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We present a multi-wavelength study of two broad line raditagies: IGR J2124#5058, one
of the brightest AGN discovered by INTEGRAL, and 3C 390.30abxtensively observed by
INTEGRAL. All the available INTEGRAL, XMM-Newton and Swiftlata were analysed, cover-
ing the 0.3-200 keV range. The spectral energy distribugfd®GR J212445058 was extracted
from the total observed spectrum in the IR to UV bands, usibaekbody model to account for
the emission of a star in the line of sight. The broad bandysgectrum of IGR J2124/5058
can be described by a cuffidEc = 206725° keV) power law [ = 1.56*0.39) plus a reflection
componentR = 0.8f8:2), absorbed by a double layer of partially covering neutraterial. The
X-ray spectrum of 3C 390.3 can be represented by an absodvest paw Ny ~ 4.5x 1070 cm2,

I' = 1.78'399) plus a blackbody componerkT ~ 150 eV). Both radio galaxies show weakrK
iron lines. The spectral energy distribution of IGR J2128358 shows the presence of two
peaks, one in the near infrared and one in the X-rays. Whil&thay peak may be due to inverse
Comptonisation of synchrotron photons, the one in the IRy due to thermal emission. The
spectral energy distribution of 3C 390.3 shows two strorakpén the IR and X-rays and a third
peak in the UV, whose height varies considerably between XNigvton and Swift observations.
The IR peak is interpreted as due to synchrotron emissiofle\tfie one in the UV as emission
from the disk, and it does not seem to be related to the softsmio the X-rays.
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1. Introduction

Radio galaxies are active galactic nuclei (AGN) with regiaf synchrotron-emitting plasma
that can extend to thousands of kiloparsecs. They are thoodpe powered by narrow collimated
jets, which seem to originate directly from the central eegiterminating in high surface bright-
ness regions calldabt spots The jets show polarized emission and non-thermal contiaioé thus
are thought to result from synchrotron emission. Radioxjedaare divided, according to the width
of their optical emission lines, into broad line radio gé&(BLRG) and narrow line radio galaxies
(NLRG). According to the unified scheme for radio-loud AGNh{anucci 1993; Urry & Padovani
1995), radio galaxies, radio loud quasars and blazars argatine physical objects seen at decreas-
ing angles with respect to the jet axis. The X-ray spectrdisftlass of objects presenttidirent
characteristics than their radio-quiet counterparts Sbgfert galaxies. Indeed while the presence
of Compton reflection is prominent in the spectra of Seyfataxjes above 10 keV (Pounds et al.
1989), it is weak or absent in the case of BLRG (Zdziarski et1895, Wozniak et al. 1998).
Another dfect of reflection of the primary X-ray radiation on the didke Fe Kk line, is weaker in
the spectra of BLRG than in Seyfert galaxies (Wozniak et@28). The multi-wavelength spectral
energy distribution (SED) of radio galaxies is consisteithwhe double peaked shape observed
in BL Lacs (Trussoni et al. 2003). The two peaks, in the IR @rIR) andy-rays, are usually
interpreted (Ghisellini et al. 1998) as due to synchrotitiation of relativistic electrons from the
jet, and to inverse Compton scattering of synchrotron pto{&SC model) or of thermal photons
originated in the disk, in the broad line region (BLR) or ir tlorus (EC model).

Among the 50 new sources detected IBMEGRALand identified as AGN, the brightest in the
20-40 keV band is IGR J2124%058, with a flux ofF 2p_sokev = (4.2+0.4)x 10711 ergscm?st
(Beckmann et al. 2006). Optical observations show the poesef a star in the line of sight of
IGR J2124%5058, which strongly contaminates the optical data (Masetil. 2004). Recently
IGR J2124%5058 has been classified as an intermediate/FR 1l Broad Line Radio Galaxy with
characteristics similar to 3C 390.3 (Molina et al. 2007).

3C 390.3 is a luminousL(z_1okev) ~ 3% 10**ergss?) nearby (z0.057) broad line FR Il radio
galaxy detected for the first time in the X-rays 6§50 7(Mushotzky, Baity, & Peterson 1977).
The spectrum of this object in the 0.5-8 keV band has beerrideddby an absorbed power law
(Eracleous, Halpern, & Livio 1996 usif§SCASIS data) with a photon index df= 168302 and
an intrinsic hydrogen column densilyy = (4.6"12) x 10?°cm 2. The presence of an irondline

at 6.4 keV (in the rest frame of the source) with an equivaleidth of EW= 190"35° eV has also
been reported usingSCAdata (Eracleous, Halpern, & Livio 1996). UsiBgppoSAXiata Grandi
et al. (1999) found evidence of a reflection componént O.9i8:g) in the spectrum of 3C 390.3.

2. The high-energy emission of IGR J21247+5058 and 3C 390.3

The set of data used for thRTEGRALspectrum of IGR J2124/5058 includes all the public
data available (as of January 2008) plus private data takBecember 2007 (P.l. Beckmann), for
a total exposure time of about 2.6 Ms. The use of OSA 7 and tHiiadhl set of data allowed
us to extract a spectrum with higher resolution and up todriginergies« 210 keV) than the
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one previously reported in the literature (Molina et al. 2D0At lower energies we useXiMM-
Newtonand Swift data, previously analyzed by Molina et al. (2007) and Maliet al. (2007).
The high-energy (0.3—-212 keV) spectrum of IGR J212%058 can be well describeg{= 1.07)

by a power law [ = 1.56f8:8?) plus a reflection component from neutral materil= 0.8t8:2 :
For the absorption we used Galactic absorption plus twasagkpartially absorbing material, as
proposed by Molina et al. (2007). This phenomenological ehpdovides a good description of a
scenario involving a hot corona emitting medium-hard Xsray Comptonisation of seed photons
emitted by synchrotron emission from a jet or by an accredisk (Haardt & Maraschi 1991) plus
a reflection component from a disk. Evidence of a soft exceseén inXMM-Newtondata, but
due to the strong Galactic absorption it is impossible tal\stiti accurately. There is no signifi-
cant evidence of an iron&Kline in the spectrum of IGR J2124%058, with a 40 eV upper limit
(30) on the equivalent width. The luminosity of IGR J21246D58 in the 0.1-200 keV band is
Lo.1-200kev = (2.1 +0. 1) X 1044erg sl

For comparison we analysed the well-known broad line radiaxy 3C 390.3, whose luminosity
is Lo1-200kev = (L.3+0.1)x 10" ergs?t. INTEGRALdata for a total exposure time of 346 ks are
available for 3C 390.3, while at lower energies the sourceldeen observed twice in a time span
of 8 days byXMM-Newton and once byswiffXRT. The overall high-energy spectrum of 3C 390.3
(in the 0.3-200 keV band) presents a power-law like contimplus a soft excess, which has been
fitted using a blackbody component at low energies: (L keV), and an iron i line at 6.4 keV (in
the rest frame of the source). Combining IBASGRI and EPIZPN data of 3C 390.3 we obtained
an intrinsic absorption oM ~ 3x 10*9cm2, a photon index of = 1.78"'392 a temperature of
the blackbody component &T = 146"° eV (2 = 1.03) and an equivalent width of theoKiine

of about 50 eV. Combining XRT and IBIESGRI data we obtained values consistent with those
obtained using PN. The presence of the soft excess below his¥reviously only been detected
by Ghosh and Soundararajaperumal (1991) uEiK@ SATdata and by Molina et al. (2008) using
XMM-Newtondata, while further observations did not confirm the existeof this feature.

The main dfferences between the X-ray spectra of these two AGN are thwvioh: 3C 390.3
presents a stronger ironoKine (EW ~ 50 eV) than IGR J2124i#5058, for which only a & upper
limit EW< 40 eV can be determined, and the continuum of 3C 390.3 doeshiowt evidence of

a cut-df or of a reflection component. Consistent with the weak irenlike in 3C 390.3 is the
fact that a reflection hump is weak or not detectable. Thekorine of 3C 390.3 is weaker than
what was previously found by Grandi et al. (1999). The edaivawidths of the iron K lines of
3C 390.3 and IGR J2124B058 are consistent with the average value ®&Wg rg > =71+45
eV for broad line radio galaxies (Grandi et al. 2002).

It should be noted that beside being curved, the soft comtmof IGR J2124#5058 is flatter than
the typical value observed for bright BLRG (g .rg> = 1.73, Grandi et al. 2000). The presence
of a reflection hump in the spectrum of IGR J2128058 is evident only considering a complex
absorption model (namely two layers of partially absorbingterial), while it is not necessary
when using a simple absorption layer. Thus the high-engrggteum of IGR J2124#5058 should
be better investigated when néWTEGRALdata will be available, in order to better constrain its
spectral features and understand whether reprocessey etnigsion is important or not. More-
over more accurate data in the soft X-rays would be fundaahémtunderstand the nature of the
absorber.
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Figure 1. Spectral energy distribution of IGR J21245058 corrected for absorption and for the flux of the
superimposed star in thes, H, J and| bands. In the high energiéNTEGRALIBIS/ISGRI andXMM-
NewtonEPIGMOS data have been used. In the optical the values are thts@et by Loiano’s telescope
observations (Masetti et al. 2004), in the IR those resyitiom 2MASS observations, while in the radio
values from VLA and GMRT observations have been used (Mairal. 2007).

3. The SED of IGR J21247+5058

The SED of IGR J2124#5058 has to be carefully analysed in order to understancegpec-
tive contributions of the galaxy and of the star on the linsight. Indeed from the optical and UV
data the presence of a star in the line of sight of IGR J24883%8 is evident: the spectrum of the
optical counterpart of the galaxy shows a continuum andrakisa lines typical for an F or G-type
star (at z0) plus a broad feature which has been identified as therdission line of the AGN at
z=0.02 (Masetti et al. 2004). While the optical spectrum shtivespresence of a star in the line of
sight, the near infrared photometry performed by 2MASS iscoasistent with a stellar spectrum
(Combi et al. 2005). Using a blackbody model (with a tempgeabfT = 6000 K) for the emission
of the star we corrected the values in the IR and optical ieioim extract the emission of the AGN.
Then we corrected the remaining fluxes for absorption.

In Figure 1 the corrected SED of IGR J21246058 is shown. The global structure of the corrected
spectral energy distribution of IGR J21245058 could be interpreted in twoftkrent ways:

e We detect two "bumps" at about the same height in the logaiithiF, diagram, one in the
near IR and one in the X-rays. This can be attributed to sytichm emission and inverse
Compton-scattering of synchrotron photons for the low diesegpy ¢ 10 Hz) and high-
frequency peak~ 10'° Hz), respectively. This synchrotron self-Compton mod&C3 is
used in the case of radio-loud objects such as blazars amagaldxies (e.g. Ghisellini et
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al. 1996). In the case of the low-energy peak, the absorghiento the Galactic medium
and the flux of the star in the line of sight make it impossible¢e the expected optical-UV
cutof.

e Another scenario would be that we detect synchrotron earisisi the radio but that the
IR-UV emission is not arising from the central engine bubirthermal emission. The high-
energy emission would be again due to the inverse Comptdtesog of the synchrotron
photons. This hypothesis is supported by the fact that ttepHRtrum is not a simple extrap-
olation of the radio spectrum.

In order to check whether the IR emission comes from synabmatmission of the AGN we used
the SSC model of Ghisellini et al. (1996) for estimating thagmetic field B of the AGN. The

magnetic field is given by:
2

vV
B-D=(z+1)—> 3.1
(z+ )3.7><106vc (3-1)

wherez is the redshiftys andvc are the frequencies of the synchrotron and the inverse Gompt
peak, respectively, ard is the Doppler factor:

1

Assuming a viewing angle @f~ 35° (Molina et al. 2007) and a Lorentz factpe= 5 (Giovannini et

al. 2001), we obtain a Doppler factor Bf=~ 1. The peak of the inverse Compton branch is located
atvc ~ 1019 Hz, while the peak of the synchrotron emission is less caimstd, but we can assign a
lower limit of vs > 10*° Hz. From this we derive an unlikely lower limit for the magieefield of
IGR J2124%5058: B = 3600 Gauss. This points to an IR emission dominated by tHemigsion
rather than resulting from non-thermal synchrotron eroissif a jet.

Another parameter interesting to study the SSC model oféBimiset al. (1996) is the Lorentz
factoryy, of the electrons contributing most to the power output:

1
3ve

2
=l—] . 3.3
(o] @3
Using the values reported above we obtain a Lorentz factep &f 150. However this value is a
rough estimate only, in fact if thermal emission is dominanthe IR we cannot assess correctly
the location of the synchrotron peak.

4. The SED of 3C 390.3

The SED of 3C 390.3 (Figure 2) is much better constrained thahof IGR J2124¥5058
and shows a similar structure, with a strong emission inEh@vhich peaks at ~ 103 Hz), which
height is comparable to that of the IC component, and a thaétakpn the opticgdUV. The peak
of the IC component is not well constraineds > 10'° Hz. Considering ~ 26° (Eracleous &
Halpern 1994) ang = 5 and applying to this SED Eq. (3.1), we obtain an upper limitthe
magnetic field ofB < 1.7 Gauss. Applying Eg. (3.3) we obtain a lower limit for the rgyeof
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Figure 2: Spectral energy distribution of 3C 390.3 after having octerd for absorption in the X-rays, UV,
optical and near IR. The values used in the X andys are those obtained B{MM-NewtonEPIGPN and
INTEGRALIBIS/ISGRI. Given the variability of the source, in the optical tbe V, R and | bands the data
used are the weighted averages of those obtained by thelomiinitoring of the source performed by Tao
et al. (2008) from 1995 to 2004. In the U, UVW1, UVM2 and UVW2na we usecKMM-NewtoriOM
values. In the radio domain we used data from Rudnick et &18¢)Yand Steppe et al. (1988). In the far
IR we used the weighted averages of IRAS data (at 12, 25, 6Q@@an), in the mid-IR data coming from
Spitzer(Ogle et al. 2006), while in the near infrared we used 2MASSeotations of the source in the J, H
and K bands. The circles represent the fluxes in the U and UVavi2lbas measured by SyiiivOT.

the electrons contributing most to the power outputyef 900. 3C 390.3 shows a strong flux
variation in the U and UVW?2 bands (Figure 2) during the 31 rhertetween th8wiffUVOT and
the XMM-NewtoflOM observations, while over this time span the X-ray flux doasvary signifi-
cantly. While at the time cKMM-Newtonobservations the UV peak was smaller than those in the
IR and X-rays, it was dominant during tiswiftobservation. We registered a variation by a factor
of ~ 5 and of~ 3 in the UVW?2 and U band, respectively. Another remarkabffedénce between
the two observations is the spectral slope, which varieAdy 0.7 betweenrs wifyuvor =~ —0.35
andexmmom = —1.04. The presence of this blue bump was not detected in previbservations
(Wamsteker et al. 1997). The amplitude of the UV variabiigyconsistent with what has been
found bylUE observations of 3C 390.3 performed from 1978 to 1994 (Zh&8$), but the fluxes
observed bYyUE were significantly lower than those measured3wift IUE observations showed
a very strong flux variations in the UV, with a peak at 1350 Agweha variation by a factor ef 27
was registered. At 1850 A (wavelength very close to the casftthe UVW2 band) Zheng (1996)
measured a variation by a factor-efl2.

The radio spectrum of this AGN is well represented by a sinpoleer law with a energy index
a = -0.75+0.10. Using only the flux at 60, 25 and }1&n (as the flux at 10@m is subjected

to cirrus contamination) the FIR spectrum shows a power lé avspectral indexy = 0.7+ 0.2.
We can conclude that the emission of 3C 390.3 is probably dwynichrotron and SSC emis-
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sion in the radio-IR ang-rays respectively, while the optical-UV bump is likely ditethe disk.
This component could be due either to optically thick emisdrom the disk or to disk heating
by primary X-ray radiation. We measured a strong varigbihit the optical-UV bump in the 31
months betweeXMM-Newtonand Swiftobservations, which is not observed in the soft excess in
the X-rays, and which could point to the fact that the proeesavolved are not the same. This
could confirm the hypothesis of Molina et al. (2008) that th# excess is produced by the ex-
tended soft X-ray emission around the nucleus observe&thandraimages (Hardcastle & Croston
2004). Regardless of the strong UV variability the X-ray timmum did not show any significant
variation in the 31 months between the two observationss Phints to the fact that in case UV
emission is mainly due to reprocessing of X-ray radiatiamfthe corona, as suggested by Grandi
et al. (1999), there could have been a burst in the X-ray éomisa the 2.5 years between the
two observations. Unfortunately there are N EGRALobservations available over that period,
and there is no evidence of a burst at that time inShéffXRT observation. Another explanation
of this variability could come from instabilities in the Hisas for example discharges of an active
magnetic blob above the accretion disk (Haardt et al. 19@msteker et al. (1997) found that
the continuum spectrum from the optical to the X-rays candsedbed by a single power law with
indexa ~ —0.9. The results we obtained usidgMM-NewtorfOM and SwiffUVOT are diferent
(@swifyuvoT = —0.35 andaxmmom = —1.04), and in particular the UVOT photon index is much
flatter than what was found by Wamsteker et al. (1997).

5. Conclusions

The main diference in the SED of these two radio galaxies is the IR comppméich has
a peak at higher energies in the case of IGR J248088. This is probably due to the fact
that the emission processes at these frequencies fiegedt, thermal emission in the case of
IGR J212445058 and synchrotron emission for 3C 390.3.
The spectral energy distribution of IGR J21246D58 shows an IR peak which is located where
one would expect it for low-peaked BL Lac (LBL) objects, vehihe IC peak is located at energies
smaller than those normally found for LBL- ~ 107! Hz). This could confirm the classification
of IGR J212445058 as a radio galaxy, with a strong thermal emission inRhd he identification
of IGR J212445058 as a Type 1 AGN (Masetti et al. 2004) is based on the fit=iton of one
additional spectral feature on the optical spectrum, wisadiominated by the foreground star. If
the identification of this feature with theaHine is not correct, then IGR J21243058 might still
be a member of the BL Lac class, even though the SED seemscrediisthis hypothesis, or of
the narrow line radio galaxies class. More accurate optibaervations of this source are needed
in order to resolve it from the foreground star, thus peingtto better understand its nature.
In order to understand the connection between the physieahanism ruling Seyfert type objects
on one side and radio galaxies on the other, it is necessdngnmase the number of objects with
reliable SEDs. IGR J21245058 and 3C 390.3 are two examples that show the importance of
detecting additional strong X-ray emitting radio galaxi@sorder to bridge this gap. Thub\-
TEGRALand Swift provide excellent tools in order to identify radio galaxessd, together with
observations in the IR and optical, to create a significamipta of X-ray bright radio galaxies.
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