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Abstract. We report here the results of high-resolution andl. Introduction
spectral imaging X-ray observations, with both R@SATHRI )
and PSPC, of the field surrounding the nearby=£ 64 Mpc) IC 4329A|san_earbyz(: 0.01605), edge-on, SO, type 1 Seyfert
type 1 Seyfert galaxy IC 4329A and its giant lenticular compad@laxy, at a distance of 64 Mpdiy = 75km s' Mpc™), .
ion IC 4329. Many point sources are detected, the brightest Sévated very close to the centre of Abell cluster A3574. This
ing associated with IC 4329A itself, having an extremely brigt unusual given that Seyfert galaxies, like most spirals, are
X-ray luminosity of6 x 10*3 erg s°!, and spectral propertiesrgrelyfoun_d inside clusters (e.g. Oste_zrbrock 1991). This cluster,
compatible with a single power-law moddl & 1.73), with a first described by Shapley (193_6), IS often referred to as the
spectral break at 0.7 keV. Two other bright sources are detecled?329 cluster or group, after its brightest member (e.g. de
associated with the companion galaxy IC 4329, and a like§pucouleurs et al. 1964), or as Klemola 27 (Klemola 1969),
quasar 14to the south-west. We have also established, throughd iS the easternmost and most distant member of the chainlike
optical observations taken at the European Southern Obsefy¥dra-Centaurus Supercluster (Chincarini & Rbod 1979).
tory, that three further X-ray point sources, intriguingly posi- The heavily reddened type 1 Seyfert nucleus observed
tioned with respect to IC 4329A, are in fact nothing to do witkithin IC 4329A (Winkler et al"1992) is a strong FIR/X-ray
the system, and are merely foreground and background objeg@sirce, the 2&m peak in thelRASflux density, suggestive

In addition to point source emission, residual, unresolvé there being hot gas close to the nucleus. It has the steep-
emission is detected surrounding the IC 4329A/ IC 4329 pafst Balmer decrementf(/ H 3 =~ 12) of any known Seyfert,
extending for some 200 kpc. This emission appears marke@lye'y steep optical spectral index & 4.4), and it is seen to
two-component, comprising of a spectrally hard and smootHoW Nainabsorption (Penston & Wilsan 1979). Although cal-
component, circularly-distributed about the central galaxy pa(;HIated extinction values indicate that the _absolute visual mag-
and a spectrally soft, more clumpy component, positioned Bifudel,, is atleast -23, and may be as high as -25, IC 4329A
most entirely to the south-east of IC 4329A. The hard corAPPears optically, to be a largely undisturbed edge-on system,
ponent of the residual emission itself appears two-compone#ith @ prominent dust lane.
one component being due to the ‘wings’ of the intensely bright The brightest galaxy within the cluster, the giant lenticular
IC 4329A source, the other, apparently due to hotl(5 keV) |C 4329 has a redshift close to that of IC 4329%( = 460 km
gas, likely associated with the galaxy group of which IC 43298 '), and lies at a projected distance of 59 kpc to the west. As
and IC 4329 are members. The soft component of the residpainted out by Kollatschny & Fricke (1989), these two systems
emission may be a larger version of the superwinds seen aroapgear to be part of a loose group of seven galaxies, indicating
some ultraluminous far-infrared galaxies, or may even repres#itt a number of the group member’s activity may well be linked
a ‘stripped wake’ of intragroup gas. Evidence for shocked gtspast interactions. The fact that IC 4329 is a shell galaxy, to-
due to the central IC 4329A/ IC4329 interaction is also fourgether with the fact low surface brightness features are observed
between the two central galaxies. around IC 4329A (Wolstencroft et al. 1995), suggest that an in-

teraction is taking place between IC 4329 and IC 4329A. Of the

Key words: galaxies: individual: IC 4329A — galaxies: inter-S€ven group members, only IC 4329A shows any indication of

actions — intergalactic medium — galaxies: Seyfert — X-ray8ignificant nuclear activity.

galaxies Further evidence for possibly interaction-induced activity
is also apparent from emission-line imaging studies. A halo
of emission-line gas can be seen around IC 4329A in the
Hoa+[N11] image of Colbert et al| (1996), extending along the

Send offprint requests t1&.M. Read, (aread@mpe.mpg.de) minor axis,~10" (3kpc) on both sides of the nucleus, with a

* Based partially on observations collected at the European Southkrminosity of ~ 2.5 x 10%%erg s™*. An almost identical image
Observatory, La Silla, Chile is seen in Mulchaey et al. (1996). Thifx halo is believed by
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both sets of authors to represent an outflow from the nucleus, TheROSATPSPC data from IC 4329A have been published
perhaps a superwind of the type commonly seen in edge+eaently in conjunction with thEOMPTON GRMbservations

infrared-luminous galaxies (e.g. McCarthey et al. 1987; Armysladejski et all 1995, hereafter M95), their main result being
et al[1990). that IC 4329A's spectrum is compatible with a single power law,

Radio mapping of the IC 4329A system has brought abgekenergy spectralindex 1, modified by absorption and reflection
some very interesting results also. In a Molonglo Synthesis Tef&tending from soft X-rays to-rays. What evidence there is of -
scope (MOST) 843 MHz survey of radio sources in southefy-ray spectral break is weak, and in any case, the energy of this

Abell clusters, IC 4329A is seen to possess an apparent rasSiPle break is both higher than that of NGC 4151 (Zdziarski
tail ~ 6’ long (Unewissé 1993), corresponding to a linear si&d all1993), and higher than that of typical Seyfert 1s (Fabian et

of 110 kpc. This feature implies a radio structure larger than afly'1993). TheROSATspectrum of IC 4329 was also presented,
other known Seyfert, though it must be stressed that the resdi{p€ing well described by an optically thin thermal plasma with
tion of the MOST observations make it impossible to be certafif = 0-9keV. As far as the spatial structure obtained with the
whether the observed feature is associated with the galaxy or fiotP C 1S concerned, M95 describe IC 4329As X-ray source as
Other significant radio observations include those of Unger et 38ing consistent with point-like.

(1987) at 1490 MHz (and 4860 MHz), where, besides a bright Lastly, ASCAobservations of IC 4329A (Cappi et al. 1996)
core being visible, an extended region of emission is obserJgicate that the 0.410keV spectrum is best described by a
extending~ 6" towards IC 4329. This feature may well be asscl€€P power law spectrum passing through a warm absorber,
ciated with the interaction. Furthermore, Blank & Norfis (1994jogether with a strong reflection component and Fe K line, con-
in a 4 resolution 2.3 GHz observation, observed twd &&- firming both the abovROSAT-GRQM95) and separateSCA
tensions emanating from the nucleus. The first is roughly in tldushotzky et al. 1995) results. Furthermore, as concluded by
same direction as the extension seen by Unger &tar.(1987). Mo, cold absorption in excess of the Galactic value is required
second, extending to the south-east, perpendicular to the dii¥the data, consistent with the edge-on nature of the galactic
lane of the galaxy, may, according to Blank & Norfis (1994), bdiSc-

due to a superwind, driven from the nucleus. Baum etal. (1993) The ROSATX-ray telescope (XRT), with the Position Sen-
found that the kpc-scale radio emission seen in several Seyfétve Proportional Counter (PSPC) (Pfeffermann €t al. 1986) at
galaxies tended to align itself with the systems’ minor axes, ait@ focal plane, offers three very important improvements over

they concluded that circumnuclear starbursts are the most likBIVious X-ray imaging instruments (such astuesteinlPC).
cause. Firstly, the spatial resolution is very much improved, the 90%

enclosed energy radius at 1 keV be1d (Hasinger etal. 1992).
Secondly, the PSPC’s spectral resolution is very much better
1.1. Previous X-ray observations (AE/E ~ 0.4 FWHM at 1 keV) than earlier X-ray imaging in-
struments, allowing the derivation of characteristic source and
X-ray emission associated with IC 4329A was first suspectggffuse emission temperatures. Lastly, the PSPC internal back-
when Ariel V detected the steady source 2A 1347-300 (Cookeound is very low € 3 x 105 ct s! arcmirm2; Snowden
et al[1978B). The error box however, contained IC 4329 as wei}, ). 1994), thus allowing the mapping of low surface bright-
and it was only later (Delvaille 1978) that the source was idefess emission. The High Resolution Imager (HRI) on the other
tified with IC 4329A. Further observations were performed byand, because of its excellent spatial resolution (morestife
HEAO 1, both in scanning (Piccinotti et &l. 1982) and pointeghd relative insensitivity to diffuse emission, is an ideal instru-
modes (Tennant & MushotzKy 1983; Mushotzsky 1984), and Byent for further investigation into the point source populations
HEAQO 2 (Petre et al. 1984). IC 4329A and IC 4329 also appe@ke Tiimper (1992) for a description of tHROSATsatellite
in Fabbiano et al.s (1992) X-ray catalog and atlas. and instruments).
IC 4329A has also been observed (Miyoshi ef al. 1988) with Here we report the results of a 15.5RO©SATHigh Res-
gas scintillation proportional counters aboard the Japanese satkition Imager (HRI) observation that addresses one essential
lite Tenma (Tanaka 1984). It had been established prior to thispect of the X-ray emission from IC 4329A and its neigh-
that large amplitude variabilities in the X-ray flux are rare withibours that has not been possible until nevithat of the high
Seyfert galaxies on timescales of seconds to years (Mushotr&golution spatial properties of the X-ray emission. Although,
1984), andindeed, no significant change in flux or spectral shasementioned above, some aspects of the PSPC data have been
was seen over the six day Tenma observation. The spectral shaggished (M95), the authors concentrate almost entirely on the
above 15keV however, an almost flat, rather positively-slopsgectral properties of the individual systems, and no discussion
tail (rare for Seyfert 1 galaxies), appeared to be very differeoit the spatial properties is given. We have therefore performed
when compared to the HEAO 1 data (Mushotzky 1984). Ob-thorough reanaysis of the 8.3 ksROSATPSPC data, con-
servations of IC 4329A witlGinga (Piro et al["”T990) showed centrating on the spatial properties and on the existence of any
a hard X-ray bump above 8 keV, probably produced by absogxtended features. These results are also presented here.
tion or reflection of the central emission by a very thick cold The plan of the paper is as follows. Sédt. 2 describes the
medium close to the nucleus, an idea supported by the detectibservation and the preliminary data reduction methods used,
of 6.4 keV fluorescence lines. Sect[B discusses the results as regards the point source emission,
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Sectl# discusses the results as regards the remaining unresawed3.0 keV. HRI Conversion factors (in units of—!! erg
emission, and finally a summary is presented in $éct. 5. cm~2 cts! s71) for these models, from count rate (in'g into
flux (corrected for Galactic absorption), are as follows: Thermal
) o i bremsstrahlung: 11.4 (0.3 keV) and 5.3 (3.0 keV); Raymond &
2. ROSAT observations and preliminary analysis Smith hot plasma: 11.0 (0.3 keV) and 5.2 (3.0 keV). As a final
2.1. HRI data point, only source H5 is flagged as extended (at a likelihood of
173), with a FWHM of 12.4.
The field surrounding IC 4329A was observed withR@SAT  Fig. 1 shows the inner 25625 arcminute field of view (where
HRI on the 14th of January 1995 in essentially two separajg of the 17 sources listed in Talilé 1 are visible). Sources co-
observations for a total 15.5ks. The data appeared essentigijdent with both IC 4329A (H11, with sources H9, H10, H12
very clean, and only 200 seconds of data were removed on ## H13 in close proximity) and IC 4329 (H5) are visible, as is
basis of very high 20 cts™") and very low € 1cts ') count g further bright source (H1), 150 the southwest of IC 4329A.
rates, and on large values of atomic oxygen column density To investigate whether any residual, low surface brightness
along the line of sight. emission is visible, an adaptive filtering technique was used to
Source detection and position determination were pejreate an intensity-dependent smoothed image. The signal-to-
formed over the full field of view+ 37" diameter) with the noise level of low surface brightness emission is boosted by
EXSAS local detect, map detect, and maximum likelihood admoothing lower and lower intensity sections of the image us-
gorithms (Zimmermann et &l."1992). Images of pixel siZe Sng Gaussians of progressively larger FWHM. Photons (again,
were used for the source detection. During the source detectigsin raw channels28) were binned into an image of pixel size
procedure, only events detected in the raw HRI channeB 2g”_ pixels of amplitude 1 (2,3,4,5,6,7,8) were smoothed with a
were used, thus reducing the UV/cosmic ray background. ~Gaussian of FWHM 17({120,85,60,40,30,20,15) Pixels of
Sources accepted as detections were those with a likelihegfplitude greater than 8 remained unsmoothed, thus ensuring
L >8, and this gave rise to a number of sources. Probabilitiggit the bright point sources were not smoothed into the back-
P, are related to maximum likelihood values L, by the relatiajround regions. The resultant image is shown as a contour map
P=1—e~L. Thus alikelihood L of 8 corresponds to a Gaussiamverlayed on an optical image in Fig. 2 (the optical image is
significance of 3.6 (Cruddace et al.”1988; Zimmermann et ataken from the U.K. Schmidt plate digitised sky survey).
1992). The source searching algorithms had difficulty in reliably
detecting sources close to the bright central feature. Sources gﬁat PSPC data
were ‘detected’ here generally appeared to be extended (i.e. they
had a large value of extension likelihood), while possessiiipe field surrounding IC 4329A was observed with R@SAT
only a small number of counts. This is very suggestive of theRSPC for a total of 8.23 ks, in five separate observation intervals
being merely spurious features situated in the wings of the bridgigtween the 12th and the 14th of January 1993.
central feature. These sources were excluded from the analysis Source detection and position determination were per-
leaving the 17 listed in Tablg 1. formed over the full field of view as with the HRI data, using the
In an effort to improve the accuracy of the HRI source podEXSAS local detect, map detect, and maximum likelihood al-
tions, the RA and Dec of five bright sources (H2, H7, H15, Hlgorithms (Zimmermann et al. 1992). As with the HRI analysis,
and H17) were compared with the APM finding charts of Irwiit is very doubtful whether many of the sources initially detected
et al. [1994). The sources associated with the two central galabose to the bright central source, associated with IC 4329A, are
ies IC 4329A (H11) and IC 4329 (H5), although they appeard¢aie detections. Again, as with the HRI, those sources close to
to be very coincident, were not used in the re-aligning procetise bright central source with a large value of extension like-
because of the extended nature of both their optical and X-f&yod and a low number of counts were excluded from the
emission. A very small offset of 0.10n right ascension and analysis, leaving 22 sources.
2.1” in declination is observed. As with the HRI analysis, an effort was made to correct the
Tabld1 lists the 17 detected HRI sources as follows: souratitude solution. Comparisons were made between the positions
number (column 1, prefixed by a ‘H’ to distinguish from PSP@f 4 bright point sources (P3, P11, P12, P14) and the APM
detected sources, see SEcil 2.2), corrected right ascensionfiadéhg charts (Irwin et al._1994). The positions of the bright
declination (columns 2 and 3), error on the source position (ceburces associated with the central galaxies were not used in
umn 4, including a 3/9systematic attitude solution error), like-the re-aligning, on account of their extended nature. An offset
lihood of existence (column 5), net counts and error (column @urely in the north-south direction) of is seen.
count rates and errors after applying deadtime and vignetting 22 sources were detected with a likelihood-{L0 over the
corrections (column 7), and 0-R.4 keV flux, assuming a 5 keV entire PSPC field of view. The 17 sources detected within the
thermal bremsstrahlung model (column 8). Count rates of thentral 30x30 area are listed below in Tablgé 2 as follows:
HRI-detected point sources can be converted into fluxes (aswlirce number (column 1, prefixed by a ‘P’ for PSPC), cor-
into luminosities), assuming other additional spectral modetected right ascension and declination (columns 2, 3), error on
e.g. thermal bremsstrahlung and Raymond & Smith hot plasth& source position (column 4, including a’3 $ystematic at-
models (with cosmic abundances) at temperatures of 0.3 kiifdde solution error), likelihood of existence (column 5), net
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Fig. 1. Grey-scale image of the X-ray flux
seen with theROSATHRI over the central
25x 25 field. The image was constructed
with a pixel size of 2, and smoothed with a
Gaussian of FWHM 10. The point sources,
as given in Tabl&l1, are enclosed by boxes
and numbered.

Fig. 2. ROSATHRI map of the IC 4329A
field obtained using an adaptive filtering
technique (see text), overlayed on a digitized
sky survey image. Only channels-8 are
used. The contour levels are at 2, 3, 5, 9,
15, 31, 63, 127, 255, 511, 1023 and 2647
(0 being 1.0 x 107 3cts s arcmin?)
above the background%.9 x 10 ®cts s+
arcmin-2).
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Table 1.X-ray properties of point sources detected with the HRI (see text). Tabulated fluxes assume a 5 keV thermal bremsstrahlung model and
a hydrogen column density &z = 4.4 x 10%° cm~2 (see text for conversion factors for different temperatures/models).

Source R.A.(J2000) Dec. (J2000) .,R Lik. Net counts Count rate Fy
(h m S) (o / H) (H) (1074 sfl) (10714 cfzgs

1) (2 @ @ (5) (6) (7) (8)
H1 1348 44.5 -30 29 47 4.6 354.3 256:47.4 183.2:12.4 95.4:6.5
H2 134857.8 -30 22 05 4.2 128.6 58.8.0 39.6t5.4 20.6£2.9
H3 134858.2 -3018 30 5.5 8.4 8.2 5.12.1 2A11
H4 1348 59.5 -3022 10 4.3 81.4 45.7.2 30.3t4.8 15.8t2.5
H5 1349 05.2 -3017 43 4.1 314.2 323.79.3 215.412.9 112.36.6
H6 1349 06.5 -302310 5.0 15.0 1382 9.3+2.8 4.9+1.5
H7 1349 10.1 -30 20 46 4.8 13.2 %34 6.6+2.3 3.4t1.2
H8 1349 14.3 -30 2002 5.3 8.6 88.4 5.6t2.2 2.9t1.2
H9 1349 15.7 -3018 23 8.1 14.8 22:5.8 14.#43.8 7.#2.0
H10 1349 18.8 -3017 30 8.2 11.1 16:3.0 10.A43.3 5.6t1.7
H11 134919.2 -3018 34 3.9 23751.3 105#193.1 7003.268.3 3645.6-35.6
H12 1349 20.9 -301901 8.6 12.8 28.6.8 19.1:4.5 9.9+2.3
H13 1349 21.6 -3018 34 9.7 10.3 36:3.2 20.0t4.8 10.4£2.5

H14 134924.0 -302543 6.3 8.8 16:3.8 6.9+2.6 3.6t1.4
H15 134939.2 -303017 8.1 26.5 32.8.0 28.0t5.6 14.6:3.0

H16 1349394 -30 16 23 4.2 108.4 46.0.6 35.15.1 18.2t2.7

H17 135003.7 -300833 11.3 21.2 46.9.5 33.16.8 17.2£3.5

counts and error (column 6) count rates and errors after appBalactic absorption, are given in column 7 (HRI) and column 8
ing deadtime and vignetting corrections (column 7), and tlieSPC) assuming in both cases a 5 keV thermal bremsstrahlung
(0.1-2.4keV) flux, assuming a 5 keV thermal bremsstrahlurgpectrum. It may appear that some discrepancy exists between
model (column 8). The only source flagged as extended is & PSPC- and HRI-calculated fluxes, especially in the brighter
(corresponding to HRI source H5; see TdHle 1), at a likelihosdurces. This could be due either to time variability (discussed
of 186, and with a FWHM of 45/8 in the next section) or to the assumption of the wrong spectral
model (discussed in SeEt. 3). The final column (column 9) of Ta-

Fig. 3 shows a broad band (channels285, corresponding . . ) .
approximately to 0.082.35 keV) contour image of the centraple[g gives the nearest bright optical counterpart, using the APM

region close to the centre of the field of view. All of the sourc%i'ngtChgrtS of Ir'\;wg et al'élgfim)t; t)f/pe (—S:»r;[ellg:,QIG—gqltgxy, .

listed in Tabld 2 are visible including sources associated with aint), B magnitude, and offset (from the position) in

both IC 4329A (P8) and IC 4329 (P6). Also shown in Fig. 3"¢¢¢

are three smaller images, again showing the central emission,

selected over three separate spectral bandBe ‘soft’ band 5 3 Time variability study of point sources

(channels 841), the ‘hard 1’ band (channels 520) and the

‘hard 2’ band (channels 91201). A time variability study was performed for all of the sources
Comparison of Fig. 3 with Fig. 1 shows many sources videtected in either the ROSAT HRI and PSPC fields of view,

ible in both the HRI and in the PSPC fields of view. Of the Q/ith special attention paid to the ning brighte;t sources (eight
HRI sources with a high valuex( 15) of detection likelihood, N the PSPC - see above) detected with both instruments.
every onéhas a PSPC counterpart. The converse is alsodtlue;  For the HRI-detected sources, the complete observation was
8 of the PSPC sources with detection likelihoods greater thanldined into five observation blocks (of between 2 and 4ks). A
(that lie within the HRI field of view), have a HRI counterpartmaximum likelihood search at the source positions given in Ta-
We can be very confident therefore, that all of these featuttge [1 was performed for each of the five observation blocks,
are genuine point sources. The joint HRI/PSPC propertiestbé vignetting and deadtime corrected count rates (and errors)
these bright sources, that we concentrate on below, are swalculated within a cut radius df5x the PSF FWHM at the
marised in Tabl&]3 as follows: HRI source number (column 1§purce positions. Where a source was not detected with a like-
PSPC source number (column 2), offset (in arcsec) betwddmod L. > 3.1 (corresponding to a Gaussian significance of
the (attitude-corrected) HRI and PSPC positions (column 2)3), a20 upper limit to the count rate was calculated. An es-
count rates and errors, after applying deadtime and vignettisgntially identical procedure was followed for the PSPC data,
corrections, for the HRI (column 4), the PSPC (column 5), aride observation binned again into five observation blocks (of
the PSPC analysis of M95 (column 6, - note that a different 1.6 ks each). A cut radius &f.5x the PSF FWHM was used.
technique has been used here - see M95). Fluxes, corrected-fmrthe very bright source IC 4329A, the timing analyses de-
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Table 2. X-ray properties of point sources detected with the PSPC (see text). Tabulated fluxes assume a 5 keV thermal bremsstrahlung model
and a hydrogen column density &f; = 4.4 x 10%° cm~2 (see text for conversion factors for different temperatures/models).

Source R.A.(J2000) Dec. (J2000) .,R Lik. Net counts Count rate Fy
(h m S) (o / H) (H) (1073 sfl) (10714 cfzgs
1) (2 @ @ (5) (6) (7) (8)
P1 1348 37.0 -301310 123 20.2 266.5 3.4£0.8 6.3t1.5
P2 134842.9 -301313 16.3 12.6 1836 2.3t0.7 4.3:1.3
P3 134844.9 -3029 42 46 1767.4 69% % .3 94.2:3.7 175.6:6.9
P4 13 48 58.6 -30 22 07 6.9 151.9 114m.7 14.11.5 26.3t2.8
P5 1349 03.0 -301935 19.1 18.7 4289 5411 10.H2.1
P6 1349 05.6 -3017 46 51 1273.4 64¥25.7 81.4:3.4 151.46.3
P7 134907.0 -30 22 58 8.8 37.7 354.0 4.5t0.9 8.4t1.7
P8 1349194 -30 18 36 3.9 26484.9 21889352.2 2746.444.2 5118.382.4
P9 1349 28.6 -301739 154 16.1 294.0 3.40.9 6.9-1.7
P10 1349 30.4 -301843 14.8 10.1 1654 2.140.7 3.9t1.3
P11 1349 38.9 -303014 129 29.7 3878 5.3t1.0 9.9+1.9
P12 134939.4 -30 16 22 6.1 158.3 1001®.9 12.#1.4 23.#2.6
P13 1349 56.5 -301030 17.3 10.4 1*R6 2.40.7 4.5+1.3
P14 135004.0 -300839 104 58.2 6821 8.2£1.2 15.3t2.2
P15 135018.0 -300754 215 13.1 2569 3.6t1.0 6.71.9
P16 1350 18.7 -302606 159 21.6 3507 4.8t1.1 8.9t2.1
P17 1350 30.7 -301043 23.7 11.8 25B2 3.A#1.0 6.9£1.9

Table 3. X-ray properties of point sources detected with both the HRI and the PSPC (see text). Tabulated fluxes for both the HRI and PSPC
assume a5 keV thermal bremsstrahlung spectrum, assuming a hydrogen column dévisity df4 x 102° cm~2. Note that for H1-P3, H5-P6

and H11-P8, further detailed spectral analysis has been performed (s€é Sect. 3). Note also that the PSPC source P4 is resolved by the HRI into
two separate sources, H2 and H4.

HRI  PSPC sep!l) Countrate (07*s7!) F. (107" ergem?s™!) Identification
ident. ident. (HRI) (PSPC)  (PSPC: M95) (HRI) (PSPC)

1) (2) 3) (4) (5) (6) ) (8) )
H1 P3 7.2 18.31.2 94.2+3.7 86.0t6.0 95.4+6.5 175.6:6.9 S (16.5)2.9

H2 10.6 3.9:0.5 20.6+2.9 S(10.7)1.9

H4 P4 12.1 3.6:0.5 14.1£15 15.8£2.5 26.3:2.8 F (20.8) 12.0

H5 P6 6.0 21.61.3 81.4:3.4 81.6t4.0 112.36.6 151.46.3 (G)IC 4329
H6 P7 13.6 0.90.3 4.5+0.9 4.91.5 8.4+1.7 S(19.9)34

H11 P8 3.3 70036.8 2746.444.2 2650.6.20.0 3645.6:35.6 5118.382.4 (G)IC 4329A
H15 P11 4.9 2.80.6 5.3t1.0 14.6£3.0 9.9+1.9 S(18.9)2.0

H16 P12 1.0 3.50.5 12.#41.4 18.2+2.7 23.#2.6 S(17.6)1.9

H17 P14 7.1 3.30.7 8.2t1.2 17.2£3.5 15.3t2.2 S(14.7)2.2

scribed above were repeated for both the HRI and PSPC datighbouring sources and concentrate at the very centres of each
the observations being binned into 40 observation blocks. source. Differences in the calculated count rates between these

Figs. 4 and 5 shows the results of this analysis for all t&/© methods appear to be negligible, except in the HRI cases
sources (except for the bright IC 4329A source) detected wiffyolving the very bright, extended sources, where reductions
both the HRI and the PSPC (Fig. 4 shows the results for the Hif count rate, from those given in Table 3, can be seen. This is
Fig. 5 for the PSPC). The layout of the figures is such that tfeP€e expected, given the methods involved.
coincident sources appear at the same position (hence H2 anq; gppears that little in the way of any temporal variability
H4 being coincident with P4). The results of the timing analysisists for any of the bright sources (including that associated
for IC 4329A are shown in Fig. 6 (both HRI and PSPC). with IC 4329A), and this is borne out by fitting the light curves

Note thatwe are here interestedariationsin the countrate to constant flux values. Lightcurve H2, in fact, shows the largest
from these sources, and not in the absolute values of these cal@viation from consistency, a constant flux level fitting the data
rates, as these have been calculated earlier (Table 3). Hencewtle a reduced? of 2.6. The H2 lightcurve therefore is variable
have been able to use small cut radii to avoid contamination framly at the 2. % significance level (or at likelihood of 3.42). Thus
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Fig. 3. ROSATPSPC maps of the IC 4329A field in the broad (channel23b, corresponding approximately to 0-08.35 keV) band (main
picture) and in the soft (channels-81), hard 1 (channels 5200) and hard 2 (channels 9201) bands (three smaller pictures). The contour
levels in each figure are at 2, 3, 5, 9, 15, 31, 63, 127, 255, 511, 1023, 2047 and #0BBing1.25 x 103 (broad),1.49 x 1073 (soft),
7.29 x 10~* (hard 1) and..42 x 10~2 (hard 2) cts S* arcmin~2) above the background.g1 x 10~ (broad),3.40 x 10~* (soft),5.41 x 10~*
(hard 1) and.04 x 10~* (hard 2) cts 5! arcmin~2). Source positions, as given in Table 2, are marked on the broad band image.

no significant variability is observed within any of the detectea great deal of structure, and is undoubtedly due to the Seyfert
sources. galaxy, IC 4329A.

It is worth noting again here that an analysis of the PSPC
data (in conjunction wittCOMPTON GRO observatiopbas
already been published by Madejski et al. (1995) (M95). They
) _po deal however, almost exclusively with the spectral properties of

IC 43294, IC 4329 & H1-P3 IC4329A (plus those of IC 4329 and H1-P3, or as they call it,
The three bright sources visible in the IC 4329A field are d@83), and so, in the discussion that follows, many of the results we
especially interesting. H1-P3 s bright, shows marginal evidenpgesent have not been addressed by M95, and are new, though
for extension in the PSPC (though the fact that no evidence fee do compare the results of our spectral analysis with those of
extension is seen in the HRI data implies that the sourceM®5.
truly unresolved) and appears associated with a quite bright (B As in M95, spectra of all three bright objects (IC 4329A,
magnitude = 16.5) star-like object, some’2distant. H5-P6 is IC 4329 and H1-P3) were analysed. Spectra were extracted for
also very bright, appears to be significantly extended (both in thié three objects from within circles of X.for IC 4329A and
PSPC and HRI data), and is associated with the giant ellipti¢@l 4329) and 3(for H1-P3) at the position of each source (we
galaxy IC 4329. Finally, H11-P8 is extremely bright, showingote that an extraction radius of for IC 4329A, as used in

3. Results and discussion - the point sources

3.1. The bright point sources
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Fig. 5.ROSATPSPC lightcurves of the seven bright point sources detected with both the HRI and the PSPC (excluding IC 4329A) fidm Table 3.
Observation times are 1.6, 1.6, 1.6, 1.7, and 1.8 ks. Count rates are shown by filled squaresewithn hars, and @ upper limits are shown
by open squares. Dashed lines indicate the average count rate calculated over the complete observation.

M95, is likely to be too large, given that this is approximately the The three background-subtracted spectra, once corrected for
distance between IC 4329A and IC 4329). Background speotsgposure and vignetting effects, were fitted with standard spec-
were extracted as follows: for IC 4329A, from an annulus @6 tral models (thermal bremsstrahlung, power law, blackbody and
9.1 from IC 4329A, thus avoiding contamination from any otheRaymond & Smith[(1977) hot plasma models). A number of ex-
bright features; for IC 4329, from a 1.Fadius circle situated tra, more complex models have been attempted as regards the
equidistant, on the opposite side of IC 4329A, thus ensurifi@ 4329A spectrum, as in M95, and the results of all the best
that contamination from the very bright central source could fies are given below in Tablg 4 as follows: Source (column 1),
removed; and for H1-P3, from d & 5.8 annulus centred on spectral model (whether PL - power law plus absorption, BB -
H1-P3, again avoiding any bright features. blackbody plus absorption, PL/E - power law plus absorption
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and an edge, RS Raymond & Smith hot plasma plus absospggested, consistent with M95, with t@#nga data (Piro et
tion) (column 2), fittedVy (column 3), fitted spectral indeX, al.[1990; Fiore et al. 1992), and with th&CAdata (Cappi et
whereF « E~T (column 4), fitted temperature (KT, in keV)al.[1996). Secondly, the edge feature at 8:0D7 keV is found
(column 5) (Note here that in the case of the PL/E model, thas exactly the same energy as in M95. As M95 suggest, the
column givesthe edge energy in keV). The next columns give theergy of this edge is inconsistent with that expected if there
metallicity (solar, where an ‘F’ indicates that the value has be®arere a neutral absorber present, and this strongly suggests the
frozen) (column 6), the reduced (column 7), and three valuespresence of an ionized absorben{QOv11). Further modelling,

of the (0.1-2.4 keV) luminosity (columns 8-10). Two valuesto address the question of the true nature of this absorber, is
of luminosity as calculated using the PSPC results are givgrussible. However, because of the modest spectral resolution
one (column 8) gives the ‘intrinsic’ luminosity of the sourcef the PSPC, one cannot distinguish between different models,
(i.e. correcting for the totalVy), the second (column 9) givesi.e. between an ionized absorber model, a partial covering by
an ‘emitted’ luminosity (i.e. correcting merely for the Galactimeutral material model, and a high column cold absorber model
Ngy). The final luminosity column (column 10) gives the intrin{see M95 for a detailed discussion).

sic (0.1-2.4 keV) luminosity, using the countrate observed with |t is worth noting that the inferredvyy, 27.9x102° cm2,

the HRI, and calculating the fluxes, assuming identical spectigkpstantially larger than the Galactig; in the direction of
models as inferred from the PSPC data. All luminosities af€ 4329A (4.4<102° cm~2; Dickey & Lockmari 1990), indicat-
calculated for an assumed distance of 64 Mpc (which is aim@s§ the presence of a large intrinsic absorption. This is not too
certainly incorrect in the case of H1-P3, as discussed belowyyrprising given the edge-on nature of the galaxy. In their study
gf the soft X-ray properties of Seyfert galaxies in ROSAT

Although no thermal model (whether a Raymond & Smit I(Ie-Sky Survey, Rush et all (1996) also find a very significant

hot plasma model or a thermal bremsstrahlung model) is a .

to fit the IC 4329A data adequately, a simple power law modgfcess N the best iy

does gives quite an acceptable fit, the fitted parameters agreeinglhe intrinsic (0.1-2.4keV) luminosity of IC 4329A,
well with M95 and with Rush et al[ (1996). However, as i§-3x10"* erg s, is very large, within the top 10% or so of the
M95, close inspection of the residuals does suggest an edggyferts within the Rush et al. (1996) All-Sky Survey sample.
like feature at around 0.7 keV. Incorporating this edge into thdS an extremely luminous galaxy, and an extremely luminous
model does improve the fit (the data and residuals are showngyfert galaxy as well.

in Fig.7), and we are able to reproduce the best-fit results of The IC 4329 spectrum on the other hand, is only fitted ad-
M95 very accurately. Firstly, a photon index of 14333 is equately well by a thermal (Raymond & Smith hot plasma)
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Table 4. Results of the best model fits to the IC 4329A, IC 4329 and H1-P3 spectra (see text). Models are: PL (power law plus absorption), BB
(blackbody plus absorption), PL/E (power law plus absorption and an edge), RS (Raymond & Smith hot plasma plus absorption). In the case of

the PL/E fit, the temperatudel” refers to the temperature of the edge. Three{@.4 keV) luminosities are tabulated. One, the intrinsic PSPC
luminosity of the source, two, the Galactiéz-corrected (i.e. emitted) PSPC luminosity (Galagtig = 4.4 x 10?° cm~2), and lastly, the
intrinsic HRI luminosity, using the HRI count rates in conjunction with the models suggested by the PSPC data.

Source

@)

Model

)

Nu Photon kT
10°° cm2
(3) (4) (5)

Index (keV)

(Solar)

7 redy? L. (10%2ergs?)

(Intrinsic) (Emitted)  HRI (Intrinsic)
(6) ™ ® ©) (10)

IC 4329A

IC 4329

H1-P3

PL

BB
PL/E

RS

RS

PL

22.43.3
7.5+0.1
27.9£5.1
2.#1.2
4.3t1.6
3.21.3

1.28:0.12
0.52:0.02
(0.72:0.14)
1.08:0.06
1.07:1.07

1.73:0.33

2.35:0.33

0.4:0.2 13

11 41.60.7 23.#0.4
11 23.860.4 22.8:0.4
0.9 63.61.0 23.4:0.4
1.0(F) 1.3 0.640.02 0.64:0.02
0.7%0.03 0.720.03
14 1.040.04 1.04-0.04

0.53:0.03
0.610.04
0.6#0.05

Counts/ (s keV)

100

1071

Residuals

$

1.00
Energy/keV

-
(@]

Energy/kev

consistent with the Galactic value and a low (8312 solar)
metallicity, though the fitted temperature is less well constrained
than in the frozen-metallicity case. The intrinsic (02.4 keV)
luminosity of IC 4329, 7.%10%! erg s, is somewhat higher
than average when compared to optically similar systems (Fab-
biano et all_1992). The fitted temperature is entirely consistent
with that of ellipticals,ASCAobservations resulting in tem-
peratures for several early-type galaxies of between 0.7 and
1.2 keV (Matsushita et al. 1994; Rangarajan €t al. 1995). Sim-
ilarly, the low fitted metallicity appears to be consistent with
ellipticals, high-resolution studies withSCArevealing abun-
dances< 0.5solar in several cases (Loewenstein ef al. 1994;
Matsushita et al. 1994).

The H1-P3 spectrum is best fit with a power law model of
photon index 2.3%0.33, absorbed by a column&®(+1.3) x
1029 cm~2, consistent with that out of our own Galaxy. It is
almost certainly due to a background quasar, given the facts
thatitis unresolved in the HRI data, it appears coincident with a
quite bright (B mag = 16.5) star-like object, and it has a spectrum
consistent with that of quasars (power law with photon indices
in the range 2.20.2; Branduardi-Raymont et[al.1994; Roche
et al.[1995).

Finally, note that, in Tablgl3, it appeared that, in the cases
of these bright sources, the inferred HRI and PSPC fluxes did
not agree particularly well. This could have been attributable to
time-variability or the assumption of the wrong spectral model.
We have already seen however (Figs&} that none of these
sources appear to be particularly time-variable in either the HRI

Fig. 7.1C 4329A spectrum with the best-fit power-law plus absorptioﬂr the PSPC, and usage of the correct spectral model, as has

edge model (see Talflé 4). The pulse height spectrum of the total X-

emission is indicated by crosses, and the fit, by the solid line.

n done here, has only really aided the situation in the case
of IC 4329, and then, only slightly. In the case of H1-P3, it is
possible that the source has varied between the HRI and PSPC
observations. The fact that the object is very likely to be a QSO

spectrum. The best fit, while keeping the metallicity frozen at background AGN adds some credence to this. Also bare in
solar, results in a well-constrained, 108.06 keV spectrum, mind that the quality of fit to the H1-P3 PSPC spectra is not
absorbed by a column @f7(+1.2) x 10%° cm~2, acolumn con- excellent, the reduceg’ being only 1.4. Inthe case of IC 4329A
sistent with (though on the low side of) the Galactic value. Thasmd IC 4329, the situation is rather intriguing. Both sources
result is entirely consistent with M95. Fitting of the spectrurappear extended however, and this will lead to a reduction in
while letting the metallicity optimize, gives a column entirelyhe calculated HRI count rates, compared to the PSPC count
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Fig. 8. Contours of HRI emission overlayed onto optical digitized sky survey images for the H2/H4 field (left) and the H16 field (right). The
X-ray image has been smoothed with a Gaussian filter 6fPMWHM, and the contours correspond to 0.0625 and 0.1875 cts arcsec

rates. Furthermore, IC 4329A is extremely bright, accentuatitrgl coverage of 4100-7508 and a spectral resolution of ¥o

the above effect. Finally, as may be the case @igand is FWHM. The seeing was typically 1.5". The data were reduced
discussed in detail later, if there were a large amount of lowecording to the procedure given in Pietsch et’al. (1998).
surface brightness, diffuse emission in the vicinity of these two Through these optical observations, we have established that
galaxies, this could very well lead to a reduction in the HRill three sources have nothing at all to do with IC 4329A, and are
count rates compared to the PSPC count rates, the HRI beiméact Galactic foreground or background objects. Sources H2
relatively far less sensitive to this type of emission than th#nd H4 to the south-west, when compared with Jacoby et al.’s
PSPC. (1984) library of stellar spectra, appear to be foreground stars
of types G3 V and M5 V respectively. Furthermore, the north-
eastern source looks to be a background quasar with a redshift of
0.5430 £ 0.0005. The HRI count rates measured are consistent
Moving on to the remaining point sources, many interestil’{@ith the X-ray fluxes expected from these source classes.
results have been obtained. Feature P4, for instance, appearé\ll of the remaining non-bright sources appear to have very
elongated in the east-west direction in the PSPC image (Fig.gdpse K 3.5”) optical counterparts, the brightest of which is
The HRI is able to resolve this feature into two separate, equdiigt associated with H17-P14 (B=14.7).

bright sources (H2 and H4), the more western of which (H2)

appears coincident with a bright stellar-like object, with a . . .

magnitude of 10.7. The apparent optical counterpart to H4 (n tReSUItS and discussion - the unresolved emission

seen in the APM finding charts of Irwin et al. (1994)) is muckvhat is very evident from Fig. 3 is that there appears to be a
fainter (B=14.7, see Fig(left)). What is rather striking though, great deal of unresolved emission enveloping the sources as-
is that, what appears to be a ‘twin’ of H2/4-P4 can be seen gfciated with the two central galaxies, IC 4329A (P10) and
the opposite side of IC 4329A, at an extremely similar projected 4329 (P8). As seen earlier, this is not seen at first with the
distance from the bright central galaxy. This source, H16-PI4R| (Fig. 1), though becomes strikingly clear when an adaptive
appears coincident with a rather faint (B 17. 6) stellar-like Ohﬂenng techn|que is app“ed (F|g 2) The fact that this emis-
ject, less than‘2west of HRI position (Fig(right)). The po- sjon is very obvious in the unfiltered PSPC data, though this
sitioning of these two sources with respect to the central briglt is not mentioned in M95, is very encouraging, and to in-
galaxy, IC 4329A, is both unusual and intriguing. vestigate this aspect of the X-ray emission further, a similar
On July 6, 1997, during an observing campaign at the 2.4ittering technique was applied to the PSPC data. An image (of
ESO/MPG telescope at La Silla observatory, we obtained sppixel size 15, and over the broad 11-235 range) was formed,
tra of these optical candidates using the EFOSC2 spectrograpld sections of the image were smoothed using progressively
with grism #4, a 2-wide long slit and th€048 x 2048 15um larger Gaussians for lower intensity pixels. Pixels of amplitude
LORAL CCD. This gave a dispersion of,&Zper pixel, a spec- 1 (2,3,4,5,6,7,8) were smoothed with a Gaussian of FWHM

3.2. The secondary point sources
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= % o + P than 8 were not smoothed, ensuring that the bright point sources
-30°06' -y " 1C4329A 1 were not smoothed into the background).
() ¥e) { L ROSAT PSPC The results of this procedure are really rather striking, and
- 01-24kev. | the two components, the soft and the hard components, show re-
' Il markably different properties. The soft componentis dominated
by IC 4329A and the bright H1-P3 source to the south-west.
Strong features are also seen associated with IC 4329, with the
two outlying sources, H2/4-P4 and H16-P12, and with H15-
P11. Theunresolvedsoft emission though, which is what we
@ are here most interested in, appears almost entirely to the south-
C east of the bright IC 4329A source, in a roughly semi-circular
R distribution, ‘centred’ on IC 4329A, and extending out past the
two outlying sources H2/4-P4 and H16-P12. The emission ap-
= pears far from uniform, containing much structure, notably in
the south-east direction, perpendicular to the IC 4329A disc
(and to the line joining the two outlying sources to IC 4329A).
— : — Some evidence exists for a similar (though very much smaller)
13"50m00s 13h49m10° 13148M20°  extension to the north-west of IC 4329A, though much of this
. . emission may be due to IC 4329.
Right Ascension (2000.0) As regards the hard emission, many sources, notably
Fig. 9.ROSAT0.1-2.4 keV) PSPC map of the IC 4329A field obtainedC 4329A, 1C4329, H1-P3, and the two outlying sources, appear
using an adaptive filtering technique (see text), overlayed on a digitizasl Strong sources. The unresolved hard emission however, ap-
sky survey image. The contour levels are at 2, 3, 5, 9, 15, 31, 63, 1p&ars markedly different to the unresolved soft X-ray structure.
255, 511, 1023 and 2047(c being8.3 x 10~ °cts s'* arcmin ) Firstly, it extends not only to the south-east, as the soft compo-
above the background.¢ x 10~*cts s~ arcmin?). nent does, but also to the north-west, and appears roughly cir-
cular in nature. Furthermore, in contrast to the soft component,
it appears rather uniform and smooth, with little in the way of
320" (225,160,115,80,55,40,30)Again, pixels of amplitude substructure. Interestingly, and as discussed later, the hard com-
greater than 8 remained unsmoothed, to ensure that the brightient is not centred on IC 4329A, but instead appears to be
point sources were not smoothed into the background. The ¢entred somewhere between the IC 4329A/IC 4329 pair. Also
sultant image is shown in Fig.9. Again, as in the adaptivetf note is the fact that this emission is seen to envelope two
smoothed HRI image, a great deal of unresolved emissionfugther galaxies within the galaxy group mentioned in the intro-
apparent, extending to a much greater radius than is seejiigtion. These two galaxies, IC 4327 to the north-west of the
the equivalent HRI image (Zompared to §. This is not too 1C 4329A/IC 4329 pair, and NGC 5298 to the south-west, can
surprising, even taking into account the factorof deficitin  be seen at the edge of the hard unresolved emission (Fig. 10).
exposure times, as the PSPC is far more sensitive to low surfaceStructure in the unresolved emission is evident also in the
brightness diffuse emission than the HRI. HRI data. Fig. 11 shows contours of HRI X-ray emission su-
As the PSPC has some spectral resolution, we are ablgp&imposed on an optical image of the two central galaxies. A
investigate the spectral properties of this unresolved emissi@firesolution image was extracted from the HRI channel range
What was immediately apparent though, before any rigorogs 11, and smoothed with a Gaussian of FWHR. Firstly,
spectral fitting (as described later) was performed, was that thisregards the above discussion, significant emission, in what
unresolved emission appeared markedly two-component. It veggpears to be in the form of a ‘bridge’ (with a curious northern
decided at first to investigate the spatial properties of these tplame), is seen connecting the two galaxies. Secondly, with re-
components, to try and ascertain their distributions. gard to the emission surrounding IC 4329A, there appears to be
an elongation along the disc, pointing towards the two outlying
sources, one of which, H2/4-P4, can be seen at the bottom-right
of Fig. 11. Also, there appears to be good evidence for an ex-
This two component nature is apparent in Fig. 10. Shown dsemsion perpendicular to the IC 4329A disc, especially, as seen
two images, each essentially the same as Fig. 9, but extradtethe PSPC soft band image above, to the south-east. Lastly,
from two separate energy bands, the first (soft), extracted fr@sregards IC 4329, the curious spiral-arm-like structure to the
channels 841, the second (hard) extracted from channelgray emission is very intriguing.
52-201. In both cases, images withifesolution were formed
and th_e se images were S”.‘°°the.d using progressive_ly Iarg%r_ The unresolved emission - spectral properties
Gaussians for lower intensity regions. Pixels of amplitude 1
(2,3,4,5,6,7,8) were smoothed with a Gaussian of FWHM’'32@t appears therefore, that the unresolved emission within the
(225,160,115,80,55,40,3Q)and pixels of amplitude greaterlC 4329A/IC 4329 system is two-component, and this two com-
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4.1. The unresolved emission - spatial properties
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Fig. 10.ROSATPSPC maps of the IC 4329A field in the (left) soft (channelglB) and (right) hard (channels 5201) bands, obtained using

an adaptive filtering technique (see text), and overlayed on optical images. The contour levels are at 2, 3, 5, 9, 15, 31, 63, 127, 255, 511, 1023
and 204% (o being2.3 x 1075 (soft) and4.3 x 105 (hard) cts s* arcmin~2) above the background (L x 10~* (soft) and6.4 x 10~*

(hard) cts s* arcmin2).

ponent nature varies across the system, the area to the north-\ -30°16' . 1
of the IC 4329A disc being hard, the area to the south-east, | IC4329A @: v O

ing hard also, but with a very significant soft component cor ROSAT HRI o

tribution. This north-west/south-east divide was used to inve | Chasnets & -

tigate the spectral properties of the unresolved emission. S
eral unresolved emission spectra were extracted, both from &
north-west (NW) and the south-east (SE) side, a line throu@
the centre of IC 4329A, at an angle (anticlockwise from norttL  -30°18'
of 56° (so that it approximately followed both the IC 4329A &
disc and the line joining the two outlying sources to IC 4329A B
used to separate the two halves. Two main spectra (NW &g o0 |
SE) were extracted from half-annuli centred on IC 4329A, witQ O
inner radii of 2.25 and outer radii of 117 and were binned 0
to give a signal-to-noise ratio of approximately six in eac
channel. These two spectra were each further subdivided il ; )
three concentrically-extracted spectra, with inner and outer ra o D @
of 2.25-5 (NW1 and SW1), 5-8.28 (NW2 and SW2) and ‘ o ‘ ‘
8.25—11.7 (NW3 and SW3). These six sub-spectra were ea 13"49™M24s 13"49™m12s 13"49™00°
binned to give a signal-to-noise ratio of approximately five i : :

each channel. In the extraction of each of these 8 total spc. Right Ascension (2000.0)

tra, data associated with each of the sources were excludegi{p11. ROSATHRI map of the IC 4329A field obtained using an
a radius of 1.5 A background spectrum, free of unresolveddaptive filtering technique (see text), overlayed on a digitized sky
emission, was extracated from a' £4.8.25 annulus, data as- survey image. Only channels-a1 are used. The contour levels are
sociated with the sources excluded to a radius oDace these at 2, 3, 5, 9, 15, 31, 63, 127, 255, 511, 1023 and 2047 being
spectra were corrected for background and exposure time, it wals* 107 cts s ! arcmin”?) above the background.(l x 10~° cts
possible to gauge the soft and hard-band contributions wittfin arcmin-=).

each area. In the north-west, the percentage of counts in the

soft (0.1-0.5 keV) band, compared to the total (62.4 keV)

number of counts, is seen to be low §8.5%) and constant (to

within ~ 3%) for each of the three spectra (NW1, NW2, NW3)ise sharply from 19.7% for the inner-extracted spectrum (SE1),
In the south-east however, the soft band contribution is seenticough 34.8% for SE2, to 53.6% for SE3.

-30°22'
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Fig. 12.Model spectrum fits to the NW spectrum. (Left) Gaussian contour levels,ddand 3r in the spectral indexabsorption column plane
for the power-law fit to the NW spectrum (Table 5, column 1). (Right) Gaussian contour levets 2f &nd 3r in the temperatureabsorption
column plane for the Raymond & Smith plasma fit to the NW spectrum (Table 5, column 1).

As in the fitting of the point source spectra, spectral moddittle definite information can be gleaned from these results,
were fitted to these unresolved emission spectra. Dealing fidtether the absorbing column is left to optimize or is frozen
with the north-west spectra, power-law, and Raymond & Smitt the Galactic value. Though the fitted temperatures appear to
hot plasma models were first attempted, and the results of teehigh, the fitting procedure often ‘pegging’ the temperature
best fits are summarized in Table 5. As can be seen, power-k&whe highest allowable value, the errors are large. The size
models (columns 2-6) are able to fit not only the NW spectrurof this error region can be seen in Fig. 12 (right), where 99%,
but also the three separate NW1, NW2 and NW3 spectra, v&8% and 68% confidence contours are shown in the absorb-
well, with reducedy?s of less than unity (in fact more like 0.5 ining column-temperature plane for the Raymond & Smith hot
every case, apart from NW2). Though the resulting parametgtasma model fit to the full NW spectrum (i.e. Table 5, row 1).
at first appear rather different, the errors are rather large, and

the spectral fit parameters are quite consistent with one another,Fma"y’ it is worth noting that usage of a thermal

i.e. the north-western spectrum appears to remain constantv%ﬁmssnahlung model in the spectral fitting gives very similar
o b bp results to the Raymond & Smith results. The equivalent absorb-

radius. Fig. 12 (left) shows the 99%, 95% and 68% confidence ) . .
> . : INg column-temperature confidence grid appears essentially
contours in the absorbing columspectral index plane for the

. . identical to Fig. 12 (right). Only in the fitting to the total NW
power-law fit to the full NW spectrum (i.e. Tatdleé 5, row 1). spectrumwas% besgtfi?relllisedXIH _ 16.5*%‘?’2 1020 o2

One should note here the bottom four power law fits, giveeT > 1.05 KeV, with a reducedy? slightly worse than for the
in Table[5, the implications of which are discussed more fullgaymond & Smith case (0.54, with 9 degrees of freedom).
later. Here, an attempt has been made to see how consistent th

NW spectra are with the spectrum of the bright central source The emission to the south-west, as mentioned previously,

IC 4329A. Upon freezing the absorption column at the value oﬁ—gggls?oergtb I;t/hrgoge ;(ggp“gs;end’;sgug;gla tgﬁéc%rggtor;enrg_
tained in the fitting of the IC 4329A spectrum (22.702° cm~2, P ' d y

see Tablgl4), the quality of each fit is seen to remain very go component power-law and Raymond & Smith hot plasma fits to

The values obtained for the spectral index however, though ¢ € SE spectrum resuit in reducgds of over 5 and 7, respec-

sistent with each other, are somewhat higher than the IC 432 \ﬁly)' Freezing of a number of the cpmponepts was necessary,
value. as too many free parameters led to fits that either refused to set-

tle at consistent values or had huge error regions. Following the
Moving on now to the Raymond & Smith hot plasma moddine of thought touched upon above, the hard component was
fits to the NW spectra (columns 7-11), the quality of the fitsssumed to be identical to the IC4329A spectrum. The variation
is again good, in the majority of cases. The absorbing calfthe spectral parameters can be seenin Fig. 13. Here, the 99%,
umn appears to be small and is consistent with the Gala®%% and 68% confidence contours in the soft-component ab-
value in every case. Unfortunately, as regards the temperatg@ption column-temperature plane are shown for the full SE
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Table 5. Results of fitting power-law and Raymond & Smith hot plasma models to the north-western unresolved emission spectra (see text), as
follows: Column 1 gives the spectrum, whether the full NW spectrum or one of NW1, NW2, or NW3, the radially extracted spectra. Columns
2—6 give the results of the best power-law fits; fittde (column 2), fitted spectral indeX,, whereF' «« E~" (column 3), and the reduced

x? and number of degrees of freedom (column 4). Column8 Give the results of the best Raymond & Smith hot plasma model fits (with

the metallicity frozen at the solar value); fitté@; (column 7), fitted temperature kT, in keV (column 8), and the redycednd number of

degrees of freedom (column 9). Where parameters are seen to ‘peg’ at the highest or lowest allowableovalyest, @r lower limits are

given. Two values for the (0-12.4 keV) X-ray luminosity (scaled to account for the emission lost in the ‘holes’ left after the source subtraction
procedure) are each given (corresponding to a distance of 64 Mpc) in columns 5 and 6 (for the power-law fits) and columns 10 and 11 (for the
hot plasma fits). Cols. 5 and 10 give the ‘intrinsic’ luminosity (correcting both for Galactic and intrinsic absorption), while columns 6 and 11
give the ‘emitted’ luminosity (i.e. correcting merely for the Galactig).

Spec. Power-law model Raymond & Smith model
Nu Photon redxy> L. (107 ergs™) Nu KT  red.x? L.(10"ergs?)

(10*° cm™2) Index (n.d.o.f) (Int) (Em.)| (10*° cm™2) (keV) (n.d.o.f) (Int) (Em.)
@ 2 3 @ © (6) O ®) (9 (10) (11)
NW 22.073%%  2.03"1% 0559 263 8.67] 10.07:%> >19 05009 8.80 6.08
NW1 360755, 0.9675%  0.48(5) 4.69 469  5.90"1%0 >1.9 0.69(5) 375 3.24
NwW2 | 483750 315727 0.95(7) 728 290 164722 262715,  0.84(7) 3.50 2.07
NW3 <110 1.0972;5  041(3) 3.13 3.13 <55 >1.6 2383 277 2.77
NW 22.7(F) 2.060.37 0.50(10) 27.4 8.63 4.40(F) >24 0.71(10) 7.91 7.91
NW1 22.7(F) 1.92050 0.75(6) 11.1 3.79 4.40(F) >22 0.61(6) 3.46 3.46
NW2 227(F) 1.99051 0.91(8) 9.66 3.26 4.40(F) 25972  1.248) 266 2.66
NW3 22.7(F) 2.020.89 0.62(4) 7.38 2.31 4.40(F) >20 0.34(4) 216 2.16

1 T T T T 1 13 theGalacticvalue (4.4010%° cm~2), as seems completely rea-
sonable from Fig. 13, that good fits are obtained. Thble 6 sum-
marizes these best two-component (power-law plus Raymond
1 & Smith hot plasma) model fits to the SE spectra. In actuality,

1 whatever (within reason) the hard component is frozen at (for
- instance, the higher index fit to the NW spectra - see Table 5),
or whether the soft-component metallicity is frozen or left free,
makes very little difference to the resultant fits. Assuming there-

1 fore that a hard component somewhat similar (if not identical)
< to the IC4329A spectrum is present, then a soft component,
consistent with a very cool, relatively (if not completely) unab-
sorbed hot plasma, appears to be present. It is also worth noting
1 here, that the equivalent confidence contour plots for the three
- sub-spectra SE1, SE2 and SE3, appear more-or-less identical,
1 though with larger-spaced contours reflecting the reduction in
statistics.

A Models incorporating two Raymond & Smith hot plasmas

1 15 eitherfailedto converge or, if they did, the results obtained were
unphysical or had uncomfortably large error regions. It is worth
noting that a model incorporating two thermal bremsstrahlung
Fig. 13.Gaussian contour levels 05120 and 3r in the soft-component models, both with absorbing columns frozen at the Galactic

temperature-absorption column plane for the (hard) power-law plusalue, is able to fit the SE spectrum. A very low and a very high
(soft) Raymond & Smith plasma fit to the SE spectrum. temperature plasma is required.

As we have seen therefore, both a hard and a soft component

to the unresolved emission appear to exist around IC 4329A, the
spectrum, i.e. the hard component is frozen to that of IC432%ard component lying, rather smoothly and symmetrically dis-
and the metallicity of the soft component is frozen at the solatbuted, around the IC 4329A/IC 4329 pair, the soft component
value. lying almost entirely to the south-east of IC 4329A. As we have

As can be seen, the soft component appears to be very s@fgions of emission where only the hard emission appears to
and rather unabsorbed. Fitting of the three sub-spectra SExist (to the north-west), it is easier to deal with this aspect of
SE2 and SE3, failed to settle at consistent values, and it is ot emission first. Only after this, can we move on to discuss

when the absorption column of the soft component is fixed the soft emission component.

KT (keV)

nH (10e21 atoms/cm2)
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Table 6. Results of fitting two-component (power-law + Raymond & Smith hot plasma) models to the south-eastern unresolved emission
spectra (see text), as follows: Column 1 gives the spectrum, whether the full SE spectrum or one of SE1, SE2, or SE3, the radially extracted
spectra. Columns 2 and 3 give the parameters of the power-law component to the best fi¥fitedlumn 2), and fitted spectral indek,

whereF « E~T (column 3). Columns 4 and 5 give the parameters of the Raymond & Smith hot plasma component of the best fit (with the
metallicity frozen at the solar value); fittéd; (column 4), and fitted temperature kT, in keV (column 5). The reducéeghd number of degrees

of freedom are given in (column 6). Two values for the (6214 keV) X-ray luminosity (scaled to account for the emission lost in the ‘holes’

left after the source subtraction procedure) are given (corresponding to a distance of 64 Mpc) in columns 7 and 8. column 7 gives the ‘intrinsic’
luminosity (correcting both for Galactic and intrinsic absorption), and column 8 gives the ‘emitted’ luminosity (i.e. correcting merely for the
GalacticNy), the figures in brackets indicating the percentage contribution to this luminosity from the Raymond & Smith hot plasma (i.e. the
soft) component.

Spectrum  Power-law component  Raymond & Smith component  yfed. L, (10" ergs™)

Nu  Photon Nu kT (n.d.o.f) (Int) (Em.)

(10*°cm™2) Index (1G°cm™2) (keV)
) &) ©) 4 ®) (6) 7 ®
SE 22.7(F) 1.28(F) 4.40(F) 0.4D.05 1.57(7) 17.21.0(40%) 12.3-0.8 (54%)
SE1 22.7(F) 1.28(F) 4.40(F) 0.11(F)  1.64(5) 64166 (18%) 3.830.3 (28%)
SE2 22.7(F) 1.28(F) 4.40(F) 01®.04 0.87(6) 6.820.6 (37%) 4.95-0.4 (52%)
SE3 22.7(F) 1.28(F) 4.40(F) 04D.07 1.19(3) 4.480.7 (62%) 3.73-0.6 (75%)
4.3. Discussion - The hard component was created in the same way with zero values at the positions

of these holes, and values of unity everywhere else. A radial
One possibility as to the origin of the hard residual componegofile (of binsize 36) was formed from the source subtracted
as alluded to (though not explicitly stated) in the previous segnage, and this was normalized for the area lost in the ‘holes’,
tionS, is that it could be due to the ‘Wing’ emission from thgy d|V|d|ng it by an equiva|ent prof”e of the mask image_
very bright central source. This idea is supported by the fact several features are evident within this figure. The central
that the spectrum of the hard residual emission (both the N¥Mght point source is very obvious, but also visible are the two
emission and the hard component of the SE emission) appesffer bright sources, the IC 4329 source (H5-P6)}a and
very consistent with the IC 4329A spectrum. H1-P3, at~13.5. The emission is seen to fall to the background

To investigate this question further, a radial surface brigHevel at large radii (9-18), but there is a very notable devia-

ness profile (over the channel range 11 to 235) of the centtigh from this level closer in. Betweer 4nd 9 (and possibly
emission was formed. This is shown in Fig. 14 (with the resp to 11), the emission is seen to be significantly enhanced
gion between 2/4and 12.6 magnified in the inset), and con-with respect to the background, and there appears to be two
tains many features, as follows: Firstly, the data points sh@emponents to this enhancement. One is the presence of some
the radial distribution (centered on IC 4329A) of the total Xdanderlying, unresolved, perhaps truly diffuse emission, as in-
ray emission, splitinto 21radial bins, with the region insidé 1 dicated by the dash-dotted line. The second is the presence of
splitinto 7’ radial bins. The long dashed line represents the PBBint sources, notably the bright sources P6, P9 and P16, visible
of a point source with a spectrum best fitted by a power law wfthe radial profile figure, between 4&nd 6.5, as data points
photon index 1.28, absorbed by a column of 232! cm~2, lying above the residual emission profile. Part (or perhaps all)
i.e. it represents the radial distribution of the emission fronf the enhancement at 10’ is due to sources P3 and P4.
IC 4329A, assuming it to be a point source. This was formed With regard to the unresolved emission therefore, it is the
by summing together model PSFs (for photons of varying eneélash-dotted, unresolved emission profile, and the possible con-
gies), each normalized according to the spectrum of IC 432%8bution to this from the dashed IC 4329A point source that are
(i.e. normalized according to Fig. 7). The dotted line indicated interest. It can be seen from Fig. 14 that the idealised point
the radial distribution of the true (i.e. non-diffuse) backgroungource model of IC 4329A does contribute to the unresolved
This was formed by firstly eliminating from an image all of themission within the inner annulus (NW1 & SE1: 2.25),
sources to very large radii {5sthe FWHM of the PSF). This re- though beyond this, in the outlying regions, the expected con-
sulted in an image where approximately none of the unresolvérihution drops rather quickly. The fact that the X-ray source
extended emission, visible in Fig. 9, was included. A polyn@&ssociated with IC 4329A may not be an idealised point source
mial fit was then used to interpolate across the ‘holes’, and thewever, as is suggested by Fig. 14, where some deviation from
image was then heavily smoothed (with a Gaussian of FWHite (spectrally corrected) point source PSF model can be seen),
9.4). Aradial profile of thisimage (again centered on IC 4329Anay boost the true wing contribution in the outlying regions
gives the indicated dotted line. The dash-dotted line indicatieem this source, to values perhaps in line with that of the resid-
the level of the ‘diffuse’ emission, the unresolved emission visial emission.
ible in Fig. 9. This was formed by removing sources from an Perhaps therefore, the hard residual emis@afue to the
image to radii of twice the FWHM of the PSF. A mask imag®/ings of IC 4329A. The hard residual emission is well fit by
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Fig. 14. Surface brightness profile of the (6-2.4 keV) flux about the centre of IC 4329A (the region betweeh @x 12.6 is magnified in

the inset). Data points show the total X-ray emission profile, the long dashed line represents the PSF of a point source with spectral properties
identical to that of IC 4329A, the dash-dotted line indicates the level of the ‘diffuse’ emission, all point source emission having been removed,
and the dashed line indicates the level of the ‘true’ background, all point source and ‘diffuse’ emission having been removed (see text).

the IC 4329A spectrum, and the number of counts expectedfact, this is not too surprising as the spectral capabilities of
from the IC 4329A wings may be close to being in agreemetfie ROSATPSPC are not too good for harder spectra, and, to
with what is observed (though this is unlikely). Furthermore, thhe PSPC, an IC 4329A-type spectrum and a hetl®BkeV)

hard residual emission appears approximately circular, and bpthsma spectrum appear almost identical, as is apparent in the
smooth and regular, as one would expect, if this emission wesgectral fitting results (Tablé 5).

just due to the wings of a bright point source. Unfortunately,

there is one aspect of the hard residual X-ray emission that is Nevertheless, we have attempted to further analyse the
very difficult to reconcile with it being due to the IC 4329AM0Tth-western unresolved emission spectra, in an attempt to ex-

wings — the emission isiot centred on IC 4329A. Instead, itifactany information regarding the hot gas component that may
appears centred on a point midway between IC 4329A and ®¢St: A two-componentmodel, comprising of a power-law com-
bright elliptical companion, IC 4329, a point coincident wittPONent, representing the emission from the IC 4329A ‘wings’,
the ‘bridge’ of X-ray emission visible in the HRI data (Fig. 11)@nd & Raymond and Smith hot plasma component, represent-

This fact, that the emission is not centred on IC 4329A, maki® the diffuse hot gas component, was fitted to the full NW

it very unlikely that the hard residual emission is due entireRP€Ctrum and to the three sub-spectra NW1, NW2 and NW3.
to the IC 4329A wings. Here, the power-law component parameters were frozen at the

IC 4329A values Vg = 22.7 x 102°cm=2, T = 1.28), and the
Instead, the above points are very suggestive of the enfRaymond & Smith component absorption column was frozen at
sion being due partly to the ‘wings’ of IC 4329A, and partlyhe Galactic value4(4 x 10?° cm~2). Examination of the resul-
to hot gas surrounding the IC 4329A/IC 4329 pair. A signiftant Raymond & Smith component normalization-temperature
cant fraction of the hard residual emission will be due to thgarameter space reveals a similar effect in all but one of the
IC 4329A wings, but this only makes a marked contribution aases; In the fits to the full NW spectrum, and to the inner NW1
smaller radii, dropping to a level below half that of the total haraind the outer NW3 spectrum, the temperature of the hot gas
residual emission beyond 4’. The fact that the spectral propercomponent is seen to be very ill-defined, with large, and highly
ties of the hard residual emission appear indistinguishable framegularly-shaped confidence contour levels. Furthermore, no
those of IC 4329A may at first seem strangely coincidentaignificantimprovements in the fit quality are seen, reduced
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(and number of degrees of freedom) for these three fits beir ‘ ‘ ‘ ‘ ‘

NW 0.86(9), NW1 0.63(5) NW3 0.30(3) (compare these value
with the one-component Raymond and Smith values given
Table). i T

In the case of the NW2 spectrum however, a significal
improvement is seen in the fit quality (reducgd(n.d.o.f)
= 0.82(7) — compare with Tablgl5). Also the hot gas componer
normalization-temperature parameter space is seento be q _
well-defined, with (at least at the 68% confidence level) reaso3
ably small and regularly-shaped contour levels (see Fig. 15). T
best fit to the NW2 spectrum (indicated by the dot in Fig. 1£%
contains a IC 4329A-like component and a hot gas compone
with a temperature of 1.53 22 keV.

We believe that we are only able to see this hot gas comg
nent, even reasonably, within the NW?2 fit, because it is only
this radial distance from the central bright source that the co
tamination fromthe IC 4329A ‘wings’ drops sufficiently enougt
to allow the hot-gas component (which is itself dropping witl
radius) to become visible. In the NW1 spectrum, although tt
hot gas component is large, the IC 4329A wing component
huge, and the contamination is too large to allow a reasonabie
determination of the hot gas component parameters. In the NWI@. 15. Two-component model spectrum fit to the NW2 (middle) spec-
spectrum, even though the IC 4329A wing component has beim. Gaussian contour levels of 120 and 3 in the hot gas (Ray-
come extremely low, the hot gas component is now very lowond & Smith) component temperatureormalization plane for the
itself, and the statistics involved are insufficient for a reasoflS 4329A-like) power-law plus Raymond & Smith plasma fit to the
able spectral determination. NW2 spectrum (see text).

A great range in temperature is able to fit the hot gas com-
ponent of the full NW spectrum. We assume here though, that
the temperature of the entire hot gas component is equal to @éhis emission being severely contaminated, not only, as it is
temperature found for the NW2 spectrum (1:43° keV). Fit- o the north-west, by the IC 4329A ‘wings’, but also by the
ting of the full NW spectrum, assuming this temperature, do¥€ry soft emission discussed earlier. If one makes the simple
lead to a very good fit indeed, with a reducgtiof 0.52 (with assumption that the properties of the hot gas to the south-east
10 degrees of freedom). are identical to those to the north-west, a quite valid assumption,

Mean physical properties for this north-western hot gas céliyen the physical appearance of the emission and the level of
be inferred from the above results if we make some assumpti@g§uracy we can attain, then the values of the physical prop-
about the geometry of the emission. Here we have assungsties for the total hot gas surrounding the IC 4329A/IC 4329
the simple geometry of the north-western hot gaseous emissiyftem become double those quoted above (except for the mean
being hemispherical with a radius of 11 (i actuality, only €lectron density:., and the cooling timeéqqq;, which remain
a rough approximation to the gas properties can be calculatéhanged).
here and assumption of a slightly different radius gives rise to Remembering that, as discussed in the introduction, the two
very similar results). central galaxies lie close to cluster A3574, and are part of a

Using the volume derived for this hemispherical ‘bubbld0osish group of seven galaxies, it is useful to compare here
model, the fitted emission measure?V (wheren is the ‘filling the properties of this hot gaseous emission component with the
factor’ —the fraction of the total volurié which is occupied by general X-ray properties of groups and clusters.
the emitting gas) can be used to infer the mean electron density,As regards the comparison with clusters, though the tem-
ne, and hence the total masdgas thermal energyy, and perature of the hot gas may be comparable, the luminosity
cooling timet o Of the gas. (5.2x 10* erg s7!) is extremely low. Clusters typically have X-

Performing these calculations, after first accounting for thigy luminosities greater thainx 10* erg s™! (Edge & Stewart
extraemission lostin the ‘holes’ left after the source-subtractid®91; Yamashita 1992; White 1996), i.e. two orders of magni-
procedure, one arrives at approximate values to the physitile greater than is observed around IC 4329A/IC 4329, and
properties of the north-western hot gaseous emission as followss therefore very unlikely that we are seeing emission asso-
X-ray luminosity Lx (0.1-2.4keV; intrinsic) 2.6<10*! erg ciated with the A3574 cluster. In the following discussion, we
s ' ne, 1.8x107 4705 cm™3; Mgas 9.5x10'°7%5 Mq); Ey,,  Will primarily deal with the comparison of the present results
8.1x10591°% erg;t o0 99 Gyr. In the later discussion, we willwith the properties of galaxy groups.
see that no spectral information regarding the hot gaseous emis-The general X-ray properties of galaxy groups have re-
sion to the south-east can be obtained. This is primarily becagseatly been published, both of Hickson’s (1982) compact groups

l
0.0002 0. 0004 0. 0006 0. 0008 0. 001
Normali1zation amplitude (1/cmS)
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(HCGs) (Ponman et al._1906), and of other, poor group&[1996; Mulchaey et &l. 1995); highergroups are brighter in
(Mulchaey et al[_1995). The group containing IC 4329A and-rays. The IC 4329A group of galaxies has a rather large value
IC 4329 appears rather loose and contains perhaps seven mafm- approximately 390 km', calculated using the Galaxy-
bers (arather large number). A good optical image of the grooprrected recession velocities given in the Third Reference Cat-
can be found in Fricke & Kollatschny (1996). alogue of Bright Galaxies (RC3; de Vaucouleurs ef al. 1991).
The X-ray luminosity of the hot gaseous emission is loviihis value is greater (though within the range of) Hickson et
but in no way uncomfortably low when compared to the resultd.’s (1992) study of 100 HCGs, which have a median value
of Ponman et al (1996) and Mulchaey et/al. (1995). Many othef 200 km s'!. It is also larger than typical values for loose
galaxy groups at the same distance are seen with very simgsoups (208 km s! Geller & Huchra 1988; 183kms Maia
hot gas X-ray luminosities (i.e. the emission from the membet al.[ 1989), though much less than for rich clusters, where,
galaxies having been removed, as has been done here). Furfloeexample, Zabludoff et al. (1990) established a medi#or
more, the ratio of the diffuse hot gas X-ray luminosity to the tot&b Abell clusters, of 744kms. Interestingly, there is good
blue luminosity of the member galaxiés; /Lp (=~ 1.2x10~%) indication of a correlation betweenand the group emission
is seen to be very typical of groups. As regards how the X-régmperature (Ponman et al. 1996), a correlation which appears
luminosity relates to the spiral fraction (the fraction of the groujp extend from the poorest of groups to the richest of clusters.
member galaxies that are spiral, as opposed to elliptical galé&-4329A, on account of its high temperatumedits high ve-
ies), the hot gas around IC 4329A/IC4329 is again, in no wéycity dispersion, lies directly on Ponman et al’s (1986} T’
unusual. The spiral fraction of the IC 4329A group is actuegression line, between the groups and the clusters. The hot
ally very high, IC 4329 being the only non-spiral member, arghseous emission within the IC 4329A group however, is not as
though Ponman et al. (1996) find only a very weak correlatiofrray luminous as the group’s velocity dispersion would imply,
between spiral fraction anflx, Mulchaey et al.[(1995) find and it lies below the regression line fitted to the — ¢ data
a somewhat stronger correlation, all of the groups they detettPonman et al! (1996). It should be stressed however, that it
having an extended X-ray emitting intragroup medium havirdpes lie well within the scatter of the data, and cannot be called
a high percentage of early-type galaxies. The emission withinany way, unusual.

the IC 4329A group (a high spiral fraction group) is of @ low Iu- | yarms of the amount of gas present, the IC 4329A group
minosity, in agreement with the work of Mulchaey etal. (19953ppears again, quite normal. Its estimated gas mass i
(and of Ponman et al. (1996) though only a far weaker correlﬁjnMQ is very typical of groups (Mulchaey et &I, 1995), lying

tion is seen here). _ on the low side of average, but well within the scatter.
As regards the temperature of this hot gas however the emis-

sion may be unusual. As discussed earlier, it has proved very IN Summary then, part of the emission detected surround-
difficult to separate this emission from the wings of the brightd IC 4329A and IC 4329, and extending out to two other
central source associated with IC 4329A, and a good deal%Haxies in the group, IC 4327 and NGC 5298, may well be
caution should be taken here. Indeed, the present case is {ifygaseous emission associated with the galaxy group. Ifitis,
similar to the case of HGC 4, as, while Saracco & Ciliggi (1994€N the estimated temperature of the hot gaiskeV, quite hot
suggest the existence of an extended component, Pildis ef@i 9roups) agrees well with the (high) velocity dispersion of
(1995 find that it is impossible to detect any extended diffuda® 9roup galaxies. Its X-ray luminosity however, appears to be
component on account of the emission from the central actf@Ver than average (for its velocity dispersion and/or tempera-
galaxy in the group being so strong. ture). Similarly, the mass of gas involved is per_haps Iower_ than
Our tentative value though, for the temperature of the hgYerage. In noway though, do any of the physical properties of

gas & 1.5keV) appears to be high when compared to the vdhe emission indicate that this IC 4329A group emission is very

ues of Ponman et al_(1996), which range, in the majority 4pusual-
cases, from 0.61 keV, and also when compared to the values Interestingly, the single galaxy group in Ponman et al.'s
of Mulchaey et al.[(1995). Though a large error on the tempei@996) survey most similar to the IC 4329A group is HCG 48.
ture does exist (see Fig. 15), it does appear that the temperaithis group has a high velocity dispersion as well, and a corre-
is constrained to be greater than 1 keV. The hot gaseous emissioondingly high temperatures(1.1 keV) is found for the hot
seen surrounding the IC 4329A/IC 4329 pair appears therefagas. It's X-ray luminosity however, is low, and it is seen to lie
to be quite hot when compared to typical groups, and as suchignificantly below the. x -temperature relationship of Ponman
sits rather uncomfortably on thiey —temperature relationship et al. (1996), as do the present IC 4329A group results. Impor-
of Ponman et al (1996), being of too low a luminosity for itgantly, like the IC 4329A group, HCG 48 itself lies within a
temperature (or too hot for it6 x). larger cluster, A1060, and it appears to be falling into this clus-
For rich clusters of galaxies (Edge & Stewart 1991), theter. It may well be the case that we are seeing in both cases, the
appears to be a good correlation betwégnand the optical ve- HCG 48 case and the IC 4329A case, the effects of gas stripping
locity dispersiorr. Extending the Edge & Stewart{1991) clustefrom these groups, as they fall through their respective clusters
relationship down, one would expect, in the case of groups, tbentres. This reduction in hot group gas would have the effect
higher velocity dispersion systems to have higher X-ray lunif reducing the observefl x (and estimated gas mass), as is
nosities, and indeed, this does appear to be the case (Ponmabhstrved.
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4.4. Discussion - The soft component the superwinds commonly seen in edge-on infrared-luminous
) ) _ ) galaxies (e.g. McCarthey et al. 1987; Armus et al. 1990).
The soft residual component reveals itself in several different Tgre are however many differences between this feature
ways. It can be seen in the soft band (Ch-48) image of 4nq the ‘classic’ winds seen in such nearby starburst systems as
Fig. 3, where the emission to the south-east of the central brighg> 3nd NGC 253. Firstly, the feature is very large, extending
IC 4329A source is seen to be significantly enhanced with kg 5 radius of perhaps 10which at the assumed distance of
spect to the emission to the north-west. The most striking depigr \nc, corresponds to a size of almost 200 kpc. This is over an
tion of the residual soft component however, is in Fig. 10, wheggqer of magnitude greater than the classic features mentioned
the adaptively filtered soft band image shows what appears tofige. Secondly, it appears almost entirely on one side only of
a roughly semi-circular distribution of diffuse emission, ‘ceng,q system, to the south-east, and thirdly, it is rather luminous
tred’ on IC 4329A, and extending out, though almost entirely {9en compared to the classic starburst winds.
the south-east, to a radius of perhap§ past the two outlying  ag for the hot gaseous emission in the previous section,

sources H2/4-P4 and H16-P12. As seen, the spectral propeftigs, physical properties for this cool, soft-component SE gas
of this emission indicate that it is very likely to be due to a very; , pe inferred, if we make some assumptions about the geom-
low temperature{ 0.1keV) plasma, absorbed by a columnyy of the emission. We could consider the emission to be in
consistent with that out of own Galaxy. the form of a hemisphere, purely in the south-eastern direction.
What is this soft emission then? One question that neeflsis is physically unreasonable however, and upon closer in-
to be addressed first is, is this feature actually associated V@ﬂbction, the best simple estimate for the geometry of the soft
IC 4329A7 Perhaps it is a foreground feature. Perhaps it is veggidual emission appears to be a sphere, centred to the south of
local, within our own Galaxy, or even within our local bubblejC 4329A, with a radius 0&8' (150 kpc at the assumed distance
The spectral information present in the PSPC data is very usejis4 Mpc). Again, only a rough approximation to the gas prop-
here, as in Fig. 13, where the' 120 and 3 Gaussian contour erties can be calculated here and assumption of either model
levels inthe soft-component temperature-absorption column g@ves rise to very similar results.
rameter space are shown, it can be seen that this component'ysing the volume derived for this spherical ‘bubble’ model,
spectrum appears to be best fit with a plasma spectrum witle fitted emission measurg:>V can again be used to infer
an absorption column equal to, or greater than, the column @ mean electron density,, the total masd/gas the thermal
of the Galaxy, i.e. the feature is very likely to be extragala@nergyEth and the cooling timé.q, of the gas, as follows; X-
tic, if no intrinsic absorption is present, a likely fact, given theay luminosity L x (0.1-2.4 keV; intrinsic) 8.%10*! erg s°*;
amorphous, diffuse nature of the feature. The feature therefagg, 3.4x10~4,=9% cm3; Mgas 1.1 x 101995 My Ey,
appears likely to be extragalactic. Is it associated with IC 4329A0x 1058,0-5 erg; teool 2-6 Gyr.
though? A couple of points regarding the structure of the feature Comparison of these values with values obtained for the
are very suggestive, we believe, of this being the case. Firstlggit extended features seen in several nearby spiral systems (in-
good correlation is seen between this soft feature and the disg®ding the ‘classic’ winds in NGC 253, M82, NGC 3079 and
IC 4329A. Secondly, within this feature, a large plume of emiGC 3628 (Read et dl. 1997)), leads to the conclusion that the
sionis visible lying directly perpendicular to the IC 4329A disGsoft emission seen here, to the south-east of NGC 4329A, is
to the south-east (see Fig. 10), i.e. along the galaxy’s minor 2¢§en more unusual than at first thought. Not only, as mentioned
This plume is in the same direction as the 2.3 GHz radio featyBove, is it much larger and brighter (both by at least an order
discovered by Blank & Norris (1994). Furthermore, the HRdf magnitude) and observed on only one side of the system, but
image (Fig. 11) shows good evidence for an extension in thisippears to be far less dense (again by over an order of magni-
south-eastern direction also. Lastly, the soft feature, aIthougjaje), and extreme|y massive (perhaps a hundred times moreso
lying almost exclusively to the south-east of IC 4329A, is vethan for the NGC 253/M82 features). One must be careful here
symmetric with respect to the minor axis of IC 4329A, i.e. thghough, as a factor of/7 is still involved in the above results,
level of emission seen to the north-east of the plume discussgfd this could have quite a large effect on the results.
above appears very similar to that to the south-west. The soft feature seen here therefore, appears to be com-
Assuming therefore, that the emission is connected in sopietely unlike the classic starburst winds (except in terms of
way to the IC 4329A/1C 4329 system, then the fact that it is sdfte temperature, which appears to be consistent with the classic
and intrinsically, almost completely unabsorbed, is very remiind temperatures (Read et fal. 1997). What this feature bears
niscent of the galactic winds seen within the halos of many difiuch more of a resemblance to, are the features seen associated
ferent systems (notably starburst systems) (Watsonlet all 198ith the ultraluminous far-infrared galaxies (FIRGs) Arp 220,
Fabbian® 1988; Pietsch 1992; Strickland €t al. 1997; Read eftNGC 2623 (Read & Ponman 1997) and NGC 6240 (Fricke &
1997). Indeed, many multi-wavelength studies of this systdPapaderas 1996). Here, large, soft, outlying features are seen to
indicate that a wind is possibly present (see $éct. 1). Both Cohe side, and one side only, of these high-luminosity systems,
bert et al.|(1996) and Mulchaey et al. (1996) detdet+[N11] systems believed to be at the most energetic stage in the evolu-
features extending along the minor axis,~40" (3kpc) on tion of a merger between two galaxies, i.e. at the point where the
both sides of the nucleus, and both sets of authors believe thatlei of the two galaxies merge. However, the features seen in
these features represent an outflow from the nucleus similatliese systems, though more similar to the IC 4329A feature than
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the ‘classic’ wind features, are, in some respects, still rather difie Ha+[N11] studies of Colbert et al[ (1996) and Mulchaey
ferent. Though they are spectrally sdff{<0.5 keV), and large et al. (1996), and in the radio studies of Unger et|al. (1987)
(<50kpc), much larger than the ‘classic’ wind features, thegnd Blank & Norris[(1994). Good evidence for an interaction is
are still significantly smaller than the IC 4329A feature. Fupresent also in thROSATHRI data. As seen previously, Fig. 11
thermore, though they are far brighter than the ‘classic’ wirghows what appears to be a ‘bridge’ of emission connecting
features, they still have luminosities perhaps an order of mahe two galaxies. This type of feature is believed to have been
nitude smaller than the IC 4329A feature. It must be borne geen in several different situations, though importantly, always
mind here though that, as mentioned previously, IC 4329A israassociation with galaxies in the process of interacting. For
superluminous Seyfert galaxy, with an X-ray luminosity sonmastance, a near-identical feature is seen between the pair of in-
two orders of magnitude greater than that of Arp 220 (Re&eracting galaxies, NGC 3395/6 (Read & Ponrnan 1997), and at
& Ponman 19977). In this respect, the IC 4329A ‘wind’ featurthe contact region between the two galaxies making up\tire
makes up a far smaller fraction of the total X-ray luminosittennaesystem (Read & Ponman 1995). Furthermore, a similar
than in any of the FIRGs or starbursts. feature is seen within the galaxy group HCG 92 (Stefan’s Quin-
The most striking similarity between the IC 4329A soft featet) (Pietsch et al. 1997). It is thought probable that all of these
ture, and the FIRG soft features however, is perhaps the strang@atures, including the present HRI feature between IC 4329A
facet of their emission- their one-sided nature. Why does th@nd IC 4329, are due to shocks resulting from strong galaxy
structure seen in IC 4329A appear only on one side of the syeractions. So, though there is very strong evidence of an in-
tem? As regards the FIRGs, and as is discussed in Read & Pieraction occurring between IC 4329A and IC 4329, whether, as
man [(1997), the answer may lie in the fact that these systemsr@gards the above one-sided blowout discussion, this interaction
rapidly evolving. MacLow & McCray{(1988) numerically mod-is strong enough to displace the disc of IC 4329A with respect
elled the growth of superbubbles: large thin shells of cold gtssthe ‘central’ wind source, is unclear.
surrounding a hot pressurized interior, - essentially a galactic There is another possible explanation of this very soft emis-
wind, or at least, the progenitor of, in various stratified atmaion related to the harder group emission discussed earlier. Re-
spheres. They discovered that superbubbles blow out of the trHember that the high velocity dispersion of the IC 4329A group
layer (i.e. they depart from the ‘snowplow’ phase and evohgalaxies and the high fitted temperature to the X-ray emitting
into the ‘blowout’ phase), and are then able to move out into tikas should point to the X-ray emitting gas having a high lu-
inter-galactic medium at velocities of several thousand ki sminosity. This is observed however, not to be the case, and it
(see Heckman et al. 1993). This, MacLow & McCray (1988yas suggested that ‘stripping’ of some of the group gas as the
find, occurs when the superbubbles have a radius of betwggoup moves through the surrounding A3574 cluster medium
one and two scaleheights. What they also find however, is thaay be taking place. This would result in a reduction in the X-
these bubbles will blow out oane side onlyf a disc galaxy ray luminosity and estimated mass of the group gas, as we see.
if the bubble centres are more than-88D pc from the centre As discussed earlier, this idea is given some credence by the
of the disc of the galaxy. Now, in a (relatively) non-evolvingact that HCG 48, a group very similar to the IC 4329A group
system, such as M82 or NGC 253, the starburst is seen toitéerms of its high velocity dispersion and high X-ray temper-
very symmetrically positioned with respect to the galactic disafure, combined with a low X-ray luminosity (Ponman et al.
and bipolar structures are seen in the X-ray (Watson et al| 198496), is also observed to be a group within a cluster (A1060),
Fabbian( 1988; Pietsch 1992; Strickland et al. 1997; Read etaaid is thought to be falling through the centre of the cluster.
1997). As discussed in Read & Ponman (1997) though, in the Could this soft emission, seen to the south-east of the
rapidly-evolving ultraluminous merging systems Arp220 an@ 4329A/IC 4329 pair, be this stripped group gas? The ad-
NGC 2623, the central burst is highly unlikely to be so centralljition of the X-ray luminosity and gas mass of this soft compo-
positioned with respect to the quickly-moving and highly disaent to the equivalent values for the harder ‘group’ component
torted gaseous components, and the direction of steepest pnessld certainly push the total group gas, and Mg, to val-
sure gradient (along which the bubble will most rapidly expandps such that the entire properties of the IC 4329A group, taken
will now no longer be along both directions of the disc’s minagis a whole, would appear completely normal and typical. As
axis (as is the case in M82-type systems), but will be in just ongentioned in the introduction, this group lies at the easternmost
direction (as is predicted by MacLow & McCray 1988), hencedge of the Hydra-Centaurus supercluster. Though no tangen-
the observed one-sided blowout. tial velocities for these galaxies are obviously available, it could
Inthe present case, it appears unambiguous that some sopeshaps be safe to assume that the IC 4329A group would be
interaction between IC 4329A and IC 4329 is taking place: Bothoving tangentially in a general westward direction, towards
galaxies are close together and are part of alooser group of sehencentre of this superstructure. Any gas stripped from this
galaxies. IC 4329 appears to be a shell galaxy, a signature ofgreup would appear to the east of the group, as is observed in
teraction. Photographic co-addition and contrast enhancemnidagt case of the very soft emission.
of four UKST llla-J survey plates indicate the presence of low Whether the temperature of this soft gas is consistent with
surface brightness features around IC 4329A (Wolstencroft etthis idea, is difficult to say. One might have expected any stripped
1995), again suggestive of an interaction. Evidence for possibkes to be harder than its equivalent group emission, though it
interaction-induced activity is also seen, as discussed earlienriight be possible that compression has lead to cooling. In fact,
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the (roughly) estimated cooling time of this gas is fairly short 6. The hard component of the residual emission appears
(less than 3 Gyr). itself to be made up of two components. One of these is purely
This idea, though interesting, may not be correct howevée ‘wings’ of the extremely bright IC 4329A source, visible
as perhaps the same morphology should be seen in the caglibto several arcminutes. The second component appears to be
the hard group emission. Though this hard emission is seveigt (~1.5 keV) diffuse gas, with a luminosity ef 5 x 10*! erg
contaminated by the IC 4329A wings, it does appear, on accognt and a mass of perhaps< 10'! M. The properties of this
of the fact that the total hard emission is centred someway Iggission are very suggestive of it being due to hot gas within
tween IC 4329A and IC 4329, that the hard group emission |ite galaxy group of which IC 4329A and IC 4329 are members.
more predominantly to the opposite side of IC 4329A than the 7. The soft component of the residual emission, in terms
soft emission. of its temperature and one-sided nature, bears a good deal of
resemblance to proposed starburst driven winds seen in some
far-infrared ultraluminous systems. It is however much brighter
5. Summary (Lx =9 x 10** erg s'1), and larger. Another possibility dis-

cussed briefly, is that the soft emission may be a ‘wake’ of
We have observed both the ROSAT HRI and PSPC data fr%‘?ﬂipped gas from the galaxy group.

fields centred on the edge-on, type 1 Seyfert galaxy IC 4329A g A yriqge-like’ feature is detected with the HRI between

and its nearby companion, the giant lenticular IC 4329. 17 agd, 1 central galaxies, and is likely, as is seen in other similar

22 sources are detected respectively in the full HRI and PSE(«ioms to be due to shocks resulting from the strong interaction
fields of view, the brightest being associated with the two cent@kmg place between the two systems.

galaxies and a further source to the south-west. Many coinci-
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