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Abstract This paper reviews some recent work on high-resoluibandra observations of
inactive Super-Massive Black Holes (SMBHS) in nearby gal&xThe aim of this work is to
explore observationally nuclear feedback in galaxy forameby understanding the interac-
tion between accretion and black hole activity in theseeswér quiescent nuclei.
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1 INTRODUCTION

The work presented in this paper is the result of collaboratiith many colleagues, including S. Pellegrini,
R. Soria, A. Siemiginovska, A. Baldi, L. Greenhill and M. Ev

The question that we want to investigate is the lack of AGNvigtin most galaxies. That AGNs are
only a small percentage of all galaxies has been a well knaetsince their discovery. But now, it is also
well established that all massive bulges host a super-ugakkick hole (SMBH; see Tremaine et al. 2002
and refs. therein), and one would expect that even modecatetaon on these SMBHs would cause AGN
activity. Observationally, we seek to investigate the irtips of these quiescent galactic nuclei, principally
in the X-ray band, but also in the entire wavelength spectwimn possible. We also seek to constrain
observationally the amount of fuel available to these SMBithsl search for observational evidence of past
nuclear activity. The sub-arcsecond angular resolutioBhaindra provides the necessary sensitivity and
imaging capability for these investigations.

Why are most SMBHSs quiescent? What is their X-ray lumin&shypossibility is that they are heavily
obscured AGNs, but it is also possible that there is onlytBohgas available for accretion. Wi€handra,
we can detect luminosities correspondind @ 8-10~7 of the Eddington luminosity of the SMBH, con-
strain the amount and properties of the hot component ofS8hethat may fuel the SMHBs (e.g. Fabbiano
et al. 2003; Soria et al. 2006a, b; Pellegrini et al. 2007aah) image the relics of past nuclear activity in
this hot ISM (e.g. Jones et al. 2002; Fabbiano et al. 2004).

2 ARE SILENT SMBHS COMPTON-THICK OBSCURED AGNS?

An AGN may emit little in the soft X-rays, if the nucleus is sounded by dense enough clouds; these
obscured AGNs tend to have prominent fluorescent Fe K 6.4 kel§ston lines in their X-ray spectra (e.g.
Ueno et al. 1994). In at least one case, IC1459 (Fabbiano 20@8), we can exclude an obscured AGN.
IC1459, has a nuclear source with a luminodity ~ 10~%Lg, whereLy, is the Eddington luminosity, for
its 108 M, SMBH, and the constraint on the Equivalent Width of an Fe KkéM line is stringent enough
to exclude a Compton-thick spectrum. The radio-to-X-ragB$an be fitted with a jet model. However, in
other cases (see NGC 821 below) this option cannot be exatlude
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3 WHAT REGULATES NUCLEAR ACCRETION?

If obscuration is not the culprit, then accretion (or lackrénf), may be. Pellegrini (2005) studied a sample
of silent SMBHSs in early-type galaxies using archi@handra observations, from which the luminosity of
the nucleus and the Bondi accretion rate of the surroundihtfIM could be derived. In all cases, the X-ray
luminosity Lx is well below the Eddington luminosity for the standard édfit accretion model. Moreover,
Pellegrini finds that_x is: (1) not correlated with the mass of the SMBH; (2) also rmtelated with the
Bondi accretion rate. These results may be suggestive téaufeedback during past active phases disrupt-
ing the accretion flow (Binney & Tabor 1995; Ciotti & Ostrik2@01). Moreover, the majority of these faint
nuclei haveLx even lower than predicted by inefficient ADAF models (e.grdyan 2005), with Bondi
accretion rate, giving rise the following possibilitiea) gither accretion may be impeded (e.g. by angular
momentum in the flow); or (b) the accretion power may be cdmigt via mechanical energy (jet/outflow);
or (c) accretion may be lost to star formation; or finally (bgte might be something wrong with our
interpretation of the diffuse X-ray emission as gaseousarndth our assumption of gas parameters.

In Soria et al. (20064, b) we revisited these issues with bisevations of a sample of extremely quiet
SMBHSs, galaxies with well-measured dynamical black holesea and no evidence whatsoever of nuclear
activity at any observed frequency. Compared with the nudmpiled by Pellegrini, these observations
show that the detected luminosities exceed those predictedDAF models with accretion at the Bondi
rate, derived from the diffuse X-ray emission. This sugg#sit there must be an additional source of fuel:
colder ISM, not visible in X-rays, resulting from stellartgassing in the nuclear vicinities (the latter had
also been considered in the case of NGC 821, one of theseigmlby Fabbiano et al. 2004). Modeling of
optical observations of the circum-nuclear regions shawleéd that there is plenty of this fuel available,
even too much! The accretion fraction needed to explain bservations is only 1%-50% of the available
fuel. Where does this gas go? A possibility is jets, sincedhmuclei are indeed marginally consistent with
the Merloni et al. (2003) ‘fundamental plane’ of accretingdk holes. Other possibilities include dark
nuclear outflows or star formation in the vicinities of thechai;, we are exploring the latter witBpitzer
observations.

4 A VERY DEEP MULTI-WAVELENGTH LOOK AT THE SILENT SMBH OF NGC 821

NGC 821 is an elliptical galaxylf = 24 Mpc) with an old stellar population and a SMBH mass of
8.7x10" My, (corresponding tdr ~ 1 x 10%¢ erg s'!); NGC 821 has a remarkably inactive nucleus (see
refs. in Fabbiano et al. 2004; Pellegrini et al. 2007a). Qudys of this galaxy demonstrates the need of
deep high-resolution observations to explore inactive eekly active SMBHs. NGC 821 was observed
with Chandra first in 2002 for 39ks (Fabbiano et al. 2004); this observatievealed a fuzzy, kpc-size
S-shaped central emission, suggestive of a jet or hot filgragmandful of point-like sources (most likely
luminous low-mass X-ray binaries - LMXBs, withx > 1.2 x 1038 erg s'!), and some circumnuclear
diffuse emission, which could be due to hot gas, and theedfera source of fuel for the SMBH.

These results were tantalizing enough to grant a deeper Weknow have a total of 230 ks with
Chandra (Pellegrini et al. 2007a, b), which have led to the deteatiodl sourceslx > 3 x 1037 erg s™1),
with typical LMXB colors and luminosity function. Using dboilar clusters detected in both t@andra
andHubble images of NGC 821 for accurate astrometry, we have identifiechuclear source, which is a
slightly extended, hard (= 1.5) emission region witlLx ~ 6 x 1038 erg s'!, near which there is some
elongated (possibly jet-like) emission.

These deep observations also set a stringent upper limit df/10 of the diffuse emission to the
possible amount of circumnuclear hot ISM; most if not all lo¢ Wiffuse emission can be explained with
unresolved LMXBs. The spectrum of the diffuse emissiorgradtl the detected LMXBs are subtracted, is
hard and compatible with that of the LMXBs; moreover, thetspalistribution of this emission follows
that of the stellar light and of the number density of detg¢ti®1XBs; finally, a comparison of hot and soft
bands shows that a soft excess is only marginally possittleeitentrall0” (and within the uncertainties
it may not be present). The extrapolation of the X-ray lursibofunction of detected LMXBs to lower
luminosity, and the inclusion of the expected stellar X-eayission also accounts entirely for any residual
diffuse emission.
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If there is no hot ISM, there could still be some cold/warm I8b®m stellar outgassing in the central
region of NGC 821. Pellegrini ran a numerical simulationhs# £volution of the ISM (cold and hot) and
concluded that a small accumulation resulting in an acametite of a fewl 0~° Mg yr—* could be expected.

If this material ends up in a standard Shakura-Suniaev taordisk, the accretion luminosity would be
~ (1 —4) x 10 erg s'!, exceeding the bolometric luminosity of a few>® erg s~! that we derive from
the radio-to-X-rays SED of this nucleus.

Why is this nucleus so faint?

We considered various options: (a) The accretion flow mayibeipted, either because of angular
momentum or because of circumnuclear star formation. Qth@disk may be radiatively inefficient and
coupled with outflows (e.g. Narayan 2005); this possibititsgy be supported by the jet-like emission we
detect withChandra and by the agreement of the NGC 821 nucleus with the Merld@032 diagram (al-
though we only have an X-ray upper limit on a point source atntiicleus). Or, (c) the disk may be unstable
(Janiuk et al. 2004). Finally (d), we may have an obscured AgWn the faintness of the source we cannot
set stringent limits on the Fe K 6.4 keV emission line, anceotlise this option would be consistent with
the observed SED of the nucleus.The deciding factor woularbleigh-imaging-resolution IR observation
to test for nuclear extinction.

5 SUMMARY

In conclusion,Chandra detections and sensitive limits show that quiescent SMBigseatremely sub-
Eddington. In some cases, very little hot ISM may be ava@dbit fueling the SMBH and stellar outgassing
may dominate the fuel supply. However, typically only a dnfi@ction of fuel is accreted; do we have
winds? Dark jets? Nuclear feedback? Star formation? Nohglesiaccretion and emission mechanism is
emerging: the SED of IC1459 may be explained with a jet modehe case of NGC 821 - an extreme
quiet galactic nucleus - various possibilities exist, intthg disruption of the accretion flow, inefficient disk
with outflow, disk instability, and an obscured AGN.
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