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Abstract. We present deep ROSAT X-ray images of the doub i
nucleus galaxy Mrk 266 in combination with optical images ar i
spectra. The High Resolution Imager (HRI) X-ray morpholog r
can be divided into four components: two nuclei of the mergir 2~
galaxies, a diffuse galactic component and a strong northe
jet coincident with very strong optical line emission. This je
component is decoupled from the rest of the merging syste
considering the internal kinematics. The luminous X-ray jet
excited by hot postshock gas with respect to the morpholog
the high excitation emission lines and the kinematics.

o

arcsec

Key words: galaxies: individual(Mrk 266) — galaxies: Seyfert

— galaxies: interactions — X-rays: galaxies
e

1. Introduction

Markarian 266 is a nearby merging galaxy system (Petrosi: R0 e =0

1980) of two former spiral galaxies. The UV/optical spectr

of the individual nuclei have been classified to be of Seyfert ) ,

2 (south-west) and Liner (north-east) type (Kollatschny et Il:_lg. 1._ROSAT HRI X-ray contour levels overlal_d o_n an optical V-

1984: Osterbrock etal., 1983). Further detailed investigationsagid /mage of Mrk266. The X-ray data (exp.time: 39,740 s) ha
. . v ' . een smoothed with a Gaussian filter of 5 arcsec FWHM. The contg

_thls infrared-luminous system have been published by HUt;tb\?els are at 5,7.5,10,13,20,30,40,4560orth is to the top; east is

ings et al.(1988) and Mazzarella et al.(1988); they detectegyane jeft.

third radio component between the two optical nuclei. Wang et

al.(1997) discussed additional starburst properties of this system

in context with medium-deep X-ray observations. B,V,R-images of Mrk 266 were taken under photometric co
ditions with the 2.2m telescope at Calar Alto observatory. T
2. Observations and data reduction observations were made under seeing conditions of 1.0 -

. . rcsec. Our exposure times amounted to 3,600 s (Johnson
We took deep ROSAT observations of Mrk 266 with the HR? ;
) ; . ,800s (Johnson V) and 480 s (Johnson R), respectively.
over the time period June 28th to July 6th, 1996, with ( ) ( ) Pectvely

total int tion i f 39 740 ds. Duri I xel scale of the RCA-chip corresponds to 0.351x0.351 ar
otal Integration ime o ' seconds. During our on sec. The original images were aligned better than 0.1 pixel f
term observing run the background X-ray flux was very low,q generation of B-V,B-R and V-R difference images. In Fig.

—1 - . ) -
2.9cts ks?c areman - - Furt'her archlyal X ray data will MOt 46 V-band image and in Fig. 2 the V-R image of Mrk 266 ar
be taken into account; these images differ in a not rerduc'lglr‘?own with the HRI X-ray contour levels overlaid. We present a
way for individual satellite orbits causing a spurious extent i

. " : ; 5‘ptical spectrum obtained with the Calar Alto 3.5m telescop
the c_o—added image. Additionally, We_obtamed m“'F'.CO"’“f OIX RCA-chip (1024x640) was attached at the Boller and Chive
tical images as well as spectra at various opportunities. Opt'gﬁlectrograph. The spectrograph slit had a projected width o
Send offprint requests V. Kollatschny arcsec and length of apout 2 arcmin. We covered the vgavelen
* Based on observations taken with ROSAT, at Calar Alto Observ@nge from 3700—710@ with a spectral resolution of 34 per
tory, with HST, and with the VLA pixel. An archival HST image taken with WFPC 2 is show
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e S L b e 3. Results
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3.1. X-ray and optical morphology

Our HRI X-ray contour levels — smoothed with a Gaussian fil-
ter of 5 arcsec FWHM - are plotted over the V-band image of
Mrk 266 in Fig. 1. One can distinguish four components in the
X-ray image: two compact nuclei separated by 10 arcsec, a dif-
fuse component of the merging system’{3328" box) and a
northern jet component (25< 30" box). During our 40 ksec
observing run we obtained the following count rates:46@
counts (north-eastern component, 10 arcsec ring}; 98ounts
(south-western component, 10 arcsec ring), 3118 counts
(33" x 28" box, integrated system without the jet) and 1201
counts (northern jet, 25x 30" box). The individual HRI com-
ponents are not resolved with the ROSAT PSPC detector (30
arcsec spatial resolution). Tests with single component models
gave unsatisfactory fits to the observed PSPC spectrum (Wang
etal., 1997). The integrated PSPC X-ray luminosity of Mrk 266
arcsec comes to 1.110%2 (7..10*'-2.610%2) erg/s. Assuming the rela-
- tive number of HRI counts is directly proportional to their share
Fig. 2. V-R colour image of Mrk 266. Overlay of X-ray contour levelsof the integrated X-ray flux we work out the following X-ray lu-
asin Fig. 1. minosities of the individual components (in units of1@rg/s):
north-eastern nucleus: 1.65, south-western nucleus: 2.0, diffuse
component without the nuclei and the jet region: 4.3, northern
jet: 3.1.

The dominating X-ray jet structure begins 15 arcsec north
of the SW-nucleus and extends as far as 24 arcsec in north-east
direction. This corresponds to a projected length of 13.2 kpc
for the galactic radial velocity,= 8280 kms~! (Hy = 75 km
s~1 Mpc~1). An even more striking similarity can be found be-
tween the X-ray structure of the northern jet and the B-V, B-R
and V-R images (Fig. 2). The V-R colour is quite homogeneous
over the merging galaxy system (V-R = 8:6.1) but excep-
tionally blue in the northern jet region (V-R = -0.28.2). The
correspondence between the optical and X-ray jet morphology
indicates their same physical origin. One can recognise a bubble
like structure in the jet of 14 arcsec length (7.7 kpc) and 7 arcsec
width (4. kpc) in the optical due to the better spatial resolution.
While the V-R colour of this northern jet component is excep-
tionally blue due to the intensive [OIN]5007 line emission the
B-V colour (B-V=1.2+0.1) is very red on the other hand.

The two nuclei have a distance of 10.3 arcsec in the HST

arcsec

arcsec

aresec v image as well as in our VLA radio image. This corresponds to
Fig.3. WFPC2 HST observations of Mrk 266 with overlay of radid Projected distance of 5.67 kpc. The north-eastern Liner com-
contours (VLA 20cm). North is up; east is to the left. ponent is more compact in all frequencies from radio (VLA),

opt.(HST, ground based), UV (IUE) to X-ray (ROSAT) in com-

N L . arison to the south-western Seyfert nucleus.
in Fig. 3. The observing time amounted to 500 sec. The |ma8e It has been mentioned by Mazzarella et al.(1988) and Hutch-

¥vas tjl;%g W';g g&f ki/rvoadbbtapd thﬁ.r ';606\,\: i?tegra;ipg tf;)e ﬂlfﬁ(gs et al.(1988) that a third VLA radio component is located in
rom ) - Ve obtained high-résolution radio o Serql;etween the optical nuclei nearly exactly on the connecting line

vations at 6cm and 20 cm with the VLA in the snapshot mo Jetween the outer components (see Fig. 3). No counterpart of

in the extended A configuration. The beam-width (HPBW) was : ; :
. e central radio component can be detected in the X-ray image
035 x 0”35 at 6cm and 2 x 1.2 at 20em. Our radio P y mag

o : . d in the HST image withia 1 arcsec radio error-box. This
maps are similar to those obtained by Hutchings et al'(198$ntrad radio component is located at a huge s-shaped bipolar
and Mazzarella et al.(1988). jet-like structure extending 13.5 arcsec (7.7 kpc) to the south-
east and 12.5 arcsec (7.1 kpc) to the north-west where it leads
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Fig. 4. Intensity tracing along the slit in north-south direction in the

[O111] A 5007 line (4991-5028; upper curve) and in the adjacent conFig. 6. Radial velocity of the [Olll]-line along the spectral slit. For
tinuum (5042_507ﬁ. lower curve). comparison the [Olll]-intensity after subtraction of the continuum ha

been plotted in the upper part.

ratios Hell\ 4686/H3 and [Nelll]x 3869/[OlI]A 3727 - is high-
est in the jet region (0.33 resp. 0.41) in comparison to oth
internal galaxy spectra (0.17 resp. 0.11). Furthermore, the
tensities of the [OllIA 5007,4959 lines are exceptionally strong
with respect to K and Hu.

Earlier observations have shown that the velocity field ¢
Mrk 266 is highly disturbed due to the merging process (e.
Hutchings et al., 1988; Kollatschny,1990).In Fig. 6 we prese

Flux

5 the projected gaseous velocities in north-south direction deri
ikl kel 2 firy { i
° 4000 4500 5000 5500 6000 6500 7000 from the [O|||].)§ 5007 line. i 1
Wavelength[A] The velocities have been normalized tgov= 0 km s~

at the south-western Seyfert nucleus. The velocity field in t
northern jet region is decoupled from the rest of the interacti
galaxy system. Furthermore, at the border of the filamenta

into the extended X-ray jet. The s-shaped structure is to be séfHctures (enhanced [Olll]-intensities) the velocities show
in the HST image (Fig. 3) and in the ground based [OB07 constant gradient in the same direction on both sides.
image (e.g. Hutchings et al., 1988). This double structure can
be recognised partly in the V-R image (Fig. 2), too. The inng{r
jet draws to a helical structure considering the white filaments
(Fig. 3). Read and Ponman (1997) investigated in detail X-ray pro
erties of a larger sample of nearby spiral galaxies. The int
grated X-ray luminosity of all their sample galaxies was leg
than logL x=40.78. In a further paper (Read & Ponman,199§
We took spectra with the slit in north-south direction passirnthey determined the X-ray luminosities of prominent mergin
the south-western nucleus and the northern jet region. Figgdaxies in different evolutionary stages: the integrated X-ra
shows spatially resolved intensity tracings of the [OIB007 luminosities amounted to log
line (4991-5023A) and the neighbouring continuum (5042-L x=41.18 at the most. In contrast, the X-ray luminosity of th
5074A). This pattern is typical for all emission line and continuaorthern jet in the Mrk 266 system (ldgy=41.49) is higher
tracings: the northern jet structure seenin the broad band imathesh the integrated X-ray luminosities of all the merging gala
originates only from line emission; it is not present in the stellés. Furthermore, the X-ray luminosity in the Mrk 266 jet is 4
continuum. factor of ten higher than that of known X-ray jets in galaxies e.(

An integrated optical spectrum over the X-ray jet region #8187 (Biretta et al.,1991) and of typical galactic super-winds i
shown in Fig. 5. The excitation degree - derived from the lireg. M82 (Read and Ponman, 1997). There might be known g

Fig. 5. Optical spectrum of the integrated jet region of Mrk 266

Discussion

3.2. Spectral Diagnostics and Kinematics
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extragalactic system showing similar X-ray properties: the ia-helical motion of the jet. The morphology seen on the HST

teracting galaxy group Stephan’s Quintet (Pietsch et al., 199imiage supports this idea. On spectra taken along the major axis

But the opt./X-ray morphology is slightly different. of the jet it turns out that the gaseous velocity field is retarded
No data have been published so far about interaet:the end of the jet. The large scale curved structure of the jet

ing/merging galaxies with tidal arms showing comparable V-geen in the HST and X-ray images is likely to be caused by

colours and/or X-ray fluxes. We are investigating a larger samplieecessional motions of the merging system.

of interacting galaxies with active nuclei: none of these shows It is not clear where the energy source generating the jet is

as extreme properties. located. The HST image supports the idea that the jet originates
We discuss four possibilities to explain the extra-nucleat the central radio source between the two optical nuclei. On

X-ray emission in the northern region: starburst in an extrdie other hand no optical or near-infrared K-band counterpart

nuclear region; excitation from one of the active nuclei; ‘centralMcLeod and Rieke, 1995) has been found so far. Mazzarella

starburst with super-wind; photoionisation by a fast shock. et al. (1988) proposed that the central radio emission is pro-
A starburst in a tidal arm region is extremely unlikely: therduced by synchrotron emission stimulated by the collision of

is no indication for an underlying stellar/starburst componentiwo merging galaxies. But the question regarding the energy

the continuum flux. The X-ray flux is too high to be explainedource of the jet needs further detailed investigations. The jet

by a reasonable number of SN (lag =33.—36.) and X-ray might be generated in the outer parts of the prograde interacting

binaries (logL x=37.5-38.5). Furthermore, the optical/ X-raydisks of system. With time more energy is added and eventu-

morphology and the gas velocities do not support this picturally elongates the direction of the steepest density and pressure
Photoionisation by the southern Seyfert nucleus is very ugradients. During the break out process the disk might play an

likely since the excitation of the optical spectra is lower in thinportant role in focusing the flow in the direction of the steep-

intermediate region between the Seyfert nucleus and the jetest density and pressure gradients out of the merging system.
The explanation of the X-ray jet by a super-wind modéThe high-velocity jet drives a shock into the halo gas leading to

caused by a central starburst is unlikely, too, because of teay emission at the shock interaction region.

non-radial geometry. The opening angle of the X-ray/ [Olll]

emission region in Mrk 266 is much smaller in comparison fdcknowledgementsiVe thank K. Bischoff and P. Papaderos for

other known bipolar wind outflows (Suchkov et al.,1994). AddfSeful comments. This work has been supported by DARA grant

tionally, one would expect a radial velocity gradient; this is no? OR94089 and DFG grant Ko 857/13-2.

to be seen in the emission region of the jet. Wang et al.(1997)

preferred the super-wind model to explain their observations of

Mrk 266; but their X-ray image was not deep enough to detdseferences

f[he.jet and they 'had no information about spectra 'ant'j kiner.ngitr—ettaJ_A., Stern C.P., & Harris D.E., 1091, AJ, 101, 1632

ics in the X-ray jet. Furtr_\ermore, the X-ra)_/ |nt_en5|ty in the ]q.t)opita M.A., & Sutherland R.S., 1996, ApJS, 102, 161

is too strong to be explained by a super-wind in comparisoni@iichings J.B. et al., 1988, AJ, 96, 1227

other galaxies showing this phenomenon. Kollatschny W., 1990, IAU Coll. 124, ed. : Sulentic et al., p. 221
Taking into account the optical line intensity ratios, th&ollatschny W., & Fricke K., 1984, A&A, 135, 171

optical and X-ray morphology, and the X-ray luminosity iMazzarella J.M. et al., 1988, ApJ, 333, 168

Mrk 266, the most plausible mechanism explaining the X-ray jsicLeod K.K., & Rieke G.H., 1995, ApJ, 441, 96

is excitation by hot postshock gas caused by fast shocks emittigerbrock D.E., & Dahari O., 1983, ApJ, 273, 478

EUV/soft X-ray radiation (Bremsstrahlung) and photoionisingetrosian A.R. etal., 1980, Astrofizika, 16, 621

the gas (Dopita & Sutherland, 1996). The X-ray jet is redshiftddetSch W- etal., 1997, A&A, 322, 89

by 300 kms~—! with respect to the innermost galactic region. O ead A.M., & Ponman T.J., 1997, MNRAS, 286, 626

the other hand the velocity structure within the jet in south-nor pad AM., & Ponman T.J., 1998, MNRAS, in press

. . . . chkov A.A. et al., 1994, ApJ, 430, 511
Q|rect|0n shows no further out_flow signs b_ut solid body rotaWang J. etal., 1997, ApJ, 474, 659
tion of the outer filamentary regions. This might be explained by
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