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ABSTRACT

Context. The number of strong iroK, line detections in Seyfert AGN is clearly growing in tGhandra, XMM-Newton and Suzaku
era. The iron emission lines are broad, some are relataistiblurred. Such relativistic disk lines have also bebsesved for galactic
black hole X-ray binaries. Thermal components found in Isuekctra were interpreted as indication for a weak inner aootetion
disk underneath a hot corona.

Aims. Accretion in low-mass X-ray binaries (LMXB) occurs duringgses of high and low mass accretion rate, outburst and-quies
cence, soft and hard spectral state, respectively. Afeesttion from the soft to the hard spectral state for somecesua thermal
component is found, which can be interpreted as sustainee-bgndensation of gas from an advection-dominated flowARDbnto
the disk. In view of the similarity of accretion flows arouneli&ar mass and supermassive black holes we discuss wtihehbroad
iron emission lines in Seyfert 1 AGN (Active Galactic Nuglean be understood as arising from a similar accretion flawnggry as

in X-ray binaries.

Methods. We derive accretion rates for Seyfert galaxies for whichalrivon emission lines were observed, the “best candidates”
the investigations of Miller (2007) and Nandra et al. (200/9r the evaluation of the Eddington scaled rates we uselikereed
X-ray luminosity, bolometric corrections and black holess@s from the literature, most values taken from the iryasitin of Fabian

& Vasudevan (2009).

Results. The accretion rates derived for the Seyfert galaxies in anmse are less than 0.1 of the Eddington rate for more thdn hal
of the sources. For 1Go 1M, black holes in Seyfert 1 AGN this limit corresponds to 0.0D1® M, /yr. This documents that the
sources probably are in a hard spectral state and iron @mises can arise from an inner weak accretion disk surredrxy an
ADAF as predicted by the re-condensation model. Some ofagh®ining sources with higher accretion rates might be ireatsal
state comparable to the “very high” state of LMXBs.

Conclusions. Our investigation shows that in quite a number of Seyfert AlBélbroad iron emission lines might indeed originate
from a weak inner disk below the ADAF, close to the black haidjcating the same accretion flow geometry as recentlyddon
LMXBs. For the accretion history one then concludes, thattcretion rates were higher in the outer radii at someegairine .
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MCG-6-30-15, 1H 0707-495

1. Introduction type accretion disk reaches inward to the innermost stable c

) ) ) cular orbit (ISCO), or, for low accretion rates (lower thdre t
The physical processes of accretion onto galactic and supgitical rate of spectral state transitiomyg), a more spherical op-
massive black holes and the accretion flow geometry in the ifisa|ly thin, hot advection-dominated fiow fills the innegren
nermost regions are key features for modeling relativispiec- (ADAF; Narayan & Yi 1994, 1995, Abramowicz et al. 1995; see
f[ral lines and for e_stimates of the black hole spin. Obs@mat Narayan 2005, Yuan 2007, Narayan & McClintock 2008 for re-
in recent years with th€handra X-ray Observatory, the X- yjews). At larger distance an outer Shakura-Sunyaev diiskex
ray Multi-Mirror Mission-Newton and Suzuka reveal, for some \yhose truncation radius recedes as the mass accretionerate d
AGN, broad, often relativistic iron emission lines from tile  ~aqses. These “high” and “low” states are documented bta so
nermost regions close to the black hole. Iron emission laves 5nd hard spectrum. The critical accretion ratg; lies around

the most obvious response of an accretion disk to irradiafio 5 few to 10 percent of the Eddington accretion rate (Esin.et al
an external source of hard X-rays. If X-rays from a hot cofon§997)_

flow fall on optically thick cool material they induce fluores

cence and are backscattered, resulting in a Compton reflecti  For supermassive black holes, especially low-luminosity
spectrum, with a prominent emission line of irorKThe accre- AGN, truncated thin disks were found, along with a hard spec-
tion geometry strongly depends on the mass accretion rate. frum (Narayan et al. 1998). The power-law spectrum arising
LMXBs it is well known that either, for high rates, an optigal from the coronal emission is scale-invariant (accretice ia
thick, geometrically thin, radiativelyfcient Shakura-Sunyaevunits of Eddington accretion rate), while the disk emissién
AGN peaks in the UV range, in contrast to the emission in soft
Send offprint requests to: Emmi Meyer-Hofmeister; emm@mpa- X-rays from disks around stellar mass black holes. Vasuté&va
garching.mpg.de Fabian (2007) discuss the similarity of accretion state&8GN
Correspondence to: emm@mpa-garching.mpg.de and galactic black hole sources and point out that the liadiat




the UV is an important contribution to the bolometric lumsao m > m, black hole disk
ity. They derived bolometric corrections for AGN using rete (1) IEE———— ) —————————
results from theFar Ultraviol et Spectroscopic Explorer (FUSE), , ,

together with data from the Optical Monitor (OM) archivesian ! :

X-ray data from theXMM-Newton archive. They expanded the ' '
investigation, for the first time, taking into account sitanleous 2
observations (Vasudevan & Fabian 2009).

The accretion geometry in the two spectral states, either an
ADAF (or one of its variants) in the inner regions or a disk
reaching inward to the ISCO, seemed to be exclusive for a long
time. But the recent observations for LMXBs seem to indicate , < i,

that, during in intermediate state, the brightest harcesafter (3) P —— ———————
soft’hard transition in outburst decay) an ADAF in the inner re-

gion and a weak innermost disk both can be present at the same \
time (see Figure 1). Such co-existing hot and cool gas flows in

wards towards the black hole clearly interact. The intéoact

causes mass and angular momentum exchange between disk and
ADAF, either a mass flow from the disk into the ADAF, evap-

inner disk

m << m
oration of the disk, or, a reverse mass flow, re-condensafion _‘ e
il il N i 1 4 J— —
gas from the ADAF onto the disk (Liu et al. 2006, Meyer et al.( ) ®
2007).

Indications for a disk near the black hole during a canoni- ] ) )
cal low-hard state were found for several X-ray binarieghwi Fig.1. Change of the geometry of the accretion flow with decreasing
clearest hints in GX 339-4, SWIFT J1753.5-0127, XTE J18171ass accretion ;?éi;gif?‘;%égisd‘("{)‘gstgg ":t’;(fg ‘E;';étctfn') rate Ir?é
g:ear?/.e-lc;hr?];ssi?;vflj?gf:stl?nnt?eoaﬂeeru ldolvsvks (tl?iuuggglr_Stz%nOd7 trjl% rd state begins, fprmation ofa gap where _evaporationm tﬁe;tive

- : . ! *4) hard states with disk truncation receding outward weak inner
et al. 2008). Observational evidence for the possible pi&se gisk disappears (Fig.1, Meyer-Hofmeister et al.2009).
of a thermal component during the hard state in eight sources
broad skewed Fe Klines in half of the sample, were shown
in the recent work by Reis et al. (2010). The authors intéepre
the reflection features as due to illumination of a moreessl
permanent disk by the hard, power-law component of a jet.

We note that an extremely skewed relativistic Fe &mis-
sion line was also found in the spectrum of GX 339-4 during t
bright phase of its 2002-2003 outburst, in a “very high”stdts
Miller (2007) pointed out, this observation is of interest @in-
derstanding the relativistic iron lines observed in SayfeéxGN.
We discuss these observations in connection with the detec

black hole, similar to the situation of stellar mass blackeko
h(‘:?md neutron stars). In Section 2 we refer to the processséf di
evaporation, which, for low accretion rates, leads to thada-
tion of the standard Shakura-Sunyaev disk at a certainsaftiu
tSection 3 we discuss how changes of the mass flow rate result in
of broad iron K and L line emission in the narrow-line alaxCIiStinCt spectral states, bOt-h for LMXBs and for AGN. Thelma}s
1H0707-495 9 ¥!ow.towarq_s the inner regions can be modula}ed_ by the_lpnlza—
o . .. tion instability and magnetorotational and gravitationatabili-
__The existence (at least for some time) of a weak disk in thgq sjemiginowska et al. 1996, Menou & Quataert 2001 hén t
innermost region around stellar mass black holes durinaing Appendix we discuss how the ionization instability can miatk

spectral state strengthens the expectation to find the sh&e g mass flow towards the inner regions. As a consequence of th

nomenon also for accreting supermassive black holes. 8dyfejiqy eyaporation process a new picture arises for the peesen
AGN are the class of supermassive black holes whitbrdhe ¢ -1 disk instabilities.

best view of the innermost accretion region. Tanaka et 8P%) _
observed the first asymmetric disk line profile in the Seyfert ~ Such mass flow variations can cause changes between hard
AGN MCG-6-30-15 using the ASC/SIS. NowXMM-Newton, and sof'g spectral states .and Iegd to the temporary existeince
Chandra and Suzaku allow to detect and measure relativisti@ Weak inner disk. We discuss in Section 4 for which rates the
disk lines in Seyferts. The Fe K-shell emission lines are tif@Pearance of an inner disk can be expected, as a transent ph
strongest X-ray emission lines both in AGN and also X-ray bflomenon, in Seyfert galaxies. In Section 5 we derive aaoreti
naries. In a detailed review of relativistic X-ray emissiores 'ates from observations for the best candidates of broad iro
from inner accretion disks around black holes Miller (206i&y €mission lines in the samples of Seyfert galaxies of Milk&((7)
cusses observational and theoretical developments. Tiewe and Nandra et al. (2007). In Section 6 we discussfienint ac-
of Nandra et al. (2007) focuses on broad iron lines in Seyféietion flow geometry: broad emission lines from an untrieuta
galaxies observed bYMM-Newton, the question is raised howdisk in bright sources in the “very high” state.
frequent such broadening is, whether it originates from@n a We note that also a fierent picture is discussed for the
cretion disk, how robust the evidence for an accretion diski accretion flow geometry, an always present accretion disk to
priory it is not clear whether the lines originate from a welgdk gether with a jet. For supermassive black holes, Sgr A* and lo
below a prominent hard coronal X-ray flux or are connectet wituminosity AGN such a jet-dominated situation was suggeste
accretion via an untruncated disk during the “very hightesta (Falcke & Biermann 1999, Falcke & Marko2000, Falcke et
The aim of our paper is to analyze under which circunal. 2000) as an alternative to the ADAF solution (Narayarl.et a
stances the broad iron emission lines in Seyfert galaxigs mE98, Di Matteo et al. 2000, 2003). The iron emission linadado
originate from a weak disk in the innermost region around thee caused by illumination from a non-thermal jet.



2. Evaporation leading to a truncated disk the lower luminosities, and softer X-ray spectra for thehleig
Th f i f matter f " CI.I minosities. Done & Gierlifski (2005) argued that comgéb-

he process of evaporalion of matier from an accretion digg niion from a disk wind mightféect the spectra, so that these
via a siphon flow to a hot corof@DAF was proposed gener- ., 14 annear as being harder. Shemmer et al. (2006) stutbed t
ally for disks surrounding a compact object (Meyer & Meyerg, 4y ray spectral slope as an accretion rate indicatohuor

Hofmeister 1994). For the interaction between accretia dip, s AGN and found a dependence on the accretion rate for
and coronfADAF around compact objects of firent mass their sample.

the physics is the same, from neutron stars and black holes'ina. . . L - .

. ; Similarity between accretion in galactic and supermassive
LMXBs to supermassive black holes in AGN (Meyer etal. 200y, - holesyis also found in Compg']olrison of X-raypand opti-
Liuetal. 2002). Itis always the interaction between a catbiot cal variability. Measuring the X-ray variability power sgieal

ﬁas agd a C.O?I d'SkleIO"é:C‘;r'Ct'oni’“ he‘nff[t. relleased.lather:[mr density (PSD) of 6 Seyfert 1 galaxies Markowitz et al. (2003)
ows down Into Cooler and denser transition 'ayers, thasera- pointed out a physical similarity with X-ray binaries. Buttldy

diated away, if the density is fiiciently high; if the density is too & McHardy (2005) found, e.g. for NGC 3227, an intrinsically
low, cool matter is heated up and evaporates into the conaiiia uy . - X-ray spectrum (phétoh indéx~ 1 6) yef 2 broad-band

an equilibrium density is established. Compton coolingsaitd X-ray variability PSD reminiscent of black hole X-ray bina-

thermal conduction (Liu et al. 2007). Modeling allqws 088V 1jos in the higpsoft state, and argued that the current nomen-
tigate t'he fects of parameters chosen, €g. the viscosity Valrl’gature for the various states may be inappropriate. Furthe
or t_he |_nclu3|0n of a magnetic pressure (Qlao & Liu 2010) a eyfert galaxies were investigated by Uttley & McHardy (210
taking into account hard and soft irradiation. Exact valfas McHardy et al. (2005) and Arévalo et al. (2006)

disk truncation and transition luminosity areffatiult to obtain Since mas:s flow changes are a baéic elemént in the consid-
due to such freedom in the parameter choice and the Ilrmismoeration of spectral states, also in AGN, we add to our arglysi

of a one-zone model used for describing the complex sitnatio in the Appendix) a discussion of disk instabilities, whicin

hoI;—shgosﬁg?gﬁatﬁmep&rgt:i':ﬁ;tligr;[haes?/:/salfss %rg:t?gnglgif'g’“zbl ¥Sduce such changes and trigger spectral transitionshdig s
9 q at a new picture of the possible importance of the ionzati

%\/N’\:Iﬁ '; fgr(:]y ((azrg?ugr)ezso? ;ﬁlé Elgé%?\?et?;?ﬁaegﬁtu{aesefgeargdﬁh stability arises from the truncation of inner disk reggamhich
P g 'ay n lead to an elimination of the instability. But the insliapis

tom of the coronae. Evaporation and disk truncation in AG
were investigated by Liu & Meyer-Hofmeister (2001). In re%&cmd to be present for black hole masses 8kt about
@-

cent work Liu & Taam (2009) suggest that the existénoa-
existence of the so-called broad line region of type 1 AGN is

related to disk truncation. 4. A cool disk in the innermost region ?

o 4.1. The re-condensation model

3. Distinct spectral states of LMXBs - analogous

situation in AGN? Observations of LMXBs indicate cool gas in the neighborhood

of the accreting black hole. Most observations were made at a

For LMXBs a wealth of information on spectral states and-trafime shortly after the sqthard spectral state transition, which
sitions between them is available, because of the shorstiales points to an intermediate state connected with the tramsjtio-
(shorter than for AGN - the dynamical time scales with the-cegess.
tral mass, a factor of fGo 1 difference) and the large number  During phases of decreasing mass flow rate, as in outburst
of objects in our vicinity. Chen et al. (1997) collected alaé:  decline, at the distance where the evaporation is nfiistent, a
able data at that time, already 66 recorded outbursts. The tgap opens between the the outer disk and the inner regie fill
review papers of McClintock & Remillard (2006) and Remidlar by an ADAF (Fig.1). Within the short dusion time the inner
& McClintock (2006) give a compilation of the large numbedisk would disappear, if not sustained by a continuous suppl
of observations and their theoretical interpretationscrdtion  of gas from the ADAF above. The observations indicate that th
flows in black hole X-ray binaries and neutron star binaries ainner disk can survive. The re-condensation model (Liu et al
investigated by Done et al. (2007). The recent study by DUnnZ006, Meyer et al. 2007) allows to understand the interactio
al. (2010y) includes further recent observations. the ADAF is afected by thermal conduction to a cool accretion

How is the situation for AGN? Theoretically we expect thelisk underneath. Such a model takes into account the exehang
same properties of the accretion flow, distinct states ipaese of energy and mass between the tenuousfiziently radiating,
to changes of the mass accretion rate, for all compact abjefbt two-temperature corona and the uppermost layers ofske d
of different mass (Narayan et al. 1998). Observations for AGte re-condensation rate becomes a function of the mass flow
seem to confirm this situation. In analogy to LMXBs in hardate in the ADAFiapar (in Eddington accretion rate units), and
spectral state, low-luminosity accretion and truncatsisivere  the ratio of the distance to the ISCO and the distance of therou
found for AGN already many years ago (Narayan 2005). H&ge of the inner diskg., which depends omapar.
(2009a) recently concluded that the massive black holesist m
nearby galaxies reside in a low or quiescent state. Meond/Mapar = 3.23x 10730~ M2 ae f(Risco/Re) 1)

For LMXBs we know the clear change of spectra during the
hardsoft and sofhard transitions of Cyg X-1 in 1996 (Esin etyith the function
al. 1998), the change of the photon indexBut for AGN the
situation is not so clear, only from average spectral endigy f(x) = 1 — 6x/2 + 5x%°. (2)
tributions some parallels can be drawn. Vasudevan & Fabian
(2007) compared the slopes in the spectral energy dismibut  The process works best at distances from 30 to 100
for sources in the ranges®12 < Lpo/Leqs < 0.032 and Schwarzschild radii, suitable condensation rates arec&ylpi
0.27 < Lpoi/Leqq < 2.7 and found a harder spectral shape fat0% of mapar (Strongly dependent on the viscosity parameter



a). All condensated gas flows inward to the ISCO.M$ar de-  low/hard state for some time a weak inner disk can be present

creases the inner disk becomes smaller and the re-contensgspectrum hard weak thermal component).

rate decreases. Such an inner disk can exist for a long time du We here focus on the situation shortly after the transition

ing the lowhard state, as long as the accretion rate is not too loffom the soft to the hard state, with an additional weak inner

< M~ 1073 (Taam et al. 2008), and might still be present duringisk, as a relict of a former disk that reached inward to tH2QS

the rise to the next outburst. in a preceding higisoft state. This means the accretion rates
The model was applied to X-ray observations of the blactould lie betweemy;; ~ 0.05 to Q1 and about} of this rate

hole sources GX 339-4 and SWIFT J1753 and is able to expldébrased on the evidence of such inner disks in LMXBSs). This pre

the efective temperature of the thermal component (Liu et alicts accretion rates appropriate to allow inner disks yf&e1

2007). Compton cooling was found to be an important elemegalaxies of QLM/yr for a 1#M,, black hole, one tenth of this

in the re-condensation process (Taam et al. 2008). rate for a 10M, black holes (in our discussion of mass flow
The physics of the re-condensation process is the safée changes caused by the ionization instability thess k-

for stellar mass and supermassive black holes. The disksr@gpond to the dashed lines in Fig.B1, Appendix).

AGN have lower temperatures, thermal conduction occurs as

in LMXB disks. The difusion time for AGN disks close to the

black hole is also short compared to the time within which tHe Broad iron lines in Seyfert 1 galaxies as

mass flow rate from the outer regions can change. This meansndicators of an inner accretion disk

that also in AGN re-condensation is needed to sustain a neol i

nermost disk underneath the ADAF. 5.1. Observations
Our search for inner disks in AGN was motivated by the ob-
4.2. Cool disks around stellar mass black holes, the servation of broad iron lines in Seyfert galaxies, as dbecrin
observational evidence the review of relativistic disk lines by Miller (2007) confied

by recent observations witbhandra, XMM-Newton andSuzaku
For investigating inner disks in AGN the observations ofiate and also discussed in the analysis of spectra by Nandra et al.
mass black hole sources are of interest. Besides the masitly ¢(2007). These emission lines are the most obvious reactian o
observations of GX 339-4 and SWIFT J1753.5-0127 (Miller eiccretion disk to irradiation by an external source of hatichis,
al. 2006a, 2006b, Reis et al. 2008, Tomsick et al. 2008) &diovhich is true whenever a corona lies above a disk. The firatrcle
tions for the presence of weak inner disks are also foundvn se@xample of relativistic dynamicdtacting the line shape, thatis a
eral other sources (for the strength of the thermal compisneline originating in the innermost region, was found in thgf8et
see Meyer-Hofmeister 2009), very recently also in the new X-AGN MCG-6-30-15 by Tanaka et al. (1995), at that time using
ray transient XTE J1652-453 (Hiemstra et al. 2010). Such thASCA/SIS.
mal components were found in connection with outburstsuth o Miller (2007) compares how frequent detections of relativi
burst decline, usually during the brightest phases of thé $tate  tic disk lines in LMXBs and Seyfert 1 AGN are: (1) in 75-85%
(with the exception of Cyg X-1). Recently Reis et al. (201@-p of the stellar sources relativistic disk lines were fourf). For
sented a study of eight stellar mass black hole sources in the sample of AGN with broad iron emission lines chosen by
low/hard state and confirmed the existence of a thermal compgandra et al. (2007) the authors found that 45% of the sources
nent for all of them, iron K line emission in half of the sources.are best fit with a relativistically blurred reflection mod@iit the
All the observations of thermal components close to the ISC§dmparison is dificult. For LMXBs inner weak disks were pref-
document the presence of cool material close to the blagk hetentially observed after the sgfard transition, during a phase
(i.e. for dynamical reasons an inner disk) during the haaitest of accretion rate decrease, an only transient phenomerat. T
Unfortunately from this we cannot yet derive whether such a&hase lasts only a short time of the full outburst cycledpitc
inner disk continues all the way out or whether a gap existsiat quiescence. The detections in AGN refers to the sample of
the distance where (according to the modeling) evaporasionsources selected because of their iron line emission.
most dficient.

Interestingly, a skewed relativistic Fexkemission line was ) ,

also observed for XTE J1650-500 and for GX 339-4 in “very-2- The accretion rates of the best candidates

high * state (Miller et al. 2002, 2004), probably originaim  \ye take the information from two samples of Seyfert galaxies
a different accretion flow geometry for a high accretion rate, &youp (1) are sources with “very strong relativistic disielide-
untruncated disk in a very bright state. tections”, Tier 1 of the census of Miller (2007). Group (2¢ar
sources with “acceptable model fits including a broad Ganssi
emission line component or a relativistically blurred legded

to the spectrum” from the analysis of Nandra et al. (2007). We
have not tried to exclude sources which might be in a fsigth

For AGN the situation should be similar to that for stellagpectral state.

mass black holes (for a definition of states see Remillard & Considering our sample of sources some special features
McClintock 2006): (1) a lovhard state, an ADAF in the in- need be commented. For some sources in group {&ylig re-

ner region, accretion rates below a few percent toMeddingon  SUlts were found in multiple observations. The authors edgu
(spectrum hard); (2) a standard higtift state £”thermal”), disk  that non-detection of broad emission lines may be due to a low
inward to the ISCO, accretion rates about 0.05 toMg&dingon ~ Signal-to-noise ratio. The Nandra sample contains moshef t
(spectrum soft); (3) a very high state (“steep power lawikd sources in Millers Tier 1, his best candidates, but the jugigm
inward to the ISCO and an additional coronal layer above tloa the emission lines is not always the same: for NGC 3783 and
disk, accretion rates just sub-Eddington (spectrum sdftard MCG-6-30-15 the model fits of Nandra et al. were classified as
component). During a decrease from the [i$gift state to the poor. We kept these sources in our chosen sample. Despite its

4.3. Mass flow rates appropriate for inner disks around
supermassive black holes



' ' ' i The samples of Miller (2007) and Nandra et al. (2007) were
also used in a recent analysis of Brenneman & Reynolds (2009)
for selecting eight candidates to investigate the rektitvbroad-
ening of iron emission lines for spin diagnostics. In halfthé
sources they found improvement in their goodness-of-faupar
eters when relativisticféects from an inner disk are taken into
- account.

The sources we finally consider are 3C 120, NGC 3516,
NGC 3783, NGC 4051, NGC 4151, Mrk 766, MCG-6-30-15
from Miller (2007) and in addition Mrk 590, Mrk 110, NGC
4395, NGC 5506, NGC 5548, Mrk 509, Ark 564, NGC 7469
| and Ark 120 from Nandra et al (2007). To clarify whether the
broad iron emission lines of the sources in this sample could
originate from a weak inner accretion disk which is surrceohd
by the ADAF carrying the main part of the accretion flow, we de-
termineLpol/ Leqg @nd take this ratio as an approximate measure
for the scaled accretion rald/Mgqyg.

For this evaluation the bolometric luminosities (from X-
ray luminosities and X-ray bolometric corrections) andatgle
black hole masses are needed. Recently Vasudevan & Fabian
(2007, 2009) determined X-ray bolometric corrections gsin
spectral energy distributions (SED) irfiiirent wavebands (pos-
sible errors are between 10 and 100 % in the first work, but

/{ only 1 to 10%). We take the values for X-ray luminosity, black
7 410

Mg/yr]

107

102

10°

10+

N
|

hole mass, bolometric correction ahg,/Lgqg from these in-
vestigations (where available the newer values). For ssunot
included in this investigation we take the X-ray luminogitym
! ! . Nandra et al. (2007), together with a constant bolometrie co
10° 107 108 M[M,]  rection as used by Ho (2009a), and the black hole mass from
Fig. 2. Accretion rates of Seyfert galaxies with strong iron enaigsi O’.Neil_l .et al. (2005)-' For a few Sourees ir_1 our sample X-ray lu
Iin%s rorr et acoretion d%sks grlevealed . de@pa:?dra M minosities are also listed in the investigation of Ho et20qob),
Newton and Suzaku observations (Miller 2007, Nandra e't al. 2007)es“mates dier by up tp a factor .Of three (even larger for NGC
(numbers in Table 1). Solid line: critical accretion rateresponding 40°1)- In Table 1 we list the derived values. For 10 sources th
to the softhard state transition; long-dashed lingl(Lof critical rate; Eddington scaled accretion rates ae1.This value can be con-
theory predicts the possible existence of an inner disk tmretion Sidered an upper limit for the transition between hard arftd so
rates between these two linégHorizontal error bars, solid lines: from spectral state). (Since the theoretically derived tréorsiumi-
Peterson et al. (2004), Nandra (2006); dotted lines: frokofdjuk et nosity depends on parameters whose exact values are not de-
al. (2006), lwasawa et al. (2004), Markowitz et al. (2007dll& et termined by the simple modeling, but have to be assumed, one
al. (2007), Ve_rtical error bars for 2-10 keV luminositiesidrolometric has to resort to observations for estimating the Criticmw’ see
corrections given for sources 10, 14, 16 (Vasudevan andaRalil07); 550 the values for the transition luminosity derived byrtiski
not indicated for sources 1-5, 8, 9, 12, 13 and 15 (Vasudawdirabian - ¢ \ewvton (2006)). For six sources rates clearly above 0.1 are
2009) since errors in t.he 2-10 kgV luminosities are smad {(geir Table f d (mavbe err .n v hiah val rror bar ’
2), errors in bolometric corrections only a few percent. Beg subsec- ound (maybe erroneously high values, see error ba S)-
tion 5.2 for the general uncertainty of unscaled X-ray lupsities) The uncertainty of black hole massefeats the values of the

Eddington scaled luminosity. The values of black hole magse

the literature (also in Vasudevan & Fabian 2007, 2009) Ilsrge

go back to the compilation of Peterson et al. (2004), based on
poor fit we included Ark 120 (sample of Nandra) in our sanroad emission-line reverberation-mapping data, withpicgj
ple since it is in Tier 3 of Miller (sources with detectionsiain  uncertainty of 33%. Comparing with black hole masses evalu-
need to be confirmed and investigated more deeply). Becdus@igd by other methods, e.g. the often used relation betwaek b
heavy contamination with light from the galaxy (according thole mass and central stellar velocity dispersion, a simite
Vasudevan & Fabian 2007) IC 4329A was not included. certainty is found. Nikofajuk et al. (2006) compared blackeh

For some sources aftérent X-ray luminosity is found from masses determined from reverberation and the X-ray exegiss v

observations at ffierent time, e.g. for NGC 4151 a change iance method and found largéferences. For sources included in
Lx from 102 to about 16?8 erg's between December 2000 andhe recent catalog of central stellar velocity dispersifmearby
May 2003. For this observation in May 2003 from spectral figalaxies (Ho et al. 2009b) the black hole masses evaluated fr
Nandra et al. (2007) derived the value*d®rg's, Vasudevan & the velocity dispersion values using the relation deteeiiny
Fabian (2009) the value 1% erg's. For NGC 3783 the lumi- Tremaine (2002) dier by a factor o&3.
nosity found from observations in 2001 December 19 is 50%
higher than that of December 17 (thétdrence maybe due to
an outflowing warm absorber). As the derivation of lumingsit
values for the same observations bffelient authors shows, theFor Seyfert galaxies NGC 3516, NGC 3783, NGC 4051, NGC
results of spectral fits spectral fits occasionallffeti by about 4151, Mrk 590, Ark 120, NGC 4395, NGC 4593, NGC 5506,
30% (in NGC 3783 and NGC 3516) and even more for NG&nd NGC 5548 the Eddington scaled accretion rates found are
4051 as observed in May 2001. below 0.1. This can be theoretically interpreted as a lovcspe

5.3. Interpretation of the accretion rates found



tral state, with an ADAF in the innermost region. The diskifiro Table 1. Accretion rates deduced for Seyfert 1 galaxies with broad ir
which the emission lines come should then be a weak inney digkission lines: [1]Lx 2-10 keV luminosity in units of eyg, [2] Mgy
separated by a gap from the outer truncated accretion disk,béack hole mass in units dfl., [3] bolometric correction;_ioev =
accretion flow geometry similar to that in LMXBs. Loot/Lx [4] Looi/Ledd, [S] M in Mo /yr, M/Medd ~ Looi/ Leda

In Fig.2 we show the distribution of obtained accretionsate
given inMy/yr. The bolometric luminosities vary from 4 10to

Lbol

0.367Mo/yr. Error bars due to uncertainty in black hole mass gy ce logx 100Men Ko 1oy 22 M

are widely given in the literature and indicated in our figure Ead [Mo/y]

Errors in unscaled X-ray luminosity arefiiicult to judge (com- [1] 2] 13] [4] 5

pare our discussion in subsection 5.2). According to Vagale

and Fabian (2009, Table 2) these errors are small. Errodogrs (1) 3C 120 440 7.74 20.6 0.365 0.367

to uncertainty in bolometric correction are small for themes (2) NGC 3516 423 7.63 15.3 0.006 0.006

examined in the work of Vasudevan and Fabian (2009), a few3) NGC 3783 429 747 17.3 0.036 0.023

percent only. (4) NGC 4051 40.8 6.28 67. 0.016 0.001
For six sources rates above 0.1 are found. This might be du@) NGC 4151 428 712 17.4 0.062 0.002

to errors since uncertainties enter in several ways. Inittane (g) mg‘g%ego 15 ‘222'8685 %51‘; 1155'% %237>GBQ 8'8%

of a thin disk reaching all the way inward or an inner ADAF 58; Mk 590 43.0 768 70 0010 0011

plus a truncated outer disk, depending on the accretionaagée gy \rk 110 439  7.40 18.4 0433 0.238
expects that these sources are in a standardsufifspectral 10y NGC 4395 4002 5.56 225 0.005 490
state with an untruncated disk reaching inward to the ISQ@. B (11) NGC 5506 42.80 7.94 15.8 0.009 0.017
the photon indeX" listed by Vasudevan& Fabian (2009, Table (12) NGC 5548 433 7.83 10.1 0.024 0.035

2) for these sources is1.95, or even lowergl.5. (For X-ray  (13) Mrk 509 440 8.6 16.2 0.095 0.301
binaries Remillard & McClintock (2006) chose 14T <2.1  (14) Ark 564 4325 6.90 9.2 0.162 0.028
for their definition of the lovihard state.) One of these sources,(15) NGC 7469 432 7.09 42. 0.369 0.099
MCG-6-30-15, was classified as in hjgbft state based on the_(16) Ark 120 43.82 8.27 15.7 0.044  0.180

comparison of the PSD (Uttley & McHardy 2005), but the same )
was found for NGC 4051, for which a low accretion rate (scalgferences' for sources 1-5, 8, 9, 12, 13 and 15 columns [4] fom
|

. udevan & Fabian (2009); for sources 10, 14 and 16 coludins [
to the Eddington rate) was found. These examples show th ﬁgmm Vasudevan & Fabian (2007), for sources 6, 7 and.4 from

is more dificult to confirm the spectral state for AGN than folangra et al. (2007)Msy; from O'Neill et al. (2005), assumed constant

LMXBs. bolometric correction 15.8 (Ho 2009a); crosses mark sauwith an
For LMXBs an interesting observation is that e.g. GX 339-Bddington scaled mass flow rate0.1.

one time was found in loyiaard spectral state once and at another

time in the very high state with an extremely skewed relsti@i i ) i i )
Fe Ko emission line (Miller et al. 2004). The accretion rate is estimated to be (just) sub-Eddington.

It is conspicuous that in the distribution of accretion saté The observations point to an untruncated disk reachingritiwa

the systems with Fe &Kemission lines a dichotomy between lowf© the ISCO and Comptonization of the irradiating X-raystgy t
and very high values is found for LMXBs, but not for Seyferflisk (for a discussion of the very high state see Done, Gigki
galaxies with the same reflection features. For Seyferxgada and Kubota (2007)). These observations prove that keiis-
we find sources with such rates in between the low and velipn lines can be present in quiteffdrent geometries, always

high rates of LMXBs. Theory would predict continuous accrelom disks in the innermost region, but possible of twiiatient
tion disks inward to the ISCO for these sources. If irradiati Kinds, weak inner disks in the hard spectral state or strong u

seems to be present this would mean that the innermost cdfgncated disks in a very high state. Spectral energy bigtans
nae in these AGN would be significantly stronger than those figpm contemporaneous optical, UV and X-ray observatiors ar
LMXBs at comparable accretion rates. What might cause suefeded to discriminate between these spectral states.
differences between AGN and LMXBs? LMXBs are accreting S0me of the Seyfert 1 galaxies investigated for their broad
binary systems, AGN accrete gas that has fallen in at large dfOn €mission lines by Miller (2007) and Nandra et al. (2007)
tances. That could, in principle make #dience in the accretion Might have similarity with 1H0707-495, but are not as bright
of magnetic flux through their accretion disks, and such ftux {his source. Actually Ark 564 is known as a narrow line Setyfer
possibly intimately related to coronal dissipation andgema- 1 9alaxy (Arévalo etal. 2006).
tion. These are interesting and challenging questionsiimuie
theoretical work and probably also more observations azd e 7 Conclusions
to make progress.
For LMXBs broad iron emission lines found in an intermediate
hard spectral state were interpreted as originating froneakw

6. Broad iron emission lines from untruncated inner disk, which is left over from a disk reaching inward he t
disks: the narrow-line Seyfert 1 galaxy ISCO at earlier time. The accretion flow geometry in the thin
1HO0707-495 disk+ ADAF model scales with the black hole mass. We discuss

whether such a model for the interpretation of iron emisties
For 1H0707-495, a narrow-line Seyfert 1 galaxy (NLS1), brods also applicable to Seyfert galaxies.
iron K and L emission lines were recently found (Fabian et al. We use recent observations and interpretations of broad,
2009). The bright Fe-L emission allows to detect a reverberngartly relativistically blurred iron emission lines in Seyt 1
tion lag of 30s between direct X-ray continuum and its refleé@GN. We want to consider sources in a hard spectral state. For
tion from matter falling into the black hole, indicating wetg the best candidates in the samples of Miller (2007) and Nandr
information from matter within a gravitational radius. et al. (2007) we evaluate accretion rates (scaled to thengtiuh



accretion rate) to see whether these rates point to a haed sgegalaxies with 10to 1M, black holes and accretion rates of
tral state. As a limiting Eddington scaled upper accretiate r about 0.01 to 0.M,/yr seem specially suited to display such a
for sources in the hard spectral state we chose the valualB.1 tweak inner disk accretion flow geometry.
ing into account the observational results for the statesition
luminosities of LMXBs. It is dificult to judge the uncertainty of
the accretion rates evaluated for the Seyfert galaxies.esoan-
not definitely determine the spectral state. As dicussee@at.$
it is not possible to derive firm information on the specttates References
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Appendix A: The ionization instability in disks
around stellar mass and supermassive black
holes

gravitationally unstable except at small radii. We areriegéed
in disks with moderate accretion rates and limit our ingggion
to mass flow variations due to the ionization instability.

Appendix B: A new aspect of AGN disk instabilities
as a consequence of disk truncation

Disk truncation as an additional feature in the accretion fie-
ometry can eliminate the occurrence of the ionization inifitg.
Evaporation (discussed in Sect.2) is expected to lead tdighe
appearance of inner regions, if the accretion rate in Edding
units lies below the critical value,it. The truncation then oc-
curs at a distance @® > 300Rs. For lower accretion rates the
truncation might be far out, at thousands of Schwarzsch,r
e.g. in low-luminosity AGN (see Narayan 2005, Fig. 3).

In Fig. B1 we show the situation for fierent black hole
masses and flerent accretion rates. For a®M, black hole:
(1) for a high accretion rat® = 1M /yr the disk reaches in-

Accretion disks are thermally and viscously unstable afi radvard to the ISCO; (2) for a low accretion ralté = 10°2Mo/yr

where the central temperature lies between about a few tin{@§ disk is truncated at about

%8 cm (Meyer-Hofmeister &

108 K and 10 K. As a result the disk structure alternates bd¥leyer 2006), far outside the instability strip, (3) for thate

tween a hot, ionized structure and a cool non-ionized stract
corresponding to a high (outburst) or low (quiescence) rfiass
rate in the disk. This instability is the cause for the dwar¥a
outbursts (Meyer & Meyer-Hofmeister 1981, Smak 1984, for

~
=~

M = 10 My/yr Meit ~ 0.045, which is the critical rate
for spectral state transition we expect a disk truncatican dis-
tance of about 100®s, lying within the instability strip. For

30'M, and 10M, black holes the temperature distribution is

review of model calculations see Cannizzo 1993). The ieniz8nly shown for the critical accretion rate.

tion instability is also the cause of the outbursts of softax-
transients (Dubus et al. 2001 and references therein).

The application of the disk instability model to AGN (Lin
& Shields 1986, Cannizzo 1992, Siemiginowska et al. 1996)
important in the framework of our analysis.

In their detailed modeling of the thermal-viscous ioniaati
instability in AGN disks Siemiginowska et al. (1996) hadaal
lated the cyclic luminosity variation. Menou & Quataert (40

As a consequence of disk truncation the unstable regions are

partly eliminated, as can be seen from Fig. B1. E.g. at the dis
tance of 3®s from a 10M,, black hole an unstable region as
gescribed by Menou & Quataert (2001, Fig. 1 ) could not be
present.
For the question whether a weak inner disk could be ex-
pected (accretion rate close to the critical rate for statgsition,

dashed lines in Fig. B1) two conclusions can be drawn: (1) the

found that, in contrast to the situation in dwarf novae anid soflickering” (instead of large luminosity variation) supgidhe
X-ray transients, the gas remains well coupled to the magnegXistence of an inner disk if the accretion rate is close éqctit-

field even on the cold branch of the limit cycle and consedyen
the parameter describing the viscosity should remain theesa
hot and cold state. Siemiginowska et al. (1996) had evaluthte
lightcurves also for this case. Then the luminosity charyes
ing the outburst cycle are not large, rather a “flickeringpears.

jcal one for state transition; (2) for these rates (dashagslin

Fig. B1) for black hole masses of 1, to 1*M,, the disk in-
stability can be present, for higher masses it might be abeid,
that is the mass flow can be stable.

For large black holes of P01, the ionization instability

In Fig. B1 we show the féective temperature in disks around dnight occur as a special feature in a weak inner accretidesgis

supermassive black hole of 4010 or 1(° solar masses for a
variety of mass accretion ratés as a function of the distande

3 GMM

= %T(l— VRisco/R),
with G gravitational constantM mass of black holeg
Stefan Boltzman constanRsco distance of innermost sta-
ble orbit = 3 Rs (non-rotating black hole)Rs = 2GM/c?
Schwarzschild radius; velocity of light. The occurrence of
the ionization instability depends on the midplane temfoees,

Tor (A.1)

if the temperature there does not allow a stable structure.

typically double the ffective temperature. To show the zones
affected by the ionization instability in AGN we take results
from the investigation of Siemiginowska et al. (1996, Fjg.1
3.1 < logTer < 3.6 (same viscosity parameter in hot and cold
state, otherwise the instability strip reaches down to foem-
peratures).

Menou & Quataert (2001) analyzed the interplay between
the various instabilities in disks around supermassivekla
holes. They pointed out that in low-luminosity AGN wit <
1072M, /yr the disk is globally gravitationally stable, but in lu-
minous AGN withM > 107?Mg/yr the disk can be globally
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Fig.A.1. Effective temperatures of the disk, ionization instabilitypstgrey area) and disk truncation (inside ADAF). Trunoatidepends on
the accretion rate (compare Fig. 1), in the figure solid lifweshin disk, dashed and dotted lines for ADAF; Situation &01¢M, BH: with

M = 1M,/yr disk reaches inward to the last stable orbit (solid lirie);0.01M, /yr the disk is truncated far out, beyond the range showndénsi
ADAF only (dotted line); in between these two rates lies thigdaal accretion rate for spectral transition, of intéresre, 01M,/yr = 0.05Mgqq
with disk truncation at about 1069 (Rs Schwarzschild radius) (dashed liselid line); For 18M, and 1M, BHs: only curves for the critical
accretion rate are shown.



