ISM 
– Progenitor of SN, external densities 

• Revisit the X-ray vs HESS  comparison 
– Do the gamma-rays extend further out than X-rays
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Work in progress 



Nature of bright extended thermal source
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XMM Chandra

XMM R: 0.5-1 keV 
G: 1-2 keV 
B: 2-4.5 keV

Source is extended (R~15 arcsec)



XMM source

15’’

Brightest SRC is 
HIP 84332
HD 155603
Vmag= 6.7
Kmag= 1.2
pmRA=-1.4
pmDEC=-1.5 mas/yr
PLX= 0.65±0.13mas
       ==> 1.5±0.2 kpc

WR 85 
PLX=0.466±0.05mas 

=> 2.1±0.3 kpc

USNO star catalog

Chandra Optical

X-ray contours

Wikipedia page
V915 Scorpii

HD 155603 (V915 Scorpii)

Swift UV

X-ray contours

WR 85



Riddle of the day: What is that source ?!
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• Not the WR star ! 

• Extended. No bright pt 
src inside. 

• Soft thermal (~0.5 keV) 
• Nitrogen rich 
• Blueshifted (~200 km/s) 
• Nh(RXJ)< Nh < Nh(Gal) 
• 1e35 erg/s in 0.5-7 keV if 

at 4 kpc 

– What is it ? 
• Not a WR nebula 
• Not a young SNR 
• Insert your guess here

MOS 
RGS

NH:  0.72 (+0.7-0.6) e22 cm-2

kTe: 0.55 (+/-0.05) keV
N:  11 (+/-6)
O:    0.91 (+/-0.33)
Ne:  1.8 (+1.3-0.6)
Mg: 1.2 (+0.3-0.4)
Si:   1.5 (+0.9-0.5)
Fe:  1.4 (+1.0-0.5)
Log(tau/cm-3 s): 10.78 (+0.10-0.13)
Redshift: -7.6 (+0.8-1.8) e-4

Not a SNR but 
a shocked CSM 

compatible kT, tau, abund, z 
Look at past obs



ROSAT 1992 XMM 2017

OFF annulus region

ON 



Searching for large scale emission with GMCA

• Mapping the soft emission across the entire SNR 
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Synchrotron Softer emission (thermal ?)

GMCA



Revisiting XMM/HESS extension
H.E.S.S. Collaboration: Observations of RX J1713.7�3946

Fig. 2: Gamma-ray excess map and radial profiles. Top left: the H.E.S.S. gamma-ray count map (E > 250 GeV) is shown with
XMM-Newton X-ray contours (1–10 keV, smoothed with the H.E.S.S. PSF) overlaid. The five regions used to compare the gamma-
ray and X-ray data are indicated along with concentric circles (dashed grey lines) with radii of 0.2� to 0.8� and centred at R.A.:
17h13m25.2s, Dec.: �39d46m15.6s. The Galactic plane is also drawn. The other five panels show the radial profiles from these
regions. The profiles are extracted from the H.E.S.S. maps (black crosses) and from an XMM-Newton map convolved with the
H.E.S.S. PSF (red line). The relative normalisation between the H.E.S.S. and XMM-Newton profiles is chosen such that for regions
1, 2, 4 the integral in [0.3�, 0.7�] is the same, for regions 3, 5 in [0.2�, 0.7�]. The grey shaded area shows the combined statistical
and systematic uncertainty band of the radial gamma-ray extension, determined as described in the main text. The vertical dashed
red line is the radial X-ray extension. For the X-ray data, the statistical uncertainties are well below 1% and are not shown.
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Gamma-rays extend further than X-rays ? 
X-ray data: XMM in 1-10 keV 
No XMM at large radius 
Absorption along line of sight not corrected



Comparing X- and TeV gamma-rays

• Which particle population are we probing ? 
– IC: 1 TeV photon comes from ~15 TeV e-  
– Synch: 15 TeV e-  radiate at 0.2 keV for B=20 µG 
– ==> A 1-10 keV X-ray map is not an ideal template for gammas 

• Comparing FX vs Fγ: 
– X-ray image has more                                                           

contrast than gamma
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F. Acero et al.: An X- and gamma-ray comparison of RX J1713.7-3946 163

Fig. 8. X-ray photon index against γ-ray photon index. A systematic
error of 0.1 is to be added to the γ-ray photon index. The dashed line is
the bisector.

4.2. Global X-ray flux

We extracted a MOS spectrum from the entire remnant with-
out degrading the spatial resolution of the data. The best-fit pa-
rameters (with background subtraction as described in Sect. 3.3)
are NH = 0.66 ± 0.01 × 1022 cm−2, index= 2.37 ± 0.01, an
absorbed 1–10 keV flux of 3.95 ± 0.03 × 10−10 erg cm−2 s−1,
and a non-absorbed flux in the same band of 5.23 ± 0.04 ×
10−10 erg cm−2 s−1. Our main source of uncertainty is the abso-
lute calibration of XMM-Newton, which is known to a precision
of 10% rather than the very low statistical error (less than 1%).
Another flux estimate is obtained with a srcut synchrotron model
using the radio flux upper limit derived in Sect. 4.1. The non-
absorbed flux derived is 5.49 ± 0.05 × 10−10 erg cm−2 s−1, very
similar to that obtained with a power law model. In the srcut
model, the radio spectral index was fixed to be 0.6 and a break
frequency of 4.2 × 1017 Hz was derived. This value, averaged
across the remnant, is similar to the maximum break frequency
reached in the bright limbs of SN 1006 (Rothenflug et al. 2004).

We note that the 1–10 keV non-absorbed flux obtained
by Tanaka et al. (2008) with Suzaku is 47% higher (7.65 ×
10−10 erg cm−2 s−1) than what we have found. However the ab-
sorption and index of their spectrum (0.79× 1022 cm−2 and 2.39
respectively) agree with our parameters. We note that whereas
our spectrum is extracted directly on the entire remnant, the
Suzaku spectrum is the sum of spectra from 10 particular regions
scaled up to the entire remnant assuming the surface brightness
from the ASCA image (Sect. 3.3 of Tanaka et al. 2008). In our
spectrum, the point sources were removed but their contribution
to the total flux is weak (less than 1% for the central compact ob-
ject). We cross-checked the value of our absorbed global flux de-
rived from the spectrum (in the 0.5–4.5 keV energy band) to that
derived from our mosaiced image. Both fluxes agree within 5%.

4.3. X- and γ-ray comparison

4.3.1. Spectral results

The best-fit model parameters of the X-ray spectral modeling of
the 14 regions are given in Table 2. The large variation in pho-
ton index (1.9 < Γ < 2.6) seen in X-rays when using small
extraction regions in Cassam-Chenaï et al. (2004) were reduced

Fig. 9. Log-log correlation plot between the HESS γ-ray integrated flux
(1–10 TeV band) and the XMM-NewtonX-ray integrated flux (1–10 keV
band, using MOS1&2 data). We can see that the correlation is best-fitted
with a non-linear function FX

ν = 0.81 ± 0.09 (Fγν )2.41±0.55 (solid line).
The best-fit linear function FX

ν = 1.01 ± 0.04 Fγν is also represented
(dashed line).

significantly by using larger extraction regions and a degraded
spatial resolution for the X-ray data (2.2 < Γ < 2.4, see Fig. 7).
The comparison of the X- and γ-ray photon index (Fig. 8) shows
no significant correlation. The distribution of the photon index
in X- and γ-rays has a mean value of 2.32 and 2.09, respec-
tively, and a standard deviation of 0.075 and 0.073 respectively.
Whereas the dispersion of the photon index at both energies is
the same, the X-ray index is slightly higher than the γ-ray one.
However, there is a systematic error in the γ-ray photon index
of 0.1 (AH06) that should be added to Fig. 8. Whereas the vari-
ations of the photon index are small, there are significant varia-
tions in the flux from the 14 large regions. Figure 9 shows a good
correlation between the X-ray integrated flux (1–10 keV band)
and the γ-ray integrated flux (1–10 TeV band). We note that
the bright regions are brighter in X-rays than in γ-rays. This
type of behavior has also been observed by Tanaka et al. (2008)
with Suzaku. However, whereas they interpreted this as a lin-
ear correlation with some X-ray deviation, we interpret this as
a non-linear correlation. We measured this non-linear correla-
tion by placing the X-ray flux along the X-axis (since the er-
ror bars in the X-ray flux are lower than that in γ-rays). This
measured slope is then inverted to obtain d log FX

ν /d log Fγν . The
best-fit power law function FX

ν = 0.81 ± 0.09 (Fγν)2.41±0.55 is sta-
tistically preferred (χ2/d.o.f. = 9.28/12) over the best-fit linear
function FX

ν = 1.01 ± 0.04 Fγν (χ2/d.o.f. = 61.06/13). We note
that the fit with a linear function FX

ν = aFγν − b (best-fit model
parameters: a = 2.26 and b = 1.43) provides similar results in
terms of χ2 (χ2/d.o.f. = 9.38/12) than the non-linear fit but is
not physically understandable because both images are already
background subtracted.

4.3.2. Morphological results

The comparison of the radial profiles allows us to investigate
the extent of each type of emission as well as to localize their
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Acero+09
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Absorption along line of sight

• Absorption plays an important role even above 1 keV
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Absorption along line of sight
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Transmittance at 1 keV Transmittance at 2 keV



Constructing X-ray profiles

• CubeXMM = (XMM_cube* - Astro_BKG_Cube) / cube_transmittance 

• ImageXMM = SUM( CubeXMM, Energies )      =>  

• ImageXMM_smoo = PSF_HESS+( ImageXMM )  =>
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*: all point sources are inpainted 
+: PSF from HESS RXJ DL3 public release shrinken by 2 



Radial profiles: 1-6 keV
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Profile with NO absorption correction



Radial profiles: 1-6 keV
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Profile with absorption correction to NHref=0.5



Radial profiles: 1-6 keV
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Profile with absorption correction to NHref=0



Radial profiles: 0.9-2 keV
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Profile with absorption correction to NHref=0



Conclusions

• Deep, homogeneous X-ray coverage across the entire remnant 

• First hints of diffuse thermal emission and clumps  

• X- and gamma-rays comparison. New profile has: 
– Increased X-ray coverage in radius and statistics 
– Correction for absorption along the line of sight 
– Exploring energy ranges closer to the TeV electrons 
– Correct for X/gamma contrast factor  

• New profile shows that X/gamma difference is reduced
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