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Abstract. According to unified schemes for Active Galacti@lso consistent with the idea of an obscured nucleus. In Cygnus
Nuclei, low-power, Fanaroff-Riley type | (FR 1), radio galaxie®\ the variability of the X-ray emission argues for a compact
are thought to be BL Lacs with their jets pointing at relativelpuclear source (Arnaud et al. 1987) and the X-ray spectrum is
large angles with respect to the line of sight. X-ray observatiooemmensurated with a high column density of cold gas along
of FR | sources can test this scenario and constrain the prée line of sight (Ward et al. 1991, Ueno et al. 1994).
ence of obscuring material around the nucleus. In this paper we The unification of BL Lac objects with FR | radio galax-
discuss the X-ray properties of three FR | radio galaxies 3€s also requires relativistic beaming, while the presence of an
78, OH-342 and PKS 0620-52, observed with the BeppoSAKsorbing torus in such objects is still an open question. This
satellite in the 0.2-10keV energy range. The narrow-field ipossibility is supported by the lack in FR | of broad lines that are
struments on board BeppoSAX have detected extended theromaiversely presentin some BL Lacs (e.g., Vermeulen etal. 1995,
X-ray emission from a hot galactic corona (3C 78) and intr&orbett et al. 1996). On the other hand, very recent results from
cluster gas (OH-342 and PKS 0620-52). However, a detaild8T show that circumnuclear dust lanes are commonly present
spectral analysis suggests that a non-thermal (likely nuclesrjow-luminosity radio galaxies, but the nuclei appear basically
component can also significantly contribute to the total flux, eset obscured (De Koff et al. 1996, Chiaberge et al. 1999).
pecially in the case of 3C 78 and OH-342. This emission from As far as the X-ray emission is concerned, a relatively weak
the central region appears basically unabsorbed, in agreemmriear component is expected in FR Is if, according to unified
with observations in other bands. The X-ray spectral luminosiggheme, the relativistic jet is misdirected with respect to the line
of the nucleus of these three objects is correlated with the radfwsight. The X-ray emission could be further reduced in the soft
core luminosity, consistently with previous data on other FRoland by an obscuring torus.
radio galaxies. Detection of non-thermal X-ray emission in FR Is, how-
ever, is complicated by the fact that the parent galaxies have
Key words: galaxies: active — galaxies: individual: 3C 78; OHhot coronae (temperature 1 keV; Fabbiano 1989) and often
342; PK0620-52 — galaxies: nuclei are members of groups or clusters embedded in large clouds of
hot plasmas (temperature2—8 keV; Sarazin 1986). Therefore,
even though several FR | sources have been detectedHirthe
1. Introduction steinExtended Medium Sensitivity Survey (EMSS) and in the
ROSAT All Sky Survey (RASS), it is difficult to separate any
Radio galaxies play a relevant role in unified schemes for Agontribution of the active nucleus from the extended emission.
tive Galactic Nuclei (AGN; see e.g., Urry & Padovani 1995). worrall & Birkinshaw (1994) have observed a small sample
High-power radio galaxies (Fanaroff-Riley Il, FR II: Fanaroff &f FR | radio galaxies with the ROSAT PSPC. Their data analysis
Riley 1974) are considered to be the parent population of ragigints outan apparently pointlike, power-law emission, possibly
loud quasars, while low-power radio galaxies (Fanaroff-Rileorrelated with the core radio power, in addition to the thermal
I, FR 1) are associated to BL Lac objects. The unification @xtended flux (emitted from the hot galactic halo). The total
quasars with FR Il radio galaxies requires obscuration of imminosities of these two spectral components are comparable
frared through ultraviolet |Ight by optically thick gas and dUS(t\, 1042-43 erg S_l), a|th0ugh it is not clear whether the non-
and relativistic beaming of radio jets. The weakness of the ¥yermal emission originates in the very central region or at some
ray continuum from FR Il radio galaxies relative to quasars iistance along the jet (Worrall 1997).
Send offprint requests &. Trussoni (Torino) More information on these objects can be obtained from ob-
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any nuclear absorption would enhance the evidence in favour
of a non-thermal contribution. We present the results of Bep- ot 10
poSAX observations (in the 0.2—-10keV energy band) of three
low brightness radio galaxies: 3C 78, OH-342 and PKS 0620—
52, and discuss them in the framework of the unified scheme
for FR | and BL Lac objects. We will see that, even consider-
ing the presence of the thermal emission from the extended gas
surrounding the galaxies (3C 78 is isolated, while the other two
belong to small clusters), a non-thermal component is also very o
likely to be present.

The main properties of the sources at different wavelengths
and previous X-ray data are summarized in Sect. 2, while the
details of the present observations are given in Sect. 3. The re- 03dsas 40
sults of the spectroscopic analysis are reported in Sect. 4. The
discussion of the results and the astrophysical implications are
in Sect. 5.
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2. The sources

The basic, multi-wavelength observational properties of tf® e

three targets are given in Table 1 and presented in detail in the
following (Hy = 50kms~! Mpc~! is assumed throughout).

DE

3C 78 (NGC 1218, PKS 0305+03)The radio galaxy 3C 78 is

an isolated source associated with the SO galaxy NGC 1218 at
distanceD = 173 Mpc with B, = 13.16, corresponding to
Mg, = —23.03. An optical jet has been recently detected by
the HST, with an extent of 1.4” (=~ 1kpc) at position angle

~ 55° (Sparks et al. 1995). This optical jet is almost coincident RA (72000)

with a radio one-sided jet (Unger et al. 1984, Saikia etal. 198@)q. 1. Top Overlay of the MECS X-ray contours (110 keV) onto the

The IRAS satellite has detected infrared emission from NGgey-scale image of the optical red image taken from the Digitized Palo-

1218 at 254 (=~ 110 mJy) and 100u (=~ 420 mJy; Knapp et mar Sky Survey (PSS) of 3C 78. The X-ray map has been smoothed

al. 1990). The radio emission is characterized by a prominéata Gaussian wit8" (FWHM). Contours are at 20, 29, 41, 57, 74

nucleus, weak jets and diffuse structures (see Fig. 1). The layed 90% of the peak (0.19 cts arcsé: Bottom Overlay of the radio

brightness diffuse emission, observed atlow resolution by Bagntour map onto the grey scale MECS image. The radio image was

et al. (1988), has an extension of abo(tebrresponding to a c_Jbtainel(/:i with Elhe VLA at 4.8 GHz (Morganti et al. 1993) with resolu-

linear size of~ 200 kpc. tion3.9” x 3.5” (p.a.—31°). Contour levels are at 0.5, 0.75, 1, 1.5, 2,
Few data have been collected on this source at X-ray en%‘é’ 3,4, 5,10, 20,40, 60, 80% of the peak (=0.844 Jy/beam).

gies, so far. In the&einsteinlPC (0.2—4.0 keV) the source, not

listed as an extended target, has a lumindsity 1042 erg st

if a thermal spectrum witll" = 5keV is assumed (Fabbiano et  The only X-ray data on this source, available so far, are from

al. 1992). Siebert et al. (1996), from RASS data, inferred &me RASS. Siebert et al. (1996) (see also Ebeling et al. 1996)

X-ray luminosity1.9 x 10*3 ergs™! (0.1 - 2.4 keV), assuming deduced a luminosity.3 x 10** erg s~ (assuming a power-law

a power-law spectrum with photon index= 1.9. spectrum withae = 1.9), from an apparently extended X-ray

emission.

OH-342 (PKS 0625-35)This source is a cD elliptical galaxy

at distance) = 329 Mpc, and is the first ranked member of thd?KS 0620-52.Few details are available on the galaxy associ-
cluster A 3392, which is poor and classified of richness 1 (Abelted with this target, which is the brightest member of a cluster
et al. 1989). The optical image and radio maps are presengédistanceD = 309 Mpc. Some spectroscopic features of this

in Fig. 2. The radio emission is dominated by the bright corebject are typical of early-type galaxies (Tadhunter et al. 1993).
with a one-sided jet oriented to SE. A low-brightness extendédthe radio band the source appears as an asymmetric, head-
radio halo is visible in the lower resolution map of Ekers et diail radio galaxy, with a short eastern tail, and the western tail of
(1989), with a total extent of4’, corresponding to a linear sizesize~ 1’ (see Fig. 3). More extended low-brightness radio tails
of ~340kpc. can be seen in the lower resolution image of Jones & McAdam
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Table 1.Basic properties of the observed sources

Source RA (J2000) DEC (J2000) z my Galaxy Envir P* P:, Pdx
3C78 03 08 26.2 +04 06 39 0.029 13.8 SO Isol. 036 1.3 6.4
OH-342 06 27 04.4 -352854 0.055 16.5 cD A3392 081 29 150
PKS 0620-52 06 2143.2 -52 4136 0.051 155 E(?) Clustd.31 15 35

—2 1

2 core and total radio luminosity 10°2 ergem2s~! Hz~! at 5 GHz (Morganti et al. 1997)
P ratio, at 1.4 GHz, of2, to P..., the median value oP. (see Sect. 5)
¢ EMSS name: MS0620.6-5239

. ' o <$' X 5234 — o
3524 [— ., : ) =
al 36 —
Q
38—
g
s g o
o
5 S a0
g 3
= ]
5 5 ° o
E z 22—
z o
- w
[ [a]
w
a 44— o

W L MR N
15 00 2145 30 15
RIGHT ASCENSION (J2000)

|
06 22 30

06 27 30 15 00
RIGHT ASCENSION (J2000)

-35°28'30" |- -

= i CREECEZAY

g 29 o' | 8 %

o —=

a [ ~

Q

= 8

3 a

a
29'30 - - 4o
o0 b : ‘ ] RA (J2000)

gh27m 28 s 43

439

Fig. 3. Top Overlay of the MECS X-ray contours (1-10 keV) onto the

RA (J2000
( ) grey-scale optical PSS image of PKS 0620-52. The X-ray map has been

Fig. 2. Top Overlay of the MECS X-ray contours (1-10 keV) onto themoothed to a Gaussian with” (FWHM). In the left half of the optical
grey-scale image of the optical PSS image of OH-342. The X-ray mplate the obscuring light of Canopus has been subtracted. Contours are
has been smoothed to a Gaussia&3f (FWHM). Contours are at 10, at 18, 30, 42, 61 and 85% of the peak (0.13 cts arc¥edottom

18, 26, 39, 52, 65 and 78% of the peak (0.27 cts arcdedBottom  Overlay of the radio contour map onto the grey scale MECS image.
Overlay of the radio contour map onto the grey scale MECS imagge radio image was obtained with the ATCA at 5 GHz (Morganti
The radio image was obtained with the VLA at 4.8 GHz (Simpscet al. 1993) with resolutiod.7” x 2.7 (p.a.2°). Contour levels are
1994) with resolutiors.25” x 1.15” (p.a.—25°). Contour levels are at 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 10, 20, 40, 60, 80% of the peak
at0.2,0.5,0.75,1, 15,2, 2.5, 3, 4, 5, 10, 20, 40, 60, 80% of the pgak.262 Jy/beam).

(=1.12 Jy/beam).
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(1992). They are similar in extent, each with a sizex&.5, We have used the XIMAGE package (ver. 2.53) for imag-
corresponding te- 280 kpc. ing, and the XSPEC package (ver. 9.0) for the spectral analysis.

Inthe EMSS (Gioia et al. 1984, Gioia & Luppino 1994) thd he events have been rebinned such that each new bin contains
source appears extended (sizd 0’, EMSS catalogue numberat least 20 counts. We have adopted the Mekal model (Kaastra
MS0620.6-5239), with aluminosif/0 x 10*3 ergs !, ifanon- 1992) to fit thermal emission from an optically thin plasma,
thermal spectrum witlx = 1.4 is assumed. Also in the RASSincluding, for the MECS data analysis, the energy channels
PKS 0620-52 shows up as an extended source with a lumino8i-220 & 1.5-9.5keV), and the energy channels 10—700 (
4.1 x 10*3 ergs™!, assuming now a non-thermal emission witl.2—-5 keV) for the LECS. The spectral fits have been performed
a = 1.9 (Siebert et al. 1996). for the two instruments simultaneously, letting the LECS/MECS
normalizationf free to vary, due to uncertainties in the LECS
calibration (the expected values @65 < f <0.85, Fiore et al.
1999).

To estimatef we proceeded as follows: we first evaluaged

The details of our BeppoSAX observations are reported With its 1o fluctuations from a preliminary fit, thefiwas fixed
Table 2. We remind the reader that this mission covers tkits more likely value if this was withif.65 < f + o < 0.85.
0.1-300 keV energy range with different instruments. We haf@r / + o outside this interval we have assumgdt- o for
employed the three Medium Energy Concentrator Spectrom-< 0.65 and f — o for f > 0.85. Notice that, due to the low
eters (MECS, 1.5-10keV) and the Low Energy Concentratgpuntrates, useful results were obtained only with some spectral
Spectrometers (LECS, 0.1-10keV) with imaging capabiliti@¥rameters kept fixed. The assumptions made will be discussed
(spatial resolution ofx 2, FWHM). No source signal was and commented in detail for each target. The errors reported in
detected in the high energy detectors: the High Pressure @gstextand in the tables are the 68% uncertaintie for one
Scintillation Proportional Counter (HPGSPC) and the Phoswiéieresting parameterYx* = 1).

Detector System (PDS). A description of the satellite payload
is given in Boella et al. (1997a, 1997b), Parmar et al. (1997),
Manzo et al. (1997) and Frontera et al. (1997).

The event files from both instruments have been obtained by
processing the original raw data through the packages FTOOUSe MECS X-ray images of OH-342 and PKS 0620-52 are
(ver. 3.5) and SAXDAS (ver. 1.3.0). The adopted matrices falearly extended with respect to the point spread function, with
the effective areas and the instrumental response were thoserestal size of~ 8 and~ 10’, respectively. The brightness
leased in September 1997. The choice of the extraction radipfile of 3C 78 is basically consistent with a pointlike source,
rextr» depends on the radial distribution of the counts. Furthesven though an excess is very likely to be present at falii
more, the vignetting effect should be taken into account finomthe center. Thisis expected, considering that the sources are
sources with size- 4’. We have seen that in the MEGS90% embedded in the coronal or intracluster gas. The peak of the X-
of the source photons (at uncertainty) are withinl’ for 3C  ray emission in the MECS coincides (within the errors) with the
78 and within6’ for the other two targets. Then, from the calipositions of the three radio galaxies: the brightness distribution
bration data (Fiore et al. 1999) we have estimated that, with tigsmore peaked for 3C78 and OH-342, while it is flatter for PKS
extraction radius, the underestimate of the count rate due to @&20-52. Furthermore, we notice that the X-ray region appears
vignetting is< 15% of the total counts for PKS 0620-53 andwider than the extent of the radio structures, also considering
< 7% for OH-342. the presence of low brightness extended emission. Overlays of

The LECS extraction radius for point sources is generalk+ray (MECS), optical and radio maps are reported in Figs. 1-3.
taken to be larger than the MECS one, due to the different poirtie limited spatial resolution of the instrument does not allow
spread functions. In our case, however, in order to reduce thdetailed analysis of the X-ray brightness distribution.
vignetting effect and given the relatively low LECS count rate
(mainly for 3C 78 and PKS 0620-52), we have chosen a some:
what smaller value of.,, for the LECS (the underestimate O:‘Ql 1. Spectral analysis: one-component model
the count rate is negligible). Therefore, we have assumed As discussed above, we expect most of the X-ray emission to be
both instruments,,;, = 4’ for 3C 78 andr.., = 6’ for OH— of thermal origin, with a possible contribution from a nuclear,
342 and PKS 0620-52. The counts for each source are repopeder-law component. In the data analysis, we have adopted
in Table 2. the following general procedure: we have first fitted the data to

The background has been extracted by merging different exsingle thermal model, leaving at first all the parameters free,
posures of flat fields with the samg,, of the target region (the and the results are reported in Table 3. In order to obtain a better
observations of the three MECS have been merged togetht)we have then fixed the hydrogen absorption (to the galactic
We have checked for both instruments that the background fluajue) and the metallicity\ (with respect to the standard cos-
detected in regions far from the source, is consistent (withimic abundances). These spectral fits are shown in Figs. 4a,b,c
statistical errors) with the flux detected from the same regiowith the fit parameters again in Table 3. The reasonable values
in the flat field exposures. found for metallicity areM = 0.5 in galactic coronae (3C 78)

3. Observations and data analysis

4. Results
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Table 2. Observational details

Source Obs.date  odmecs  fexpumcs  Netcountd .o  Netcount§pcs
3C78 7/1/1997 20594 s 8890s 521 £ 28 143 £25
OH-342 5/10/1996 17528s 8211s 1805 £ 47 568 £ 32
PKS 0620-52 2-3/12/1996 13689s 4458s 618 £ 31 123 £ 24

# merging the counts of the three instruments
b Source - backgroungt1o; rexir = 4’ (3C 78) antrextr = 6’ (OH-342 and PKS 0620-52)

Table 3. Fits with a thermal spectrum (parameters without errors have been fixed)

Source f N T (keV) M AP (x1072 em™®)  x2 4 (d.o.f)
3C78 070 26759 2757043 0.3070:35 1.9319:52 1.47 (31)
7.3 2547030 0.5 1.92%97% 1.45 (33)
OH-342 0.87 4.3%01 2.82f§'§§ 0.277913 7.97t§;§§ 1.21 (90)
71 26751 0.3 8.3010:52 1.24 (92)
PKS 0620-52 0.70 4.6755 2.62703%  0.14703) 4.0798) 0.69 (35)
52 2531527 0.3 3.8870%3 0.67 (37)

2 x10%° cm™2 (when fixed, Ng = Ny ga1)
> Ag = 107" /(47D?) [ nenudV, D is the source distance, and, nu the electronic and hydrogen densities

Table 4. Fits with a two-component spectrum (quantities without errors have been fixed)

Source NI;‘LI,IOC f &3 T (kev) X?ed Ll;(,th,m Ll;(,pl,m LCX,tll,s L():(,pl,s
3c7g 0 065 1.7 1391937 109  0.30 0.39 0.55 0.31
23 0967559 105 0.06 0.60 0.19 1.5

1 070 1.7 20833 108  0.65 1.73 0.87 1.39

23 205707 108  0.65 3.06 0.88 7.54

OH-342' 0 0.77 1.7 1.63T);} 1.00 5.0 4.3 8.8 3.5
23 170703 0.95 2.0 7.1 3.4 17

1 081 1.7 2277017 1.05 8.2 14.4 11.0 12.7

23 224%50%  1.05 8.2 25.0 11.1 61.9

PKS 0620-52 0 0.70 1.7 1.8670% 0.60 2.2 1.2 35 1.0
2.3 2381035 0.65 23 1.1 2.9 2.7

1 070 1.7 244*332 0.66 3.2 3.1 4.0 1.9

2.3 244753 0.66 3.2 2.4 4.0 7.8

2 %1024 cm™2

b %10* ergs!; medium energy band: 1-10 keV

© x10*3 ergs!; soft energy band: 0.1-2.4 keV

4 Nig = Npgat, M = 0.5 (3C 78) andM = 0.3 (OH-342 and PKS 0620-52).

andM = 0.3 in clusters (OH—-342 and PKS 0620-52; see e.@®H-342. The spectral features are similar to the previous case

Feretti et al. 1995, Massaglia et al. 1996, Trussoni et al. 199B\t the single thermal spectrum appears now to fit the data better.
The column density is better constrained, with its upper value

3C 78. The fit with a single thermal spectrum with all fre close toNy g and the metallicity in the expected range. In
e[F g 4b we notice again the excess of photons at energies higher

parameters is poor. The value of the column density has Iat th fthe Ee line. A soft is al t at
uncertainty, and its upper limit is close 8y 4.1, While the N%nS_OeSeEee\;gy o the € lin€. A SOlt eXcess IS also present &

metallicity is basically consistent with the expected value. The

quality of the fit does not change by fixingg and M. A count

excess is evident in the spectrum at high energigskeV), PKS 0620-52.The low flux = 1/3 of OH-342, distributed on

above the possible iron line at 6.5 keV (see Fig. 4a). a comparable area) yields a larger uncertainty on the parameters
(see Table 3, Fig. 4c).
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Fig.5. Thermal + power-law X-ray spectrumpgper panél and con-
fidence contours of the normalization amplitudes of the two spectral
componentsd., and Ay, (lower pane) for 3C 78. We have assumed
assumedVy = Ny gal, M = 0.5, a = 2.3 and Ny 1oc = 0.

value of Ny and of the metallicity in the thermal component (as
in the single spectrum fit), the power-law photon index was still
affected by very large uncertainties. We then had to fix its value,
«, as well. As a guideline, we notice that the X-ray spectra
of BL Lacs range between the values typical of High Energy
Peaked BL Lacs (HBLg ~ 2.5) to those of Low Energy Peaked
BL Lacs (LBL, a ~ 2.1; Padovani & Giommi 1996, Padovani

and PKS 0620-52dwer pane) fitted to a thermal model. We have1999). For FR | radio galaxies the available X-ray data yield
fixed Ngu = Nu g for all the targets, and = 0.5 (3C 78) and much more uncertain values. Worrall & Birkinshaw (1994) (see

M = 0.3 (OH-342 and PKS 0620-52).

4.2. Spectral analysis: two-component model

also Capetti et al. in preparation) found~ 1.4 (NGC 6251),

a ~ 1.7 (NGC 4261) andv ~ 2.4 (3C 264). We have therefore
considered both the possibilities of a flat and a steep spectrum,
assuming for the photon index of the non-thermal component

The excess at high energies with respect to the thermal spectrums; 1.7 anda = 2.3.

found for the sources and discussed in the above subsection We have also taken into account the possible presence of ob-
suggests the existence of a second, harder, component possitiliying material, by assuming a local absorption for the power-
related to the nuclear source. We have therefore performed fits spectrum up tQVi joc ~ 1024 cm~2. Thus the remain-
with a two-component model, i.e., a non-thermal componentiimgy free parameters, obtained by the fitting procedure, are the
addition to the thermal one. The fits with two spectra require feormalization factors of the two specttdy, (cm~>) and 4,
priori’ assumptions on some spectral parameters to obtain ggpHotons cm? s—! keV—! at 1 keV), and the temperature of the
constraints on the remaining free parameters. By fixing only tteermal plasma.
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101

e 3 versely, the temperature of the gas is not significantly affected
5 by the value of the photon index

3) The spectral parameters are not critically affected by local

absorption fotVy 1., <102 cm=2. For higher column densities

both the gas temperature and the nuclear luminosity increase in

the fits.

counts / sec /keV
101 103 102

05

5. Discussion and conclusions

t | i 1_
A N *—T—*JF% T ﬁﬁ%wW%WﬂM%} We have seen that the BeppoSAX spectral data are more consis-

residuals
0

tent with a two-component model (thermal plus non-thermal)

| o than with a single component (thermal) model, especially for 3C
energy (keV) 78 and OH-342 (although with some residual uncertainties on
the physical quantities). Additional information, needed to con-
strain the spectral parameters, can be obtained from the general
X-ray properties of galaxies and clusters.

The typical temperatures of hot halos in early type galaxies
are~ 0.5 — 1.5keV. In addition a correlation has been found
between optical and X-ray luminosities (see e.g. Forman et al.
1985, 1994, Donnelly et al. 1990, Trussoni et al. 1997). If we
apply this correlation to 3C 78, the value bfg,, of the par-
ent galaxy NGC 1218 would correspond to a luminosity in the
ROSAT bandLx = 2.3 x 10*?ergs!. Our fits with a sin-
gle thermal component disagree with these values, since they
give a too high temperature and a luminosityd times higher
(Lx.ths =~ 7 x 10*2ergs™!). The addition of a non-thermal
component in the spectral model, yields more consistent values
0 103 2109 3103  4:103 52103 62103  7x103 of T, and fits the hard photon excess. We notice also that, for

Ay, (omS) an almost unabsorbed nucleusy i, ~ 0) and not too flat
spectra 2 2), the thermal luminosity component is consistent
with the relationLx — Ly (seeLx in,s in Table 4). In Fig.5
we plot the fitted spectrum and the confidence levels for the
normalizations of the two spectral components. This last plot

Theresults are reported in Table 4 a”‘?' Figs. 5-7. Employiﬂﬁwer panel) shows that a larger contribution to the total energy
anF-test, we have checked that the fits with the two-compone, originates from the non-thermal nuclear component.

spectra (withVy 1, = 0) are improved, with respect to the case
with the single spectrum, at a confidence leved9% for OH—

4 2

3x103

2.5x103

A (photons / cm? /sec / keV at 1 keV)
152103 2x103

103

Fig. 6. The same as Fig. 5 for OH-342, assumitij= 0.3.

In OH-342, the comparison of our results with thg — T'

: ) correlation for clusters and Hickson compact groups (Ponman
342 and 3C 78, while no conclusion can be drawn for PKg 5 1996a,b) yields no stringent constraints on the parame-
0620-52 (improvement at a confidence ley&l0%). Consis- tor5 The values of and Lx i1, s, obtained from the fits with
tently, we see in Figs. 5 and 6 that for 3C 78 and OH-342 th&;ingle thermal model, are consistent with this relation (in the
presence of a power-law spectrumis likely ata levelo, even  oqion of low brightness clusters). If a power-law component is

though with quite large statistical uncertainties. In particular f%rdded, the data still agree with the correlation, but are shifted to

3C 78 the parameters of the thermal component are poorly glyer juminosities and temperatures, close to the boundary for

fined for a steep, unabsorbed power-law spectrum (see Figsc@npact groups (for which thex — T relation is steeper). A

More uncertain is the case of PKS 0620-52 where we can clgifpye |ocal nuclear absorption would enhance the luminosity to

the existence of a non-thermal component only at a confidengg 5 considerably higher than expected for a cluster: we thus

level Z1o, if its slope is quite flat and some local absorption igq e that even in this case the local column density is not large

included (see Fig. 7). _ we recall that the values of the thermal luminosities should be
The following general properties of the spectra can thus éﬁnsidered as lower limits, see Sect. 2). In any case, the quite

deduced (see Table 4): large scatter of the data around the — 7" relation and the lack

1) The values for the gas temperature are significantly lowerefddetailed optical information on the cluster associated with

by the contribution of the power-law component with respect @H-342 do not allow to say something more on the physical

the single thermal spectrum. conditions and radiation processes. Finally, we note that both

2) The relative contribution of the two components to the tothlgh and soft energy excesses can be fitted With,. ~ 0 and

flux depends on the slope of the power-law spectrig;y, in-  a quite steepd > 2) non-thermal component only (see Figs. 4

creases with the steepness of the non-thermal component. Gord 6).
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The same arguments, although more uncertain, hold for P
0620-52 as well. In fact, very few optical data are available . - .
the structure of this cluster, strongly contaminated by the ligZ
of Canopus. The thermal luminosities are basically consisteg
with the Lx — T relation either for a single thermal spectrum oé
for a two-component model. However, a better agreement ws
this relation can be obtained by introducing some amount
local absorption and assuming a moderately flat spectrum ([ *

Fig'CZL)J.r data do not prove the presence of a nuclear X-rayco¥ | %7 - :a}r + + : + ﬁ%—ﬁm{

!

10-3
T

101

luals
4]

ponent in our sources. We have seen, however, that there © [
reasonable, albeit indirect, clues in favor of this, especially f

3C 78 and OH-342. This view is further supported by rad.. energy (keV)
observations. The rati® between the coreH.) and the ex-
tended radio powelf,) is generally considered as an indicata
of orientation of the nuclear jet. However, in view of the existin _
correlation between core and extended luminosity (De Ruiters
al. 1990), very likely intrinsic, it is definitely more preferable tcz
use, as orientation indicator, the parameteg. This parame- %
ter is defined as the ratio of the core luminosity of the sour‘g
to the median value?,,,, of core luminosities of sources WithSE'
the same extended radio power, as expected from the corr<
tion betweenP. and P,. We calculatePcy = R/R,, at 1.4
GHz, whereR,, is the median value oR at a given extended
luminosity, obtained from the relation given by De Ruiter et a<
(1990):

log Ry, = 0.551og P, + 11.76. 1) Y 03 22103 ‘ ‘ :

3x10-3 4x10-3 5x10-3 6x10-3
A (cm-5 )

|
10

2x101 3x10- 4x101 5x1041

p1 (photon

101
T
L

In presence of relativistic beaming effects, we expect thart

Pcn > or < 1 occurs in sources with angle between jet axis arkdg. 7. The same as Fig. 6 for PKS 0620-52, assuming 1.7 and
line of sight< or > 60°, respectively. As reported in Table 1,Vu,loc = 107 cm™=.

in our sources we havBsn > 3.5. This strongly suggests ori-

entation anglesc 60°, consistent with the absence of a strongegion between FR | radio galaxies and BL Lacs. More impor-

- i 24 —2
local X-ray absorptionfi jo. < 107 cm 7). Further support " o 'coo ithat the rali X correlation for the nuclear emis-
to the lack of nuclear obscuration for 3C 78 comes from the

HST optical data: Chiaberge et al. (1999) detected a pointliﬁ'f?n extends a]sg 0 Fhe_LBL region with pasmally unaffgcted
. . 7= 42 1 slope. The main implication of this feature is that the radio - X
nuclear emission with luminosity 2 x 10**ergs ' inthe R

band spectral indexy, x does not significantly change when moving
Tﬁe luminosities of the nuclear components are (in trﬁaom FR 10 BL Lacs objects. If the FR | radio galaxies are
0.1-2.4keV energy band) a few10% ergs-! for 3C 78 and just BL Lacs beamed away from the line of sight, the similar

o 9y 9 values ofa, x for both classes of objects could imply that the

a few x10*3 ergs™! for the other two sources. These value S :
x10 g 7§etected X-ray non-thermal emission is due to inverse Compton

are Iarggr than those found in th(_a sample of VYO”""” (19.9 mission (see, e.g., Fossati et al. 1998, and references therein,

but consistent with the extrapolation of Worrall's correlat|o? ) . ) .
: Lo or a discussion of the main properties of the Spectral Energy

between the monochromatic X-ray luminosity at 1 keV of th istribution in BL Lacs)

non-thermal component and the core radio power at 5 GHz (see_l_he present data dc; not allow to draw more stringent con-

Fig. 8). We note that also in Worrall’s sources there is no ey-

. S lusions on this point and, more in general, on the unification
idence of absorption in the non-thermal nuclear components. . . . ;
: SR . L .0f 'FR | radio galaxies and BL Lacs. Besides having a larger
Since it is likely that the radio galaxies in this sample are dis- o ! S )
. . . . . . sample, it will be crucial to collect detailed information (e.g.,
tributed at different orientations to the line of sight, we can argue o .
. ; . . vith the AXAF and XMM missions) on the spectral properties
that either the obscuring torus is not present in the FR | radi .
. _ .. of the central nucleus in thre 1-10 keV energy band.
galaxies, or that the nuclear X-ray emission actually originates

from the base of the,JetS outside the torus, and therefore is ﬁgﬁnowledgementsThe authors wish to thank M. Capalbi, F. Fiore,
affected by obscuration. P. Giommi, M. Guainazzi and S. Molendi for invaluable help in the
In Fig. 8 we also plot the region typical of LBL (i.€., the retreatment of the BeppoSAX data. We are indebted to A. Capetti and
vised old class of Radio Selected BL Lacs, see Padovani 1998) Chiaberge for very helpful discussions and suggestions and to C.
We see clearly that our three sources are just in the transit&impson for the radio map of OH-342. This work was partly supported
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