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The accretion-ejection mechanism acting in Active Gatabtiiclei (AGN) is one of the main
astrophysical open issues, being connected to the role i Ag&&dback in galaxy formation
evolution studies. The X-ray emission in AGN, associatethlie accretion flow, is strongly
coupled with the radio emission, associated with a jet.r§frrelations between the X-ray and
the radio luminosities are found both in radio-loud (RL) andadio-quiet (RQ) AGN, despite
the fact that in RQ AGN jets are often absent or very weak. Faeh defined and complete
INTEGRAL RQ AGN sample we have found a strong correlatiowieein the 20-100 keV and
the radio luminosity. Black hole mass estimates for halhefsample sources allow us to compute
the "fundamental plane of black hole activity", sampling thigh luminosity/high accretion rate
parameter space.
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1. Introduction

Active galactic nuclei (AGN) emit continuum radiation frotihe radio to the hard X-rays,
and sometimes gamma-rays. The X-ray and hard X-ray emigsidGN is thought to arise from
a non-thermal mechanism such as the Comptonization of theabp)V disc continuum by hot
thermal or non-thermal electrons residing in a magneticahfined gas above the accretion disc
(e.g., Haardt & Maraschi 1991). The radio emission has b&essically associated with fast jets
carrying relativistic electrons, emitting non-thermahekrrotron radiation. However, the fraction
of AGN with powerful relativistic jets is only 10-20% of thetre AGN population (Kellermann et
al. 1989), the majority of which is instead made up of Radige®(RQ) AGN, defined as having a
radio loundness parameter=RLg.m/ Lg < 10. Typically RQ AGN show values of R concentrated
between 0.1-1, while in radio-loud sources the R valuesadragm 10 to 100 (Kellermann et al.
1989). Lately, Terashima & Wilson (2003) have introducesl Xaray radio-loudness parametex R
=L, (6 cm)/L(2-10 keV), as the use of the X-ray luminosity witispect to the optical one allows
to avoid extinction problems which normally occur in theiogk band and which could cause an
overestimation of R.

The origin of the radio emission in RQ remains still uncleecpuld be ascribed, for instance,
to a low-power jet (e.g., Miller, Rawlings & Saunders 1998)free-free emission from a molecular
torus or to the X-ray corona itself (Gallimore et al. 2004)rafiatively inefficient accretion flow
accompanied by a relativistic jet has been invoked to emaith the X-ray and radio emission
in low luminosity AGN (LLAGN) (e.g., Narayan & Yi 1994). Thiglea has also been supported
by the discovery of a "fundamental plane" relation betwdsnX-ray and radio luminosities, and
the black hole mass (Merloni et al. 2003; Falcke et al. 20@4xorrelation between the X-ray
and radio luminosity has been found in Panessa et al. (207 $ample of local RQ and RL
LLAGN, suggesting that either the source of the X-ray andor&tnission is the same or that the
two emitting components are physically connected. Hereaesethe validity of such correlations
in a complete sample of relatively high luminosity AGN, as #ose detected by the INTEGRAL
satellite (e.g., Bird et al. 2010).

2. Thesample

The sample is extracted from the third INTEGRAL/IBIS surwelyich lists around 150 (iden-
tified and candidates) AGN (Bird et al. 2007). To this largmpke, we have applied the Ve/Va
relationship to obtain a complete sample of 88 AGN seleatatieé hard (20-40 keV) X-ray band
above~ 5 sigma confidence level (see Malizia et al. 2009 for the Wstaiefinition of the sample);
the sample includes 46 Seyfert 1 (including 5 Narrow Lineots), 33 Seyfert 2 and 9 blazars. The
20-100 keV and 2-10 keV luminosities used in this work aretelkkom Malizia et al. (2009). The
1.4 GHz luminosities have been extracted from the NVSS suf@€endon et al. 2008) directly
measured from the maps by using the AIPS software. The NV&§emhave 45-arcsec full width
at half-maximum angular resolution and nearly uniform geuity, with a flux density limit of
about 2.5 mJy (Maiorano et al. 2011). Black hole masses hega bstimated through different
methods (e.g., see Molina et al. 2008).
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Figurel: The 2-10 keV versus the 1.4 GHz radio loudness parametdiddNTEGRAL complete sample.
The red line is the radio-quiet versus radio loud boundaiy dgrashima & Wilson (2003).

3. The X-ray radio loudness parameter in luminous AGN

The X-ray radio loudness distribution of a high energy delksample is not bimodal as
observed in optically selected sample (Kellermann et a89)19Terashima & Wilson (2003) have
derived the boundary between the radio-loud and radiot@biects to be Log R = -4.5 (red line
in Figure 2 and 3). According to the Terashima & Wilson (2008jit, more than half of the
INTEGRAL sample sources should be considered as radioAdBN. In Panessa et al. (2007)
we have redefined this boundary for LLAGN to be Log=R2.755+0.015 (blue line), according
to which the majority of the sample are radio quiet AGN. Acling to these criteria and to the
average radio power (LopRm ~ 22-23 W Hz 1 sr 1), the sample is mostly made of radio bright
AGN but not radio-loud. Indeed, of the 35 type 1 Seyfert galsxof the sample, only six of them
are broad line radio galaxies (see Molina et al. 2007, 2008).

4. The X-ray versusradio correlation

A strong correlation has been found between the 1.4 GHz anad+00 keV luminosities for
the INTEGRAL complete sample (Figure 3). We found two diferbest-fit linear regression lines
for RQ (slopea O 1.0) and RL (slopex O 1.3) AGN. Finally we show the INTEGRAL AGN data
on the fundamental plane plot in Figure 4 (blue symbols), mared to the an optically selected
sample of nearby Seyfert galaxies (Panessa et al. 2007 yesyiqmbols). The deviation from the
fundamental plane relation (blue line) of the INTEGRAL AGihnainly due to the RL population,
which presents an excess of radio emission.

The presence of a strong correlation between the NVSS arid@®eV emission in a sam-
ple of AGN selected at hard X-rays supports the idea thaty éeefficiently accreting AGN, the
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Figure 2. The 20-100 keV versus the 1.4 GHz radio loudness parametehéoINTEGRAL complete
sample.
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Figure 3: The 1.4 GHz NVSS luminosity versus the 20-100 keV luminofitythe INTEGRAL complete
sample together with the best-fit linear regression line&fQ and RL AGN.
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Figure4: The fundamental plane for black hole activity for the INTE&Rcomplete sample (blue symbols)
and for the optical selected Seyfert sample (black emptybsys). The blue line represent the fundamental
plane equation by Merloni et al. 2003

two physical components are likely connected. Howeverflthes derived using the NVSS data
should be taken with caution since they are the total radiodfiihe source and may not be repre-
sentative of the true nuclear radio fluxes. Indeed, at higpatial resolutions, a large fraction of the
radio flux is seemingly resolved (e.g., Giroletti & PanesB@2 Orienti et al. 2010), leading to the
disappearance of the radio and X-ray correlation (Panessadetti, 2013, MNRAS, submitted).
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