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Powerful winds driven by active galactic nuclei (AGN) are¢eof invoked to play a fundamental role in the evolution
of both supermassive black holes (SMBHs) and their hostxgalaquenching star formation and explaining the tight
SMBH-galaxy relations. A strong support of this quasar nfegelback came from the recent X-ray observation of a mildly
relativistic accretion disk wind in a ultraluminous infegkgalaxy (ULIRG) and its connection with a large-scale roalier
outflow, providing a direct link between the SMBH and the gas af which stars form. Spectroscopic observations,
especially in the X-ray band, show that such accretion digkisyemay be common in local AGN and quasars. However,
their origin and characteristics are still not fully unde. Detailed theoretical models and simulations focused
radiation, magnetohydrodynamic (MHD) or a combinationtafde two processes to investigate the possible acceferatio
mechanisms and the dynamics of these winds. Some of theselsrivave been directly compared to X-ray spectra,
providing important insights into the wind physics. Howeandamental improvements on these studies will come only
from the unprecedented energy resolution and sensitif/itysoupcoming X-ray observatories, namely ASTRO-H (launch
date early 2016) and Athena (2028).
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1 Introduction 2012; Pounds 2014, King & Pounds 2015; Combes 2015).
Increasing evidence point toward another promising player
Most galaxies host a supermassive black hole (SMBH) AGN feedback: accretion disk winds. Observations in the

at their center, with masses ranging from a few milliosK-ray band are particularly important because this raciti
(e.g., for the one in our Milky Way) up to several billionis produced very close to the central SMBH and it is en-
times the one of the Sun. Surprisingly, the SMBH masg'getic enough to pass through dense layers of absorbing
is found to correlate with several properties of the hogpaterial, therefore retaining a wealth of information abou
galaxy. For instance, galaxies hosting more massive blale AGN and the host galaxy environment.

holes also possess more massive bulges that contain on av-This brief review paper is organized as follows: §2
erage faster-moving stars (e.g., Magorrian et al. 1998; Fave describe the X-ray observations of disk winds;3rnwe
rarese & Merritt 2000). This suggests some sort of feedompare the models that have been proposed for their char-
back mechanism(s) between a galaxy’s black hole and taeterization, irg4 we discuss the AGN feedback from these
star-formation process. Yet there is still no adequateaexpldisk winds, and ir§5 we show some of the fundamental im-
nation for how a black hole’s activity, which in principle provements expected from upcoming X-ray observatories.
may affect only a region of few times the size of our so-
lar system, could actually influence a whole galaxy, which
encompasses regions roughly a billion times larger.

. I?l_mng their active phases: accr_etlng SMBHS can InJeclIhe first evidence of ionized absorption in the X-ray spec-
significant amounts of energy in their surroundings and thef\yum of an AGN was reported by Halpern (1984) comparing

are called active galactic nuclei (AGN). Therefore, obaerv .
. . . wo spectra of the quasar MR 225178 taken in 1979 and
tions of AGN provide the key to directly study the feedbac 980 with theEinstein satellite. The data showed a change

phenomenon in action. Radiation and jets from AGN can . . L
: . . . : . ._In the soft X-ray band, which was interpreted as an ionized
indeed interact with the interstellar medium leading t@eje

loud crossing the continuum source.

tion or heating of the gas. However, they alone are not able . . .
to establish the intricate accretion/ejection feedbaaitecy '€ adventof the higher energy resolution grating spec-

linking the central SMBH to its host galaxy (e.g., Fabiaffometers onboar@handra and XMM-Newton provided a
revolution in these studies, showing that the absorption is

be composed of a number of lines and edges from differ-

ent elements at different ionization states (e.g., Kaspi et

X-ray observations of disk winds
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al. 2002). Importantly, the energies of these lines aredoutr 2%10~
to be systematically blue-shifted compared to the expect
values, indicating that the material is likely a wind outflow 107 ¢
ing from the central regions of these galaxies with veloc
ties in the range of,,;~100-1,000 km s! (e.g., Kaastra 10 |
et al. 2000; McKernan etal 2007; Gofford et al. 2011; Lob

ban et al. 2011; Detmers et al. 2011; Reeves et al. 201,40+
Kaastra et al. 2014). Overall, such warm absorbers (WA

are detected in more than half of local Seyfert galaxies aI  1p+
have ionization and column densities in the range ot 2
3ergs!cmandNg~102°-1022 cm~2, respectively (e.g.,
Crenshaw & Kraemer 2012).

TR |
ST T
A more extreme type of outflows, oftenreferredtoasul - J h’u w]h l ‘ | ’H ][ + H E

trafast outflows (UFOs), are instead observed mostly intt -2 & . 1 L . L . 1 .
Fe K band through blue-shifted Fe XXV and Fe XXVI ab- 4 GEne,gy (kev)a
sorption lines (e.g. Chartas et al. 2002; Pounds et al. 2003; ) o _ )
Dadina et al. 2005; Reeves et al. 2009; Cappi et al. 2009'g-1  Best-fit radiation-driven wind model of orgeizaku
Tombesi et al. 2010a, b; Giustini et al. 2011; Gofford et apPectrum of PDS 456 observed in 2013, from Hagino et
2013; Tombesi et al. 2014; Nardini et al. 2015; Tombesi &- (2015).
al. 2015; but see also Gupta et al 2013, 2015 for UFO detec-
tions in the soft X-rays). The UFOs are highly ionized, wit
ionization parameter lgg~4—6 erg s' cm. They can have
high column densities in the rangéy ~1022-10%* cm~2.

Most importantly, the implied outflow velocities are ofte
mildly relativistic, in the range,,;~0.03-0.3 c, where c is

the speed of light (e.g., Tombesi et al. 2011; Gofford et ated to very high velocities, up to values«gf,;~0.1c. This

2013). . . L rovides a very promising explanation for the observations
The large dynamic range obtained when considering t % UEOs in luminous AGN

WAs and UFOs together, spanning several orders of mag- .
. S . : . For instance, a case study was recently reported for
nitude in ionization, column density, velocity and distanc

suggests that the closer is the absorber to the central bI{x S 456 by Hagino et al. (2015), see Fig. 1. Using the

hole, the higher are the values of these parameters and ¢ n(;\l'ol‘?r? rballd|at|cr)]_r]1ttr§r|1:sf(;rxc\(/)d;<e),<\t/r;e3; havet_ betle_n ab(;e to
sequently the mechanical power. This suggests that th elthe blue-shifted e - absorption fines due

0 the disk wind in theBuzaku spectra of this source. They
absorbers could represent parts of a same large-scale out-

flow observed at different locations from the black hole?S imanted fundamental parameters of the wind, such as an

X : - .
The UFOs are likely launched from the inner accretion disLn.nzrt.fnug?]h'lggo;ai'gosaol%lg:f o(riflo_ 2Ce¥I]<\)4c BtH /o Cfv)c’) I??c
and the WAs at larger distances, of the order of pc-scaleslﬁtj'_‘rn ' 9 ™ uthiow v "y o

I Il
T A L]

-

- o

10

'LIV absorption lines (e.g., Proga, Stone & Kallman 2000;
Higginbottom et al. 2014). Compton scattering can also be
effective if the luminosity of the source is close to Edding-
"on (e.g., King & Pounds 2003). The wind is ejected from
a(fiifferent locations on the accretion disk and can be acceler

larger (e.g. Blustin et al. 2005; Tombesi et al. 2012a, 2013! e higher the inclination angle, the higher is the EW of
Gofford ét 'al 2015) ' ' ' ' e line due to the inclrease in column density. Instead, the

inner radius mostly affects the velocity centroid and shape
of the line. Thus, the smaller is the radius, the higher is the
3 Modelsof disk winds velocity and the broader is the high energy wing of the line
(e.g., Fukumura et al. 2015).
The detailed acceleration mechanisms of disk winds in Another promising poss|b|||ty to exp|ain the Origin of
AGN are still matter of intense research. However, theyisk winds in AGN (and possibly also X-ray binaries) is of-
can be classified in thermal, radiation and magnetohydrred by MHD models (e.g., Kazanas et al. 2012). Magnetic
dynamic (MHD), depending on their main driving force.  fields are fundamental for the onset of accretion and the for-
Thermal-driven winds are accelerated by the thermadation of relativistic jets, therefore it is plausible thiagy
pressure of the gas and they can reach a maximum veloaifiay have an effect in the production of disk winds as well.
of ~1,000 km s*. They are ejected from the outer accren this case the wind is accelerated by the centrifugal force
tion disk or obscuring torus atpc scales from the central of the magnetic field lines anchored on the disk and the
SMBH. Some of the WA components in Seyferts may be amagnetic pressure (e.g., Blandford & Payne 1982; Konigl
sociated with such winds (e.g., Chelouche & Netzer 2005§ Kartje 1994; Proga 2000; Everett & Ballantyne 2004;
Given the intense radiation field in most AGN, radiaEverett 2005; Fukumura et al. 2010a). The wind is ejected
tion pressure itself can be a very effective way to drive iom different regions of the disk. This causes a stratifica-
disk wind (e.g., Elvis 2000; Sim et al. 2008, 2010, 2012jon, with increasing column density, ionization and veloc
Ohsuga et al. 2009). The main source of opacity is due iy closer to the central SMBH. In particular, the resultant
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Fig.2 Best-fit MHD-driven wind model of the 2001 Fig.3 SimultaneousXMM-Newton and NuSTAR spectra
XMM-Newton spectrum of PG 12114143, from Fukumura of PDS 456 in the Fe K band showing a clear P-Cygni pro-
et al. (2015). The green, blue, and red lines indicate the cdge from a disk wind with velocity~0.3c, from Nardini et
without wind model, with inner wind radius fixed to the in-al. (2015).

nermost stable circular orbit, and the best-fit model with an

inner wind radius of+30r,, respectively. ) ) )
shows that the bigger the mass of the SMBH, the higher is

the velocity dispersion of stars in the galaxy bulge (e.g-, K
wind velocity is proportional to the disk rotational velci rmendy & Ho 2013). Moreover, large-scale computer sim-
at each radius and it can reach up to relativistic values,(€.glations of galaxy evolution show that the high mass end
Fukumura et al. 2010b, 2014). The wind possibly originatesf the galaxy stellar mass function is over-predicted and
from just a fewr, from the SMBH up to the outer disk or some phenomena should be responsible for the quenching
torus. of the star formation. One promising possibly being feed-

The first MHD modeling of an AGN disk wind ob- back from the central SMBH (e.g., Bower et al. 2012).
served in the X-rays was recently reported by Fukumura et Therefore, a fundamental question f@w do SMBHs
al. (2015) for the quasar PG 12%143, see Fig. 2. Using affect galaxy evolution? The typical radius of a SMBH is
the mhdwind model in XSPEC the authors have been able 10° times smaller than that of a galaxy. Considering the
to successfully parameterize the blue-shifted Fe K absoRgjume, the SMBH is~10%7 times smaller! Moreover, the
tion line in the 200IXMM-Newton spectrum of this source. typical mass of a SMBH is only-1% of the stellar bulge
They estimate an inner wind launching radius-0rs, an  mass (e.g., Magorrian et al. 1998). However, it is important
inclination angle of-50° and an outflow velocity 0f0.1-  tg note that there is an huge amount of gravitational energy
0.2c. “released” by SMBHs, which in total can be comparable to

These models provide a very good starting point for th@e binding energy of the entire galaxy bulge! Therefore, if
StUdy of disk winds in AGN. However, it is important tOthere is a way to tap into this energy, SMBHs may have a
note that the real situation can be much more complex. 8trong impact on the host galaxy.
fact, accretion and ejection physics should be considered Indeed, the conversion of gravitational energy into radi-
together in a self-consistent way. Therefore, the acaretigyion or jets and winds can have a profound impact on the
disk, the wind and the jet should be studied simultaneoushsN host galaxy. Here, we focus more on the winds, which
(e.g., Ohsuga et al. 2009; Tchekhovskoy et al. 2011; Saghs thought to be responsible for the so-called “quasar-
owski et al. 2013, 2014; McKinney et al. 2014; Yuan &mnode feedback” (e.g., Silk & Rees 1998; Fabian 2012;
Na_rayan 2014). Moreover, the different a_cceleratlon mec|:{—Ing Pounds 2015). In this regard, two recent papers re-
anisms can also be present at the same time or some of thefiaq compelling evidence for the presence of powerful
may dominate for certain wind launching radii. Bright radigjisk winds in quasars.
galaxies are promising candidates for these studies, gs the Combining simultaneous X-ray spectra collected with
simultaneously show the disk_, the wind and the jet (e'gKMM-Nevvton and NUSTAR, Nardini et al. (2015) showed
Marscher etal. 2002; Tombesi et al. 2012b, 2014). the clear presence of a P-Cygni line profile in the Fe K band

of the luminous quasar PDS 456, see Fig. 3. This is due to
4 AGN wind feedback a powerful, large opening angle disk wind with an outflow
velocity ofv,,;~0.3c. This X-ray wind is observed close to

There are several indications of relations between SMBHise accretion disk, but it is very likely to have a strong effe
and their host galaxies. For instance, thg Mo relation at much larger scales in the host galaxy.
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Fig.4 Ratio between th8uzaku XI1S0 (black), XIS1 (red) Fig.5 SimulatedASTRO-H microcalorimeter spectrum
and XIS3 (blue) spectra of IRAS F11148257 in the Fe K of PDS 456 in the interval £0.5-10 keV. A 150ks expo-
band showing a clear broad and blue-shifted absorption lisare and the low flux case are assumed. The vertical dot-
from a disk wind with velocity 0£+0.25c¢, from Tombesi et ted lines indicate the expected blue-shifted absorptioesli

al. (2015). from the UFO with velocity,,;~0.23c. Both Fe K and sev-
eral lower-Z element lines will likely be detected with high
significance.

On the other hand, Tombesi et al. (2015) reported, for
the first time, the connection between a powerful accretion
disk wind detected in the X-ray band wituzaku and a (e.g., Zubovas & King 2012; Faucher-Giguére & Quataert
large-scale molecular outflow detected in the IR vilér-  2012; Wagner et al. 2013; Zubovas & Nayakshin 2014).
schel in IRAS F11119-3257, see Fig. 4. This is a local
(z = 0.189) ULIRG hosting a quasar in the center with a o
luminosity of L~10%6 erg s (Veilleux et al. 2013). This 5 Future missions
source, as most ULIRGs, is likely the result of a previous
merger between two galaxies. Therefore, the study of th@urrently, only the CCD instruments onboaXMM-
type of objects is very important for the connection witiNewton, Suzaku and NuSTAR have provided enough sen-
galaxy evolution and whether the merger process is an eitivity to study the crucial Fe K band in detail. In particu-
fective way to feed the central SMBH to very high ratefar, they allowed the detection of UFOs at-EE keV in lo-
(within the uncertainties, this source is accreting &ttimes cal AGN and to estimante their parameters. However, there
the Eddington limit). are still uncertainties, mostly from the fact that the width
The OH 119um line profile in IRAS F111193257 of the lines is often unconstrained and the limited sensitiv
shows a prominent P-Cygni profile, indicating a moleculdfy to higher order Fe K line features. The improved energy
outflow with maximum velocity of 1,000 knrs at a scale resolution of the microcalorimeters onbo@8TRO-H and
of >300 pc from the SMBH. This Corresponds to a VerﬁthenaWi” a”OW to Study SUCh FeK features W|th unpl’ece—
high mass outflow rate 6£800 M, yr—!. The X-ray spec- dented detail.
trum shows a broad and blue-shifted absorption line at the The ASTRO-H X-ray observatory (Takahashi et
energy of~9 keV. The best-fit XSTAR model (Kallman & al. 2014), with a launch date planned for early 2016, will
Bautista 2001) indicates a highly ionized wind with outflowhave a microcalorimenter with a unprecedented combina-
velocity v,,,;~0.255¢, column densit)}; ~6 x 10> cm~2  tion of high energy resolution a£5 eV and high sensitivity
and covering fraction-0.85. The mechanical energy of thein the broad energy range betweea®&5-10 keV. More-
disk wind and the molecular outflow are lbg= 45.4702  over, ASTRO-H will have three other instruments, which
ergs ! andlogFx= 44.4+0.5ergs !, respectively. These Will allow to simultaneously cover whole X-ray band, from
corresponds ta<15% and~3% of the AGN luminosity, 0.5 keV up to 500 keV.
respectively. The two values are consistent considering an As a case study we consider the simulaf&TRO-H
efficiency f=0.22 + 0.07 derived from the ratios of the observation of PDS 456 (for more details, see the AGN
two convering fractions. This result is in agreement witkvinds White Paper by Kaastra et al. 2014). This is one
the "quasar-mode feedback” model in which the mildlyef the quasars with the most powerful UFO detected in
relativistic disk wind produces a strong shock in the intethe X-rays. The UFO in PDS 456 was observed having
stellar medium, which then expands adiabatically as a hatvariable column density in the rangég~1 x 10%3—
bubble and drives the molecular outflow at galaxy-scal&sx 10%* cm~2. The column density appears to be higher
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Fig.6 SimulatedASTRO-H microcalorimeter spectrum of Fig.7  Simulated 100 KASTRO-H broad-band spectrum
PDS 456 in the Fe K band é&-10 keV). The lines illus- of 3C 120 in the energy range5 — 300 keV, corresponding
trate the simulated MHD disk wind profiles using the moddb the state in which the jet knot is ejected and the inner disk
of Fukumura et al. (2010) and the high flux continuum ois disrupted (the inner disk radius recedes frog ~ r,
PDS 456. Three representative profiles are shown for differp tor;,, ~ 38r,). The microcalorimeter SXS spectrum is
ent values of the wind inclination anglé) @nd launching shown in black, the SXI in red, the HXI in green, and the
radius (;,,). The microcalorimeter will allow to explore the SGD in blue.

geometry and acceleration of the wind.

strongly affect the absorption line profile (e.g., Gius@ni

for lower flux states. We assume two representative case$r@gda 2012). In Fig. 6 we show the representative case of
high flux (3.6 x 10~*2 erg s cm~2 in the 2-10 keV) an MHD disk wind profile using the model of Fukumura et
/ low column (Vg = 1 x 10?3 cm2) and a low flux al. (2010). Three representative profiles are shown for dif-
(1.5 x 10712 erg s'' cm~2 in the 2-10 keV) / high col- ferentvalues of the wind inclination angle<45°-60°) and
umn (Vg = 5 x 1023 cm~2), respectively. We assume thelaunching radiuss(,, =100-300r,).
baseline model of Gofford et al. (2014). The exposure time Another case study is th&STRO-H observation of the
required to detect the UFO at6o significance in both low radio galaxy 3C 120 (for more details, see the Broad-band
and high flux cases is 150 ks. White Paper by Coppi et al. 2014). This is one of the most

The microcalorimeter observation will allow to estimateelevant and promising targets for exploring disk winds in
the UFO parameters with unprecedented accurdigydt 5- the context of the disk-jet coupling. Previous X-ray obser-
15%, logf at 1-5% and,,; at 0.5-1%). This is fundamental vations, augmented by the high-resolution radio dataehint
to decrease the uncertainties on the mass outflow rate s close link between the inner disk state transitiongethe
mechanical power of these winds and therefore to quantifgrmation processes and possibly also UFO ejections (e.g.,
the impact of the SMBH on the host galaxy through AGNViarscher et al. 2002; Chatterjee et al. 2009; Tombesi et
feedback. From Fig. 5 we see that several other absorptiahn 2012b; Lohfink et al. 2013).

lines due to lower-Z elements a6 keV (mainly H/He- We consider the combined disk-jet model of Lohfink et
like Ar, Ca, S, Si, Ne, O, Mg) may likely be observed ing|. (2013), in which the jet X-ray emission is parameterized
the spectrum. This will provide an additional strong suppofyith a steep power-law with the photon index 6 — 4,
for the existence of the UFO than the Fe XXV-XXVI lineswhile the disk (disk corona) continuum is represented by a
alone. power-law component with the photon indexlof — 2.4
Moreover, for the first time, the microcalorimeter willand the high energy cut-off 460 keV. In the first case, the
allow to resolve the line width with an accuracy of less thadisk extends down to the ISCO. This is modeled in XSPEC
10%. This will allow to measure the turbulent velocity of thewith a relativistically blurred ionized reflection comparie
plasma. Moreover, the two Fe XXV Heand Fe XXVILya  with ¢ ~ 7, inclination: ~ 15°, and the ionizatiorf ~
lines will be distinguishable. Thus, th&STRO-H observa- 200 ergs ! cm. The neutral distant reflector (pexmon) is in-
tion will allow to explore different line broadening mech-cluded with a reflection fractioR ~ 2. In the second case,
anisms. It will also be possible to investigate a distinttiowhich is related to the launch of the jet knot, the inner disk
between radiation pressure and MHD acceleration mechiadisrupted and the inner radius recedesta~ 38 r,. The
nisms (e.g., Sim et al. 2008; Fukumura et al. 2010). In faatelativistic blurred reflection has now a more standardevalu
the shape of the magnetic field lines in MHD winds and thef ¢ ~ 3.5 and the neutral reflection fraction i3 ~ 0.26.
more equatorial geometry of the radiation driven case wilh this latter case, a UFO with the velocity,,; ~ 0.16¢
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was detected by Tombesi et al. (2014). This outflow is modoppi et al. 2014, arXiv:1412.1190

eled with an XSTAR table assuming a turbulent velocity ofrenshaw, D. M., & Kraemer, S. B. 2012, ApJ, 753, 75
3,000kms!, ionizationlog& ~ 4.9ergs!cm, and col- Dadinaetal. 2005, A&A, 442, 461

umn densityNy =~ 5 x 1022 cm 2. If modeled with an Detmers etal. 2011, A&A, 534, A38

. . . . . . Elvis, M. 2000, ApJ , 545, 63

inverted Gaussian absorption line, this is equivalent & trt

. . verett, J. E., & Ballantyne, D. R. 2004, ApJ, 615, L13
energy of B ~ 8.23keV, line width ofc ~ 110eV, and Everett, J. E. 2005, ApJ , 631, 689

EW=~ —20eV. Fabian, A. C. 2012, ARAA , 50, 455

The simulated 100 kASTRO-H broad-band spectrum Faucher-Giguére, C.-A., & Quataert, E. 2012, MNRAS , 425 6
of 3C 120 is shown in Fig. 7. The source will be detectebierrarese, L., & Merritt, D. 2000, ApJ , 539, L9
at high significance with all the four instruments, frorﬁéﬂtﬂmag E-'g ::~ 58182' ﬁﬁj ' %g Eggs
0.5 keV_up to 300 keV. Th_|s will allow to S|rr_1uI_taneouslyFm(umura’et al. 2014, ApJ’, 780,’ 120
constral_n the corona _contlnuum_, _the jet emission, _and theumura et al. 2015, ApJ , 805, 17
neutral/ionized reflection. In addition, the inner diskitesd Gjystini et al. 2011, AGA, 536, A49
will be measured with 15% accuracy. Moreover, the presiustini, M., & Proga, D. 2012, ApJ, 758, 70
ence of the disk wind will be determined by means of th&offord et al. 2011, MNRAS , 414, 3307
detection of the Fe K UFO. In combination with an multi-Gofford etal. 2013, MNRAS , 430, 60
wavelength monitoring, will allow for a direct comparisoncofford etal. 2014, ApJ , 784, 77
between the activity level of the intermittent jet, the stat Gofford et al. 2015, MNRAS , 451, 4169

. . - . . Gupta et al. 2013, ApJ, 772, 66
the accretion disk, and the energetics of the disk wind. Gugta etal. 2015 AEJ 708 4

The very high effective area (more thanlOx of Hagino etal. 2015, MNRAS , 446, 663
ASTRO-H) of the microcalorimeter onboard the futureHalpern, J. P. 1984, ApJ, 281, 90
(launch date 2028pthena X-ray observatory (Nandra et Higginbottom et al. 2014, ApJ, 789, 19
al. 2013) will allow to extend the study of AGN wind feed-Kaastra etal. 2000, A&A, 354, L83
back to higher redshifts:(~2—-3), where the peak of the Kaastra etal. 2014, Science, 345, 64

S L . Kaastra et al. 2014, arXiv:1412.1171

AGN population is expt_acted. Moreover, it will be pos_S|qu<a”man, T., & Bautista, M. 2001, ApJS , 133, 221
to study not only the kinematics but also the dynamics qdaspi et al. 2002, ApJ , 574, 643

disk winds in local Seyfert galaxies, thereby directly comkazanas et al. 2012, The Astronomical Review, 7, 92

paring the data with detailed simulations (Cappi et al. 301Xing, A. R., & Pounds, K. A. 2003, MNRAS , 345, 657
King, A., & Pounds, K. 2015, arXiv:1503.05206

) Konigl, A., & Kartje, J. F. 1994, ApJ , 434, 446

6 Conclusions Kormendy, J., & Ho, L. C. 2013, ARA&A , 51, 511
Lohfink et al. 2013, ApJ, 772, 83

Powerful winds driven by active galactic nuclei can playobban etal. 2011, MNRAS , 414, 1965

a fundamental role in the evolution of both supermassiéagorrian etal. 1998, AJ, 115, 2285

black holes and their host galaxies, quenching star form%f’IrSCher etal. 2002, Nature, 417, 625

tion and explaining the tight SMBH-galaxy relations. AMEE?;::;eett;I. 22%21 ll\\/l/llxlgﬁg izgl’ Eﬁ;

strong support of this quasar mode feedback comes from anqra et al. 2013, arXiv:1306.2307
ray observation of mildly relativistic accretion disk wsd Nardini et al. 2015, Science, 347, 860
in active galaxies.The unprecedented energy resolutidn abhsuga et al. 2009, PASJ, 61, L7
sensitivity of the upcoming X-ray observatories, namelfounds et al. 2003, MNRAS , 345, 705
ASTRO-H andAthena, are expected to provide revolution-Pounds, K. 2014, SSRv, 183, 339

; ; i i Proga, D. 2000, ApJ, 538, 684
ary improvements in this field. Proga, D., Stone, J. M., & Kallman, T. R. 2000, ApJ , 543, 686

Acknowledgements. FT would like to thank Chris Done and Nor- Reeves et al. 2013, ApJ , 776, 99
bert Schartel for organizing the very interesting and potidse  Sadowski et al. 2013, MNRAS , 436, 3856
workshop “The Extremes of Black Hole Accretion” held at ESACSadowski et al. 2014, MNRAS , 439, 503
Madnd, Spa|n on June 8-10 2015. S|Ik, J, & Rees, M. J. 1998, A&A, 331, L1
Sim et al. 2008, MNRAS , 388, 611
Sim et al. 2010, MNRAS , 404, 1369
References Sim et al. 2012, MNRAS , 426, 2859

Takahashi et al. 2014, SPIE, 9144, 914425
Blandford, R. D., & Payne, D. G. 1982, MNRAS , 199, 883 Tchekhovskoy et al. 2011, MNRAS , 418, L79

Bower et al. 2012, MNRAS , 422, 2816 Tombesi et al. 2010a, A&A, 521, A57
Blustin et al. 2005, A&A, 431, 111 Tombesi et al. 2010b, ApJ , 719, 700
Cappi et al. 2009, A&A, 504, 401 Tombesi et al. 2011a, ApJ , 742, 44
Cappi, M., Done, C., Behar, E., etal. 2013, arXiv:1306.2330  Tombesi et al. 2012a, MNRAS , 422, L1
Chartas, G. et al. 2002, ApJ , 579, 169 Tombesi et al. 2012b, MNRAS , 424, 754
Chatterjee, R., et al. 2009, ApJ, 704, 1689 Tombesi et al. 2013, MNRAS , 430, 1102
Chelouche, D., & Netzer, H. 2005, ApJ , 625, 95 Tombesi et al. 2014, MNRAS , 443, 2154

Combes, F. 2015, IAU Symposium, 309, 182

@© WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-j ournal .org


http://arxiv.org/abs/1306.2330
http://arxiv.org/abs/1412.1190
http://arxiv.org/abs/1412.1171
http://arxiv.org/abs/1503.05206
http://arxiv.org/abs/1306.2307

Astron. Nachr. / AN () 7

Tombesi et al. 2015, Nature, 519, 436

Veilleux, S., Meléndez, M., Sturm, E., et al. 2013, ApJ , 726
Wagner, A. Y., et al. 2013, ApJ, 763, L18

Yuan, F., & Narayan, R. 2014, ARA&A , 52, 529

Zubovas, K., & King, A. 2012, ApJ, 745, L34

Zubovas, K., & Nayakshin, S. 2014, MNRAS , 440, 2625

Www.an-j ournal .org © WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



	1 Introduction
	2 X-ray observations of disk winds
	3 Models of disk winds
	4 AGN wind feedback
	5 Future missions
	6 Conclusions

