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central black hole rapidly spinning and can we prove thisavigthe dominant accretion mech-
anism in AGN? Why do some AGN form jets while others don't angvido the jets originate?
What keeps jets collimated out to distances of 100 kpc? Isthission of blazars dominated
rather by synchrotron self-Compton or by external Comptmtesses? Which parameters are
important in the unified model? We outline the status of ezlagsearch, formulate the questions
and try to hint at research projects able to tackle thesedineahtal topics. Deep surveys, polar-
ization measurements, improved models, faster and motegatecsimulations as well as bridging
the gap in the MeV range can be part of the tools to bring usclmsan understanding of AGN.
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1. Introduction

Active Galactic Nuclei (AGN) have been a rich field of reséastnce their discovery in the
1940s. By now, we are quite certain about a number of charsiite of AGN. The central engine
is believed to contain a super massive black hole in the rage 10'°°M.,, which converts the
potential energy of matter in an accretion process to radiatnd particle outflow. As far as the
current status of research, there are no “naked” super wedssick holes, rather all of them reside
in galaxies. It seems that AGN activity at large has beendrighthe past, with a maximum around
redshiftz= 1— 3, depending on source type and central engine size. We can@AGN now
back to redshifts of > 7 and in all types of host galaxies. The general aspects of th@i\emerges
from almost 60 years of research have been summarized atuksgésl in a recent text book [1].
Here we want to raise the most prominent questions conagthancentral engine, as we see them
today.

2. TheCentral Engine

At the center of the AGN we commonly believe that a super neadsiack hole is accreting
and thus providing the main powering mechanism. The p@athgular momentum, or "spin", of
this black hole has important implications on the overalidaor of the system. From a spinning
black hole it is possible to extract energy at the expensésabtational energy through the so-
called Penrose process. This involves the spinning blaleksheo called ergosphere; an ellipsoidal
region just outside its event horizon. Matter within thecsghere co-rotates with the black hole,
but because that region is outside the event horizon thenwh escape and carry energy drawn
from the black hole with it. The task here is to determine \whet large fraction of AGN host
maximal spinning (Kerr) black holes, or whether most of theam be modeled assuming a non-
rotating (Schwarzschild) case. The iroraKine atE = 6.4keV seems to be the best tool for
assessing black hole rotation, because the line profilerifiéd close enough to the event horizon,
will be relativistically broadened and asymmetric for fapinning black holes (e.g. [2]). Some
colleagues have raised questions though, how precisely}camaneasure the spin based on the
line profiles, considering uncertainties in the measurarothe underlying continuum based on
complex absorption (e.g. [3]) and intercalibration profde(e.g. [4]), and also other models have
been brought forward which can explain broadened lines.

X-ray polarization experiments may offer a powerful an peledent tool, but unfortunately
the NASA's GEMS mission was canceled in 2012. In order to estely measure the iron line
profile, the continuum has to be covered from significantliplweo significantly above & keV.
Future X-ray spectrometers may be able to exploit the ir@h&H lines, in the photon-rick 1 keV
spectral region for this purpose as well. It can be expedtatiAstro-H with its broad band and
high spectral resolution will help to settle the questionwithe spin of the central engine.

The accretion process of matter onto the super massive blalekraises another range of
guestions. Our standard model describes the accretion filmudgh an axisymmetric accretion
disk, the so-calledr-disk. But in many cases we see AGN which lack the signatues@fccretion
disk in the UV (e.g. [5]). In such cases alternative mechmasisuch as the advection dominated
accretion flow (ADAF; e.g. [6]) may be occurring. Is sphellicaymmetric accretion possible, at
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least in some cases? This is a field that is likely to benefm fsophisticated numerical simulations
that will inevitably be facilitated by faster computers ancreasingly clever algorithms. These will
have to include magneto-hydrodynamic effects, and wilindtely need to be done in 3 dimensions
if we are to achieve a realistic picture. Although at somelleéccretion disk structure may be
directly observable, for example as inferred from tempeeagradients in the innermost region of
nearby Seyferts (e.g. NGC 3115 [7]) orktBTdirect imaging of M 87 (e.g. [8]), this will help us
only for a few of the nearest AGN.

We also see hard X-ray emission from non-beamed AGN. In #ig eve observe an inverse
Compton component which needs a relativistic chargedgbestio be created. Commonly this is
modeled by an ambient hot cloud or disk corona. The geométhielectron plasma cloud is un-
known. A variety of ideas have been considered such an amaeigt of clouds, forming a "patchy
corona" [9]. This scenario allows for transmission of thé-s@cess components sometimes seen,
but is problematic for modeling observed variability. Holese to the black hole is the corona,
how far out does it extend? Spectroscopy alone cannot teilhsiead time-resolved spectroscopy
is our most promising tool. In recent years, advances irfigilid have been driven by observations
using e.g.Chandra XMM-Newtonand INTEGRAL To continue to make gains though, parallel
advances in modeling are needed that can be applied to thtsead is happening already today
for the photon-rich Galactic X-ray binaries.

Historically, AGN have been divided into radio loud and mduiet objects, i.e. those with
and without a prominent jet emission. Still we do not know Hbese jets are launched, how they
remain collimated over distances of 100s kpc, and whatgbestidominate them. From current
observations we stand at an unprecedented level in ternmfseaérpirical picture. From VLBI
radio imaging, one is able to pin-point the starting pointled jet and begin to see how the jet
evolves (e.g. [10]). We can directly observe spatial congptsy or "blobs”, as they are being
emitted and then as they travel downstream. Shocks and kntite jet have been identified and
sensitive observations in other wavebands allow us to kederenorphological evolution in the radio
to the multi-wavelength light curves (e.g. [11]). But theimgquestion still persists: how are the
jets formed in the first place? This question is tightly caried to the accretion process powering
the AGN. One way to raise the jet can be to collimate the distdwbut for a precise model the disk
structure must be known. In addition, magnetic fields appebe important in both, the launching
and the collimation of the jet, but the exact geometry is umkm As mentioned above, another
source for powering the jet might be extraction of rotati@raergy from the Kerr black hole in the
center.

On top of these uncertainties lies the question why some AGNeavelop jets while some,
apparently most, do not. The Galactic black hole binariesns® be most luminous when the jet
is absent [12], whereas the most luminous quasars seemtéirsjes production. Once the matter
is launched and collimated into a jet, what is the accelematiechanism leading to the relativistic
particles we observe, or more accurately whose existencenfee from the observed spectral
energy distribution involving the synchrotron and inve@smmpton processes? It is perplexing that
after many years of blazar research, we are unclear as topahiitles dominate the outflow. Is
this a hadronic or a leptonic jet? Do we have to consider psytavhich need more energy than
electrons to be accelerated up to the required speeds bohwhn more naturally explain the
remarkably collimated and expansive structures extentding 100kpc distances? This begs the
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next open question: what collimates the jets so effectiger such vast distances, that can exceed
for example the diameter of our Galaxy? Here polarizatioppiry might give us more hints on the
constraining magnetic field, and clearly higher-resohyttigher-cadence radio observations along
with higher fidelity numerical modeling are our pathway toslsunderstanding jet structures.

The modeling of the spectral energy distribution is a pouleidol to gain insight into the
physics underlying blazars. With the well sampled SEDs Wwiiave been compiled of a num-
ber of blazars, synchrotron emission appears to be the @domprocess from the radio to the
optical/lUV/X-ray domain. But it is not clear at present winéine seed photons for the second SED
component come from. Are blazars predominantly one-zonehsptron-self Compton emitters
(SSC), where the synchrotron branch provides seed phatotisef IC process? Do we see instead
a multi-component SSC? Or is there an alternative seedplsmiurce such as the accretion disk
or broad line region, giving rise to external Compton (EQ@)qasses?

A challenge in this research is the fact that model parameter only constrained if the SED
is densely sampled in time and energy. In addition, only ddicdhnumber of blazars (Mrk 421,
Mrk 501, 3C 454.3, 3C 279 ...) have been studied in sufficieptld and those sources might
represent special cases among the blazar class. In additiost high-quality SEDs have been
obtained during flaring state, which might not be represmatdor the average emission state of
blazars.

FermVLAT has detected a number of of extragalactic gamma-ragcesuwvhich are not bona-
fide blazars, such as radio galaxies. This raises the questito what drives them. Can we classify
all such sources being dominated by a mis-aligned jet or lsyngo rays originating from star
forming processes, a situation we find in NGC 253 and M 827 Howhd gamma-ray bright (and
radio loud) Narrow Line Seyfert 1 and radio galaxies fit thistyoe? The ongoindrermi survey
is compiling a database of cosmic gamma-ray sources urgeetas in quality and quantity and
offers our best opportunity to assess these classes. lutinefthe Cherenkov Telescope Array
(CTA,; [13]) is expected to provide insight into which of tleesources produce significant TeV
emission, with an expected number of 1000 source detectioost of them expected to be blazars.

Although it would be of great interest to connect blazar ¢reotgamma-ray AGN SEDs in
the X-ray band with sensitive observations in the MeV ratglescopes to accomplish this do not
currently exist. Closing this gap in which most of the FSRQetyplazars peak and in which one
expects to find the transition from the thermal to the nomrtad inverse Compton emission will
be crucial, and the scientific impact of an MeV telescope daudeed be large [14, 15].

The unification scheme of AGN is generally accepted. The tardriving parameters are
here the orientation of the AGN with respect to the line ohsigand the radio loudness. The
first one determines the detectability of the central enginé the broad line region in the opti-
cal domain, the latter one indicates whether or not the AGddlpces a significant jet. Still, this
simple unification scheme as it is summarized in Fig. 1 failexplain all the different varieties
of AGN phenomena that we observe. Other important condidesamay be the mass of the cen-
tral black hole, the accretion rate, or the specific geomeftthe absorber. Expanded samples of
Seyfert galaxies should help bolster statistics needekb&olg identify the underlying factors. The
SDSS has been invaluable in this respect and future progaedse expected from SDSS-IGaia,
LSST, Euclid, and other surveys which will catalog 10’ AGN including their redshifts. In the
low-luminosity regime, work remains in order to bridge trepdoetween the Galactic black hole
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Figure 1. Schematic representation of our understanding of the AG&hpmenon in the unified scheme
[1]. The type of object we see depends on the viewing angletlvet or not the AGN produces a significant
jet emission, and how powerful the central engine is. Noé tadio loud objects are generally thought to

display symmetric jet emission.

binaries and the super massive black holes. The Ultra-lomsirX-ray sources (ULX) are candi-
date examples of intermediate mass black holes (IMBH; [té{ich could help bridge the gap,
but further study and in particular improved classificatadriheir non-X-ray counterparts will be
necessary to settle this question. Other LLAGN classes tebé separated beyond ambiguity

from the non-active galaxies. In particulaniHyalaxies and LINER tend to become indistinguish-
able below some signal-to-noise threshold [17]. The fanhing large survey telescopes surveys
should bring clarification. Finally, the illusive link beégn AGN and non-active super massive

black holes, like Sgr A* in our very own galaxy, needs to beanstbod.
AGN research remains a rich field, worthy of our investmentswe, energies and talents that
will continue to provide unexpected future insights inte tiature of the Universe we live in.
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