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ABSTRACT

Context. The supernova remnant (SNR) RX J1713.7-3946 (also knowr343.G-0.5) is part of the class of remnants dominated by
synchrotron emission in X-rays. It is also one of the few lshygle SNRs observed at TeV energies allowing to investigatrticle
acceleration at SNRs shock.

Aims. Our goal is to compare spatial and spectral properties ofdhmant in X- andy-rays to understand the nature of the TeV
emission. This requires to study the remnant at the samiakpeadle at both energies. To complement the non-therneaitspm of

the remnant, we attempt to provide a reliable estimate #®rakio flux density.

Methods. In radio, we revisited ATCA data and used HI and mid-infracddervations to disentangle the thermal from the non-
thermal emission. In X-rays, we produced a new mosaic of ¢énenant and degraded the spatial resolution of the X-ray tata
the resolution of the HESS instrument to perform spatiadlgoived spectroscopy at the same spatial scale in Xyaags. Radial
profiles were obtained to investigate the extension of thisgon at both energies.

Results. We found that part of the radio emission within the SNR corgasi thermal in nature. Taking this into account, we provide
new lower and upper limits for the integrated synchrotror @fithe remnant at 1.4 GHz of 22 Jy and 26 Jy respectively. hays,

we obtained the first full coverage of RX J1713.7-3946 WMM-Newton. The spatial variation of the photon index seen at small
scale in X-rays is smeared out at HESS resolution. A noraficerrelation between the X- andray fluxes of the typ&x o F%“l is
found. If the flux variation are mainly due to density vaidatiaround the remnant then a leptonic model can more eagitgdace
the observed ¥-ray correlation. In some angular sectors, radial profiteficate that the bulk of the X-ray emission comes more
from the inside of the remnant thanjsarays.

Key words. ISM: supernova remnants — Supernovae : individuals : RX 31772946 — Acceleration of particles

1. Introduction RX J1713.7-3946 was first discovered in X-rays with the
ROSAT all-sky survey in 1996 (Pfiermann & Aschenbach
1996). The remnant s close to the galactic plane and itartist

Supernova remnants (SNRs) have long been believed to beig&ontroversial. Using ASCA observations and the measemnem
celerators of cosmic rays at least up to #mee (~ 10 eV). of the col_umn density toward the source, it was f;rst propdsed
Evidence that electrons are indeed accelerated in SNRarisifo b€ at a distance of 1 kpc (Koyama et al. 1997). Then Slane et al.
both in radio and X-rays through synchrotron emission. Tére d(1999) derived a distance of 6 kpc based on a possible associ-
tection of TeV emission from a SNR is an evidence of proto@fion of the remnant with molecular clouds and the Hll region
acceleration if they-rays come from the interaction of accelerG347.61%0.204. The comparison of the X-ray and HI absorb-
ated protons with the ambient matter (hadronic model). Hwe iNg column densities (Cassam-Chenai €t al. 2004) as wellas
they-rays can also be produced via Inverse Compton scatterfpgservations of a molecular cloud interacting with the ramtn
(IC) of accelerated TeV electrong@mbient photons (leptonic (Fukui et all 2003) both suggest a closer distance of 1 kjagva
model) that could be either infrared surrounding emissiaros- adopted in this paper). In this case, the remnant is about20 p
mic microwave background. The SNRs interacting with denddiameter (70 arcmin on the sky) and could be associatdd wit
molecular clouds are good candidates to defecty emission the supernova that exploded in AD 393 in the tail of the cdnste
from the hadronic mechanism as the high density of the clol@fion Scorpiusi(Wang et al. 1997). The remnant would then be
provides a large amount of targets for the accelerated psotodbout 1600 years old. -
The SNR RX J1713.7-3946 (also known as G347.3-0.5)is onelafthe radio band Slane etlal. (1999) showed for the first time
those candidates as it is interacting with a dense molecldad an image of RX J1713.7-3946, based on MOST observations

in the northwest (NW) and in the southwest (SW) of the remnag@ 843 MHz. Later on, Ellison et al. (2001) and Lazendic et al.
(Fukui et al 2003; Cassam-Chenai éf al. 2004; Moriguchilet (2004) (with a recalibrated and improved image) reporteGAT
2005). radio observations of this SNR at 1.4 GHz (left-hand panel of
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Fig.[H). The SNR appears as a faint nebulall in diame- andy-rays.
ter) with many short, curved features, the brightest of WhicConcerning the radio flux estimate, we investigated which
are the two bright arcs visible on the northwest corner. €hepart of the radio emission is synchrotron emission in origin
arcs coincide with the edges of the brightest X-ray emissiofrelated to the remnant) or thermal emission (possiblytedito
Interestingly, those arcs are observed to be in the viciofty the nearby HIl region). We then calculated the integratex flu
the HIl region G347.6140.204 which is located at 6.6 kpcdensity re-analysing Lazendic et al. (2004)’s database.
(Russeill 2003} _Conti & Crowther 2004). An almost completl Sect[2, we present theffrent sets of data used in this study
ring of weak emission, about 30 arcmin in size, can be also deeluding the newXMM-Newton observations that complete the
tected near the center of this extended SNR. An accurate estdsaic of the remnant. Sectibh 3 presents the methods used fo
mate of the integrated radio flux density of RX J1713.7-3%46the processing of the X-ray data. In Sédt. 4, the estimatheof t
a pending problem. This is due to the intrinsic faintnesshaf t integrated radio flux of the remnant and the results of the X-
SNR, the possible mixing of the SNR synchrotron emissiohwiaind y-ray spectral and morphological comparison are shown.
the thermal emission of the nearby HIl region as well as tine li In Sect[5, we discuss this comparison in the framework of an
ited quality of the available data. hadronic and leptonic model. The implications of the newaad
In X-rays the emission is dominated by a non-therm#bx for the multi-wavelength emission models of the remnant

continuum and no emission lines have been observed so 3¢ also discussed.
(Koyama et al.| 1997] Slane etal. 1999; Pannutietal. 2003;
Cassam-Chenai etlal. 2004). This non detection can setpar up

limit to the ionization age. Assumintgnr = 1600 yrs an upper 2. Data

limit on the density of the ambient medium of 0.02 Tms .

then derived [(Cassam-Chenai etlal. 2004). The study of l%é Radlio data

remnant withXMM-Newton at small spatial scale carried outin this work we re-analyzed ATCA observations carried out at
bylCassam-Chenai et al. (2004) and Hiraga et al. (2005)llea; 4 GHz (Lazendic et 1. 2004) followingfrent paths to esti-

showed a spatial variation of the photon index. It variesfh9 mate the radio flux density of RX J1713.7-3946. The details to
to 2.6 with a mean statistical error of 4% (Cassam-Chenali etcarry out an accurate calculation are discussed in Bett. 4.1

2004). A correlation between the X-ray flux and the photon
index is also observed. Those results were obtained using an
adaptive grid to have approximately the same number of sougt2. Infrared data

in each pixel grid region where a spectrum is then extraéed. Infrared observations in and around the remnant can help dis

the bright regions (the north-west rim), the size of the gii| entangling the thermal from the non thermal radio emission

is typically 0.0S. which is crucial to estimate the radio flux of the whole rem-

In y-rays, RX J1713.7-3946 has been detected ) o )
the = CANGAROO  collaboration | (Muraishietial. 20005%\nt. We used a method based on a color-color criteria pro

_ : osed by Reach etlal. (2006) usiSigitzer data at 3.6, 4.5, 5.8,
Enomoto et al. 2002). It was then definitely established @ﬁd 8um from the Galactic Legacy Infrared Mid-Plane Survey

the HESS telescopes which providgd the first spatially vesbl xtraordinaire (GLIMPSE,_Benjamin et/al. 2003). The spatia
y-ray image of the remnarit (Aharonian et al. 2004). The Over?EJesolution of the survey is about 2 arcsec. More details @n b
morphology is very similar to that in X-rays (same wester und in Sect 211

shell) and the brightest spots (located to the north-west) a

coincident. As the remnant is extended and is the brightest

shell-type SNR seen ig-rays, its emission can be studied irp.3. XMM-Newton data

detail. With the good spatial resolution of the HESS telpsso _ .

(~ 0.1°) it has been possible to carry out a spatially resolveld€ first set of observations of the SNR RX J1713.7-3946 (pre-
spectral study at large scale (Aharonian ét al. 2006, hereafented in_Cassam-Chenai el al. 2004) covered almost tine ent
AHO6). No evidence for spatial variations of the photon idg’€mnant. New observations of the south, east and west 1gion
from region to region (mean value of 2.09 and a Standa_q;gmpleted the mosaic of the remna_nt. With a total of 11 _pomt-
deviation of 0.07) was found down to the precision of thids (see Tablgl1) we can now provide the first full mapping of
measurements (meaw- Istatistical error of 0.08). Moreover RXJ1713.7-3946 witikMM-Newton (see Figlll). )
there does not seem to be any correlation betweep-tag flux To <_:Iean proton flare contamination in the event files, wetbuil
and the photon index (Fig. 14 of AHO06). a histogram of countseconds in the 10-12 ke_V band fqr the;
Thosey-ray results are very fierent from what has been foundVOS cameras (12-14 keV for PN). Then we fit a gaussian dis-
at small scale in X-rays. However it is important to note thadfibution upon the histogram and retain, in the observatoiy

the X- andy-rays results were not obtained looking at the san{g€ time intervals where the count rates are withinar@nge
spatial scale (the spectra were not extracted using the same (Pratt & Arnauc 2002). Tablel 1 provides the list of the remain
of extraction regions). Moreover the Point Spread Functibn iNg exposure times after flare screening. For the PN instname
both instruments is very fierent. Those dierences hamper a°nly 6 pointings were used.

comparison of the results at both energies. The major isstee h

is whether the spectral parameters are realffecént in X- and

v-rays or if this diference is introduced by the fact that bothz'4' HESS data

studies are looking at fferent spatial scales. In the HESS study (AHO6) spectra were extracted from 14
To investigate this question we carried out a detailed campaquare regions (0.2d8ength, see Fig12) covering the whole
ison of the remnant in X- ang-rays using the same extractiorremnant. The data used for the spectral analysis have a cut on
regions and taking into account théfdrent spatial resolution of the minimum size of image of 80 photo-electrons resultingon
the two instruments. We compared both the spectral pr@gsertmean spatial resolution of 0.1268% containment radius). For
of the remnant and the morphology using radial profiles in Xhe morphological analysis (radial profile) the cut used ES%$
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data is at 200 photo-electrons resulting on a better spatial Table 1. XMM-Newton observations used in this paper. The total

olution of 0.08. The detection ficiency varies over the°sof

the full field of view but it is almost constant at the scalefwd t flare screening.

remnant which isv 1° wide (it varies by only 5% between the

and good columns represent the exposure time before and afte

centre and the edge of the object). All the data used in odystu Exposure (ks)
are taken from AHO6 and we did not reprocess any TeV data. MOS PN
For the comparison of the spectral properties we useg-tey ~ Obsld Observation Date | Total Good | Good
results presented in Table 2 of AHO6 and for the comparison 0093670101 (NE) | 2001 September 5| 153 1.8 0
radial profile we used the data presented in Fig. 16. 0093670201 (NW)) 2001 September 5| 153 6.7 | 0
0093670301 (SW)| 2001 September 8| 15.3 152 | 10.0
0093670401 (SE) | 2002 March 14 14.1 11.6 51
; 0093670501 (CE) | 2001 March 2 13.8 13.0| 6.5
3. X-ray processing 0207300201 ECE; 2004 February 22 | 31.5 12.4 0.
3.1. Mosaic construction 0203470401 (NE) | 2004 March 25 17.0 16.1| 6.7
0203470501 (NW)| 2004 March 25 18.0 13.1 9.7
The mosaic is built in counts and an adaptive smoothing is ap502080101 (E) | 2007 September 1% 34.6 5.8 0
plied such that the signal-to-noise ratio is at least 10. ihhe 0502080301 (W) | 2007 October 3 8.9 2.8 0
strumental background is derived from a compilation of klan 0551030101 (S) | 2008 September 27 24.9 245 | 20.8

sky observations| (Carter & Read 2007), renormalized in the

10-12 keV energy band for the MOS cameras (12-14 keV

for PN) and subtracted from each image. To have units in

photongcm?/s/pixel instead of counts/pixel, the exposure map

of each observation is multiplied by the averagkeetive area

in the energy band (assuming the same spectrum over the fielc

of view). Then a mosaic of those exposure maps is built and

smoothed in the same way. The final image is the division of the

counts mosaic by the exposure map mosaic.

The resulting image which is the sum of the MOS and available

PN data after flare screening is presented in[Eig. 1. The nobrph

ogy of RX J1713.7-3946 can be decomposed in two main kinds

of structures : dtuse emission present over all the remnant and

bright filaments particularly visible in the west and norftttee

remnant (see Fid.]1). Thanks to the high sensitivityXt¢fM-

Newton, we can clearly see the faint emission in the recent ob-

servations of the regions south, east and north. In paatidal

the northern region of the remnant we distinctly see a ditaig

edge that is not an artifact due to a CCD gap or any instrurhenta

effect. Also it is not due to an X-ray absorption along the line EESNNTTTUNETT 0 TN

of sight as this straight edge remains visible on the 4.5«&\b 0 e 8E05 o.00012

image (in this energy band the absorption is weak). Simgy th

emission seems fainter there. Above that edge, we see asgucFig. 1. EPIC MOS plus PN image in the 0.5-4.5 keV band. The

(in blue-green) that seems to be the continuity of the shock. Units are pfc?/s/arcmir? and the scale is square root. The im-
The estimate of the astrophysical background is not sirdge was adaptively smoothed to a signal-to-noise ratio of 10

ple in RX J1713.7-3946 as it seems to vary around the rerfine four ellipses show the regions used to estimate the ézeal

nant. However in order to have a rough approximation of teophysical background for the spectral analysis.

background level we extracted the flux outside a circle 060.5

radius centered on the remnantfpoo =17h13mM46S§32000 =

—-39°4456"). We then subtracted the mean value of this flux

(4.5% 1078 photongcm?/s/arcmir?) for the morphological study. When extracting an X-ray spectrum in this large region wetwan

The small structures of the SNR are ndfieated by this back- all the events to contribute with the same weight to the spett

ground subtraction. To address this problem, we used the weight method described

inlArnaud et al.|(2001) where each event is corrected forfits e

ficiency loss as a function of its position on the camera asd it

energy.

With its good spatial resolution, th&MM-Newton telescope We also have to take into account théfelient size of the
can carry out spectral study at small scale whereag-liays Point Spread Function of both instruments. For the spestindly
the spectral analysis is done at larger scale due to the camithis SNR, the mean spatial resolution of the HESS instru-
paratively lower spatial resolution of the HESS telescofiles mentis 0.12 (68% containment radius) which is comparable to
address this problem, we took into account th@edént Point the size of the extraction region (0:2&vhereas with th&«MM-
Spread Functions and the variation of the detectifficiency Newton observatory, the spatial resolution is about 7 arcsecs.
across the field of view of the two instruments. We assumed that the Point Spread Function of the HESS
In the case oKMM-Newton, the detection fciency of the telescopes is a gaussian®f= 0.0795 (corresponding to the
MOS and PN cameras can drop 35% from the centre to the edfeSS 68% containment radius of 0?12and that in comparison
of our 0.26 extraction regions. For the HESS telescopes the dixe Point Spread Function ZMM-Newton is negligible. To de-
tection dficiency is almost constant to this size (see $edt 2.4yease the spatial resolution of the X-ray data, we rebigied
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50:00.0 §
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3.2. Spectral extraction method
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0 2E-05 4E-05 6E-05 8E-05 0.0001 0.00012 0.00014

Fig. 2. Spatial X-ray contribution to each HESS region (as defineflharonian et al. (2006)). We see that due to the size of the
PSF comparable with the size of the extraction regions, reaagts outside of the region contribute to the spectrumave space,
each frame shows the contributions to three or four sepeggtens at once. The linear scale is inf@h?/sarcmir?. The regions 1

to 14 defined here are used later for the spectral analysitileR, Fig[ V[ B and] 9.

randomly the position of each X-ray event according to thesga 3.4. Spectral modeling

sian probability density function. o ) ]
The X-ray emission of the remnant is dominated by a non-

For the purpose of spectral comparison with the thermal continuum and no emission lines have been detegted s
rays, we removed the two following very bright point-likefar (Koyama et al. 1997; Slane et al. 1999; Pannuti et al. 2003
sources in the X-ray data : 1WGA J1713.4-3949 whicGassam-Chenai etial. 2004). In our study, all spectra ate we
is argued to be the Central Compact Object of the SNiRescribed by an absorbed power law model as is illustrated in
(Slane et al._1999; Lazendic et al. 2003; Cassam-Chenhi etfrdg.[3. In some observations, the PN instrument exposure tim
2004) and 1WGA J1714.4-3945 which is associated with a staas null after flare screening. To have an homogeneous cover-
(Pfeffermann & Aschenbath 1996). age of the remnant we kept only the MOS data. Whenever it was
possible we fitted independently, as a test, the spectrumcted
from the MOS1&2 and PN instruments and compared the result-
ing best-fit parameters. They agreed within the statisgoars
bars.

_ _ ) All the data was fitted using unbinned spectra with the Gstiat

The mstrume_ntal background spectrum is derived from blankslemented in Xspec (v12.3.1). Binning was used for graphi
sky observatlo_ns (C_:arter & Read 2007) in the same detectqy purposes only and fixed at-Jor all spectra. We have fit-
area, renormalized in the 10-12 keV energy band for the MQgy || the data from 0.8 keV to 10 keV. The best-fit parame-
cameras (12-14 keV for PN) and processed with the samgs for the HESS regions are listed in Table 2. As discussed i
method as the observations (see Sect. 3.2). Sect[3.B, the local astrophysical background in the seastern

: ; region seems weaker than the average background used for all
The subtraction of the local astrophysical background, j & regions. Therefore, we studied the impact of thofferint

. : t
not a simple problem in RX J1713.7-3946. On the one ha . ;
as the remnant is 1° in size and close to the galactic plangbackgrounds for the faintest region (the most dependarsdk-b

the local astrophysical emission can vary around the remnag{(.)und subtraction) which 'S_'OC?‘ted in the SE : regolon 12ewh
On the other hand, there are only few pointings that allow $ing a value of the normalization parameter 40 % smaller for
to estimate this background. We extracted background spedf'e Packground model, the new best-fit parameters do not vary
outside of the SNR in 4 regions where the statistics WﬁE-SUmUCh' While the hydrogen column and the index change within

e see e 4 slpses i =G 1) In s asvophysicakia | ET0S S 1 NSO Ky sy s
ground, no emission lines are seen but the statistics isHow. P

comparing the spectral properties of the background betweséUdy’ we kept the same astrophysical background for alhe

the diferent regions, we modeled the spectra using a sim

absorbed power law model. The parameters of this model are

similar in the northern, north-western and south-westegions 3 5 Radial profile method

i.e. :Ny = 0.4 x 10?2 cm™2, index= 1.9 and a normalization

norm =~ 1.4 x 1072 keV-lcm2s at 1 keV (renormalized to As we now have a full coverage of the remnant, we can properly
the area of the large HESS extraction regions). Note that dompare the radial profiles of the emission of the remnantin X
the south-eastern region, the normalization paramete® %4 andy-rays. To match the HESS spatial resolution we smoothed
smaller. As all the extracted background spectra have latisst the X-ray image with a gaussian 0f=0.053 (corresponding
tics, we decided to use a power law model with the parameténsrss,,=0.08). We then extracted a flux per unit solid angle as
listed above for the astrophysical background instead pka-s function of the distance to the center on the smoothed Xray i
trum. We used the sany, index and normalization parametersges (1-2 keV and 2-4.5 keV band) in eight sectors as shown in
that of the northern, north-western and south-westeronsgor  Fig.[4. To compare the radial profiles at both wavelengthss, th
all the extraction regions. The impact of such a choice fer tiX-ray profiles were scaled by a unique normalisation factbr ¢
south-eastern region, where the normalization is smadlelis- culated as the ratio of the total number of countg-rays over
cussed later in Se¢i._3.4. the total flux in X-rays on the whole remnant. In the last two

3.3. X-ray background spectra



Acero et al.: An X- and Gamma-ray comparison of RX J1713.2639 5

10
>
g
@
8
c
3
o
X%)
S
S
8
>
i
@
2
5
[e]
o 0 1E-05 2E-05 3E-05 4E-05 5E-05 6E-05 7E-05 8E-05

01 L ; Fig.4. Same X-ray mosaic as F[g. 1 smoothed to match the Point
© 2 w }H ”WM MM i m} 1 Spread Function of the HESS telescopes. The scale is linear
E| 0 ‘ﬁ‘f ““w%“ \‘\‘WM i “Th‘H‘M“ ﬁﬁr‘%ﬁ#ﬁ%\w‘ww#ﬁ%ﬁ“@«%%ﬁﬂww_—n and units are in plem?/s/arcmirf. Overlaid are the/-ray con-
2 -02 - W Hluw WWWW | W 1 tour excess (spaced at 30, 60 and 90 counts) from Fig. 7 of
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1 2 5 comparison of Fid. 10 are also drawn.
Energy (keV)

Fig. 3. Best-fit X-ray spectrum from region 3¢p panel) and s too small to produce a reliable image. We therefore used th
region 12 Bottom panel) with an absorbed power law mode$ingle dish data at 1.4 GHz to estimate the integrated flux den
(MOSL1 spectrum is in black and MOS2 in red). The region 3ty within the area covered by the X-ray emission assodiate
located on the north-west, is the brightest region of the-refgith the SNR (outer contour depicted in Fig. 5). This estinat
nant. It has a steep spectrum (2.35) and has a high absorplgévides an upper limit for the flux density of about 26 Jy veith
(0.72x 107?cm?). On the south-east of the remnant, region lgncertainty of the order of 10%. In addition we integrateerov
is faint, has a weak absorption§0x10%cm?) and has a harder ap, interferometric image based on ATCA data within the same
spectrum (2.17). outer contour. In this case, since the largest well imagedt-st
ture at this frequency is about 25 arcmin, we corrected “imdha
. . ) adding the minimum flux density required to fill in the few nega
bins of some X-ray profiles, there is not enough coverage-to gges remaining in the image. The surface brightness cpores-
timate the flux. Those bins are removed from the profile. As iﬂg to this addition was below.Z x 1024 W m2 Hz—1 srl.
the spectral study, the two brightest point-like sourcee Sect. The of-source rms-noise is about 0.7 nfidgam and the con-
[3.2) were removed from the X-ray images. The resulting tadigant value added to fill in the few negatives is 1.2 fodgm.
profiles are shown in Fig. 10 and discussed in $ect.}4.3.2.  gych correction amounts less than 1% of the total estimated fl
density.
Whether the radio emission from Arc 2 (see Hig. 5) is
4. Results thermal or non-thermal in nature is an important issue as it
4.1. Radio flux is one the brightest features within the X-ray contours. in o
der to investigate the connection of Arc 2, with the SNR, we
An accurate estimate of the integrated radio flux densityits ¢ used mid-infrared observations. The right-hand panel of[Bi
ical to investigate the mechanisms responsible for the-higkhows Spitzer 8xm mid-infrared emission in the direction of
energy emission. In this work we re-analyze the availaldéiora RX J1713.7-3946. Particularly, it can be seen intense rieffa
data at 1.4 GHz following two diierent paths to estimate theemission at the location of the HIl region G347.601204. The
radio flux density of RX J1713.7-3946. infrared emission also evidences good morphological tmire
Since the largest well imaged structure for the ATCA obsetion with the radio Arc 2 suggesting a thermal origin for this
vations is 25 arcmin in size, to recover information of stanes  feature. To investigate the nature of Arc 2 we applied thereol
larger than this size, the combination with single dish olse color criteria proposed by Reach et al. (2006) base&wizer
tions is required. However, in this case, it was not posdible data obtained at 3.6, 4.5, 5.8, ang®, finding that Arc 2 has
complete the procedure due to the fact that the overlap aanutolor characteristics compatible with polycyclic aroradtydro-
of the interferometric and single antenna dat@ isethe uv space carbons (PAHSs) origin (see Figl 6). Besides we applied HI ab-

1 The only public single dish data available at this frequecasne the 30 m dish of the Argentine Institute of Radio AstronomiRI
from the Survey of the South Celestial Hemisphere carrigdwith  |[Testori et al. 2001) (HPBW34 arcmin at 1.4 GHz)
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Fig.5. Left : Radio image of the region of RX J1713.7-3946 at 1.4 GHz (ftamendic et dl. 2004). The scale is square root and
units are in Jy beam. Right : Spitzer image at &m from the GLIMPSE survey. The X-ray contours are represkintélack in
both images and the radio contours in white. The regions fmsettle color-color plot of Fig. 6 are labeled here. The stakguare
root and units are in MJy st.

sorption techniques based on data extracted from the Southe We note that the 1-10 keV non absorbed flux obtained by
Galactic Plane Survey (SGPS; McClure{Gths et all 2005) [Tanaka et al[ (2008) witBuzaku is 47% higher (7.6%107° erg
together with a flat rotation model for our Galaxy (assumisag @m 2s1) than what we have found. However the absorption and
solar parameteiR, = 7.6 + 0.3 kpc and®, = 214+ 7 kmst). index of their spectrum (@9 x 10?2 cm 2 and 2.39 respectively)
From this study we conclude that the most distant HI absorgre in agreement with our parameters. It is important to note
tion feature for the Arc 2 is at -120 kisy which corresponds to that whereas our spectrum is extracted directly on the whole
a near distance of 6.7 kpc, placing in principle this thermalremnant, theSuzaku spectrum is the sum of spectra from 10
arc beyond RX J1713.7-3946. With this information, to eatien particular regions scaled up to the whole remnant assuming
the associated radio flux density we subtracted the comiitbu the surface brightness from th&SCA image (Sect. 3.3 of
from all overlapping radio point sources (likely to be egaac- [Tanaka et &l 8). In our spectrum, the point sources were
tic andor compact Hll regions) and from Arc 2 (about 1.5 Jyjemoved but their contribution to the total flux is weak (lt¢&m
because it is likely to be unrelated with the remnant, edtimd % for the Central Compact Object). We have cross checked
ing a lower limit for the total flux density of 22 Jy. Therefore, the value of our absorbed global flux derived from the spattru
we conclude that the associated radio flux density at 1.4 GHZiin the 0.5-4.5 keV energy band) to the one derived from our
between 22 and 26 Jy. mosaiced image. Both fluxes agree within 5%.

4.2. Global X-ray flux 4.3. X- and y-ray comparison

We extracted a MOS spectrum from the whole remnant with-3.1. Spectral results
out degrading the spatial resolution of the data. The best-fi
parameters (with background subtraction as describeddh S&he best-fit parameters of the X-ray spectral modeling of the
[3:3) areNy = 0.66+ 0.01 x 10?2 cm?, index=2.37+ 0.01, an 14 regions are given in Tab[é 2. The large variation of photon
absorbed 1-10 keV flux of 3.950.03x 1071° erg cnt?>st and index (19 < I < 2.6) seen in X-rays when using small extrac-
a non absorbed flux in the same band of 5804 x 1071 tion regions in_Cassam-Chenai et al. (2004) have largetn be
erg cnt?sL. Our main source of uncertainty is the absoluteeduced here with larger extraction regions and a degrgaed s
calibration of XMM-Newton which is known with a precision tial resolution for the X-ray data (2 < I < 2.4, see Fig.l7). The
of 10% rather than the very small statistical error (lesshth@omparison of the X- angl-ray photon index (Fid.I8) shows no
1%). Another flux estimate is obtained with a srcut synclomtr significant correlation . The distribution of the photon éxdn
model using the radio flux upper limit derived in Séct]4.1eThX- andy-rays has a mean value of 2.32 and 2.09 respectively and
non absorbed flux derived is 5.49.05x 1071° erg cnt?s™?, a standard deviation of 0.075 and 0.073. Whereas the dispers
very similar to the one obtained with a power law model. In thef the photon index at both energies is the same, the X-ragxind
srcut model, the radio spectral index was fixed to 0.6 and a breakslightly higher than thg-ray one. However, there is a system-
frequency of 4.2x10'7 Hz was derived. This value, averageditic error on they-ray photon index of 0.1 (AHO6) that is to be
across the remnant, is similar to the maximum break frequeradded to the Figl8. Whereas the variations of the photorxinde
reached in the bright limbs of SN 1006 (Rothenflug &t al. 2004re small, there are significant variations in the flux froem 14
large regions. Fid:19 shows a good correlation between the X-
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defined in Fig[R.

Fig.6. Infrared color-color diagram for the regions defined in

Fig.[H (Right) overlaid on Fig. 2 of Reach etlal. (2006). Two dis- 5 L6
tincts groups can be seen. The emission from the regions3 to 1 ogfk rE—, E
is compatible with PAH origin including our region of inteste x : T?%@H
Arc 2 (labeled as region 9 here). Therefore the radio emissio © o g e VoA I 3
from Arc 2 is likely to be thermal and not related with the rem- & ] 5
nant. § oo 3 s H—pH E
2 —f—
Table 2. Best-fit X-ray parameters obtained with an absorbed S 21k 3
power law model for the HESS regions defined in Eig. 2. The Tk
X-ray flux is integrated in the 1-10 keV band. S 20F 3
[ :
Region N Index Integrated fluk <
10”2cmr2 (102cm2s1) Lop ;
1 0.79 2.43(2.42-2.44) 0.91(0.90-0.92) L8k e e e e .
2 0.62 2.35(2.34-2.35) 1.58 (1.57-1.59) '
3 0.72 2.35(2.35-2.36) 1.74 (1.73-1.75) 18 1.9 20 2.1 22 23 24 25
4 0.76 2.37(2.37-2.39) 0.76 (0.75-0.77) Gamma-ray photon index
5 0.59 2.32(2.31-2.32) 1.42(1.41-1.43)
6 0.56 2.44 (2.43-2.44) 1.44 (1.43-1.45) Fig.8. X-ray photon index against-ray photon index. A sys-
7 0.67 2.41(2.40-2.42) 0.89 (0.87-0.90) tematic error of 0.1 is to be added to theay photon index. The
8 0.64  2.23(2.22-2.24) 0.58(0.57-0.58) dashed line is the bisector.
9 0.48 2.22(2.22-2.23)  0.90 (0.89-0.91)
10 0.46 2.32(2.31-2.33) 1.15(1.14-1.16)
11 0.63  2.35(2.34-2.36) 0.72(0.72-0.74)  statistically preferredy?/d.o.f. = 9.2812) over the best-fit lin-
ig 82‘1) gg géggég 82; Egggg% ear functionFX = 1.01 + 0.04F? (XZ/Xd.o.f. = 61.0613). We
. . .o0-~2. . .00-0. . . . . _ y .
12 057 2.28(2.26-2.29) 070 (0.68-0.70) note that the fit with a linear functioR; = aF, — b (bestfit pa-

a Corrected for absorption

rameters a = 2.26 andb = 1.43) gives similar results in term of
x° (¥?/d.o.f. = 9.3812) than the non-linear fit but is not physi-
cally understandable since both images are already bagkdro
subtracted.

ray integrated flux (1-10 keV band) and tixeay integrated flux
(1-10 TeV band). We note that the bright regions are briginter ,
X-rays than iny-rays. Such a behaviour has also been observe

32 Morphological results

by|Tanaka et al! (2008) witBuzaku. However whereas they in- The comparison of the radial profiles allows us to invesétghaé
terpreted this as a linear correlation with some X-ray demia extent of each emission as well as to localize their respecti
we interpret this as a non-linear correlation. We measunied tpeaks. Such a study has already been carried out by AHO06 by
non-linear correlation placing the X-ray flux in the X axis (acomparing the ASCA and HESS data. However as the coverage

the error bars on the X-ray flux are smaller than thoseiays).
This measured slope is then inverted to obtain dAgd logF).

with ASCA did not always reach the boundaries of the SNR it
was not possible to compare the extension of the remnantin bo

The best-fit power law functioRX = 0.81+ 0.09 (F})>**9%%is  wavelengths.
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)

for the northwestern region. Our higher new estimate temd-to

/ duce the dierence between the measurements and predictions
7 of the hadronic models usually requiring high magnetic feld
100uG (Tanaka et al. 2008).

In X-rays, the 1-10 keV non absorbed flux that we derive with
XMM-Newton is significantly lower than the value derived by
Tanaka et &l.| (2008) witlBuzaku (5.23 and 7.65x1071° erg
cm2s! respectively, see Sedt_%4.2). This new X-ray flux to-
gether with the higher radio flux estimate decrease the globa
X-ray to radio ratio by about a factor of 3. Such a change is
clearly important in the shape of the synchrotron spectratgy
distribution and could impact the results from multi-wamjth
models of the remnant.

-1

S

-2

cm

X-ray Flux > 1 keV (107®

1 5.2. X- and y-ray comparison
Gamma-ray Flux > 1 TeV (10 em™ s™)

5.2.1. Spectral index

Fig.9. Log-log correlation plot between the HES&ay inte- ) ] . ) .
grated flux (1-10 TeV band) and téMM-Newton X-ray in- When using large extraction regions and degrading the apati
tegrated flux (1-10 keV band, using MOS1&2 data). We cdigsolution of the X-ray data, we found no significant spatzail-
see that the correlation is best-fitted with a non-lineacfiom ation of the photon index (see Sect. 413.1). In other wotus, t
FX = 0.81+ 0.09 (F?)241£955 (solid line). The best-fit linear small-scale variations reported by Cassam-Chenal e2@04()
functionFX = 1.01 + 0.04 F? is also represented (dashed line).are washed out at the resolution of the HESS telescope.r# the
Y exists small-scale spectral variationgynays, one expect them
to be washed out as well with the current HESS resolution.

owever the mean X-ray photon index (2.32) is slightly sezep

The global agreement in the 8 sectors is good and parti
larly striking in sector 7 (the brightest spot of the remnamt (l[?{an they-ray one (2.09). In the case of I@fahe CMB photons

: . forthey-ray emission, the mean electron energy required to have
both wavelength) as can be seen in Eig. 10. In regions 5 afgtiney e |
6 we see that the peak of the emission, along the radial dir?cph‘?t(.)n a]}t 1Tev '|Ee = 1$r']l'evl(for IC df IR or opt|call pho-
tion, is located closer to the center in X-rays thatirays. The ons itis of course lower). The electrons emitting syn at

- T 1 keV with a magnetic field of 72G have an energy g’ =
gtotbs?]liégg %?fg E??Or?ﬁéaégglrlienli_srglar in both wavekéng 27 TeV. Atthose energies the electrons are close to theét@artd

It is important to note that we did subtract an astrophysic§ 90 €xpecta higher index when looking at electrons of iighe
ergies. We can reasonably set an upper limit to the magneti

; : ; n
background to the X-ray radial profiles. To estimate the bac% Id asEY™ cannot be lower thak in order to reproduce the
e

gcr)(:]u(nsdégglgns)ed the same region as in the mosaic building sé!‘\t%e'eper index of the synchrotron spectra. This sets an lipper

on the downstream magnetic field of 208, consistent with the
estimate coming from the width of the X-ray filaments (abdut 7
5 Discussion uG from|Ballet 2006; Berezhko & Volk 2006).

5.1. Global synchrotron spectrum

The radio flux density at 1.4 GHz that we derive in our study (52.2. Correlation between the X-ray and y-ray fluxes.

Jy < S < 26 Jy) for the whole remnant is significantly higher i o

than the flux density previously published. However it is imVe have found in Sedf. 4.3.1 that the X-ray flux is indeed corre
portant to note that the flux calculated by Ellison ét/al. (P00 lated with they-ray flux, but the correlation appears non-linear,
(S=4+1 Jy) was estimated only locally for the two bright arcgore like dlogF)/dlogF; = 2.41+ 0.55 (Fig[9). We discuss
in the northwestern region. Later dn, Lazendic ét/al. (2@m4) here why it could be so. We will assume that most of the range in
rived for these features a flux density of 6:72.0 Jy based on flux that we see is due to density variations around the remnan
the improved radio image at 1.4 GHz. In X-rays the contrinuti It is certainly not entirely true (geometri¢fects such as limb
of the northwestern region accounts fo20 % of the total flux Prightening must play a role at some point) but it is probably
in the 0.5-4.5 keV energy band. If the ratio of synchrotrorieem indeed the major contributor in view of the very structured i
sion in X-rays to that in radio is more or less constant thraug terstellar gas and X-ray image. We will assume that in thgean
the remnant, the radio flux expected for the whole remnartt is\ghich emits they and X-ray (.e. one to a few hundred TeV)
the order of 26 Bwhich is compatible with our estimation. Wethe particle distribution can be represented as a upower
note that the flux that we derive is about 2 times higher than tiW dN/dE = KE™C(-E/E,) in which K is proportional to the
flux of 13.4 Jy used in AHO6. This flux density was obtaine@mbient density anf is limited by synchrotron losses for elec-
assuming that the flux density for the entire remnant was ab&®ns Ece « Vsn/ VBa) and by age for protons, o ByV3)

twice the flux density value obtained by Lazendic ét/al. (Joo¥hereBy is the downstream magnetic field. The shape of the
cutoff C(x) can be any function decreasing from 1 to 0. We will

2 Without taking into account the thermal emission from Arc durther assume that magnetic field may increase with géensity
that accounts for about 1.5 Jy out of the 6.7 Jy estimatiomfro(Ba o« nf) and that the shock velocity adjusts ¥g, o« n=®
Lazendic et dl/(2004). (same pressure).
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Fig.10. Radial profiles in X-rays in two energy bands andyinays for the 8 sectors defined in Fig. 4. The general agretisien
good and particularly striking in sector 7 (the brightesitspf the remnant in both wavelengths). However there aeiatsresting
differences in sectors 5 and 6 where the bulk of the X-ray emisgiems to come more from the inside of the SNR thaniays.

By calculating dlod-,/dlogn for the synchrotron and ltis clear that whateveg < 1 (itis hard to imagine hoWq could
Inverse Compton case (see Appendix A), we can then predittrease faster than density) this quantity is always In other
in the flux-flux correlation comparable to Fig. 9 : words, no magnetic field can make up for the natafatharac-

ter of the hadronic mechanism which predicts a fast increfise
dlogFy’"° #1(1+ ) - ax Fhadrwith density. So at least in that (over)simplified framework
dlogF'C = 1-(1+B)(a, - &) (1) the correlation we observe is not in favor of a hadronic model
Y [ There remains the possibility (Malkov et al. 2005) that the
whereay anda, are respectively the X angray spectral slope density increases very fast outwards (SNR hitting a shell) t
in energy not photonsy = —d logF /d logv). the point \_/vhere most of the-ray emission arises outside the

For a standard value af= 2 and the observed values ®f remnan_t (in the precursor). In that case the width of the pre-
= 1.32 andw, = 1.09 this gives (0.18 1.55) / (0.41 - 0.59). cursor increases ak so that the spectra! shapgdrof the
If By is insensitive to density3(= 0) the predicted correlation fay_€mission may be estimated by multiplyig™"" by E
is opposite of what is seen: the range in X-ray flux would Hirakashvili & Aharonian 2007). This in turn changgs (Zpin
smaller than iny-rays, because the negative feedback onia
Ven plays more strongly in X-rays which are further in the dtito d10gFy™ 51+ 8) — ax 3)
part of the spectrum. But a modest dependend&afn density dlogFhad" 2 - (1-B)(ay +2-9)
like g = 0.1 is enough to invert the trend because in the loss-
dominated regime the-ray cutdf frequency decreases wiBBy  so that fors = 2 and the observed spectral indices one expects
while the X-ray one is independent 8. In other words, the (0.18+ 1.58) / (0.91+ 1.09p) for the slope of the lodgfx) vs
slope of the logfx) vs log(F,) correlation is very sensitive #&  log(F,) correlation. This is still always: 1.

To get the observed value of 2.41 requiges 0.28.

In view of the oversimplified character of that approach
do not claim that this is a measurement of dBygd logn but
we think it shows that such a steep correlation is reasoriableThe main dfficulty of a leptonic model to account for the obser-
a leptonic model. The specific model in which we have tried fgations in RX J1713.7-3946 is that it requires a small magnet
push the calculation further (AppendiX B) does not give a-cofield (on the order of 1(G ; AHO6) to explain the rather large
sistent answer, but it is far from unique. One way to improwve oy to X-ray ratio, if the emitting volume is the same. This is in-
the measurements would be to use extraction areas in whech ¢gonsistent with the magnetic field derived from the widthh t
filling factor of the SNR is the same, like the angular sectars X-ray filaments (7Q:G or so). A possible reason, suggested by
Fig[4. This would leave in the flux variations only what is dugazendic et dl[(2004), is that the magnetic turbulenceyisoa-
to varying external conditions. It requires reanalyzing HESS hind the shock faster than the electrons lose energy. Tz

WE 3. Spatial comparison

data, so itis left for future work. - . ~alarger volume (downstream) to IC than synchrotron, and doe
If we now turn to the hadronic hypothesis, the same line @bt require that large a magnetic field to begin with. A deinit
reasoning (see AppendiX A) then leads to : prediction is then that the-ray emission should peak inside the
X-rays.
dlogFy™  S(1+p) - ax ) In the comparison of the X- angtray radial profiles[{4.3]2)
d log Fhadr T2-(Q1 -B)a, +1-9 (2) we did see a radial shift, particularly visible in region 6&3t),

between the X- ang-ray emission. But the shift is in the op-
For a standard value a&f= 2 and the observed values®@f posite directionij.e. the X-ray emission peaks at smaller radius
= 1.32 andr, = 1.09 this gives (0.18 1.58) / (1.91+ 0.096). than they-ray emission. The value of this shift for region 6 is
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~ 0.06=1.2 pc with a remnant at 1 kpc. Anotheffext that from the inside of the remnant than jarays. This can be
we have not discussed is that because of the magnetic jump atexplained in a hadronic model if a fraction of theay flux

the shock (typically a factor 3 if the magnetic field is mostly comes from the outside of the remnant (interaction of the
turbulent and isotropic), the synchrotron emission isrgijtp remnant with a cloud). However this radial shift could also
suppressed ahead of the shock whereas the IC emission willbe due to superpositioiffects. Therefore we can not rule out
decrease more smoothly over onéfusion length. In a Bohm the leptonic scenario.

regime the diusion codicient isDg = r c/3 wherer|_ is the 5. Concerning the radio counterpart of the remnant, we have
Larmor radius and the fiusion lengtHgig = Dg/Vsh WhereVg shown that one of the brightest arcs seen at 1.4 GHz (Arc 2)
is the shock wave velocity. For an electron energy of 16 TeV, a is of thermal origin and likely not associated with the rem-
shock speed of 4000 kimand an upstream magnetic field of 10 nant. Taking this into account, we have derived a lower limit
uG we havdgg = 0.1 pc. This is small in comparison with the  on the integrated flux density of 22 Jy and an upper limit of
shift of 1.2 pc. 26 Jy.

However there exists another purely geometric possitiity

explain why the X-rays peak inside therays. Actually from Acknowledgements. This project was partially funded by ECOS-SUD France-
Fig@ the &ect is significant only in regions 6 (West) and g\rgentina  A04U03 program and ANPCYT, CONICET and UBACYT

(North). In both regions it looks from the image (fFig.1) thta (A
remnant extends beyond the main X-ray peak. This is typical
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variation in they-rays.

2. The mean X-ray photon index (2.32) is slightly steepenthayppendix A: Correlation between the X-ray and
they-ray one (2.09). This is expected in a leptonic scenario y-ray fluxes
as the electrons emittingray Inverse Compton have a lower
energy than those emitting X-ray synchrotron. The photdrhe synchrotron emission can be written
index dfset is thus the result of the spectrum diif the
electrons. sync sl s v

3. The comparison of the X-ray vsray integrated flux sug- Py KeBZ v S(Fym) (A-1)
gests a non-linear correlation with dlogflogF = 2.41

+ 0.55. If the range of flux that we see is due to the variatiomhereS is a function characteristic of synchrotron emission and

of the density around the remnant then a leptonic model ctire shape of the electron citandve’™ o« BEZ, oc V4. Then
more easily reproduce the observetyXay correlation.
4. The comparison of the radial profile in X- agefays indi- dlogF,>" ~ s+1 S v dlogvy"™

cates that for some regions, the X-ray emission comes morgjjogn T B - s v dlogn

(A.2)
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Noting that Appendix B: Detailed calculation for electrons

dominated by radiative losses
dlogF™™ s-1 S v
dlogy -7 + S e T ax (A-3) " If the cutdf in the electron spectrum is defined by synchrotron

¢ cooling as we assume in Séct.512.2 and Bpp.A, then the apolin

is the X-ray spectral slope (in energy, not photons) and the@ntinues downstream and the electron distribution iatiegk

dlogvy™/dlogn = —1, we can write over space gets steeper (the power law index increases by 1)
down to a break enerdy, o« B~%t;* in whichty is the SNR age
dlogF,”™ s+ 1 s-1 s+1 (Zirakashvili & AharoniaH 2007). Since we are interestetiyon
dlogn ~ 5 B-ax+ T2 T T(1+'B) —ax(A4) in what happens abous, this can be accounted for ih(A.1) by

changingsto the steeper value and considering that the normal-
As long as the Klein-Nishina reduction of the cross-sectidpation K, follows Ey, (the total number of electrons is always
is not reached (this is still true for 10 TeV electrons on théB}  dominated by those belof) or B2 (to is the same in all parts
the Inverse Compton emission may be written in the same wafthe SNR). This amounts to addir@g to Eqs[A.4) and{Ab),
as [A1) but without any expliciB term and withvic o« E2, « resulting in

V2 /B. The same line of reasoning then leads to dlogF¥™  s+1 s_3
LA —ax+—Fp (B.1)
dlogF!c s-1 dlogn 2 2
3i - =1—(1+,3)(C¥y——2 ) (AS)  dlogFc s+1 5-s
ogn = — -, -Blay + — (B.2)
dlogn 2 2

in which e, is they-ray spectral slope.
Putting togethe{Al4) and (A.5) we then predict in the flux-
flux correlation comparable to Fig.9 dlogF,”"™ 2 ax

dlogFl® =~ 2-ay, —p(a, +1

dlogFY™  SL(1+p) - ax g ay = flay +1) -
= = ) (A.6) Forax =1.32andy, = 1.09 we get 38/(0.91-2.094). This is

dlogF,”-  1-(1+p8)(ey - %) very different from what is obtained wits= 2 and no break in

the electron spectrum, but reaches the observed value@.41 f
very similar value of3 = 0.30.

For the most interesting case- 3 we then have

(B.3)

If we now turn to the hadronic hypothesis, tffedecay emis-

sion may be written The pion decay emission is insensitive to syn-
y chrotron cooling so that “radiative” model would predict

Fhadr o KpnvlSH( hadr) (A.7) dlogF;”"/dlogFPadr = 0.68/(1.91 + 0.09p). This is again
Ve always less than 1.

The same framework also naturally predicts variations ef th
spectral index going with the flux variations. Computingt tiea
quires a specific representation of the spectral shapeateiit
approximate formulae are given by Zirakashvili & Aharonian
dlogFhacr g200'i) in their Eas (35) and (46). They_apply when there .is no
—— Y —2_(1-B)a,+1-9 (A.8) jump in magnetic field at the shock. This is not the most likely
dlogn situation in our opinion, but it is still interesting to camut the
)éercise to the end. The observed average spectral slope in X

Vsax = 1.32 corresponds to= v/v" = 4.5, in keeping with
Wwhat was derived by Tanaka ei al. (2008){° = 0.67 keV). In
the same way, the observed spectral slopg-iaysa, = 1.09

whereH is a function characteristic af emission and the shape
of the proton cutfi andvi2" « Ecp, o« BVZ. The same line of
reasoning then leads to

in which we now assume that hadronic emission dominates t
v-ray spectral slope. Putting together (A.4) ahd {A.8) wenth
predict for the flux-flux correlation in the hadronic model

sync s101 4 8) — corresponds ty = v/v/C = 4.1. From Eqgs (34) and (45) of
dlogh,_ 2 (1+5) - ax (A.9) [Zirakashvili & Aharonian[(2007) we note thalS/v™ = (1.2
dlogF) 2-(1-p)ay+1-9) TeV)/ (2.2 keV) B/10QuG) . ForB = 70uG andvy™ = 0.67

keV this predicts; ~ 0.5 TeV which is reasonable.

t Coming back to the spectral index variations, since
dlogvy"/dlogn = —1 when it is limited by cooling, we have

There remains the possibility (Malkov et al. 2005) that th
density increases very fast outwards (SNR hitting a shell)
the point where most of the-ray emission arises outside

the remnant (in the precursor). In that case the width of the dax dayx dlogv?™  dax
precursor increases ds so that the spectral shape of the dloan — _dI di = X0 (B.4)
o . A gn 0gx dlogn X
v-ray emission may be estimated by multiplyihg 1A.7 By da 5
(Zirakashvili & Aharoniah 2007). *_ = 0.25x°° - 0.3795x°° (1 + 0.46X°%) (B.5)
This in turn change$§Al8) into dlogn
At x = 3.5, this gives dx/dlogn = 0.32. It then predicts
d log Fhadr dlogFy""/dax = 0.74/ 0.32= 2.3. The peak to peak dispersion
“dlogn 2-(1-PB)ay+2-59) (A.10)  that is observed on the X-ray fluxlog F¥" ~ 1.2 should then
be associated with a peak to peak dispersion on the dope-
and change${Al9) into 0.53. This is larger than what is observed on EIgA8y( = 0.27).
This is qualitatively expected because flux variations e af-
dlogFome s+71(1 + ) — ax fected by the geometry (the regions do not cover the same frac

= (A.11) tion of the SNR). However the small amplitude of the index-var
dlogF) 2-(1-Play+2-79 ations implies that the fraction of the flux variations theatliie
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to geometryA log F2*°™is large. It should add quadratically with
the part due to density variations.82< Aax) so Alog F9*°" ~
1.17. Of course geometricaffects should fiect they-ray emis-
sion in the same way but the observed dispersioy-oay flux

is only Alog F3'"™ ~ 0.6. This means we are at a dead-end. That
specific model cannot explain at the same time the relatively
form X-ray spectra and the larger contrast in the X-ray fliatth
they-ray flux.
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Fig. 1. EPIC MOS plus PN image in the 0.5-4.5 keV band. The units afengs/arcmir? and the scale is square root. The image
was adaptively smoothed to a signal-to-noise ratio of 10.
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