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Abstract. We report the results of the spatial and spectral andkble 1. Parameters of NGC 3079
ysis of the ROSAT HRI and PSPC observations of the edge-an

spiral galaxy NGC 3079. We detected several sources in the field Ref.

of NGC 3079 with both PSPC and HRI, and complex emissie@,pe SBm 1

from the inner 5around NGC 3079. We have identified possi- .

ble counterparts for several of the sources outside NGC 3 umed distance _ 173 Mpc 2
(hence 1= 5.0 kpc)

by comparison with optical plates and catalogues. tion of -
The X-ray emission from NGC 3079 has & k= 3 x 10%° Position o R.A. 100175 '7,5 3
1 . . center (J2000.0) Dec. 38047/0
ergs ' and can be resolved into the following three compo-

nents: D25 diameter Ve 1
Corrected B diam. 55 1
— Extended emission in the innermost region, with l=  ayial ratio 0.22 1
1 x 10%° ergs!, coincident with the super-bubble seen in, . .
. . . . .A. major axis 166 3
optical images. The active nucleus may contribute to the = P
emission as a point source. Inclmagon " 8 ' 3
— Emission from the disk of the galaxy, withd= 7 x 1039 ~ Galactic foreground N 0.8x10™ cm™ 4
ergs ', that can be partly resolved by the HRIin 3 point-likekeferences: (1) Tully 1988, (2) Tully et al. 1992, (3) Irwin & Seaquist
sources with luminosities of 6 x 10%® ergs™! each. 1991, (4) Dickey & Lockman 1990

— Very soft X-shaped emission from the halo, witk L=
6 x 10%° ergs™!, extending to a diameter of 27 kpc.

The X-ray luminosity of NGC 3079 is higher by a factor ofxtending for~3 kpc along the minor axis to both sides of a
10 compared to other galaxies of similar optical luminosity affight compact nucleus (de Bruyn 1977, Seaquist et al. 1978,
we argue that this may be caused by the presence of an AGNMmel et al. 1983, Duric et al. 1983, Duric & Seaquist 1988).
rather than by starburst activity. The influence of the AGN dextended radio emission also arises from the disk of the galaxy.
the companion galaxies in the NGC 3079 group are discusségsomewhat smaller loop of opticalddemission (Ford et al.
1986, Duric & Seaquist 1988) or a super-bubble (Veilleux et
Key words: galaxies: active — galaxies: individual: NGC 307&I- 1994) appears associated with the eastern radio loop. With
— galaxies: jets — X-rays: galaxies the help of optical long slit spectra these features have been
interpreted as evidence of a super-wind powered by a nuclear
starburst (Heckman et al. 1990) or an active nucleus (Filippenko
& Sargent 1992). Veilleux et al. (1995) have further investigated
1. Introduction the disk-halo connection in a detailed study of the diffuse ion-

The nearby spiral galaxy NGC 3079 is seen almost edge-on &fefl medium (DIM). They find that DIM contributes30% of

has been investigated in detail at many wavelengths. Relevhift 0t H emission of the galaxy disk within a radius of 10
galaxy parameters used throughout this paper are presentelﬁoﬁ]and that, within a radius °f5, Kpc, X-shaped filaments rise
Table[1. In optical light NGC 3079 shows disturbed morpholod§" More than 4 kpc above the disk plane. Several bubbles and
and dust lanes. The nuclear spectra indicate LINER/Seyferf|2ments within 1 kpc of the disk plane are interpreted as direct
activity (Heckman 1980, Ford et al. 1986). In radio, NGC 3p7”vidence for gas flow between the disk and halo. Within its dis-

stands out for anomalous filamentary and bubble-like structdf&c€: NGC 3079 is known to be one of the brightest sources of
FIR continuum, CO line and $#O maser emission (e.g. Henkel

Send offprint requests 19V. Pietsch et al. 1984, Soifer et al. 1989, Irwin & Sofue 1992, Greenhill et
Correspondence tavnp@mpe.mpg.de al. 1995, Harwarden et al. 1995, Braine et al. 1997) reminiscent
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of molecule and dust clouds and circumnuclear starburst acii#RI). We therefore decided not to reject events due to times of
ity. The Hi distribution has been modeled by Irwin & Seaquigtigh background.
(1991), and slightly resolved Hand OH absorption was dis-
covered against the radio core (Gallimore et al. 1994, Baan . :
Irwin 1995) indicative of a central mass within the inner 90 p%&l' Attitude corrections
radius of more than T0V/,. To improve on the attitude solution we have adopted two sub-
NGC 3079 is member of a group of galaxies consisting sequent techniques. For the HRI data we analyzed individual
the giant spiral, NGC 3079, and two small companions, MCG @BIs and aligned the data with the help of 7 bright point sources
17-9, 65 to the NW, and NGC 3073 (= Mrk 131), 1t the (namely H1, H2, H8, H9, H15, H20, H23, cp. Sect. 3.1) to the
SW (Irwin et al. 1987, Irwin & Seaquist 1991). MCG 9-17-3verage position. While the offset in the position of these sources
is a small spiral of type Sb-Sc and NGC 3073 an early typeas <3” for most OBIs, for OBI 5 the offset was12”’. The
(SABO-) galaxy. While in the optical the two companions dphotons were corrected for the offsets.
not show signs of disturbance, in the radio NGC 3073 is found We also looked for possible optical counterparts (see Ap-
to exhibit an elongated Hail which is aligned with the nucleus pendix A.1 and A.2) with the aid of APM finding charts (Irwin
of NGC 3079, and the Hemission of MCG 9-17-9 is slightly et al. 1994), and compared the optical and X-ray positions, to
extended in the direction of the nucleus of NGC 3079, too. Atetermine a possible systematic error on the absolute attitude
H 11 region spectrum coupled with deep Balmer absorption lineslution. We found optical candidates for 9 sources in the HRI
indicates that the stellar population of NGC 3073 is very youngnd 7 in the PSPC. We determined a systematic shift 48
Filippenko & Sargent (1992 and references therein) postuldie east and’® to the north and an additional counterclockwise
that the copious star formation observed in NGC 3073 migtatation of @39 for the HRI observation. The corrected center of
have been triggered by the super-wind from NGC 3079 (stre HRI pointing direction ise = 102015752, § = 55°42/39”9
above), which, in projection, points in the direction of NG@J2000.0). For the PSPC, we determined a shift’& ® the
3073. From these observations it has been speculated by Ire@ist and 6 to the south and an additional counterclockwise
etal. that a hot inter-galaxy medium may be presentin this grotgation of @2. The corrected center of the PSPC pointing is
that might be observable in X-rays. a =10"01™5655, & = 55°40'415 (J2000.0). Source lists and
NGC 3079 was detected as an X-ray source by the Einstéimages have been corrected for these systematic effects. The
observatory (Fabbiano et al. 1982, 1992) with a luminosity eémaining position uncertainty is less thahf8r both instru-
2.1x10%° ergs!inthe 0.5-4 keV range (corrected to a distanogents.
of 17.8 kpc and for Galactic foreground absorptionSof x The attitude corrections determined above for HRI and
10'? cm™2, and assuming a thermal bremsstrahlung spectri@BPC are in good agreement with boresight parameters deter-
with a temperature of 5 keV). ROSAT PSPC data of the galaryined from a larger sample of observations that now are used for
have been analyzed by Reichert et al. (1994) and Read ettla¢. SASS re-processing (M.Ukster, private communication).
(1997). They find an unresolved nuclear point source with a
luminosity in the 0.1-2 keV band &£5 x 10%%ergs! and a 2.2. Iso-intensity contour maps
diffuse emission component®fl x 10%° ergs™'. Dahlem et al.
(1998) investigate the integral galaxy spectrum using ROSADr the PSPC data, contour plots have been obtained from im-
PSPC and ASCA data, and in addition present an overlayagfes that were the result of the superposition of sub-images with
ROSAT HRI contours over an Himage of the center of the 5 bin size in the 8 standard bands (R1 to R8, cf. Snowden et
galaxy. al. 1994), corrected for exposure, vignetting, and dead time and
In this paper we present ROSAT HRI observation afmoothed with a Gaussian filter having a FWHM corresponding
NGC 3079 and a detailed reanalysis of the ROSAT PSPC dtadhe on-axis point spread function (PSF) of that particular en-
extracted from the ROSAT archive. ergy band. The FWHM values used range frorfi &224’. The
average background was calculated from a source free region
to the north of NGC 3079.
] . For the HRI, contour plots have been obtained from im-
2. Observations and data analysis ages with 25 bin size which were corrected for dead time and

NGC 3079 was observed from October 20 to 25, 1992 wiginoothed with a 12 FWHM Gaussian filter. To reduce the
the ROSAT HRI and from November 13 to 15, 1991 with thBackground due to UV emission or cosmic rays we used only
ROSAT PSPC, for a total observing time of 20.7 ks (HRI) arifpose events detected in the HRI raw Pulse Height Amplitude
19.0 ks (PSPC). The observations were split into 11 and 9 &hannels 2-8.

servation intervals (OBIs) for HRI and PSPC, respectively. To The resulting images are discussed in Sect. 3.1.

analyse the data for times of high detector background, we in-

vestigated rates of the master veto rate counter for the PSPC and Source detection

the invalid counts for the HRI integrated over 60 s. The rates . » o )
reach maxima of 280 cts'$ (82 cts s'!), but stay below 200 Ve performed source detection and position determination with

cts 1 (60 cts ') for 98% (99%) of the time for the pspcthe EXSAS local detect, map detect, and maximum likeli-
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Table 2. Conversion factors from count rates to fluxes (0.1-2.4keV) four bands, however, the corresponding hardness ratio can-
for the ROSAT HRI and PSPC detector (broad band) in units of not be simply calculated. We have therefore modified the

107" erg cnm? cts™*, corrected for Galactic absorption algorithm, and determined to compute the hardness ratio
using the 2 upper limit instead of the net counts, when the
THBR*  THPL' signal-to-noise ratio in a particular band is less than 2. This
Temp.  5keV 0.3 keV allows us to estimate a maximum or minimum value that
HRI 3.05 356 the hardness ratio can have. When both quantities are upper
PSPC 1.16 1.00 limits no hardness ratio is calculated.

Hardness ratios can be used to have a crude estimate of the
spectral parameters that best apply to the energy distribution
of the source photons, when the statistics do not allow a
more detailed analysis. To show this we have also calculated
“theoretical” hardness ratios from the spectral distribution
of some standard spectral modelg (Raymond & Smith,
power law and thermal bremsstrahlung) with a low energy
cut-off. These are shown in Fld. 1, and can be used as a
comparison to the observed values of HR1 and HR2 (see
Sectd 3.3]2 and Appendix A.1).

* thermal bremsstrahlung spectrum (we assufied 5 keV for con-
version of point-like sources)

T thin thermal plasma (we assum@d= 0.3 keV for diffuse X-ray
emission components)

hood algorithms (Zimmermann et al. 1992). Maximum likeli-
hood valuesl() can be converted into probabilitieB)(through

P ~1—e ! sothatl. = 8 corresponds to a Gaussian signif-
icance of about 36 andL. = 10 corresponds to a Gaussian
significance of about 3®(Cruddace et al. 1988; Zimmermann
etal. 1994).

Once the count rates of sources are obtained (see befoviResults
for the details on how they have been obtained in the two iB:1. Iso-intensity contour maps

struments), they are converted into fluxes in the ROSAT baﬁ(brey scale plot of the1’3 x 21’3 HRI field is shown in Fig.R.
(0.1-2.4 keV) assumina 5 keVthermal bremsstrahlung (Cf. R sources found by the detection algorithms (see Sects. 2.2

Table[2). To estimate possible errors in the X-ray luminosities, 3 2) are marked with their HRI number and a ellipse sketches
due to the selection of a wrong model or temperature, convgyz Dys (see TablglL).

sion factors for a 0.5 keV thermal bremsstrahlung and for a Fig[3 shows a contour map of t®’ x 30’ PSPC field

0.3 keV and a 3 keVthin thermal plasma spectrum have als@entered on NGC 3079. The positions of all individual sources

been calculated. For this range of temperature and models, §gcted are marked, with their PSPC number. Note that P20

resulting values change by 15%. _ is detected only in the hard band, and does not appear in the
Different considerations were applied to the HRI and th&,-4-pand map. The ellipse sketches the. D

PSPC data to better suit the properties of these instruments. A smaller portion of the HRI field corresponding to the area

HRI: Sources were searched for in the inne37’ diameter cir- OT the extended emission seen with the PSPC s presented n
Fig.[4. The HRI spatial resolution resolves the emission from the

cle about the field’s center. Again, we used only those event! , . L

. ; . alaxy’s plane into a structure at the center and three individual
detected in the HRI raw Pulse Height Amplitude Channessgsources but is not sensitive enough to show the low surface
2-8 (see Sect. 2.2). Sources with & 8 were accepted. ’ 9

) : . ) brightness emission at large galactocentric radii.
PSPC: Sources were searched for in the ird3érx 35’ field : . '
centered on NGC 3079 in the five standard ROSAT energx I(:alrg 'gésgﬁ tgetﬁzdg Stir:;\ivisnfze;ngf trhpearta?;)t(hellt:’issljﬁrfrl]eelfj
bands: “broad” (0.1-2.4 keV), “soft” (0.1-0.4 keV), “hard™Pc' P P 9 gataxy.

(05-20 ko), harc” (0509 ko), and “harcz: (051 SPEUETL L el o A 9075 = ompier
2.0 keV). Sources for which we obtainéd> 10 in at least 9 ysS P :

. . also produced maps of the emission in different energy ranges
one of the bands were considered. We have used a slig Y ), namely in the soft, hardl and hard2 bands defined
higher L value than in the HRI analysis since for the PSPa 9-8), y .

we are already getting background limited. ove. As can be seen by the comparisons of the iso-intensity

. X : . ..contour maps, the softer and harder emission show rather dif-
Once the existence of the source is established, its posﬂ*gpem morphologies. The hard2 band emission is aligned with
is determined from the band with the highkstlue. This is phologies. 9

then used to derive the net counts in the five standard bart]ra%[opnc':al disk of the galaxy, and seem $ 10 be rather conf!ned
. . . to'it, while both the hard1 and the soft images show extensions
defined above in an aperture correspondirg) i« FWHM

above and below the plane. This difference cannot be attributed

of the energy band conS|d.ered. The backgrpund 'S alwe% he different response of the instrument in the different energy
taken from the same area in the corresponding baCkgl’Olbl’l

map (see EXSAS manual, Zimmermann et al. 1994). Thes%ndS anq |nd|cates the presence O.f more than one component
: . to the emission of NGC 3079 (see discussion later).

values are used to calculate hardness ratios and their cor-

responding errors: HR1 = (hard-soft)/(hard+soft) and HR2 . ]

= (hard2—hard1)/(hard2+hard1), where all of the quantitiés?- HRI/PSPC sources in the field

are corrected for the appropriate vignetting correction (s&be source detection procedure yielded 23 sources in the HRI

EXSAS manual). If the source is not detected in one of tlaad 34 in the PSPC above the selected likelihood threshold for



Fig. 1. Expected distribution of HR1 and
HR2 for different spectral models and spec-
tral parameters and observed values. Curves
are drawn for different assumed equiva-
lent absorbing column, as given in the fig-
ure (in logarithmic value) and for different
temperatures/indexes. Left panels: Curves
for Raymond & Smith (top) and ther-
mal Bremsstrahlung spectra. Dots along the
curves indicate different temperatures, in
steps of 0.1in log(¥), where T is T/107 K.
Some of the points are labeled for easy refer-
ence. Upper right pannel: Curves for power
law spectra. Dots along the curves indicate
different photon index, as indicated. Lower
right pannel: Observed hardness ratios and
limits

Fig. 2. Grey scale plot of the inne?1’3 x

21'3 X-ray image seen with the ROSAT
HRI. The image was constructed with a pixel
size of 2’5 and smoothed with a Gaussian of
12’ (FWHM). The center of NGC 3079 is
marked with a cross, thed ellipse is indi-
cated, and point sources (likelihohd> 8)

are enclosed by boxes and numbered (see Ta-
ble[d). Right ascension and declination are
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Fig. 3. Contour plot of the broad band
ROSAT PSPC image of the inng0’ x

30" of the NGC 3079 field (cf. Se¢f.2.2
for how the image was constructed). Con-
tours are 2, 3, 5, 9, 15, 31, 63, 127,
and 25% above the backgroundlg =
462 x 10 %cts s* arcmln 2, background

= 2490 x 1078 cts s7! arcmin™2?). ROSAT
PSPC detected sources (likelihabd 10)

are plotted as squares with source numbers
written alongside (see Tablé 4). The posi-
tion of the nucleus of NGC 3079 is marked
as a cross, the optical extent is indicated by
the ellipse at 5. P16 detected close to the
galaxy center, has not been numbered

Fig.4. Contoured grey scale plot of the
central emission region of NGC 3079 for
ROSAT HRI. The image is binned to a
1”/pixel and smoothed with a Gaussian
function with FWHM=53'. Contours are
given in units of 0.5 photons accumulated
per 4’7 diameter. Contour levels are 3, 5, 9,
15, 31, 63 units. The center of NGC 3079
is marked by a cross, HRI detected point
sources by squares



356

W. Pietsch et al.: X-ray emission from NGC 3079

1 arcmin
—_—

q

1 arcmin
—_—

H1

H2

Fig.5. Contour plots of the central emis-
sion region of NGC 3079 for broad (B),
soft (S), hardl (H1), and hard2 (H2)
ROSAT PSPC bands. Broad band con-

°© tours are given as in Figl 3. Soft band
contours are given in units of (375 x
10=%cts s! arcmin 2?) above the back-
ground (905 x 10~ %cts s arcmin2),
hard band contours (due to the negligible
background in these bands) in units of 1
D photon accumulated per 24liameter. One
unit = 418 x 1075 cts s'! arcmin? for
the hard bands. Contour levels are 2, 3, 5,
9, 15, 30 units for all contour plots. A cross
® indicates the center on NGC 3079, squares
indicate the positions of the PSPC detected
@ L arcmin ¢© 1 arcmin sources in the field, diamonds of HRI de-
== 1 tected sources

source existence. These numbers reduce to 20 sources in théesides for the galaxy’s center, only one other PSPC source,
inner21!3 x 21’3 HRI field (Fig[2) and 30 sources in the inneP19, and 3 HRI sources, H13, H14, and H16, are positioned
30" x 30’ of the PSPC image (Figl 3). within the D,5 contours of the galaxy. However it is likely that
The X-ray properties of the sources are summarized in Talso sources H12, H18, P18, and P21, are related to NGC 3079,
bles[3 and}4: source number (col. 1), ROSAT name (col. 2nd they will be regarded as such in what follows (see $edt. 3.3).
right ascension and declination (col. 3, 4), error of the sourloreover, it is also possible that some of these sources, located
position (col. 5, including the’3systematic error for the attitudein this complex area where extended emission is also seen, are
solution), likelihood of existence (col. 6), net counts and errgpurious detections picked up by the detection algorithms as a
for the 0.1-2.4 keV ROSAT band (col. 7), count rates and erroonsequence of a bad background model due to the more diffuse
after applying dead time and vignetting corrections (col. 8). Foomponent and represent local enhancements. One HRI source
PSPC sources we also list hardness ratios HR1 and HR2 witt6) and the corresponding PSPC source P9 are identified with
their relative errors (col. 9, 10). For PSPC sources, positiotiee companion galaxy MCG 9-17-9 (see Sect. 3.5). Properties of
and maximum likelihood values have been determined from tbher sources outside theellipse of NGC 3079 are discussed
energy band with the highest detection likelihood, but the countthe appendix.
rates refer to the broad band. To distinguish HRI from PSPC
sourcesa H or a P habeen prefixed to the nymber fpr HRI Of3 3 The emission from NGC 3079
PSPC, respectively. For sources detected in both instruments,
the ROSAT names have been derived from the detection with tiemplex emission partially filling the £ ellipse and extending
smaller error radius. These were mainly HRI detections. Orilyto the halo along the minor axis is detected (see Elgs[2, 3, 4,
for two sources (H1 and H5) the HRI position errors are biggand®). On top of this emission, the central nuclear region and
than the corresponding PSPC errors due to source variabilityffiwe sources (H12, H13, H14, H16/P19, P21) are resolved. Two
big off-axis angle (see Sect. A.1). additional sources (P18, and H18) positioned outside the D
Only one HRI source (H15, at the center of NGC 3079) ariameter are within the Henvelope of NGC 3079, and are also
two PSPC sources (P16, at the center of NGC 3079, and Pg&)bably associated to the emission of NGC 3079. The proper-
were flagged as extended by the maximum likelihood detectit@s of the nuclear source (H15/P16) are further investigated in
algorithm. Sect[3.4. The two sources H13 and H14 detected with the HRI
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Table 3. X-ray properties of the sources detected with the HRI 41 387 diameter field centered on NGC 3079

ROSAThame RA (2000) Dec (2000) CR- Lik. Net counts Count rate PSPC

(RXJ) (h m s) e’ @) (10*s7') sourcen.
1 2 (3 4) ®) (6) (7) (8) 9
H1 100032.3+553631 100032.2 5536 31 4.4 201.2 168:24.2 84.%& 7.5 P3
H2 100056.4+554100 1000 56.4 554101 3.5 167.8 88919 44.6- 5.0 P5
H3 100058.9+555141 1000 59.0 5551 42 8.4 10.0 1887 9.5+ 29
H4 100104.7+553519 1001 04.8 553519 8.2 9.9 17%5 9.H 29 P6
H5 100110.0+552838 1001 09.6 55 28 27 10.9 18.3 43:99.5 23.8t 5.1 P7
H6 100114.6+554310 1001 14.6 554311 4.1 23.2 16485 8.4+ 2.2 P9
H7 100116.8+554709 1001 16.8 554709 5.2 9.5 1058 53 1.9
H8 100119.7+554559 1001 19.7 55 45 59 3.7 44.6 2584 12.#& 2.7 P10
H9 100120.6+555355 1001 20.6 5553 56 3.1 2118.4 #2263 369.%14.1
H10 100123.5+553953 1001 23.5 553954 5.1 8.2 +835 4.4 1.7 P12
H11 100138.2+553508 1001 38.2 553508 6.4 8.3 1122 5 2.1
H12 100144.9+554117 1001 44.9 5541 18 4.7 8.4 +833 4.4 1.6
H13 100156.1+554034 1001 56.2 5540 34 4.3 14.4 41368 5 1.9
H14 100157.6+553948 1001 57.6 55 39 49 4.4 9.0 +731 3.8 15
H15 100158.5+554049 1001 58.6 5540 49 3.5 127.0 HBI32 55.& 5.5 P16
H16 100202.8+553903 1002 02.9 553903 45 10.4 +93.4 45+ 1.7 P19
H17 100205.0+554555 10 02 05.0 55 45 56 45 8.7 +781 3H 15
H18 100212.9+553553 1002 13.0 553554 55 9.4 3140 5.6t 2.0
H19 100223.0+553429 1002 23.0 55 34 29 4.8 37.1 83646 17.6t 3.4 P22
H20 100245.5+554648 1002 45.6 55 46 49 3.9 49.5 831640 15.8t 3.0 P26
H21 100254.2+554226 1002 54.2 5542 27 6.9 8.7 1142 5.8t 2.1
H22 100303.4+554752 1003 03.4 554752 6.9 13.3 49%5 10.6t 2.8 P29
H23 100309.6+554135 1003 09.6 5541 35 4.0 108.8 29432 36.9+ 4.7 P31

* The more accurate PSPC position is used to name this source

are too close to the bright nucleus {2dnd 60, respectively) to The count rates of the individual sources in NGC 3079 are
be resolved by the PSPC. The HRI source detection algorithoo low to be used to study time variability within each individ-
did not separate a source at the northern end of the diffuse cealPSPC or HRI observation (day time scale). We can however
tral emission (distance 2%, even though the contour map ofinvestigate time variability of the sources on one year time scale
Fig.[d suggests a separate peak. Sources P13 and H10 appdar tomparing the PSPC and HRI observations that were taken
be within the outermost PSPC contour of [Eig. 3. While at the 1 year apart. No source variability can be claimed for the
presenttimeitis not possible to exclude the possibility that theseurces in NGC 3079.
are unrelated background sources, the evidence of excess emisThe 20 HRI upper limit for source P21 however appears to
sion in this region suggests that maybe these are the peaks o gignificantly lower than the PSPC flux. P21 is detected from
more extended emission probably connected with the galaxytioe algorithm in the hard2 band only, as can also be seen by the
with the group. We therefore will discuss these two sourcesmsps in Figlh. While it is at the moment unclear whether this
both truly individual sources and as a more diffuse componeshould be considered a real source, or rather a local enhance-
Tablg§ summarizes PSPC and HRI count rates, X-ray fluxegnt in the diffuse emission that extends to the NE of the galactic
fx and luminosities k of the sources in NGC 3079. For twoplane, it is clear that a variability study is severely hampered by
sources that were detected only in the PSPC, and for 2 detedtetipresence of this latter component, given the widely different
in the HRI only, a 2 limit to the HRI (PSPC) count rates at thespatial resolutions and sensitivity to low surface brightness com-
same positions are calculated. These are estimated from cirglesents of the HRI and the PSPC. Therefore the much lower HRI
of radii of 0.75x FWHM of the source at the off-axis distancdlux could be in part (totally) due to the different amounts of dif-
(PSPC and HRYI, respectively). The fluxes are then correctedfige component in the detection cell. In fact, when we estimate
a factor 2 to compensate for the small aperture used to estintheebackground locally, namely from the average surface bright-
the net counts. No equivalent limit is given for H13 and H1l4sess of the emission at the same radial distance from the center,
since they would not be resolved in the PSPC. the net count rate above the extended emission reduces to al-
While the luminosity of the nuclear source is abdvex most a half, and the fluxf~ (1.740.7) x 10~ 4 ergcnr? s 1,
103 erg s~ most of the other sources are close to the detectioomparable to the upper limit determined from the HRI data.
limit and show luminosities in the rangg—12) x 1038 ergs™!.
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Table 4. X-ray properties of sources detected with the PSPC35 ax 35’ field centered on NGC 3079

ROSAThame RA (2000) Dec B Lik. Net counts Count rate HR1 HR2
(RXJ) (hms)y €7 (" (107%s™)
(1) 2 (3) (G ) (6) (7) (8) 9) (10)
P1 095956.3+554639 095956.4 554640 17.6 20.4 HHU326 4,5-0.8 -0.5+0.2 > -0.3
P2 100008.8+553448 100008.9 553449 18.8 15.2 60302 3.6:0.8 —-0.3+0.2 0.0t0.4
P3 100032.3+553631 100032.4 553631 4.2 888.7 64P820 37.21.6 —-0.4+0.1 -0.0+0.1
P4 100037.4+555046 100037.4 555047 18.1 20.2 #6111 2.#0.7 0.2+0.3 0.0:0.3
P5 100056.4+554100 100056.4 554058 4.7 340.7 29%79.9 16.41.1 -0.4+0.1 0.2£0.1
P6 100104.7+553519 1001 04.6 553522 9.5 40.7 82:02.7 4.6:0.7 —-0.24+0.2 0.2:0.3
P7 100110.0+552838 100110.1 552839 6.5 245.4 283036 17.:1.2 -0.6+0.1 -0.1+0.2
P8 100113.3+554906 1001134 554906 25.6 15.7 56428 3.2:0.8 >0.1 -0.3:0.2
P9 100114.6+554310 1001146 554310 7.0 62.0 H8183 3.8:0.6 > 0.1 0.3+:0.2
P10 100119.7+554559 1001 19.9 554555 6.2 128.0 154:15.3 8.6t0.9 -0.3+0.1 0.3t0.2
P11 100120.9+553244 1001209 553244 195 12.5 2P 1.6:0.5 > —-0.3 -0.1+04
P12 100120.6+555355 100120.9 555350 3.2 8066.9 295F¥%6.8 173.1#3.3 -0.4+0.1 0.10.1
P13 100130.2+554033 100130.2 554034 25.7 11.5 157348 3.40.8 —-0.7+0.2 > —0.4
P14 100146.6+555036 100146.6 555036 14.7 10.2 B3P13 1.9:0.5 > —04 0.14+0.5
P15 100156.3+555434 100156.4 555435 124 24.1 161157 3.6:0.7 —0.4+0.2 > —0.1
P16 100158.5+554049 100158.3 554053 4.7 1022.0 643.28.5 35.21.6 0.6:0.1 0.2£0.1
P17 100200.5+553200 100200.5 553200 9.0 67.0 B0 6.4:0.8 —-0.5+0.1 0.2:0.3
P18 100200.7+553651 100200.7 553651 9.6 20.5 44009 2.4:0.5 > —0.3 > 0.1
P19 100202.8+553903 100201.2 553903 11.9 25.3 3%29.9 2.6t0.5 0.6£t0.2 -0.14+0.2
P20 100206.2+552750 100206.2 552750 21.8 10.4 B4 1.0:0.5 > —0.4 0.0+:0.4
P21 100206.0+554236 100206.0 554236 149 14.6 448008 2506 -0.2+0.2 0.3t0.3
P22 100223.0+553429 100222.3 553434 8.2 51.5 88425 4.9-0.7 -0.3+0.2 0.0+0.3
P23 100228.2+553941 100228.3 553941 15.3 10.7 31071 2.10.6 < =02 -
P24 100237.4+553505 100237.4 553505 14.8 10.4 BEH 1.A40.5 >-04 —-0.4+0.4
P25 100240.8+554910 100240.8 554911 164 12.0 H4P007 2406 -0.5+:0.3 < 0.3
P26 100245.5+554648 1002 44.9 5546 46 8.4 44.4 65:91.3 3.#0.6 > 0.1 0.4+0.2
P27 100244.9+555110 1002449 555111 179 10.0 438051 1.9£0.6 > —0.3 > 0.3
P28 100245.1+555758 100245.1 555759 129 111.3 21 B 14.9:1.3 0.0:0.2 0.4-0.2
P29 100303.4+554752 1003029 554755 20.1 15.1 45:51.1 2.6:t0.6 -0.14+0.3 0.10.3
P30 100305.5+553727 1003055 553728 13.3 16.4 24827 1.4:0.5 > —0.3 0.3+0.4
P31 100309.6+554135 100309.1 554136 5.8 207.8 22197.8 12.6t1.0 -0.5+0.1 > 0.0
P32 100327.8+552625 100327.8 552626 28.7 10.9 451370 3.2:0.8 —-0.6+0.3 > 0.0
P33 100333.5+553627 100333.6 553627 14.0 29.8 78313 4,408 -0.6+0.1 -0.14+0.4
P34 100343.6+553331 100343.7 553331 16.9 24.8 168245 4.2:0.8 0.0:0.3 0.4+:0.3

* The more accurate HRI position is used to name this source

3.3.1. Radial distribution of the emission

distribution is inconsistent with a point source (however, see

bution of the detected photons we have produced radial surf%

brightness plots from the PSPC and from the HRI data, cente[(e
at the X-ray central peak (sources P16 or H15). The plots
shown in Figl®. The radial distribution of a point source, at th - o .
central position, binned as the data and normalized to the c?r?ated from the data (see Secl] 2.3). Similar plots in the softand

the innermost bin, is also plotted for comparison. In the PS

le

data, the point source is simulated separately in energy bins o

we

0.1 keV which are then normalized to the count rates in the

To determine the extent of the emission and the spatial dis{ﬁzer for further analysis of the HRI data).

The azimuthally averaged surface brightness distribution of
emission (Fig.6) extends out to a radius ef 2!7 (13.5
) in the PSPC data, outside of which the profile becomes

¥Shstant with radius and consistent with the background map

rd band indicate maximum radii of comparable values. In the

I, the profile flattens at a radius+2’ (10 kpc). For the HRI,
can therefore determine the field background from a region

relevant sub-band and co-added. In the HRI data, it is obtain%%SIde of the galaxy's emission by choosing an annular region

from the analytical formula given in David et al. (1994) for
source on-axis. In both HRI and PSPC data, the overall photon

around the galaxy of’4- 6’ inner and outer radii, respectively.
oint sources that lie in the background regions have not been

included for background estimates by masking them out with
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Fig. 6. Radial distribution of the detected photons, azimuthally avefig- 7. Spatial distributions of the surface brightness along the major
aged in concentric annuli of ¥Swidth. The dashed profiles indicates(above) and minor (below) axis of NGC 3079. ROSAT PSPC counts
the radial distribution of a point source and the background level &4 integrated in boxes 86" x 60" along the major axis, covering the

timated as explained in the text. Point sources detected have not Hg&laxy disk region, and in boxes 86" x 300" along the minor axis,
removed from these profiles covering the galaxy halo region. They are centered at the distance given

on the X axis relative to galaxy’s nucleus. All PSPC sources (except
P13, P16, P19, and P21 probably connected to the galaxy) have been
cut out with a cut radius afx FWHM of PSF at 0.3 keV. Response of

a point source at the nucleus of NGC 3079 is given as dotted histogram

Table 5. X-ray parameters of NGC 3079 sources

Number A Flux Flux Lx Lx (normalized to the count rate of the central box)
HRI PSPC HRI PSPC HRI PSPC
(”) * * *k *ok T | T T T T | T T T T | T T T T | T T T
) @ @O 4 ®) (6) Q) 150 - -
H12 1.6:0.6 <34 58 <15 & i i
H13 2.2£0.7 8.1 L [ Jr ]
H14 1.5-0.6 5.4 é‘
H15 P16 50 22622 40.81.9 78.8 146.2 e i ]
P18 <26 2806 <92 100 © 100 |- JT JT T
H16 P19 150 1807 2.3t06 64 83 2 i Jr JTJF JF JT 1
H18 2.2+0.8 2.0t1.0 8.1 7.1 ~ B + + ++ 7
P21 <18 2.940.7 <6 10.4 [N 5 + ++ + 7
* fluxes in units of 10'* erg cnT2 57! for a 5 keVthermal brems- 50 _
strahlung spectrum in the 0.1-2.4 keV band, corrected for Galac PR T T R [N T S S NN T T S T NN S T

100 200
angle vs. maj. axis (degr.)

absorption 0
** luminosity in units of 18% erg s'! assuming a distance of 17.3

Mpc. Fluxes and luminosities (for which errors are not quoted) of these

sources, in particular for the PSPC data, should be taken with cautibig: 8- Azimuthal distributions of the surface brightness of NGC 3079.
since extended diffuse emission is included in the flux of the individuBOSAT PSPC counts are integrated over sectors of 22.5 degree within

sources due to the relatively large dimension of the instrument pofhfadius of 25. The central source has been cut out with’3@dius.
spread function (see text) The sector at Dis centered at the direction of the major axis and angle

is counted from north to the east

circles of 30 and 1% radii for PSPC and HRI, respectively.

Correction for vignetting is negligible at these off-axis anglesn comparison to the expected pure field background, whose
Given the presence of P13 in the PSPC data, and of #fepe is represented by the exposure map. In fact, while the

apparent connection between this source and the galaxy (saekground map is constructed from the data and therefore takes

Fig.[10), we have further analyzed the PSPC data by lookipgrtially into account any diffuse emission present in the field,

at the radial distribution of photons in different directions antthe exposure map should represent the PSPC response to a flat,
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10° 10! 10® 10° 10! 10®  expected for a point source arbitrarily nor-
. malized to thet+ 1o value of the innermost
radius (arcsec) point

constant radiation, while taking into account both exposure and Asymmetries and irregularities in the emission are also
vignetting. When properly normalized to the data, the expectiaind on smaller scales. Outside of the nuclear area, an almost
field background can therefore be estimated from it (see alSeshaped emission (the arm to the SE of the major axis is not as
Trinchieri et al. 1994, Kim & Fabbiano 1995). Hd. 7 showsvident as the others) is detected, as indicated rather irregular
the results of the comparison between the spatial profilesarmimuthal surface brightness distribution outside of the nuclear
different directions relative to the exposure map. These hawea shown in Fi@]8. In particular, there are two enhancements
been obtained by calculating surface brightness profiles alamrative to neighboring sectors at+45° from the major axis,
the major and minor axis using boxes3of’ x 60” and30” x and clear depressions in the direction almost perpendicular to
300", respectively, perpendicular to the axis. Sources P5, Bie major axis{ 13° and 270 in Fig.[8).
P14, P17, P18, P22, P23 and P31 were cut out with a cut radiusTo better study the presence of an unresolved core in the
of 2x FWHM of PSF at 0.3 keV. We normalized according tolata, we have further analyzed the HRI data, and we have pro-
box area and exposure and corrected for vignetting and delded radial profiles of the net emission in two opposite halves,
time. The normalization of the exposure map is determinediat. East and West. As shown by Fig. 9, where the comparison
8 to 10 offset from the galaxy. with the PSFis also shown, there is a suggestion for the presence
The profiles along the major and minor axes are clearly mas&an unresolved source embedded in a more extended compo-
extended than a point source (cf. [Ei. 7). The extent along thent, and a significantly steeper decline in the Western half of
major axis (25 corresponding to 12.5 kpc to both sides of thiéhe plane than the Eastern half. However, the point-source com-
nucleus) is similar to the optical (about the corrected)DIf ponent does not dominate in the innef’2030” radius region,
the X-ray emission only originated from the galaxy disk, giveso any attempt to study it at the PSPC resolution is hampered
the galaxy’s inclination one would expeckd’ extent to both by the presence of the extended component.
sides ofthe nucleus along the minor axis. Elg. 7 instead shows an
extension comparable to that along the major axis and possiglg
more. Inthe Western direction, excess emission is detected outto
~ 6’ (30 kpc), while only a marginal excess is seen at distancElse morphology of the emission from NGC 3079, coupled with
greater than 5 (12.5 kpc) in the Eastern direction. its optical and H properties, suggests that the X-ray emission
We can quantify this excess by noticing thaR21 32 net comes from three separate regions with presumably very dif-
excess counts are found in the region frai26 in the western ferent characteristics. The bright central region’(6&ameter),
direction, significantly higher than the expected contributioresolved in a complex source plus 2 point-like sources by the
from the single source P13-(57 counts, from Tabl&l4) and HRI, is likely to experience a large absorption. Similarly, the
also much more extended than expected from a single point-likaission from the disk, seen edge-on, will be heavily absorbed,
source. While with the present data we cannot exclude that Riigh the exception of the very external layers. In the halo region,
is indeed an individual source, the excess found points towardstead, absorption consistent with the line of sightdglumn
interpreting it as a local enhancement onto a somewhat irregudansity from our own galaxy is expected. A possible difference
emission. No optical counterpart can be seeninthe finding chdresween the two sides of the plane, as the galaxy is not perfectly
(see Appendix A.2). The excess in the eastig9 4= 26 net edge-on, might also be expected. In addition, inter-galaxy gas
excess counts. For comparison, we can measure no exeeswithin the group (see introduction) may add additional absorp-
—30421 and~ —6429 counts) inthe N and S directions alongion.
the major axis in the same area and at the same radial distanceGiven the limited statistics offered by the PSPC data, we
from center. have tried to minimize the number of separate regions from
which to extract the photons for spectral analysis purposes.

2. Spectral analysis
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Table 6.Extracted spectra. Source plus background region (and covered area) as well as background region are given

Spectrum  Source region Area Background region Net counts HR1 HR2
(arcmirt)
all 0 to 55 diameter around 23.76 ' ® 12 diameter after 114257.4 0.49:0.06 0.03:0.04
the center of the galaxy screening point sources
with a cut diam. of 60
central 0 to 60’ diameter around 0.79 sed 401+21.7 0.79:0.05 0.210.05
central X-ray emiss. peak
clocal seecentral 0.79 60 to 90’ diam. around 29624.1 0.86:-0.07 0.33:0.08
central X-ray emiss. peak
disk box from 06 E to A6 W 4.45 seall 286+26.4 0.770.12 —0.08+0.07

along minor axis, from
2/0 Nto 23 S along major
axis,centralexcluded

halo 2 boxes: 06 Eto 26 E; 12.83 seall 349+38.8 0.08:0.12 —-0.17+£0.11

0/9Nto 23S and 06 W
to21W;20Nto23S

We have therefore checked with the aid of the hardness ratitiferent regions of the HR1/HR2 diagram. We have then used
whether different regions showed significantly different spesimple spectral models to fit the data in the different regions, as
tral characteristics, as could be expected from the considerationcated in Tablg]7. Raw spectra have been rebinned to obtain
above. HR1 and HR2 have been calculated as defined in the jpitdeast the signal to noise level per bin given in col. 1 of Table 7.
vious section for 4 different regions: Rough errors for the fluxes and luminosities in TdBle 7 are in-
dicated by the statistical errors on the net counts (see Table 6,
although additional uncertainties come from the poor knowl-
edge of the spectrum, as can be seen by simply comparing the

a) the central region, defined as a circle of 8adius, centered
ata=10"01™58:3 andé=55°40'53" (J2000.0)
b) the disk region, defined as a box of s x 260", posi- fluxes derived for different models).

tioned along the major axis of the galaxy, Sh'fted{ 20S. Itis apparent that in all cases but the halo region, power law
The ceptral source region has been masked outin the CoYR therma| bremsstrahlung models give a better approxima-
extraction (CL_H radius 30 ' tion of the data than the thin plasma model (Raymond-Smith

©) tt]e hal/o region above the plane, de_fmed as a box of S&ﬁade). Moreover, this latter would prefer a low energy absorp-
3:2 x 2.0, positioned parallel and adjacent to the E of thgo, ;.01 what is expected from the line-of-sightildolumn

disk region densi . L - . . )

) i density, without giving a significant improvement in the best fit
d) t/he hal/o region below the” pllane, de_fmed as %box off i')zce value. Power law or thermal bremsstrahlung models give es-
4:3 x 1°5, positioned parallel and adjacent to the W of t 's:entiallyequivalentgoodness offit, and produce spectral models

disk region that are a good approximation of the energy distribution of the

The background was taken from an annulus ‘ofdd 6 detected photons. In all cases a significant amount of intrinsic
inner and outer radii respectively, centered at the X-ray pe@RSorption above the line-of-sight valuesof 10'* cm~2 is sug-
position (source P16). gested, consistent with the idea that the emission comes from

We found no significant difference between the hardness ¥4thin the galaxy, and therefore suffers from the absorption in
tio values for regions c) and d), and we have therefore defind§C 3079 itself. The fact that we have obtained very similar
ashalo region the combination of ¢)+d) above. TdBle 6 summ&esults from the disk and central regions is not surprising since,
rizes the definitions of source and background regions usedfalready remarked above, the extended emission contributes
determine hardness ratios and photon energy distributions $ihificantly even at small radii, and this, combined with the
spectral fitting. As shown by Tabl@ 6, we have also considerggtremely poor statistical significance of the data, does not al-
the galaxy as a whole, and we have used a local background'ﬁ‘ﬂ us to distinguish the presence of a different component (for
the central region, to take into account possible contaminati@¢@mple from the point source in the nuclear region suggested
from the disk. by the HRI data).

Comparison of the HR1 and HR2 values and also with the Even though a good fit is already obtained for power law
theoretical hardness ratios shown in the plots of Eig. 1 clear@nd thermal bremsstrahlung models, for the galaxy as a whole
indicate that the central region, the disk and the halo occup§ have also tried to improve on the best fit values in the thin
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Table 7. Spectral investigations of the extracted spectral files fluxes that we can derive with the different best fit models are
all very similar (see Tab[g 7), we will therefore assume the best
Spectrum Modef N Index T x*/v f§ LY fitvalues from the thin thermal plasma model for counts to flux
(keV) conversion purposes for the halo emission.
all POWL  8%2 3.2%03 8.1/5 8.37 29.9
(SIN>10) THBR 51 06111 7.2/5 7.54 26.9 3.4. NGC 3079 nuclear X-ray emission
THPL  0.8%F 1201 59.4/6 5.68 20.3 While in the PSPC the nuclear source can not be resolved (see
central POWL 227% 472 21/3 3.46 12.4 Fig.LB), a Icomplex sourz:;ﬁils 4r)esqhéed with the |_f|Rr|1 resczjlutior;
t the galaxy’s center (Fi with an extent of the order o
SIN>8) THBR 1079 0.7t03 183 271 97 2 »
(SINZ8) = o 20" x 30" (1.7kpc x 2.5 kpc). In addition, a connected peak at
THPL 27, 13207 10.8/3 221 7.9 95 gistance north of the nucleus and a separate peak to the
clocal ~ POWL 3913 4.27%% 0.08/4 1.86 6.6 SW (source H13) can be clearly seen.
(SIN>6) THBR 20+ 0.672¢ 0.10/4 1.86 6.6 The radial Qistribution of the emi_ssipn, centered on the X-
THPL 4+ 15408 3.0/4 174 6.2 ray peak, and its morphology both |nd|9ate thgt the source is
_ ' extended and structured and that a possible point source located
disk POWL  167%" 4.0%58 2.1/4 219 7.8 atthe nuclear position could only contributel /3 of the emis-
(S/IN=6) THBR 9"% 0.4702 3.2/4 1.98 7.1 sion in the area. If this source indeed coincides with the active
THPL  0.8fxt 09701 19.9/5 1.36 4.7 nucleus of the galaxy, its estimated count rate-&f x 103 cts
4o ' s~! would correspond to a luminosity,L> 5 x 10*° ergs!,
halo POWL 8;‘; 39706 o 11.1/3 238 85 jjcylated assuming a thermal bremsstrahlung model with a low
(SINz6) THBR 477 04757 6.1/3 214 7.6  energy absorption equivalent to a column densitydf x 1020
THPL  0.8fix# 0.3751 10.5/4 1.72 5.8 cm2. The lower limit sign is due to the fact that the absorption

* POWL: power law, THBR: thermal bremsstrahlung, THPL: thirien th.e nucleusis likely to be much higher than theya]ue ass.umed
thermal plasma which corresponds to an average column density in the d|sk_ on
tin units of 1G° cm—2 NGC 3079, see Hmaps (Irwin & Seaquist 1991) and best fit
§ in units of 10 ¥ ergenm2s~! and 16° ergs !, respectively, for Parameters from spectral fits). While a different choice of the
0.1-2.4 keV band, corrected for Galactic absorption and calculatispectral model would give very similar values (see Table 7),
of 1o errors the low energy absorption adopted influences very strongly the
* fixed to Galactic foreground for spectral fits estimate of the intrinsic flux in the ROSAT band. mm-wave
estimates of the extinction towards the nucleus of this source
indicate that a minimum of.4 x 10%* Hy cm~2 should be ex-

thermal plasma model by assuming two temperatures. ThiPgcted (Sofue & Irwin 1992). ASCA data (Serlemitsos et al.
done mostly to compare ours with published results on simil&#97; Dahlem et al. 1998) in fact suggest the presence of a hard
objects, and it is partly justified by the fact that the requireme@fd heavily absorbed component (with absorbing column in ex-
of a lower-than-galactic absorbing column in the 1-temperatu#@ss 0fl0°> cm~2; however notice that Ptak et al. (1998) give
fit could be suggestive of an additional very soft componeﬁiﬂUCh lower best fit values for absorption to the power law com-
Indeed we find best fit values of KT~ 0.3 — 0.5 and kT, > 1 ponent) in the spectrum of NGC 3079 as a whole (the spatial
keV, for a the minimumy? reduced to an acceptable value ofesolution of ASCA allows only a global measure of the spectral
5.3 (for 4 degrees of freedom) and the best fif Nonsistent Properties of NGC 3079), with a luminosity, (2-10 keV) of
with the Galactic value. 2 x 10 erg s~1. The origin of this emission is not as yet unam-
The halo region cannot be fit by any of the simple modelpguously interpreted, since it is present both in galaxies with
(i.e. the minimumy?2 value is larger than 2 in all cases). Ifecognized nuclear activity (Low luminosity AGN, LINER) and
spite of the limited significance of our procedure, we have neit-starburst galaxies (Serlemitsos et al. 1997; Ptak et al. 1998;
ertheless tried to fit the data with both a two-component modefhlem et al. 1998); therefore, due to the lack of good spatial
(i.e. two bremsstrahlung models and a bremsstrahlung an&egolution at high energies, it can either be related to the nuclear
thin plasma model) and with a thin plasma model with varyin@ctivity or to the binary population and starburst phenomenon
abundances. In both cases the minimyfvalue reduces dras- (Or both). Given the high absorption suggested by the data and
tically to perfectly acceptable values (1.5 and 2.2) and the b&¢ presence of nuclear activity, in NGC 3079 this component
fit values are kT 0.2 and 1 keV (2-T model) and kT 0.5 kegould come from a very absorbed compact nuclear source. In
5% solar abundance. While it is therefore possible that mdkés case we expectabdik 10~ ctss ! inthe nucleus with the
sophisticated models might be required for this region, givéfRl- Given the large uncertainty (also in absorption) this rate
the limited statistical significance of the data, we cannot digould be consistent with the possible point source contribution
criminate between different scenarios, nor can we be sure thgfn a nuclear source in the HRI image (see above).
our more sophisticated modeling of the data is correct, since Given the strong contamination from the diffuse back-
we are left with 1 or 2 degrees of freedom. Since the resultiggound, and the small statistics (about 40 cts), we cannot really
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Table 8. X-ray parameters for NGC 3073 and MCG 9-17-9

363

Two explanations for the enhanced X-ray luminosity of

NGC 3079 can be put forward that are triggered by anomalies

Galaxy Count rate S Lx of the galaxy measured in other wavelength regimes:
—4o—1
aos") i ” 1. The galaxy belongs to a group of powerful far infrared emit-
NGC3073  PSPC 0805 0906 0.3:0.2 ters, with a far infrared excess comparable to that of star-
HRI 0.3£02 1.3:09 05:0.3 burst galaxies like M82, NGC 253, and NGC 2146 (Lehnert
MCG 9-17-9 P9 3& 6 44k 7 157425 & Heckman 1995). In fact the X-ray, optical and far infrared
H6 8.4-2.2 33t 9 11.8:3.2 luminosities of NGC 3079 and NGC 2146 are almost iden-

* fluxes in units of 10%ergem?s™! for a 5 keV thermal

tical (Armus et al. 1995). As we discuss later similarities

bremsstrahlung spectrum in the 0.1-2.4 keV band, corrected for Galac- ©f the galaxies do not stop there. It is therefore likely that

tic absorption
** lJuminosity in units of 16® erg s~ assuming a distance of 17.3 Mpc

enhanced star formation activity is not only present in the
nuclear area but rather widespread in the disk, and there-

fore it is not remarkable that the X-ray luminosity is also
enhanced.

measure possible time variability in the flux from this source?- On the other hand NGC 3079 harvests a low ionization nu-
which would confirm its point-source nature and propose an Cléar emissionline region (LINER) or Seyfert 2 type nucleus
identification with a super-luminous X-ray binary close to the (Heckman 1980, Ford etal. 1986). In addition, itis known to

nucleus or the X-ray detection of the NGC 3079 active nucleus containabright continuum nuclear radio source and bipolar
itself. jet like structures emerging from the nucleus along the pro-

jected minor axis (extent 30see Fig[_IIl). Similar features
and classification of the nucleus also apply for NGC 4258
3.5. NGC 3073 and MCG 9-17-9 and M51 and even for the starburst galaxy M82, Tsuru et

We searched for X-ray emission from the companion galaxies @l- (1997) argue from the analysis of wide-band X-ray spec-
of NGC 3079, NGC 3073 and MCG 9-17-9. Only MCG 9- tra for the presence of an obscured low-luminosity AGN.
17-9 was detected (H6/P9). The 69 counts detected with the These galaxies were detected as just as bright extended X-
PSPC are insufficient for a detailed spectral fitting, and we could 2y emitters by ROSAT (e.g. Pietsch et al. 1994, Ehle et
only determine one of the two hardness ratios (see Table 4). al. 1995, Read et al. 1997). This makes it conceivable that
Comparison with the plots of Fifil 1 indicates that for these two jet-like outflows from active nuclei might indicate enhanced
spectral models the source is probably absorbed above the line-extended X-ray emission.

of-sight value, and that its spectrum is relatively hard. KT While it is not clear which of these types of activity (or

>0.5keV orar < 1). , B even both?) is responsible for the enhanced X-ray emission,
A weak enhancement is seen at the position of NGC 30¢3i, may have been triggered by galaxy galaxy encounters in

both in the HRI and in the PSPC, however with a significangge NGC 3079 galaxy group that also contains NGC 3073 and
far below the threshold for our source catalogs. MCG 9-17-9 (see Se(L.4.5).

Tabled8 summarizes PSPC and HRI count rates, X-ray fluxes The low X-ray flux associated with NGC 3079 has not al-

fx and luminosity L for these sources. To convert count ratg§ e us to properly measure the spectral characteristics of the
to fluxes we assuneea 5 keVthermal bremsstrahlung spectrumymission components, therefore a physical interpretation of the
(see Tabl€l2); the same distance as for NGC 3079 was assuRts is not possible. As shown in Sect.3.3.2, a power law

for the Iuminosi'Fy determination. model with relatively steep spectral index or a soft thermal
The comparison of the HRI and PSPC flux of MCG 9-17-Bremsstrahlung could fit the data equally well. However, the

indicates that the source has not varied between the two ob$gfer |aw index is in all cases very steep(> 2) and also the

vations. temperature of the thermal bremsstrahlung spectra is rather low
if we compare them for instance with spectral fits to individual
X-ray binaries or the integral bulge spectrum (primarily X-ray
binaries) found with the ROSAT PSPC for M34.4 0.3 — 0.6

The ROSAT PSPC observations of the edge-on NGC 3079 havdaemperatures above 1 keV, Supper et al. 1997). Itis likely
shown a complex emission in and outside of the plane of ttieat the simple models that we have assumed here for lack of
galaxy. The global X-ray luminosity in the ROSAT band~s  statistics are inadequate to represent the more complex char-
3 x 10*° ergs! (d=17.3 Mpc), higher«{ factor 10) than what acteristics of the X-ray emission in these objects (for example
is observed in other edge-on late-type galaxies of similar optieapopulation of individual sources plus a multitemperature or
luminosity (for example in NGC 4631, Vogler and Pietsch 1996pn-equilibrium interstellar medium). Dahlem et al. (1998) have
NGC 4565, NGC 5907, Vogler et al. 1995). The emission hakown that a correct interpretation of the spectra of galaxies re-
been separated into three components of similar brightnesguires data in a larger energy range than provided by the PSPC
disk, central region, and halo - that will be discussed separatdbta alone, even though there are still residual ambiguities in
in the following subsections. the correct model to be used. In particular they find in several

4. Discussion
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Fig. 10. Contour plot of the broad band

PSPC X-ray emission of the region of

NGC 3079 and its companions overlaid in
’ . white on Fig. 1 of Irwin et al. 1987, showing

. 2 arcmin H 1-contours in black superposed on an re-

: production of the POSS red plate. The same

contour levels as in Fi@] 3 are used

instances that two gas phases are needed in addition to a pawer X-ray emission from the disk of NGC 3079
law component at high energies. The lack of spatial resolutig%
however does not allow a proper investigation of the Iocati%&

of these individual components, that cannot therefore be unaWell above the Eddinaton luminositvifa 1. acoreting ob-
biguously identified with the separate sources of emission.in aaing Y Mo Teting
galaxies. In this respect, only future X-ray missions, that corjne-Ct' Asalready discussed, these CQUId be real p_omt-llke sources
bine high sensitivity with good spectral and spatial resoluti A could be local enhancements in a more diffuse emission.

over a large energy range will allow a significant step forwa owever, the optical image of the g_alaxy s_how; a very patchy
{aé)pearance, and there are a lot of giamt fégions in the plane

veral bright sources are detected in the galaxy plane of NGC
79 (Tabléb), with luminosities higher than’t@rgs, i.e.

in our understanding of the X-ray properties of galaxies. Frofi . . . )
the present data however we could be tempted to assume g{lleux etal. 1995)' Over-lummogs H regions, relatlye to'
0se observed in our galaxy and in other normal spirals like

indeed a multiphase interstellar medium is present and intﬂ_lOl for which L, < 1038 ergs* (Williams & Chu 1995)

pret the (very crude) indication of the hardness ratios in terrﬁs ] . .
- . . . ave already been observed in relation with the presence of en-
of temperature variations in the disk versus central region, E

i . o : nced star formatiore(g. in the Antennae, Read et al. 1995,
assign a higher temperature to the emission coming from %bbiano etal. 1997). As discussed above, the integral spectrum

central source coincident with the super-bubble (see Sect. 4, Mhe disk region is rather soft compared to briaht X-rav binar
This would be analogous to the results from the more detailgdectra and c?an be taken to favor tEe over-Ium%nousr yion y
analysis of NGC 253, for which the central starbursting regior? ey

is harder than the surrounding disk (Dahlem et al. 1998). origin of the emission. Deep observations with improved spatial

In either case however a large low energy absorption is Sljzélﬁ?ssspi)src]tral resolution are needed to solve the origin of the disk

gested, well above the line-of-sightiltolumn density. This

result is not surprising since the disk is embedded in an ex-
tended H disk (Irwin et al. 1987). Only at large distances frond.2. X-ray emission from nuclear super-bubble of NGC 3079
the plane could local obscuration be neglected, and indeed HE

) . C 3079 hosts the most powerful example of a wind-blown
(though extremely uncertain) results for the halo region do not . : .
. . ubble to the east of its nucleus. Recent spectroscopic studies
require large absorbing columns.

in the near infrared and optical however argue against a star-
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burst origin for the powering of the wind, and suggest an actiable. Observations with better statistics and higher spectral and
nucleus with somewhat exceptional properties (Hawarden etspatial resolution and an extension to higher energies are needed
1995). In this case, one would expect a wind from an actibadly. Only then will we be able to answer the question if the —
galactic nucleus (AGN, see Heckman et al. 1986) — how can Xith ROSAT HRI — unresolved componerit ® the east of the
ray observations help understanding the nature of this sourogfical nucleus is coincident with the optical nucleus and the
Emission in the center of NGC 3079, coincident with theard ASCA source (see above) or — our prefered explanation —
Ha loop (Ford et al. 1986) and the kiloparsec scale radio lob#e brightest and hottest part of the out-flowing material.
(de Bruyn 1977, Duric & Seaquist 1988) is clearly detected in We can compare the emission from the nuclear super-bubble
the HRI data. The source appears complex (se€Hig. 11). A ptusthe X-ray emission from the plume detected in NGC 253 (see
sible unresolved component, apparently shifted by abéub 3 Pietsch et al. 1998), the anomalous arms of NGC 4258 (see
the east from the position of the optical nucleus (marked IBetsch et al. 1994), and the extended emission resolved with
the cross in Fid. 1) could be — within the systematic positidcthe HRIin NGC 2146 (Armus etal. 1995), X-ray features of sim-
errors — coincident with the nucleus. This source, if identifiethr appearance and proposed origin. While in the prototypical
with the hard spectral component measured by ASCA (see ditarburst galaxy NGC 253 the plume has an extent perpendicu-
cussion in Sect. 3.4) that has been associated with the emiss$aoro the major axis of- 700 pc and a luminosity of x 1039
of an highly absorbed AGN, is brighter by a factdrd— 4 ergs, in the LINER galaxy NGC 4258 the extent is 1.5 kpc
than the extrapolation of the ASCA spectrum into the ROSAANd the luminosity i$ x 103 ergst. For the starburst galaxy
band would suggest. If the positional displacement howeveN§&C 2146 (after correcting for an inclination of 36Tully
real, it could represent the brightest and hottest part of the o(it988)) the HRI extent is 2.2 kpc and the unresolved luminos-
flowing material that is not shielded by the absorbing materidy in the range of x 103° ergs . Due to the low inclination
in the central disk. Such a displacement to the east is expeatd¢iIGC 2146, however, it is not possible to determine the scale
in such a scenario due to the high absorption in the inner dis&ight of the extended emission perpendicular to the galaxy disk
of NGC 3079 and the disk orientation. The inclination of 84and separate point-like and extended components. In compari-
and the orientation of the galaxy (the western side of the disksisn the NGC 3079 central component has an extent of 1.7 kpc
closer to us than the eastern side) lead to reduced absorptioarid a luminosity of x 103° ergs™'. NGC 253 and NGC 2146
the direction to the nuclear area in the east and high absorptitrow coinciding optical line emission, that is explained by an
in the west (Iy; in the inner disk is> 10?2 cm~2 according to out-flowing wind driven by the nuclear starburst. Close to the
Irwin & Seaquist 1991). The high absorption may also causecleus of NGC 253 embedded in the plume emission a slightly
that no X-ray or K emission coinciding with the western com-extended source represents the hottest part of the out-flowing
ponent of the radio jet is detected. material and may reflect the point-like nuclear component in
A more extended component elongated to the north is podsizC 3079. The extended nuclear features in NGC 3079 and
bly connected to a feature seen at larger scale[(Hig. 11), and mM&C 4258 are more X-ray luminous than in the pure starburst
indicate a preferred channel to fuel the emission in the halo.galaxies NGC 253 and NGC 2146 and are not only traced by op-
The HRI attitude solution carefully derived in Sect. 2.1ical emission lines but in addition by jet-like continuum radio
clearly contradicts the solution put forward by Dahlem et abmission indicating the importance of magnetic fields funneling
(1998) which is shifted to the north by 41%nd — if correct — the outflow and the existence of a driving AGN.
would exclude a connection of the central X-ray emission with
either the nucleus or_the nuclear_ super-bubble of NGC 3079, 3 Eytended X-ray halo of NGC 3079
The small extension of the bright central X-ray emission re-
gion compared to the PSPC spatial resolution coupled with ifie PSPC contour plots (Figs. 3 dnd 10) and the radial distri-
low flux prevents us from reliably determining spectral propebution of the PSPC and HRI detected photons (Big. 6) clearly
ties. In the innermost 30radius, that correspond to the miniindicate that the emission from NGC 3079 extends to a radius
mum cell size for count extraction that is reasonable for PSPE€13.5 kpc. The distributions along the major and minor axis
data, the HRI resolution indicates that at least three differeffiig.[) demonstrate that this emission is not only originating
components are present, all contributing to the overall emisithin the NGC 3079 disk but is filling the halo to at least the
sion: the disk with two non nuclear point-like sources, the ninclination corrected B diameter of the galaxy. The spectral
clear bubble and the unresolved point source. Neither of théseestigations clarified that the halo emission contributes about
dominates, with the possible exception of the disk emissiame third to the total X-ray luminosity~ 2.7 x 10%%ergs1)
which can in part be subtracted by choosing a local backgrouwicthe galaxy in the 0.1 — 2.4 keV ROSAT band; emission from
(see Tabl&le), and therefore a spectral analysis should takelsl center and the disk complete the luminosity in about equal
of them into account. This is clearly unrealistic given the smalarts.
number of photons that can be collected in the area and also The extent of the halo of NGC 3079 is comparable or slightly
given the limited spectral capabilities of the PSPC, that indebigger than the one of the starburst galaxy NGC 253 (Pietsch et
indicate a single model as acceptable. Whether one can hal-1996, 1998) and bigger by a factoref4 than that of the
ever use the results of any such fit and interpret them as giviagfive galaxy NGC 4258. On the other hand, the luminosities
a physical interpretation of the observations remains questi¢and temperatures) for the halos are similar in the two galax-
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NGC 3079 # .

ROSAT HRI

Fig. 11. Contour plot of the central emission
region of NGC 3079 for ROSAT HRI over-
laid on Fig. 1 of Veilleux et al. (1994), show-
ing the continuum-subtracted distribution
of H, + [N 11 A\6548, 6583 line emission
(grey-scale) and the 20 cm continuum distri-
_ * 10 arcsec bution (black contours). X-ray contours are
* given in white (same levels used as in Eig. 4)

ies with known active nuclei,while they are higher than in thare:n, = 7 x 107* x 7% cm™3, M5 = 2.0 x 10% x 5%
starburst galaxy. The halo emission has a X-shaped structire), 7 = 1.5 x 109 x 55 yr.
(c.f. Figs[8 an@1]0) similar to NGC 253 (however not as clearly These gas parameters differ significantly from the parame-
resolved due to the greater distance of NGC 3079). X-shageds derived by Read et al. (1997) for NGC 3079 which only use
filaments of the diffuse ionized medium within a radius of & strongly simplified geometrical model attributing the X-ray
kpc, emerging from the inner disk and rising more than 4 kgenission to a nuclear point source and just one diffuse extended
above the disk plane of NGC 3079, have been reported from @prission component. They find a luminosity that is higher by
tical [N 11] measurements (Heckman et al. 1990, Veilleux et a.factor of~ 5 and nearly twice the temperature compared to
1995). According to Veilleux et al., the morphology, kinematicshe halo parameters as given in Table.g; their values mix
and excitation of the filaments suggests that they form a biconig halo and disk, leading to higher electron densities and gas
interface between the undisturbed disk gas, and gas entraimebses, and slightly longer cooling times. Read et al. analyzed
in a wide-angle outflow. In Hobservations of NGC 3079 nu-several nearby spiral galaxies using similar simplified models.
merous arcs and filaments are present extending away fromThe resulting parameters for the diffuse gas always overestimate
plane of the edge-on galaxy which seem to be unrelated to thpossible halo component preventing a sensible comparison to
nuclear activity (Irwin & Seaquist 1990). They may indicate gabe NGC 3079 halo results.
flow between disk and halo in addition to violent outflow from As mentioned above to derive the gas parameters we as-
the active nucleus (Heckman et al. 1990, Filippenko & Sargesumed a spherical distribution with constant temperature. This
1992). approximation however, only describes the situation to first or-
If we assume that the halo X-ray emission is due to hot gder. At least two further details indicated by the ROSAT data
with a temperature df.5 x 10K (cooling coefficient according should be addressed:
to Raymond et al. (1976) 6f5x 10~23erg cn? s~ 1), aluminos-
|ty of 5.8 x 10396rg S_l(see TablE]?) distributed in a Sphere of _ Thereis adeHE_Wasymmetry (Cf F|¢]7) and an indica-
13.5 kpc radius with filling facton we can calculate parameters  tjon of a X-shape azimuthal distribution in the PSPC broad
of the plasma using the model of thermal cooling and ioniza- pand counts that will be further discussed below.
tion equilibrium of Nulsen et al. (1984). The electron densities,. The PSPC contour plots ofthe S band emission of NGC 3079
masses, and cooling times of the X-ray emitting gas in the halo show far more azimuthal structure than the more spherically
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distributed H1 band emission. This indicates local variatioms the nearby Seyfert 2 galaxies NGC 4258 and NGC 1068 the
of the halo X-ray spectrum indicative of either changingoft component could be resolved and is attributed to emission
foreground or intrinsic (within the halo of NGC 3079) abfrom a bipolar jet and from the halo of the galaxies (see Pietsch
sorption and/or temperature variations within the halo gast al. 1994, Wilson et al. 1992). As reported above NGC 3079

] . show the same components. Therefore, a luminous X-ray halo
To better understand and characterize these effects spatlallygr%- heated by and ejected via jets from the nucleus may not

solved spectra are strongly needed which, due to the low coylyy explain the spatially unresolved soft X-ray emission com-

ing statistics, can not be tackled with the ROSAT data at presefiinents reported in other Seyfert 2 galaxies but also be expected
Temperature profiles of the diffuse emission will help to solvg many Seyfert galaxies and AGN.

the question of whether ¢hE — Wasymmetry can be attributed
to inhomogeneities in the galaxy halo or instead it reflects . .
hot medium connected to the potential of the NGC 3079 groﬁg& Companion galaxies NGC 3073 and MCG 9-17-9

(or both components could be present). This question is aN&C 3079 (total galaxian mas2 x 10'! M) is the dominant
relevant when interpreting Hdata of the companion galaxygalaxy in a group containing NGC 3078.{ x 10° M) and
NGC 3073 which exhibit an elongated tail aligned with thMCG 9-17-9 6.9 x 10° M¢))(Irwin et al. 1987). While little
nucleus of NGC 3079; an explanation of the tail due to raif known from observations at other wavelength on MCG 9-
pressure stripping by out-flowing gas from NGC 3079 has be&f-9 — it's redshift and H contours may even suggest that it
put forward in favor of stripping by movement in an intergroufp Not physically associated with NGC 3079 — NGC 3073 is
medium (Irwin et al. 1987). A galactic wind perpendicular téliscussed as a starburst galaxy situated along the trajectory of
the disk in the general direction of the minor axis can explafie outflow of NGC 3079 with the starburst induced by the

the X-shaped halo structure of the X-ray and opticalijMata Super-wind (Filippenko & Sargent 1992).
(see above). As shownin Sect. 3.5, MCG 9-17-9is brightin X-rays with a

luminosity of~ 1.5 x 103°erg s *while NGC 3073 is barely de-
38 1 H H i
4.4. NGC 3079 as LINER/Seyfert 2 galaxy te_cted k& 10°°ergs ). The luminosity of MCG 9-17-9is rather
B ) ) _ high for such a dwarf galaxy (c.f. Markert & Donahue 1985) and
The unified model for active nuclei (Antonucci 1993) has begRay indicate the presence of at least one super-luminous source.
proposed to explain the properties of the different types of AGN ¢, a source could be a low luminosity active nucleus, a X-ray

Inthis s.cheme the d.|fference between Seyfert 1 anq 2 galamegﬂ%wy radiating at super-Eddington luminosity, a young super-
determined by the viewing angle to the nucleus that is embeddgg 3 or a combination of the above. An alternative explanation
in a torus of molecular material. Type 1 Seyfert galaxies alloq pe the existence of several X-ray binary sources radiating
direct observation of the nucleus, whereas for type 2 galaxi§§se to the Eddington limit for aone Mstar. A similarly high
nuclear X-ray emission can only be seen via reflection above|ghsinosity has been reported for the nearby Magellanic-type
below the torus or dust gains, or via t_ransm|SS|op through t_@lsar forming galaxy NGC 4449 (Vogler & Pietsch 1997). There
torus. X-ray spectra of the nuclear emission are directly probifgs emission could be resolved in seven point-like sources and
the absorption depth under which an AGN is seen, and therefgge, ygitional diffuse component of about equal luminosity. The
are an important test for the unified scheme. _ _ upper limit to the luminosity of NGC 3073 is within the values

As discussed in Sects.3.4 and 4.2, only very little diregy o cted for a galaxy of this mass. The starburst activity of the
emission from _the LINER/_Seyfert 2 type nucleus of NGC 307§’alaxy does not reflect in it's X-ray luminosity.
—ifany at all —is detected in the ROSAT band. Due to the many
different equally bright components that contribute to the over-
all X-ray spectrum of NGC 3079 and due to limited counting: Summary
statistics, integral spectra of the galaxy as obtained by ASQ¥e have reported the results of the first detailed analysis of
can not fully separate the nuclear emission component and oRIRSAT data of the NGC 3079 field. We have paid special em-
give an indication of a highly absorbed power law componephasis on the best attitude solution to achieve optimal HRI point
that could be related to the nucleus. X-ray spectroscopy wihread function and positional accuracy. With HRI and PSPC
high spatial resolution as expected from the next generatiorveé detected 23 and 34 sources withirf 8&meter and a box
X-ray observatories (AXAF, XMM) will resolve the ambigu-of 35 x 35, respectively, apart from complex emission from the
ity. From mm-wave estimates of the extinction to the nucleirsner 8 around NGC 3079. We have identified possible counter-
of NGC 3079 (Sofue & Irwin 1992) and by comparison witlparts for several of the sources outside NGC 3079 by comparison
integral broad band X-ray spectra of other Seyfert 2 galaxiegth optical plates and catalogues.
obtained with the ASCA or BeppoSAX satellites (see Maiolino The LINER/Seyfert 2 galaxy NGC 3079 manifests itself as
et al. 1998 and references therein) one may infer absorptmeomplex X-ray source with a luminosity 8fx 10*°ergs*
depths well in excess of 30cm~2 also for NGC 3079. and could be resolved into three components:

Soft X-ray emission in excess of the high energy spectrum (1) Extended emission in the inner2030” with aluminos-
has been discovered in many Seyfert 2 galaxies. In Seyfeiitylof 1 x 10*°erg s 'can be resolved with the HRI and is coin-
galaxies such a component may not be observed because éident with the super-bubble seen in optical images. The active
covered by the bright low absorbed flat power law spectrumucleus may contribute to the emission as a point source. We,
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however, prefer an explanation of this emission as the brightesth instruments) to verify our attitude solution of SEcl 2.3 for
and hottest part of the out-flowing material similar to the slightlgll sources. The mean offsets in the north-south and east-west
extended emission emission close to the galaxy nucleus withinections were below the systematical error.

the plume of NGC 253 (Pietsch et al. 1998). The distribution of the hardness ratios listed in Tdble 4 is

(2) Emission from the disk of the galaxy has a luminositghown in Figldl. Comparison with the theoretical values calcu-
of 7 x 103%ergs tand can be partly resolved by the HRI in 3ated for power law and thermal bremsstrahlung spectral{Fig. 1)
point sources with luminosities ef 6 x 10%erg s 'each. The show that in most cases the sources have hardness ratios con-
soft spectrum of the disk can be explained by a mixture of X-rajstent with a moderate amount of absorption, as expected from
binaries and over-luminous Hregions. the line-of-sight Galactic Hcolumn density value.

(3) Emission from the halo has a luminosity 6f x For several sources the derived fluxes or upper limits were
10%%erg s tand is rather soft (temperature of 0.3 keV). It exeomparable in the two separate observations. For four sources
tends to nuclear distances of more than 13 kpc and has ad€tected in both observations, namely H1/P3, H5/P7, H8/P10,
shaped appearance. Using simplifying assumptions we deriagdi H9/P12 the flux differences exceed Eor one additional
parameters for this halo gas. source detected only in one of the observations, namely P17,

The X-ray luminosity of NGC 3079 is higher by a factothe 2r HRI upper limit is lower by more than twice the error on
of 10 compared to other galaxies of similar optical luminosityhe corresponding detection. Since the expected uncertainty in
It also exceeds the luminosity seen in starburst galaxies litkee count to flux conversion factor is of the order of 15% at most
NGC 253. We argue that this may be caused by the presencések Secl.]2), the assumption of a wrong spectral model should
an AGN in NGC 3079rather then by starburst activity. Investigaot cause these flux differences. However, it should be noted
tions of the other galaxies in the NGC 3079 group, NGC 307Bat two of these sources, H1/P3 and H5/P7, are at large off-axis
and MCG 9-17-9, showed that the X-ray emission is not eangles, so possible effects due to their positioning in the detector
traordinary for their type as might have been expected framight come into play. We have checked for example the position
the disturbance by the galactic super-wind emanating from thiesource H5 in detector coordinates, to understand whether
active companion NGC 3079. the wobbling motion could affect the effective exposure of this

source, and found that it is in fact possible that the source falls
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For each source detected we prepared APM finding charts (Irwin

Appendix A: Sources in the field of NGC 3079 et al. 1994), from which we can get a positional accuracy for

A.1. Correlation of HRI and PSPC detections the optical candidates of better thal, ®ptical magnitudes in

, , blue (O) and red (E), and the color index O-E. In the charts
Thirty-four sources are detected around NGC 3079 in the PSEGy ces are classified as stellar, non-stellar, or blend. Optical
and HRI observations. Talle Al shows their characteristics ¢ff nterparts were searched for each in a circle of the X-ray
the source has only been detected in one of the detectdss, a%osition error.
upper limit at the source po.si.tion has been determined for the gg\eral positional coincidences were found from these
other detector. No upper limit is computed for sources detectgth s additional candidates resulted from correlations of our
in the PSPC that are at a large off-axis angle in the HRI, Singgce catalog with the entries in the SIMBAD and NED
we cannot reliably measure the count rates (the effective exp@iapases and with radio sources in the field given in Irwin
sure time could be lowered as a consequence of the wobblifgy Seaquist (1991).
motion that can place the source outside the field of view for 1, improve on the reliability of the identifications, we have
part of the observation, the detector sensitivity and the PSF g&imated the log(ff,) = log(f,) + (m,/2.5) + 5.37 (see Mac-

poorly known). We checked the mean offset of the source pogiscarg et al. 1988), that we can use to discriminate between
tions (listed in col. 3 of Table_A1 for those sources detected in
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Table Al. X-ray properties of the sources in the NGC 3079 field and proposed identifications

ROSAT name Source A HRIflux  PSPCflux Identification A Iog(ﬁ) Ref.

(RX J) no. " * * @) Notes

@ @ O 4 ®) (6 @ ® ©

095956.3+554639 P1 510.9 APM 0681 stellar (14.9, 0.5) 17 -22 16

100008.8+553448 P2 4D.9 6

100032.3+553631 H1/P3 2.1 33.5:3.0 432219 APM 0681 (18.0, 0.6) 4 -01 1

100037.4+555046 P4 <12 3.10.8 APM 1331 stellar (20.0, 0.3) 6 -02 1

100056.4+553519 H2/P5 3.0 17.6+£2.0 19.4£1.3 APM 0681 stellar (19.6, 0.6) 2 03 1
radio source 5 2

100058.9+555141 H3 34811 <2.3 APM1331(20.5, 2.4) 6 -08 1

100104.7+553519 H4/P6 3.0 3.6+1.1 5.3t0.8 APM 0681 stellar (18.9, 0.7) 6 —-06 1
QO0957+5549 z=1.5 4 35

100110.0+552838 H5/P7 11.4 (>9.4£2.0) 192414 APM 1331 stellar (16.9, 0.3) 5 -07 16
Q095745543 z=2.1 4 35

100113.3+554906 P8 <0.7 3.#0.9

100114.6+554310 H6/P9 0.7 3.3+:0.9 4407 APM1331(8.9,1.3) 7 -50 1
MCG 9-17-9 7 2

100116.8+554709 H7 2410.8 <21

100119.7+554559 H8/P10 5.3 5.0+£1.1 10.0t1.0 APM 1331 stellar (21.%1.7) 1 >04 1

100120.9+553244 P11 <2.8 1.9+0.6

100120.6+555355 H9/P12 6.3  146.15.6 200.8:3.8 APM 1331 (14.3,0.1), 4 -06 1
lensed Q0957+5608AB z=1.4 3 2,5

100123.5+553953 H10 140.7 <1.6

100130.2+554033 P13 <05 3.6:0.9

100138.2+553508 H11 2.8 <2.3 HD 86661 (8.7, 0.7) G8IV-\* 1 -51 4

100146.6+555036 P14 <1.6 2.2+0.6

100156.3+555434 P15 <2.2 4.2+0.8 APM 1331 stellar (18.7, 0.9) 4 -09 1

100200.5+553200 P17 <1.9 7.4£0.9 APM 1331 stellar (20.8, 0.9) 10 02 1

100205.0+554555 H17 149.6 <5.3

100206.2+552750 P20 <1.6 1.2+0.6

100223.0+553429 H19/P22 9.0 6.7+1.3 5.A40.8 HD 237859 (10.6, 1.1) FO 2 —-40 4

100228.2+553941 P23 <0.3 2.4-0.7

100237.4+553505 P24 <3.7 2.0t0.6 APM 1331 stellar (19.7, 3.7) 13 -19 1

100240.8+552750 P25 <1.6 2.8£0.7 APM 1331 (21.7,3.1) 14 -07 1

100245.5+554648 H20/P26 5.8 6.2+1.2 4.3t0.7 APM 1331 stellar (21.8<1.8) 4 >00 1

100244.9+555110 P27 <1.2 2.2£0.7 radio source 13 2

100245.1+555758 P28 143.5 6

100254.2+554226 H21 280.8 <1.3

100303.4+554752 H22/P29 5.5 3.9+1.1 3.0:0.7 APM 1331 stellar (12.2, 0.9) 3 -36 16

100305.5+553727 P30 <15 1.6£0.6

100309.6+554135 H23/P31 5.2 14.6£1.9 14.6:1.2 APM 1331 stellar (19.1, 0.5) 1 00 1

100327.8+552625 P32 e 3.7+0.9 APM 1331 stellar (20.4, 0.9) 9 -02 1

100333.5+553627 P33 <8 5.4£0.9

100343.6+553331 P34 49.9 6

* fluxes or2o upper limits in units of 104 ergcn 2 s~ for a 5 keVthermal bremsstrahlung spectrum in the 0.1-2.4 keV band, corrected for
Galactic absorption

** The optical position has been corrected for proper motion

*** outside HRI field of view

References and Notes: (1) Irwin et al. 1994; (2) Irwin & Seaquist 1991; (3) Bowen et al. 1994; (4) SIMBAD; (5) NED; (6) source at an off-axis
angle> 15’ In the HRI detector. No upper limit is calculated for these sources (see text)

stars, for which log(f/f,) is generally -1, and AGN for which absorption (see Tadlé 2). For the optical magnitude we used the
this quantity is in the range -1.2 to +1.2 (see also Brinkmara' magnitude from the APM catalog.

1992 and Piiger et al. 1996). X-ray fluxes in the 0.1-2.4 keV  Proposed identifications for 21 of the ROSAT field sources
band have been determined from the count rates assumingaaessummarized in Table Al. Column 6 lists the APM field and
keV thermal bremsstrahlung spectrum, corrected for Galactiassification, and in parenthesis the O luminosity and the color
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(O-E). The optical identification and the spectral type given féteckman T.M., Armus L., Miley G.K., 1990, ApJS 74, 833
stars are taken from the SIMBAD database. Identifications fdenkel C., Gisten R., Downes D., etal., 1984, A&A 141, L1
extragalactic objects, with their redshift when available, is basggmme! E., van Gorkom J.H., Kotanyi C.G., 1983, ApJ 267, L5
on the NED database. The separation to the X-ray position:rl‘g!“ J.A., SeaquistE.R., 1990, ApJ 353, 469

. . T . A istE.R., 1991, A 71,11
given in col. 7. log(f/f,) and references used are indicated ||rm:2 j A ggaqeu;st 1992 EF?J ’39?575’ 0

cols. 8 and 9. _ _ ~ Iwin J.A,, Seaquist E.R., Taylor A.R., Duric N., 1987, ApJ 313, L91
In most cases there is only one APM candidate within th&vin M., Maddox S., McMahon R., 1994, Spectrum 2, 14

error radius of the X-ray source. All proposed identifications akém D.-W., Fabbiano G., 1995, ApJ 441, 182.

located within the X-ray position errors. Three sources are iddrehnert M.D., Heckman T.M., 1995, ApJS 97, 89

tified with known QSOs (H4/P6, H5/P7, H9/P12). Two sourcddaccacaro T., Gioia I.M., Wolter A., Zamorani G., Stocke J.T., 1988,
(H2/P5 and P27) are identified with radio sources, for the first ApJ 326, 680

. . Maiolino R., Salvati M., Bassani L., et al., 1998, A&A, accepted
of the two there is also a APM candidate. Two sources (H11 rkert T.H., Donahue M.E., 1985, ApJ 297, 567

(H19/P22)) are identified with stars cataloged in SIMBAD. \isen P.E.J., Stewart G.C., Fabian A.C., 1984, MNRAS 208, 185

The log(f./f,) values and the optical colors of the unidentipfeffermann E., Briel U.G., Hippmann H., etal., 1988, Proc. SPIE 733,
fied objects show values similar to those of the identified QSOs. 519

This suggest that most of them are also AGN/QSOs. Pfluger B., Otterbein K., Staubert R., 1996, A&A 305, 699

Iog(fx/fv) <-1 are seen in On|y three unidentified SOUrCGE,IetSCh W., Vogler A., Kahabka P., Jain A., Klein U., 1994, A&A 284,
P1, P24 and H22/P29, for which identifications with stars are 386 _
suggested. The optical candidates of H3, P25, and P24 sHdf/sch W-, Supper R., Vogler A., 1996, In: D. Kunth et al. (eds.) The
rather red colors. The candidates for H3 and P25 are fIa(‘:](‘:]ed|nterplay between massive stare formation, the ISM and galaxy
by APM as non étellar in the red and stellar in the blue. It is evolution. Editions Frontieres, Gif-sur-Yvette Cedex, France, p.
likely that an AGN embedded in a host galaxy is the optic@letsch w., et al., 1998, A&A, in preparation
counterpart of these sources. Ptak A., Serlemitsos P., Yagoob T., Mushotzky R., 1999, ApJS, in press

(ASTROPH-9809159)
Raymond J.C., Cox D.P., Smith B.W., 1976, ApJ 204, 290
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