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ABSTRACT

Accretion shocks have been recognized as important X-ragséon mechanism for pre-main sequence stars. Yet the Xvaperties
of FUor outbursts, events that are caused by violent actretiave been given little attention. We have observed ther Bbject
Z CMa during optical outburst and quiescence withandra. No significant changes in X-ray brightness and spectrgbesizae
found, suggesting that the X-ray emission is of coronal matDue to the binary nature of Z CMa the origin of the X-rayreeus
ambiguous. However, the moderate hydrogen column densityedl from our data makes it unlikely that the embedded anynstar
is the X-ray source. The secondary star, which is the FUaeabhjs thus responsible for both the X-ray emission and teegmtly
ongoing accretion outburst, which seem however to be ueeisghenomena. The secondary is also known to drive a latfjewwu
and jet, that we detect here for the first time in X-rays. Thetattice of the X-ray emitting outflow source to the centralisthigher
than in jets of low-mass stars.
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1. Introduction netic field lines onto the stellar surface. In the first deidax-
o . . _ _ . ray survey of FUor objects Skinner et al. (2009) have detecte
Variability is a dominant observational signature in praise- 4 of four stars witiXMM-Newton. None of their targets were
quence (pre-MS) stellar evolution. Besides the ubiquiBlst- i, 5 state of recent optical outburst during the X-ray observ
duration flares related to magnetic reconnection event®u& i, Only two EXors have been observed in X-rays during an

types of long-term outbursts are reported: FUor eventstee ¢ hiica) outburst, with contradictory resulfs (Kastnerlé@a0é;
acterized by optical intensity changes of upttmag and a fad- Audard et al. 2005).

ing phase of decades, EXor events are less extreme andrshorte
(months to few years). Both types of outburst are associaitid
a sudden increase of the accretion rate, such that the disk
shines the central star leading to characteristic spesinak-
tures (e.g. Hartmann & Kenyon 1996). The spectra of FUor o
jects resemble that of F-G supergiants, while EXor objeds

of later spectral type. The FUor and EXor phenomena are pr =
ably recurrent, about once evely* yrs for f[he FUors and every Jeti/.(elgcjs%?tctc?rajnf)r;legnettir?lt.h(g())(?rga)\ Sgogggurﬁchfntt%th?g_ﬂ&eé sta
few years in the case of EXors. Only a minor fraction of pre—M%O P Yy sp P

stars is classified as FUor or EX@lfraham et al. 2004; Herbig G Tau can be explained as emission from a post-shock cool-

. . . ing zone in the innermost part of its optical outflow. Soft emi
2008). Different mechanisms have been proposed as riders; o te, MK) is only an indirect means of inferring outflows
the outbursts: dynamical interaction with a close binargneo

panion (Bonnell & Bastien 1992; Reipurth & Aspin 2004), ther X-rays and a signature that is easily confused with cbuti

mal instability in a disk with high accretion from a surrotmgl tions from accretion. Direct detection of X-ray emissioanfr

- . .~ pre-MS jets by means of a displacement with respect to the cen
enve_lope (Bell & LIN1994), and changes in the magnetic fleﬁ{al coranaI sglurce has been aFL)chieved onlyin a hpandful @fscas
configuration|(van den Ancker etial. 2004).

(see summary in Bonito etlal. 2007).

In recent years accretion has been recognized to make‘an . . . .
important contribution to the X-ray emission of pre-MS star N this article we examine the X-ray properties of Z CMa dur-

(Kastner et al. 2002; Stelzer & Schriiitt 2004), making FUat adnd its recent optical outburst, we compare them to its et
EXor objects interesting targets for X-ray studies. Plasena- State, and we present the X-ray detection of its jet.
peratures of up to a few0®K can be produced in the accre- ZCMa is a0.1” pre-MS binary. While the south-east (SE)

tion shocks that form when matter is funneled along the magUor object dominates the light at optical wavelengths, the
north-west (NW) component is a powerful infrared (IR) s@urc

Send offprint requests to: B. Stelzer (Koresko et all 1991). The FUor star has 3M and is lo-

The X-ray spectrum of the prototype FU Ori shows surpris-

énugly a complex absorption pattern: While the harder eroissi

is strongly absorbed and can be ascribed to an embeddex stell

porona, the origin of the weakly absorbed soft emission is un
lear (Skinner et al. 2006). Possible scenarios includevee-

%i_d effect of a binary companion, accretion shocks, andlsbod
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Fig. 1. Lightcurve of Z CMa; vertical lines indicate the date ol N9S-C
Chandra observations. @
E

Table 1. Observing log foIChandra exposures of Z CMa.
2 2008 =

1"

ObsID SegNo Instrument Date [UT] Expo [ksec]
3751 200221 ACIS-S2  2003-12-07 22:00 38

| |
|
10845 200569 ACIS-S3  2008-12-28 22:48 40 A
@J i~

J
NEl
cated just below the birthline in the HR diagram (Hartmanal et )

1989). Assuming that the IR source is coeval, it can be mo NoZ-C N95-B
eled as a BOIll star with 6 M, (vanden Ancker et al. 2004). @

The optically dominating component is, therefore, the adeny

in the binary system. This star is likely responsible both fc E .

the FUor phenomena and for the jet and molecular outflc
observed at radio and optical wavelengths (Poetzel et 89;19 ) .
Evans et al. 1994; Velazquez & Rodrigliez 2001). The lengyt 192 Chandra/ACIS images for the).2 — 8keV band in a

lightcurve of Z CMa exhibits features of both FUor and EXor2d” X 25" region around ZCMa((5" pixels) for the 2003
like events: Optical outbursts e 1mag are superposed on &t0P) and the 2008 (bottom) observation; zoom on ZCMa in the

two decade long decay (van den Ancker éfal. 2004). An altéh2 — L keV band for both epochs. All detected X-ray sources are

native explanation for the irregular light variations of Kig is marked with black circles, and the binary components aresho

scattered light from the embedded primary that penetratesa 2 White x-shaped symbols. The position of the X-ray soueee d
velope of variable thickness (Hartmann & Kenyon 1996). tected in the 2008 image to the SW of the central source ldbele

% is overlaid in the 2003 image as red circle. In 2008, thi so

In Jan 2008 ZCMa started a large optical outburst (s X ; > , )
Fig. ). Visual brightness estimafeare available for the ini- %ha:ndéggr?;iﬁ?;‘)’/ssf)%?gggous emission along the jet axismath

tial gradual increase by 1.5 mag. Further visual observations
and additionalBV R I~ CCD photometric observatidhtave
resumed after & 6 month-long gap. Z CMa reached its (tempo-
rary) maximum of~ 8.3 mag at the beginning of Jan 2009. We used the CIAO packdgeversion 4.0, and we started with

the level 1 events file provided by theéhandra X-ray Center.

In the process of converting the level 1 events file to a level 2
2. Data analysis and results events file for each of the observations we performed theuol

ing steps: We removed the pixel randomization in order té opt
A Chandra observation of Z CMa carried out in Dec 2003 wasnize the spatial resolution. We filtered the events file famdv
presented by Stelzer etlal. (2006) in the framework of a swrades (retaining the standard gradesg, 3, 4, and6), and ap-
vey for X-ray emission from Herbig stars. During that observ plied the standard good time interval file.
tion the source was not in optical outburst. We obtainedterot  For our science goal of detecting the X-ray source(s) associ
40 ksec ofChandra Director’s Discretionary Time to search forated with Z CMa, source detection was restricted 10@x 100
changes of the X-ray characteristics during the recentabti pixels wide image (1 pixek 0.5”) and a congruent, monochro-
outburst. Tabl¢]l gives the observing log. For consisteney watic exposure map fdr.5 keV centered on the optical position
re-analyze here the 2003 observation analogous to the new df Z CMa. Source detection was carried out with thie/DE-
set. TECT algorithm (Freeman et gl. 2002). We used wavelet scales
betweenl ands in steps ofy/2. We tested a range of detection

1 We obtained the visual photometry from the American Asdimia significance thresholds, and found that = 10~° avoided spu-
of Variable Star Observers (AAVSO)|at http://www.aavsg.or rious detections and at the same time separated close emissi
2 The CCD photometry was _obtained DYComponents.

Czech observers L. Brat and L. Smelcer; see

http:/ivar2.astro.cz/meduzallight-curves-ccd. prar2s1%20CMa&shv=CMaCIAO is made available by th€handra X-ray Center and can be
of VSES CAS. downloaded from http://cxc.harvard.edu/ciao/download/
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Table 2. X-ray parameters of the Z CMa binary and its jet. For the brighter source (ZCMa) theT fit of the Dec
2008 observation displays substantial residuals slighéipw
1keV, and we resort to thé-T model. The best fitNyg is

Date Opt/IR o[,f]fax in Ogcgugtksev [SEGXSO Pis 7% - 10* cm~2, compatible with the range of values pub-
Dec 2003 ZCMia 105 TT6I60 T35 05d Ilsheq for the optical extinctiodly = 2.4...4.6 mag (Elia et al.
Dec 2003 jet 1.91 <94 17857, ~ 2004, Acke & van den Anck_er 2004). Assuming a particle den-
Dec 2008 ZCMa 030 1072 X104 39594 050~ Sity of 0.3cm™? the galactic absorption a@tkpc amounts to
Dec 2008  jet  0.34 20.7+46 39610 032 ~ 10*'cm~2. Therefore, ZCMa may have some additional
" The effective exposure time in the Dec 2003 observationis  absorption related to the star forming environment. On the
substantially reduced with respect to the duration of treeokation ~ other hand, our measurement does not rule out negligible cir
because the star is near a chip border. cumstellar absorption. In our best-fit model the soft compo-

nent 7, = 0.47)7keV) dominates over the hard compo-
nent (1% ~ 7.5keV; unconstrained) with an emission measure
log EM; [em™3] = 53.971-2 vs.log EM, [em ™3] = 53.17573.
Due to the large confidence intervals of the spectral paensiet
The two X-ray images are shown in Fig. 2 with optical powe determine only a lower limit on the X-ray flux, adopting a
sitions of the binary and detected X-ray sources overlaite Tminimum Ny of ~ 102! cm~2 coming up for the interstellar
brightest X-ray source coincides in both observations with absorption but neglecting any possible contribution fromen-
unresolved binary star. Two new X-ray sources, not seendn tlironment of the star. We find, > 1.6 - 10~ '*erg/cm? /s for
2003 data, are detected in the 2008 image. Especially rematie 0.5 — 8.0keV band, corresponding tog L, [erg/s] > 30.3
able is the faint source in the SW elongation of Z CMa (named a distance of050 pc.
‘Y henceforth). The position angle of this sourc€485 + 5)°,
roughly in agreement with the orientation of the blue-gufpart
of the optical jet detected by Poetzel et al. (1989). In theabr
band image(.2 — 8 keV) this source is separated Byt” from

For the Dec 2003 observation due to low photon statistics
we can not formally exclude the T model. Iso-thermal models
are known to be an oversimplification and the number of ther-

ZCMa. If only photons belowt keV are considered the 2008mal components needed to fit stellar X-ray spectra generally

4 o ; eases with photon statistics. We do not present a detgiled
image shows elongated emission along the same axis sugge S : : oo
a chain of weak X-ray sources extending to the SW of Z CMSgaI analysis of this data set because the quality is pookéier,

; o : A . We can test the compatibility of the 2003 spectrum with the 2-
gggge(fssegozg'(?rg'f;ﬁagigozf; e‘l)'(r?ssrserlw? atiﬂ?n Sy_greggﬁrcggrél “model parameters derived from the 2008 observation. bhdee
bels ‘N95-B’ and ‘N95-C’ in Fig[D) are te%tative)I/y identifle Ve find from a direct comparison of the 2008 best-fit model to

with pre-MS candidates mentionedlby Nakajima & GOIimO\NSI&th spectrum observed in 2003, without fitting it to the data,

1 ; ; = 1.0 (5 d.o.f.). The good agreement is also evident from
[+ red
§(1-?9;)é Ir?stsr;gnfollsg\/(\)/::rilgte\;\(/fv\cl:ig]nczecnrtr1ate r? O? i':: jeef.l nalysis ef trféig. [3 where we plot both observed spectra together with the

. . best-fit model (dashed lines) of the 2008 data. Differencéisd
_ We calculated the source count rates in the following way,nearance of the two spectra in Fiiy. 3 are due to the fact that
First, the point-spread-function (PSF) was computed f@heay,q gata and the model are shown folded with the instrument re
X-ray position. A circular source photon extraction regiwas g,nse matrix. We recall here that Z CMa is located on two dif-
defined as the area that contad$o of the PSF. Only for source ¢orant cCD chips and at different off-axis angle in the 2008 a

‘J the extract_ion.region was re§tricted %0 % of the PSF t0 508 data sets (see Table 1), and this implies differentispec
avoid contamination from the wings of the central sourcee Th

background was extracted individually from a squared rmagioesloonse .and effective area. )
centered on the source extraction area and several tingeey lar _ The fainter source ('J’) has onB0 counts in Dec 2008. The
than the latter one. Circular areas centered on the posititthe 1-T model gives the same absorption as found for ZCMa al-
X-ray sources were excluded from the background area. The $€it with even larger uncertaintiesVy = 717 - 10! cm™?).
was computed from the counts summed in the source and batRe large error bar of the column density makes it impossible
ground areas, respectively, after applying the apprapa@a¢a [© determine the emission measure and flux of this source to
scaling factor to the background counts. In practice, thekba €ven an order of magnitude precision. The temperature o€sou
ground is very low (a fraction of a count in the source extoact J' iS @lso not well constrained)(2 7 keV) but probably rela-
area). Finally, count rates were obtained using the expdsue tively soft. We find a median photon energy @b keV for ‘J’

at the source position extracted from the exposure map. We h¥ersusl.2keV for ZCMa. Analogously to the case of ZCMa,
estimated &5 % confidence upper limit for the count rate at th&Ve estimate a lower limit for the X-ray flux of ‘J" adoptingx
position of ‘J’ in the Dec 2003 observation (marked red inBg Of ~ 10*' cm™? corresponding to the expected interstellar ab-
left) using the algorithm of Kraft et all (1991). In Talle 2 weorption. The derived value & - 10~'% erg/cm? /s translates

summarize the relevant X-ray parameters of the Z CMa bindi§/log Lx [erg/s] > 29.4 if we assume that the distance of this
and the source ‘J’ identified with the jet. source is the same as for the one associated with Z CMa.

An individual response matrix and auxiliary response were Lightcurves were extracted and searched for variability wi
extracted for the position of each source using standarddClAa maximum likelihood method that divides the sequence of pho
tools. The spectrum of the brighter source (ZCMa) was binnéahs in intervals of constant signal (see _Stelzer et al. [pO07
to a minimum of10 counts per bin and that of the fainterand, independently, with the Kolmogorov-Smirnov (KS) test
one (‘') to 5 counts per bin. As mentioned above, the baclé&ccording to this analysis both sources are not variablaiwit
ground of ACIS is negligibly low. We fitted the spectra in thehe individual exposures. The significance level of the Kist
XSPEC 12.4.0 environment with a one- or two-temperatune theic for each source is given in the last column of TdBle 2 where
mal model subject to photo-absorptiom(Bs - APECandwABS the large values aPkg indicate that the data is not significantly
- [APEC + APEC], respectively). different from the assumption of a constant source.
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] be from the less massive star, which is in this case nonhlaria
Jﬂ ] both in the optical and X-rays, and the optical variations tiu
JF changes in scattered light from the primary. However, ticeme
J( optical photometry has a clear outburst signature and voardis
0.00102 _ 4 the scattered-light scenario. (ii) The optical variatioresy come
: ] from the FUor star and the X-rays from the embedded primary.
I # ﬁf ] This hypothesis is also unlikely as much higher X-ray absonp
=== - ‘ 1 would be expected than is observed. We conclude that prpbabl
' | ] the same star (the less massive optical component) is respon

norm.cts / s / keV

Dec 2008 C, sible for both the optical outburst and the X-ray emissionh bu
0.000 Dec 2003 . T %; that both phenomena are unrelated. Although the existehce o
05 10 50 a corona can not be t_aken for granted_for_ an intermediate-mas
E [keV] star, our recent detection of the magnetic field of Z CMa suspo

this interpretation (Hubrig et al., 2009, A&A submitted).

Fig. 3. FoldedChandra/ACIS spectra of ZCMa. Overplotted on
both spectra is the best fit model obtained for the 2008 obserg 2 The displaced X-ray source

tion (dashed lines).
A new X-ray source is detected in the 2008 image in the SW

elongation of the source associated with the ZCMa binasy. It
) ) position angle agrees with that of the optical Jet (Poetralle
3. Discussion 1989) and the radio jet (Velazquez & Rodrigliez 2001) ssgge
ing an interpretation as emission from an internal jet shock
According to the strong shock condition (Zel'dovich & Raize
Prior to our observations, only two pre-MS stars have beemmd.966), our confidence interval of measured X-ray tempera-
itored in X-rays during an optical EXor outburst. V1647 Ortures,0.1...1keV, is compatible with shock velocities between
has shown a factot00 increase of the X-ray luminosity and~ 300...900 km/s. At a distance of- 2, corresponding approx-
a steady decay in the subsequent two years correlated weth ithately to the location of the new X-ray source, in opticabfid-
near-IR lightcurve. With respect to the pre-outburst sthe den lines the jet was seen to move<att00 km/s (Poetzel et al.
spectrum was hard throughout the decaying phasgkéV) [1989). Considering the unknown inclination this is a lovienit
and incompatible with X-ray emission from accretion shocKsr the true velocity of the jet propagation. Our estimatetfe
(Kastner et al. 2006). The other EXor object observed iny6rashock speed is, therefore, not incompatible with the expect
during an outburst is V1118 Ori._ Audard et &l. (2005) showeibn that vshocx < vjet. ZCMa has a higher mass than most
that its X-ray luminosity varied only by a factor of two wite+ other pre-MS stars with X-ray detected jets (see summary by
spect to the pre-outburst value but the spectrum softenedgdu Bonito et al.. 2007). The large distance of the displaced ¥K-ra
the EXor event. A possible explanation givenlby Audard et admission from the central star is remarkably similar to ihfat
(2005) was a changing structure of the magnetosphere ttie only other high-mass pre-MS object with known X-ray jet,
moved inward as a result of strong accretion and disrupted tHH 80/81 (Pravdo et &l. 2004). For the X-ray luminosity wedav
higher, hotter coronal loops. After the outburst V1118 Oaisw estimated a conservative lower limit2f-102° erg/s, that could
seen to have faded by a factor of four in X-ray luminosity bag h easily be underestimating the intrinsic luminosity by oméen
not significantly changed its X-ray temperature (Lorensdtal. of magnitude or more if the extinction was much higher than
2006). the assumed interstellar value. Our result is compatibile ¥4
For Z CMa the X-ray brightness and temperature are remarky luminosities derived for other pre-MS jets (5ee Bonitale
ably constant when the 2003 quiesence and the 2008 outb@@®7). However, all X-ray observations of this object class
data are compared. Overall, the temperature structureedfth hampered by similarly low statistics and, consequentlgriyo
ray spectrum of ZCMa is typical of coronal sources observednstrained parameters.
at similar statistics (e.@._ Schmitt et al. 1990). Cleathg spec- Due to the relatively low X-ray temperature that can be
trum is much softer than that of V1647 Ori during its EXorachieved in pre-MS jets an image limited to soft photons khou
event. The low statistics make it impossible to single o@rev better trace the outflow. Indeed, we find continuous soft emis
tual contributions from accretion and/or jet shocks. Samhy, sion between Z CMa and source ‘J’ in the 2008 image. Possibly
low statistics impeded Skinner et al. (2009) to constragrtéim- several knots along the jet axis are producing X-rays at a.thn
perature of the soft component in the X-ray spectrum of ttegmilar finding was reported for DG Tau where the X-ray jet was
FUor star V1735 Cyg that they observed outside outburst wittetected both at clos6{ AU) and larger {140 AU) separation
XMM-Newton. Their confidence level on the temperature of thtom the central star_(Gudel etlal. 2008; Schneider & Schmit
soft component of V1735 Cyqg is similar to ou& ¥ — 1 keV) [2008).
leaving open the question on whether this emission is d@ooret In 2003 there was no X-ray source at the position of ‘J’. The
related. We have estimated a lower limit to the X-ray lumityos upper limit to the count rate at this epoch does not exclude X-
of Z CMa that is compatible with the X-ray luminosities rear ray emission at similar levels as observed in the 2008 image.
by|Skinner et al. (2009) for V1735 Cyg and FU Ori. As those aldowever, examination of the photon centroids reveals that a
thors pointed out, these luminosities are at the high enideaf{ counts are in the upper left of the photon extraction area (se
distribution of T Tauri stars possibly implying that FUorjetts  Fig.[d) indicating weak emission in the same SW direction as
have higher than average T Tauri mass. For Z CMa this obsert#-but at a distance of only 1.2” from the central source. If
tion is consistent with the high mass2#/, from the literature. this emission is interpreted as the head of a moving shock fro
The binary nature of Z CMa leaves room for further spectihat has expanded (and brightened) within the fagears to
lations on the origin of the X-ray emission: (i) The X-raysiw the position of ‘J’, its projected velocity would be 900 km/s.

3.1. The central X-ray source
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This value is in rough agreement with our measurement from
the X-ray temperature. However, the analysis of the safidba
image from 2008, where continuously extended soft emission
from Z CMa out to~ 2.4"” is detected, suggests that ‘J’ repre-
sents the temporary radiative loss of a localized blob oEmneit
impacted by an intermittent jet. The weak emission closén¢o
star may represent similar but independent events.

We add that alternative explanations are perceivable for th
X-ray emission displaced from Z CMa: Scattered stellartligh
flected from the outflow cavities was discussed by Bally et al.
(2003) for the case of HH 154 but seems unlikely to hold for
Z CMa because of the large displacement-df000 AU with re-
spect to the central star. Again for HH 154, Murphy etlal. 00
suggested magnetic reconnection in the space between fwo in
teracting jets from the two binary components. There is no ob
served evidence for a second jet in Z CMa. High-quality high-
resolution imaging of the Z CMa outflow should help to clarify
this question. Monitoring of the X-ray morphology duringeth
next decade should also help to constrain the nature of tige em
sion. For an assumed jet diameted 66 AU we can estimate the
electron density from the observed X-ray emission measwte a
derive a radiative cooling time af 20 yrs.

References

Abraham, P., Kospah., Csizmadia, S., et al. 2004, A&A, 428, 89

Acke, B. & van den Ancker, M. E. 2004, A&A, 426, 151

Audard, M., Gudel, M., Skinner, S. L., et al. 2005, ApJ, 68381

Bally, J., Feigelson, E., & Reipurth, B. 2003, ApJ, 584, 843

Bell, K. R. & Lin, D. N. C. 1994, ApJ, 427, 987

Bonito, R., Orlando, S., Peres, G., Favata, F., & RosnerDB72A&A, 462, 645

Bonnell, I. & Bastien, P. 1992, ApJ, 401, L31

Elia, D., Strafella, F., Campeggio, L., et al. 2004, ApJ, 60000

Evans, I, N. J., Balkum, S., Levreault, R. M., Hartmann,& Kenyon, S. 1994,
ApJ, 424, 793

Freeman, P. E., Kashyap, V., Rosner, R., & Lamb, D. Q. 200252438, 185

Gudel, M., Skinner, S. L., Audard, M., Briggs, K. R., & Cabi$. 2008, A&A,
478,797

Gunther, H. M., Matt, S. P., & Li, Z.-Y. 2009, A&A, 493, 579

Hartmann, L. & Kenyon, S. J. 1996, ARA&A, 34, 207

Hartmann, L., Kenyon, S. J., Hewett, R., et al. 1989, ApJ, 3881

Herbig, G. H. 2008, AJ, 135, 637

Kastner, J. H., Huenemoerder, D. P., Schulz, N. S., Camzate R., &
Weintraub, D. A. 2002, ApJ, 567, 434

Kastner, J. H., Richmond, M., Grosso, N., et al. 2006, Ap8, 643

Koresko, C. D., Beckwith, S. V. W., Ghez, A. M., Matthews, E.Neugebauer,
G. 1991, AJ, 102, 2073

Kraft, R. P., Burrows, D. N., & Nousek, J. A. 1991, ApJ, 374434

Lorenzetti, D., Giannini, T., Calzoletti, L., et al. 2006&A, 453, 579

Murphy, G. C., Lery, T., O'Sullivan, S., et al. 2008, A&A, 4,/853

Nakajima, T. & Golimowski, D. A. 1995, AJ, 109, 1181

Poetzel, R., Mundt, R., & Ray, T. P. 1989, A&A, 224, L13

Pravdo, S. H., Tsuboi, Y., & Maeda, Y. 2004, ApJ, 605, 259

Reipurth, B. & Aspin, C. 2004, ApJ, 608, L65

Schmitt, J. H. M. M., Collura, A., Sciortino, S., et al. 199(J, 365, 704

Schneider, P. C. & Schmitt, J. H. M. M. 2008, A&A, 488, L13

Skinner, S. L., Briggs, K. R., & Gudel, M. 2006, ApJ, 643, 995

Skinner, S. L., Sokal, K. R., Gudel, M., & Briggs, K. R. 2009Xiv e-prints

Stelzer, B., Flaccomio, E., Briggs, K., et al. 2007, A&A, 4883

Stelzer, B., Micela, G., Hamaguchi, K., & Schmitt, J. H. M. 2006, A&A, 457,
223

Stelzer, B. & Schmitt, J. H. M. M. 2004, A&A, 418, 687

van den Ancker, M. E., Blondel, P. F. C., Tjin A Djie, H. R. Et,&. 2004,
MNRAS, 349, 1516

Velazquez, P. F. & Rodriguez, L. F. 2001, Revista MexicdaaAstronomia y
Astrofisica, 37, 261

Zel'dovich, Y. B. & Raizer, Y. P. 1966, Physics of Shock Wawesd High-
Temperature Hydrodynamic Phenomena (New York: Acadengs$211966)



	Introduction
	Data analysis and results
	Discussion
	The central X-ray source
	The displaced X-ray source


