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Abstract. We investigate the X-ray properties of the powerfulith a foreground star superimposed on it (Greenstein 1962),
radio galaxy Hercules A (3C 348) using ROSAT HRI, PSPC aradthough already Minkowski (1957) classified it as a double
ASCA observations. The ASCA data are well fit by a thermagllaxy. Recent photometric work by Sadun & Hayes (1993)
plasma model with a temperature of about 4.3 keV and abwsupports the idea of a double nucleus with a separatien4f,
dances 0.4 solar. The HRI observation clearly reveals extendleds indicating merging activity.

and elongated X-ray emission. For radii greater than 10 arcsec, The environment of Hercules A has been investigated by
the surface brightness profile perpendicular to the elongatiorsesseral authors (Greenstein 1962, Yates et al. 1989, Allington-
well fit by an isothermaB—model with3 = 0.63 and a core ra- Smith et al. 1993), but whether or not Hercules A is associated
dius of~ 120 kpc. We derive a total mass of the putative clustevith a cluster is not yet unambiguously decided. Whereas Yates
of 8.4 x 10'* M, and a gas mass fraction of about 18 per cerdt al. (1989) claim no particularly rich environment around Her-
The inner part of the surface brightness profile clealry reveasles A, Allington-Smith et al. (1993) find an excess number
the presence of a point source, which contribut@per cent of galaxies within 500 kpc of Hercules A. It has to be noted,
to the total flux. The 0.1-2.4 keV luminosity of the point-likhowever, that all studies were based on statistical methods, i.e.
and the extended emissiorBig x 10%3 and4.3 x 10** ergs™!, number counts, and there is no spectroscopic confirmation of a
respectively. After subtracting the cluster X-ray emission frogluster of galaxies up to now.

the HRI image, residual structures are visible, which partly co- In X-rays Hercules A was observed for the first time with
incide with the radio jet and lobes. This indicates an interactidime Einsteinobservatory. Dreher & Feigelson (1984) note ex-
of the radio jet with the intracluster medium. tended emission on scales®fMpc and a luminosity of 3.4

&044 ergs ! inthe 0.2—4 keV energy band. However, a detailed
analysis of the X-ray data has never been published.

In this paper we present a thorough analysis of the X-ray
properties of Hercules A using archival ROSAT data and new
ASCA observations. We will show that the X-ray emission is
extended and predominently thermal and that there is interac-
The giant elliptical radio galaxy Hercules A (3C 348, 1648+0%ion between the radio jet and the X-ray emitting gas. The pa-
z = 0.154) is one of the most prominent AGN in the sky witper is structured as follows: In Sect. 2 we analyse the ASCA
a total radio flux density of 351 Jy at 178 MHz, which makeand ROSAT PSPC data and determine the spectral properties
it the fourth brightest extragalactic radio source. It was one of Hercules A. In Sect. 3 we investigate the spatial structure
the first optically identified extragalactic radio sources (Boltaof the X-ray emission using a ROSAT HRI observation and
1948) and has been studied extensively in the radio and optis& compare it to the VLA radio map. A discussion of the re-
since then. sults is given in Sect.4 and our conclusions are presented in

A high resolution radio map of Hercules A at 5GHz (DreheBect. 5. Spatial scales and luminosities are calculated assuming
& Feigelson 1984) shows giant radio lobes and prominent jetg, = 50kms™~! Mpc~!, ¢, = 0.5 andA = 0 throughout this
with spectacular (and still unexplained) ring-like structures. Thmper. At the distance of Hercules A one arcmin corresponds to
classification of Hercules A in terms of Fanaroff & Riley (FRx 209 kpc.
type is ambiguous. Despite its extremely high radio power (log
Piot,5cHz = 27.19 W/HZ), which is typical for FR Il radio galax-2. Spectral analysis

ies, the radio morphology argues for a FR | classification (301 The ASCA and ROSAT PSPC observations

hot spots visible in the radio lobes, prominent two-sided jets). .
P P ) )EPe ASCA observation was performed on August 12 and Au-

Broadband optical imaging revealed two concentrations . ;
light. Thus, Hercules A was originally thoughtto be a cD galax%’)“lst 13 1998 in 1-CCD faint mode. The data were analysed

usingFTOOLS 4.1 The recommended standard screening crite-
Correspondence td. Siebert (jos@mpe.mpg.de) ria were applied.
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20 ergy boundaries are given by the maximum energy at which

the source was detected in each instrument. The lower energy
boundaries result from the calibration uncertainties of the de-
tectors. In particular, SIS1 recently shows systematic residuals
below 0.6 keV (Dotani et dl. 1997). Also, since the CCD temper-
ature of both SIS detectors was rather high during the observa-
tion, we decided to ignore all data below 0.8 keV. An increasing
RDD (Residual Dark Distribution), which is caused by radiation
damage, has been reported for both CCDs. This effect cannot be
‘ corrected for with currently available software. However, RDD
1 10 degradation should be negligible for 1-CCD observations and
Freroy kel affects mostly the lowest energy channels, which are excluded
2.0 from our analysis anyway (Dotani et al. 1997).
The ROSAT PSPC data (ROR 701611) were obtained from
. the public data archive at MPE. Hercules A was observed with
the ROSAT PSPC between August 19 and August 31 1993 with
an effective exposure @058 sec. The data were prepared for

L | :
pectral analysis using standard commands within the EXSAS
1.0 # i i‘ % ! mﬁ %ﬁ% ﬂ%ﬁ environment. In short, photons were extracted from a circular re-

gion with a radius of 5 arcmin centered on the peak of the X-ray
emission. The background was determined from a source-free
annulus with inner radius 6 arcmin and outer radius 9 arcmin.
: Only pulse height channels 12 to 240 were used for spectral
Energy [keV] analysis, because of calibration uncertainties in the lowest en-

Fig. 1.Ratio of the ASCA data from all four detectors to a simple poweerrgy channels. The data were rebinned to get a signal-to-noise

law model (top panel) and the best-fit thermal model including a fi\é@“o OT at least f'V_e in each engrgy bin. qually, vignetting and
per cent power law contribution from the AGN (bottom panel). Th ead time correction were applied to the binned dataset.

data are rebinned to match the energy resolution of the instruments.
2.2. Results
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In addition, data taken within 60 seconds after passage of g firstinvestigated the data from each detector individually and
day-night-terminator and the South Atlantic Anomaly (SAA$he results agreed withinthe errors. In the following we therefore
were not considered in the analysis. Periods of high backgroldly cite the best-fit model parameters of a simultaneous fit to
were manually excluded from the data by checking the lightl four instruments.
curve of the observation. The resulting effective exposures were The ratio of the ASCA data to a simple power law model
35.1 and 34.4 ksec for GIS2 and GIS3 and 33.4 and 32.9 k¥éth Galactic absorptionY = 6.40 x 10 cm™?) is shownin
for SISO and SIS1, respectively. the upper panel of Figjl 1. Clearly, there are systematic residuals,

Source counts were extracted from a circular region cef-Particular above 3keV. For completeness, we give the best-fit
tered on the target with a radius @ffor the GIS andy’ for the Photon indexT" = 1.9170:0; (x* = 645.4 (586 d.0.f.)).

SIS. We used the local background determined from the obser- Nextwe tried a thermal emission model, namelyXhecar
vation in the analysis for both detectors. In particular, the Ggodel within XSPEC. The fit improves dramaticalls(* =
background was estimated from a source free region at the sanfié-7 for one additional parameter). The best-fit parameters
off-axis angle as the source and with the same size as the so@€eas followskT' = 4.62*(:3T keV, Z = 0.38 + 0.10Z, and
extraction region. In totak-4000 source photons were detected = (5.0 + 0.2) x 10~ photons cm?s~' keV~". Since the

in each of the SIS detectors. spatial analysis indicates a small contribution from the central

All spectra were rebinned to have at least 20 photons in ed¥gN (see Sect. 3), we finally included a power law component
energy channel. This allows the use of f{fetechnique to ob- and fixed its normalization to 10 per cent of the thermal emis-
tain the best fit values for the model spectra. We used the la@ién. The fit does not further improve\§® = +1.1 for one
GIS redistribution matrices available (\m from the calibra- additional parameter), but the model is well consistent with the
tion database and created the SIS response matrices for ourdd@ .q = 1.00). The best-fit parameters of this model are
servation usingISRMG which applies the latest charge transk? = 4.2575 g0 keV, Z = 0.44 +0.13Z, T = 1.7175 {5 and
ferinefficiency (CTI) tablegisph2pi  .110397.fits ). The A = 4.057017 x 1073 photonscm?s~! keV~!. The cor-
ancillary response files for all four detectors were generated (gsponding data to model ratio is shown in the lower panel of
ing theASCAARF program. Fig.d.

Spectra were fitted in the energy range 0.8 to 9 keV for both If the above model is applied to the PSPC data with all pa-
GIS. For SISO and SIS1 we used 0.8 to 8keV. The upper gameters fixed to their best-fit values, we only get a marginally



J. Siebert et al.: Spatial and spectral X-ray properties of the powerful radio galaxy Hercules A 27

1000

0.0 -

offset in arcmin

20 i 100

Surface brightness (photons/arcmin®)

10 100 1000
Radius [arcsec]

YT Sy Sy S Fig. 3. The surface brightness profile for Hercules A. The besfit
model is indicated by the long-dashed line, whereas the background

offset in arcmin
) level and the the PSF model for the central point source are given by
Fig. 2. X-ray contours of Hercules A. The contours correspond e dotted and the dot-dashed lines respectively.

5,8,12,16,20,30 and 58 above background. The lowest and high-
est contours denote intensity levels®d x 1072 and61.8 x 1073

ctss ! arcmin 2 respectively.
sidered in this analysis. The total count rate for Hercules A is

0.077 +£0.010 ctss!.
acceptable description of the PSPC spectryh,( = 1.37 Only HRI pulse-height channels 2 to 8 are used in the spatial
(37 d.o.f.)). However, the fit significantly improves for lowernalysis in order to increase signal-to-noise, as channels 9 to 15
temperaturesi{’ = 2.447 133 keV; all other parameters fixedmostly contain instrumental background (cf. David et al. 1997).
to the ASCA values). This might indicate that a single term# contour plot of the total X-ray emission is shown in . 2.
perature thermal plasma is not a good description for the ifke photons were binned2x 2 arcsec pixels and subsequently
tracluster medium around Hercules A. In the case of a mamoothed with a Gaussian with= 6 arcsec.
complex temperature structure, the relative contribution of the The X-ray emission is clearly extended and elongated. As
lower temperature plasma in the ROSAT band is higher thanviill be shown later, the direction of the elongation is close to the
the ASCA band. Therefore the PSPC observation is more seadio axis of Hercules A. We are confident that the peculiar shape
sitive to the lower temperature component, whereas the AS©#fthe X-ray emission is indeed intrinsic and not an instrumental
measurement is dominated by the higher temperature comefiect, becausehere is a second X-ray source about 4 arcmin
nent. However, the fact that the best-fit temperature determiriedhe south-east of Hercules A (R.A. = 16h51m22.3s, Dec =
from the PSPC data is close to the upper end of the PSPC €84d58m23s), which is point-like. It is associated with a stellar
ergy range might also indicate that instrumental effects anbject ofmy = 12.77 on the digitized POSS-I plate.
maybe even residual ROSAT-ASCA cross-calibration uncer-
tainties contribute to the_ difference in the obtained plasma telly g rface brightness profile
peratures from the two instruments.

We further investigated if there is a radial temperature grde determine the physical properties of the extended X-ray
dient, but found none. Fitting the PSPC data from the innemission we fitted g—model (e.g. Cavaliere & Fusco-Femiano
45 arcsec and from an annulus with inner radius 45 arcsk®76; Jones & Forman 1984) of the form
and outer radius 3arcmin seperately, we do not find signifi-
cantly different temperatures T}, = 2.177052 keV compared S(r) = 5 (1 p2\ P2
t0 kT, = 2.6875 75 keV). Also the (lower resolution) ASCA (r) = O( * )
data do not indicate any temperature gradient.

C

to the surface brightness profile of the HRI source. However,
we did not use an azimuthally averaged radial profile, but ex-
3. Spatial analysis tracted photons from a cone with an opening angle of 90 degrees
3.1. The HRI observation Ofiented p_erpendicular to the elongation of the X_—ray emission_.

Since we intend to subtract the pure cluster emission to see if
Hercules A was observed with the ROSHIgh resolution Im- the residuals are correlated with the radio structure, the above
ager (HRI) between August 28 and September 11 1996 (RQiRocedure avoids subtracting too much of the extended X-ray
702755). The effective exposure of this observation was 21.&&ission which originally might be associated with the radio
ksec. A second, much shorter (1.2 ksec) observation is not ceaurce.



28 J. Siebert et al.: Spatial and spectral X-ray properties of the powerful radio galaxy Hercules A

The surface brightness profile, shown in Eig. 3, peaks at

e U - 1 |
position of the AGN. In the fitting procedure we therefore onl ~ *%°'[l .Hercules,A % d
used data points for radial distances greater than 10 arcse ROSAT HRI a O
avoid contamination by AGN emission. The best-fit values fi 0.1-2.4 keV

the 3—model areS, = 647.171009 cts/arcmint, 8 = 0.6370-0
andr, = 34.675% arcsec (corresponding to 12048 kpc). = o500}

To account for the central AGN emission we included the Poir§ B
Spread-Function (PSF) model (David et al. 1997) for the HRI O
B,

the fit. The theoretical PSF-model was convolved with an ad( S
tional GaussiandA = 1.5 arcsec) to take into account the know1' S
smearing of the PSF by residual wobble motion, which varirg  +04°39'}

between different observations (Morse 1994). For the norme .0

sation of the PSF model we g&173.87 7750 0 cts arcmir2. By

integrating the two profiles we calculate the contribution of tr K . O
AGN to the total X-ray emission to be about 8 per cent. Assur ~_ 1csq || 1
ing a power law spectrum with = 1.7 and Galactic absorp- 0 .
tion we get a 0.1-2.4 keV flux from the point sourcefQf~ : ,
3.3 x 10~ ergs !t cm~2 which corresponds to a rest frame 1651108 1651058
0.1-2.4 luminosity 08.4 x 10*3 ergs™!. Hercules A has been : ;

noted to be over-luminous in X-rays with respect to its optic... Right Ascension (2000.0)

continuum and line luminosities (Siebert etal. 1996; Brinkmartig_ 4. Residual X-ray contours after subtracting the bess{inodel

et al. 1995). However, these investigations were based on ff3gn the HRI image overlayed on an optical image of the field from
ROSAT All-Sky Survey data for Hercules A and no separatiahe digitized POSS-I plates. The contours correspond to 3,5,8,12,16,24
of extended and AGN emission could be done. The much loward 320 above background. The lowest and highest contour denote
AGN luminosity obtained from our spatial analysis places Heintensity levels of7.0 x 10~ and40.3 x 10~ ctss " arcmin ? re-
cules A with the bulk of radio galaxies investigated in the abowectively.

mentioned studies. The flux and luminosity for the extended

emission component arg ~ 4.1 x 10~ *2ergs* cm~2 and

L, ~ 4.3 x 10** ergs! (assuming a thermal Bremsstrahlun@.3. Physical parameters of the cluster emission

spectrum ofk’T = 4.3keV; see below). The extended X-ray deprojection of the surface brightness profile one can derive
luminosity is typical for clusters of galaxies with Abell richnes@y project su '9 SS profi v

class two or higher (Ebeling 1993). This would also be consi e corresponding density profile:

tent with the number counts of Allington-Smith et al. (1993) to o — 38
determine the galaxy density around Hercules A. In additiop,) = p, (1 + 7”2) (1)
the observed luminosity and temperature for Hercules A are T
consistent with the well known luminosity-temperature relati
for clusters of galaxies (David et al. 1993).
To investigate the residual X-ray emission from the AGN I 1/2
we subtracted the best-fit one dimensigftahodel given above n, = 1.2 x 10'2cm™ [0] %
from the binned and smoothed HRI image. The resulting X-ray re(KT)M?
contours overlayed on an optical image from the corresponding r33-1/2) Es E; —1/2
POSS-I plate are shown in Fig. 4 X {I‘(gﬁ) [7 (07» kT) —7 <0-7’ kT)] }
The residual X-ray emission is dominated by the point
source which is most likely associated with the active nucleusgfis the central intensitg, converted to ergcm? s~! sr1, r,
Hercules A. Several other sources contribute to the remainithg core radius in cm anéT is given in keV.I' and~ are
X-ray emission. A significant fraction of the diffuse componenhe complete and incomplete Gamma functioBs. and E»
might still be unsubtracted cluster emission, since we assungithote the observed energy range, i.e. 0.1 and 2.4keV in our
a circular symmetry in the cluster subtraction procedure. Partgzfse. For the conversion froffy to I, we assumed a thermal
the emission might also come from additional point sources, fatemsstrahlung spectrum wit” = 4.3 keV and Galactic ab-
example the brightfy = 11.97) stellar object to the northwestsorption. Using the best-fit parameters from gamodel we
of Hercules A. Other features, as for example the one-sided jeibtainn, = 9.1 x 10~3 cm~3. By integrating Eq. (1), we can
like emission and the diffuse component about 1.5 arcmin to thew calculate the total gas mass within a given radius. In the
west of Hercules A, correlate with the radio emission. They widase of Hercules A we gét6 x 10'* M, within six times the
be discussed in detail in Sect. 3.4. core radius, i.e. about 600 kpc.
Assuming hydrostatic equilibrium for the intracluster
medium of Hercules A and spherical symmetry, we derive the to-

C

O'Phe central density is then given by (e.g. Henry et al. 1993):
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Hercules A

sACMUM  ROSAT HRI (color)
VLA 5GHz (contours)

+05°00"

+04°59

Declination (2000.0)

+04°58’

16h51m]2s 1615 1MQ6S 16M51MQ0s  Fig. 5. Radio contours overlayed onto the
HRIimage after subtraction of the bestAit

: s model. The radio map was obtained with the
nght ASCGHSIOH (20000) VLA at 5GHz (Dreher & Feigelson 1984).

tal gravitating mass as a function of radius from the temperat@dvancing radio jet; (c) the orientation of the jet-like feature in
and gas density profiles by applying the hydrostatic equatiorthe X-ray emission close to the central AGN is aligned with the
radio jet; (d) the brightest spot in the eastern radiagétrack-
Mioi () = KT ( rdly(r) + po(r)) (2) eted byenhancements in the X-ray emission. We note that all
mupG \Ty(r) dr p(r) dr features are robust in the sense that they also show up when we
As discussed in Bhringer et al. (1998), deviations from hydrosubtract the cluster emission determined from the azimuthally
static equilibrium as well as moderate ellipticities do not haveayeraged radial profile.
large effect on the mass determination. With the additional as- The close association of X-ray and radio features strongly
sumption of an isothermal intracluster medium, Eq. (2) reducakgues for interaction of the relativistic gas in the radio jet and
to the thermal gas of the intracluster medium. An X-ray cavity co-
38kT, .3 inciding with the radio lobes has been noted previously for the
= 7% — (3) radio galaxies NGC 1275 @@ringer et al. 1993) and Cygnus
Gumure 1+ 5 A (Carilli et al. 1994). In the latter case also an enhancement of
the X-ray emission close to the edges of the radio lobes was re-
ported. The general physical scenario for these effects (cf. Carilli
etal. 1994and Clarke et al. 1997 for a more detailed treatment
is such that the advancing and expanding jet is ploughing its
3.4. Radio/X-ray interaction way through the intracluster medium (ICM) thereby expelling

Fig.[§ shows the radio contours from a 5GHz VLA observatiotne thermal gas from its interior. A thin sheath of dense, shocked
(Dreher & Feigelson 1984), overlayed onto the HRI image amaterial develops in the vicinity of the advancing head and the

ter subtraction of the cluster emission according to the best%pandl_ng tails of the radio Iobes._When our line of S'g.ht IS
lﬁi_ngentlal to the edges of the radio lobes, these density en-

(#-model. Several features of the residual X-ray emission co b sible in X b h | X
cide spatially with the radio emission: (a) faint knots of X_raiyancements ecome visible in X-rays, because thermal X-ray

emission are surrounding the outer edges of both radio lobgdlIssion IS proportional to the square of the gas density. For

(b) there is a bright patch of X-ray emission close to the heﬁﬂes of sight through the center of the radio lobes the X-.ray
hancements are probably balanced by an X-ray cavity within

of the western radio lobe. It is only slightly displaced from ﬁ%} . .
faint radio feature, which might be interpreted as the head of t radio lobes due to the expelled gas. The faint patches of X-

Mot (T’)

For the total gravitating mass within 600 kpc we §ett x 10'3
M . Hence, the gas mass fractiomisl 8 per cent at this radius.
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ray emission surrounding the radio lobes in Hercules A and ttiee radio emission. They strongly suggest an interaction of the

bright spot close to the head of the western lobe qualitativelyifgidio jet with the intracluster gas, an effect which has already

into this scenario. been noted previously for Cygnus A (Carilli et al. 1994), NGC
The origin of the jet-like feature in the residual X-ray imagé&275 (Bdhringer et al. 1993) and MRC 0625-536 (Otani et al.

is unclear. One might speculate that it is due to synchrotrat998).

self Compton emission from the radio jet. The strength of this Spectral and spatial analysis thus provides clear evidence

‘X-ray jet’ and the absence of any counter jet would imply thahat Hercules A is indeed located in a cluster of galaxies,

Hercules Ais not oriented in the plane of the sky. This obviousbut spectroscopic observations are needed to unambigously

is in contradiction to the existence of a double radio jet armbnfirm this interpretaion. The non-spherical shape of the

the overall symmetry of the radio source (Dreher & Feigels@axtended X-ray emission indicates that the cluster is not relaxed

1984). yet, a view which is supported by the identification of a double
Another interesting feature to note is the close associationcleus in the central cD galaxy, thus indicating an ongoing

of the brightest knot in the eastern radio jet and the stronglyerging process.

enhanced X-ray emission to the south (and, at a much lower

brightness level, to the north). It almost seems as if the radio jet

is squeezed in and probably deflected by local enhancemeitgnowledgementslS acknowledges financial support from the

of the surrounding gas density. But again an unambiguous JHKEN-MPG exchange program. JS also thanks his colleagues

terpretation is difficult in our case, because the maximum f6(|am the Cosmic Radiation Laboratory at RIKEN for hospitality and

L . . support during a stay at the institute, where part of this work was done.
the X-ray emission is close to a rather bright stellar object s a pleasure to thank Eric Feigelson for providing the radio contour

the o.ptlcal P'at_eg presumably a foreground star, which mig tap. This research has made use of the NASA/IPAC Extragalactic

contribute significantly to the X-ray flux. Data Base (NED), which is operated by the Jet Propulsion Laboratory,
Since X-rays from radio lobes due to inverse Comptatalifornia Institute of Technology, under contract with the National

scattered cosmic microwave background (CMB) photons axeronautics and Space Administration.

mandatory, we also estimated the amount of X-ray emission

expected from this effect. Applying the formalism described in

nggelson et gl. (1995), we firsF detgrmined the magnetic figlgh e o cas

within the radio lobes from equipartition arguments. As a con-

servative lower limit we get: 10 /LG' Using this value for the Allington-Smith J.R., Ellis R.S., Zirbel E.L., Oemler A. Jr., 1993, ApJ

magnetic field we estimate that at most a flux gfiFy 41y ~ 404,521 _

4x 10715 ergcnm2 s~ is expected from this process. Since thigohrlnger H., Voges W., Fabian A.C., Edge A.C., Neumann D.M.,

flux level is about a factor of 20 below the background flux Iev%l 1993, MNRAS 264, 125

. . . ohri H., Tanaka Y., Mushot R.F., Ikebe Y., Hattori M., 1998
in our observation, there is no chance to detect these X-rays.o X;%egm’ 72361 aY., Mushotzky , 1(Ebe Y., mation M., '

Bolton J.G., 1948, Nat 162, 141

Brinkmann W., Siebert J., Reich W., et al., 1995, A&AS 109, 147
Carilli C.L., Perley R.A., Harris D.E., 1994, MNRAS 270, 173
We investigated the spectral and spatial properties of the Ravaliere A., Fusco-Femiano R., 1976, A&A 49, 137

ray emission of the prominent radio galaxy Hercules A usirfgarke D.A., Harris D.E., Carilli C.L., 1997, MNRAS 284, 981

ROSAT HRI, PSPC, and ASCA observations. The ASCA daRgVid L.P., Slyz A., Jones C., etal., 1993, ApJ 412, 479

clearly favor a thermal plasma model with a temperature Bflvid L.P.,Harden Jr. F.R., KearnsK.E., etal., 1997, The ROSAT High
y P P Resolution Imager (HRI). USRSDC/SAQO Calibration Report 1997

about 4.3keV and ab“’?dar_“’&‘o"l solar. A small_(z 8 ber June, revised, U.S. ROSAT Science Data Center, SAO, Cambridge,
cent) non-thermal contribution of the central AGN is consistent MA

with the ASCA data. . . . Dotani T., Yamashita A., Ezuka H., et al., 1997, ASCA News No. 5
The X-ray source associated with Hercules A is clearlyrenher 3.W., Feigelson E.D., 1984, Nat 308, 43

extended in the ROSAT HRI observation. In addition, it iEbeHng H., 1993, Ph.D. Thesis, Unive&iMiinchen

slightly elongated in the direction of the radio jets and lobeBeigelson E.D., Laurent-Muehleisen S.A., Kollgaard R.l., Fomalont

The outer part of the surface brightness profile perpendicu- E.B., 1995, ApJ 449, L149

lar to the radio structure is well described by a King—mod&reenstein J.L., 1962, ApJ 135, 679

with 3 = 0.63 and a core radius of about 120 kpc. The tdJenry J.P., Briel U.G., Nulsen P.E.J., 1993, A&A 271, 413

tal mass within 600 kpc i8.4 x 103 M, and the gas massJones C., Forman W., 1984, ApJ 276, 38

fraction is about 18 per cent. A central point source contrib finkowski R., 1957, IAU Symp. 4, 107

. . orse J.A., 1994, PASP 106, 675

ing about 8 per cent to the total X-ray flux is clearly need

. . A . tani C., Brinkmann W., Bhringer H., Reid A., Siebert J., 1998, A&A
to fit the surface brightness distribution. We determine a lumi- 339 93 g

nosity of Lo.1—2.4kev = 3.4 x 10”® ergs™* for the AGN and  saqun A.C., Hayes J.J.E., 1993, PASP 105, 379

Lo.i—2.4xev = 4.3 x 10" ergs " for the extended emission. sjebert J., Brinkmann W., Morganti R., etal., 1996, MNRAS 279, 1331
After subracting the extended X-ray emission, significaivhtes M.G., Miller L., Peacock J.A., 1989, MNRAS 240, 129

residuals remain in the X-ray image, which partly coincide with

4. Summary and conclusions
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