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The Seyfert 1.9 galaxy MCG—-05-23-016 has been shown to ieghdiomplex X-ray spectrum.
This source has moderate X-ray luminosity, hosts a compai@ak-mass black hole, but accretes
at a high Eddington rate, and allows us to study a super mealskick hole in an early stage. Three
observations of the INTEGRAL satellite simultaneous wittinped Swift/XRT observations per-
formed from December 2006 to June 2007 are used in combinafith public data from the
INTEGRAL archive to study the variability of the hard X-ragraponents and to generate a high-
quality spectrum from 1 to 150 keV. The AGN shows little vailay in the hard X-ray spectrum,
with some indication of a variation in the high-energy ciftenergy ranging from 50 keV to
> 100 keV, with an electron plasma temperature in the 10 - 90reeige. The reflection com-
ponent is not evident and, if present, the reflected fractambe constrained t® < 0.3 for the
combined data set. The AGN exhibits a remarkably high Eddimeatio ofLye/Lgqg > 0.8 (or
Luol/Legd > 0.1, if we consider a higher mass of the central engine) antieatame time, a low
cut-off energy around 70 keV. Here we discuss in detail theseatimate and its implications for
our understanding of this Seyfert galaxy. Objects like MO&-23—-016 might indicate the early
stages of super massive black holes, in which a strong &merféaw feeds the central engine.
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1. Introduction

Active galactic nuclei (AGN) are commonly assumed to be sapassive black holes in the
centre of galaxies, in which accretion processes give agartission throughout the electromag-
netic spectrum. AGN are observed to date up to redshifts.d6.4 [1], showing that super massive
black holes with masses Mgy ~ 10° M., must have been formed as early<a$.7 Gyrs after the
formation of the first stars [2]. In order to be able to form eumassive black holes at this early
stage of the Universe, merging events and high accreti@s &t required. This black hole evo-
lution is closely tied to the growth of the bulge of the AGN'esh galaxy, as both seem to be
correlated wittMgy ~ 10 3Mgyige [3].

Recent studies intend to not only find unification models lier different AGN types but also
probe whether their central engines and super massive btdek are simply up-scaled versions of
Galactic black holes like Cyg X—1, GRO J1655-40, or GX 339r4his context, models of black
hole accretion can be tested using objects showing extrémysigal properties, like luminosity,
accretion rate, or Eddington ratio. The Seyfert 1.9 galanegented here resides in an extreme end
of the known parameter space of AGN. X-ray observations gidirect view on matter close to
the super massive black hole, providing insights into themgetry and the state of the matter. The
flux and spectral variability of the sources in the hard Xsregflect the size and physical state of
the regions involved in the emission processes (see [4] foiereview).

MCG-05-23-016 is one of the brightest Seyfert galaxies enXkrays. This Seyfert 1.9
galaxy at redshifz = 0.0085 has not only been studied in the-20keV band by most X-ray
missions so far, but has also been detected in hard X-rayedibkeV withBeppoSA¥DS [5],
INTEGRALIBIS [6], and SwiffBAT [7]. With a bolometric luminosity oL ~ 2 x 10*ergs?
this Seyfert is a moderately luminous object, with a comipigramall central black hole dflgy =
2x 10°M,, [8]. Wang & Zhang used the width of the OlIl line [9] to obtaimet black hole mass
from theMgy — o relation [10] and give the error of the measurement with @%. d

Recently, observations on MCG—-05-23-016 $yyzakushowed a @ — 100keV spectrum
which appeared to be a cut-off power lawlof= 1.9 andEc > 170keV plus a dual reflector with
R~ 0.9 andR ~ 0.5, respectively [11].XMM-Newtonand Chandradata confirmed that the iron
Ka line complex consists of a broad and of a narrow componenteusled evidence for outflow-
ing material [12]. The exact shape and structure of the kiggrgy spectrum of MCG-05-23-016
remains elusive thougHNTEGRALand Swiftobservations have been performed recently and the
detailed analysis has been described in Beckmann et al.[28D8Here we discuss in more detalil
the mass estimate for the central engine and its implicafimnobjects like MCG—-05-23-016, with
emphasis on similarities with Galactic black hole systemd @n the fact that the Seyfert galaxy
apparently operates at high Eddington ratio.

2. The hard X-ray emission

In our study of MCG—-05-23-016 we have made use of the hardyXapabilities ofINTE-
GRAL and in particular of the imager IBIS/ISGRI, in combinatiaith the soft X-ray spectrum
provided bySwiff XRT. Although the combined spectrum does not provide thaltveof informa-
tion in the soft X-rays as shown ®XMM-Newton Chandrg andSuzakuwata, the better sensitivity
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at energies above 30 keV puts significant constraints ondhe X-ray component. First of all, a
high-energy cut-off in the range 57 keV to 86 keV is requinedniost of the observelNTEGRAL
andSwiftspectra. However, one observation in December 2006 shopscérsm extending up to
~ 200keV, excluding a cut-off at 50 keV on @3evel, and at 90 keV on adl level, even when
allowing for a different photon index of the underlying povi@w at the same time. It is important
to note though, that the spectrum in this case is signifigastdeper [ = 1.7+ 0.1) than in the
cases where a cut-off is measur€d< 1.5+ 0.1).

The differences in the hard X-ray spectrum, i.e. the difiees in high-energy cut-off and
spectral slope, can be interpreted as different tempestof the electron plasma, which is the
source of the inverse Compton emission thought to be the marhicomponent in this energy
range. The so calledompTTmodel [14] for Comptonization of soft photons by a hot plasma
includes the plasma temperatufigof the hot corona, the optical depty of this plasma, and the
temperaturedly of the soft photon spectrum. Because the spectrum stags-ad.7 keV, Tp is not
well constrained by the data and has been fixed to 10 eV.

As for the cut-off energ\Ec, the variation of the plasma temperature is significant owa 2
level. The highest plasma temperature and lowest optigathdere observed in December 2006,
when the cut-off in the hard X-ray spectrum disappeared. é¥&w it has to be taken into account
that the December 2006 spectrum can also be fit by applyingaimecompTTmodel which gives
the best fit to all data (i.e. witkTe = 18keV andrp = 2.5) with an acceptable fit resulif =
1.09 for 52 d.o.f.). Similar values for cut-off energy and piindex as presented here were
derived previously based on combinBdppoSAXand INTEGRALIBIS/ISGRI data, resulting in
Ec = 11270keV, I = 1.7410% plus a reflection component wiR= 1.279% [15]. As these
observations are not simultaneous, these values have aidre Wwith some caution though, and the
reflection component is not well constrained.

Apart from the variation of the cut-off energy and of the piastemperature, describing a
variable inverse Compton process, the low level of the réfleaccomponent in the data studied
here is remarkable. Thes2upper limit isR < 0.25, while in the observations presented by Reeves
et al. (2007), a value dR < 0.7 can be excluded on ag3level. We have to conclude that the
strong reflection component, visible in the December 2005 t&ken bySuzaku XMM-Newton
andChandradisappeared within a year. Also the excess observed at siHyXby Reeves et al.
is only detectable in th8wift XRT data of December 2005 and not afterwards. At the same, tim
also the iron line complex has decreased in flux, from an etgriv width ofEW = 130+ 17eV
in December 2005 to abo&@W = 61+ 45eV in 2006/2007. Unfortunately tf&wift XRT data do
not allow us to disentangle the broad and narrow line compisneaf the line complex, as reported
in Balestra et al. (2004) and also in Reeves et al. (2007). elfassume that the narrow and
the broad line components arise from two different absasriéth the broad line being emitted
closer and the narrow line further away from the central eaigis proposed by Reeves et al., then
we might indeed observe the disappearance of the broadiirerfHW ~ 60eV [11]) and of the
reflection component connected to the close absorber betihieeDecember 2005 and December
2006 observations, leaving the spectrum only with the mafime component and reflection from
the distant absorber. This disappearance is not accontpagiex significant change in X-ray
luminaosity or in UV/optical flux. The lack of hard X-ray flux xiability appeared also in a study
of MCG-05-23-016 usin@wiftBAT, which resulted in a marginal variability of 64% on a
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20 day time scale [7]. The soft X-ray spectrum in the range02kdV however appears to be
variable by a factor of- 1.7 throughout historic observations. TBaiff XRT data presented here
show a flux of f_1okev = (7.1 — 8.1) x 10 ergcnm?s~1, with literature values in the range
fo_10kev= (7.1—119) x 10~ 1*ergcm?s1[16, 5].

A similar behaviour, of a hardening of the spectra with dasirg reflection component as we
see it from comparison with previous measurements, hasdiemsmnved before. Zdziarski, Lubinski
& Smith (1999) analysed this relation for &ingaobservations of 24 radio quiet Seyfert galaxies.
They found a strong correlation of the fo= ur¥ with the parameters = (1.44+1.2)10~4 and
v=124+12. The observed trend follows closely this relation. Our soeament ofr = 1.5
would result inR = 0.03+ 0.04, consistent with the upper limit we derived. Also the hesaf
Mattson & Weaver and of Reeves et al. (2007) fit well on thigelation. The measurement
of Molina et al. (2006) based on non-simultane@eppoSAXand INTEGRALIBIS/ISGRI data
however, withR= 1.2 andl" = 1.7 lies about & off this relation which results iR = 0.13+ 0.16.
This might indicate that it is indeed essential to study siameous observations when determining
the strength of the reflection component.

3. Accretion power in MCG-05-23-016

MCG-05-23-016 presents a rather unique case. Its specsiuat lleast to the first order,
nearly constant in shape and luminosity, with a possiblyatée reflection componenR(= 0...1)
and high-energy cut-offfc = 50...120keV). The overall luminosity is low. Using the X-ray
luminosity of Lo_»pokev = 10**ergs as a proxy for the bolometric luminosity, the small black
hole mass of % 10°M, [8] leads to a large Eddington ratio b /Legq > 0.4. As the UV/optical
emission is at least of the same order as the X-ray one, it i tikely that the Eddington ratio is
as high ad.po/Ledd > 0.8. Considering the error on the mass determination, thiskates in a
range ofLpol/Leqg = 0.2—5.

An independent way to determine the mass of a black hole isitty $sts temporal behaviour.
Following [20], the detection of a break in the X-ray poweesfpal density (PSD) of an AGN
would allow to estimate the black hole mass thanks to théioeléogTg = 2.1log(Mgy x 1(TGM51) -
0.98l0g(Lpol x 10-44erg ts) —2.32 . Using the data collected IRXTEPCA andXMM-NewtorPN
between 1996 and 2005, we estimated the X-ray PSD and seuctoction RXTEdata only) of
MCG-05-23-016. The structure function has the advantageoding in the time domain and
therefore being less sensitive to alias and windowing jgrollthan the Fourier analysis. The PSD
was calculated for each observation longer than 10 ks (ons266nds binned light curves), and
the PSDs obtained were averaged and binned in logarithgng@dced bins [17]. The final PSD is
shown in Figure 1. At high frequencies and dowmnid x 10~#Hz (2 ks) the PSD shows a flat-
tening indicating the Poisson noise level of the light cerused. Then it increases towards lower
frequencies and flattens again between1®° — 10-4Hz (10-50 ks), close to the minimum fre-
quencies sampled by these dataqx 10 ®Hz). Also the structure function, shown in Figure 2,
presents the hint of a break, but rather&5 ks. The lack of a longer-term monitoring prevents us
from drawing a firm conclusion about the presence and theiposif the break. Assuming a break
in the range 0.04-0.6 days (3.5-50 ks), we achieve a blaekhats oMgy = 0.4—1.4x 10" M.
This range indicates a larger black hole mass tharl®® M .. Using the latter value, the break in
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Figure 1: Power spectral density built usingFXTEPCA plus 3XMM-NewtorilPN observations. All light
curves were rebinned to 200 s and PCA data are in the 2-9 kejéravhereas the EPIC/PN ones are in
the 0.2-12 keV band. The dashed line represents the fit toatseusing the standard bending power law
[18], with the low-frequency index fixed te 1. The fit results in a high-frequency index-e£.5+ 0.5 and

a break at & 10 °Hz.

5
o & o o
L e%0a P'..

Structure Function [(c/s)?]

°

0.01 0.10 1.00
T [days]

Figure 2: Structure function built with the fuRXTEPCA light curve (9 observations from 1996 to 2005),
rebinned to 200s bins. The energy band used is 2-9 keV. Thinoons and dashed lines indicate the
values of the expected upper and lower plateaus, resplgctiee vertical dotted line indicates the possible
steepening time at 0.04 days%&sec), from a slope of.85+ 0.09 on long time scales to.d9+ 0.03 at
shorter time scales. The noise is dominating below 0.01 (B8& sec) and the flattening at 0.4 days (35 ks)
corresponds to the average length of the single obsenstioarefore it does not indicate a maximum time
scale of variability.
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Figure 3: Spectral energy distribution of the combined data setutioly SwiffUVOT optical and UV data
as well asSwiftXRT soft X-ray, andINTEGRALJEM-X and IBIS/ISGRI hard X-ray data. In addition,
2MASS measurements (J, H, and Ks) and radio data (6 cm and Phara been added. Data have been
corrected for Galactic hydrogen column density, but notribinsic absorption.

the PDS would be expected to be arodiad= 0.01 days= 0.9ksec. A break at this time would not
be detectable in our data, as they are dominated by Poissem lmelow 2 ksec.

Figure 3 shows the SED of the source for the data presenter] berrected for Galactic
absorption oNy ga = 8 x 10°%cm~2 in the line of sight, giving an extinction @, = Ny /1.79 x
10?1 cm~2 = 0.45mag. The extinction in the UV is higher (e 4y = 0.74mag), while the effect
is insignificant in the near infrared with e.d« = 0.05mag. To the simultaneous data we added
previous observations in the J, H, and Ks band from the 2MASB\L_A observations at 6 cm
and 20 cm [21] for comparison. The SED indicates that therbetdc luminosity is probably
Lbol > 2Lx. Even considering the uncertainty of the mass determimatize source cannot be
assumed to be a typical low-luminosity AGN, which exhibitddiigton ratios in the range 18
to 10°° [22], and the Seyfert 1.9 shows an Eddington ratio up fotitBes larger than that of Sgr
A* which has a similar mass dfl = 3.3 x 10°M,, [23]. If we assume that the mass is in fact
M < 5x 10°M,, then the Eddington ratio dfpo1/Ledd > 0.8 is also remarkable when compared
to other Seyfert galaxies. Woo & Urry (2002) list a total of S2yfert galaxies with black hole
masses lower than 1., and only 3 of them havepe|/Legd > 1, whereas the average of these
lower mass black holes iIsy0/Legqg = 0.304+0.05. In the Galactic equivalent, the hard state is
usually reached at small Eddington ratios, Ilkg)/Ledq ~ 103 in the case of XTE J1118+480
[25], and 0003— 0.2 for XTE J1550+564 [26]. In fact the SED of the X-ray nova XTEH18+480
in the low state appears very similar to the one of MCG-05828-— In XTE J1118+480 the
thermal disc component has a temperature as low as 24 eMdedng that the temperature scales
with T 0 M~%25 the disc emission of the Seyfert can be expected at muctr lveguencies and
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can be hidden in the SED component peaking arourd®Hz. XTE J1118+480 also shows a
power law component dominating the spectrum in thie-0160keV range with a photon index of
I =1.8[27]. The overall SED in this object can be explained by areation dominated accrection
flow (ADAF) model at 2% Eddington ratio [25]. Although the SEDMCG-05-23-016 appears
to resemble the one of XTE J1118+480, its high Eddingtoro ristiunlikely to be arising from
a radiative inefficient accretion as described in the ADAR.agbject with higher Eddington ratio
also in the hard state is GX 339-4, which reachgg/Leqq = 0.25 in the hard state in some cases
before the state transition into the high-soft state [28hsistent with MCG—-05-23-016, although
on average GX 339-4 reaches only an Eddington ratio.@1® and 005 during quiescence and
during outburst, respectively. Considering a time scateafwretion rate changes in GX 339-4 of
~ 1000 days [28], this would correspond to time scales &fMyr in the case of MCG—-05-23-016,
as the variation times scale with the mass of the black hole.

Objects which are thought to exhibit extremely high Eddimgtatios are the ultra-luminous
X-ray sources (ULX). The true nature of these objects i$ stitlear though. Considering their
luminosity, they are either intermediate mass black hdl8H) with a central mass as high as
100— 100,000M,,, or alternatively they are operating at very high Eddingtatio, as large as
Lbol/Ledd > 20 [29]. ULX also show hard spectra and low temperature disias to XTE J1550—
564 in very high state where the disc temperature decrea8gsA study ofChandradata on ULX
showed that the spectra can often be fitted by a simple pamerrodel, without evidence for
thermal accretion disc components [31], similar to MCGZBEB-016. In some cases ULX show
a disc component, e.g. theMM-Newtonobservation of two ULX in NGC 1313 revealed soft
components which are well fitted by multicolor disc blackpododels with color temperatures of
KT ~ 150eV.

Low mass AGN like MCG-05-23-016 operating at high Eddingtate might be an early
state in the evolution towards high-mass black holes asisegmasars. As the highest measured
redshift of a quasar to dateds= 6.43 [1], we can assume that these objects with black hole rmasse
of M > 1M, appear in the Universe arourmh 7. If we assume the formation of the first
heavy black holes witiM ~ 10° M, at redshiftz= 10, we indeed need high mass accretion rates.
An object like MCG-05-23-016, if we consider its mass to eadM < 5 x 106M@, with a
constant Eddington ratio dfy/Lgqq = 0.8 and starting black hole massMf(z= 10) = 10° M,
would reach a mass & (z= 7) = 4 x 10°M,,. However, this would require not only the existence
of a super massive black hole wikh ~ 10°M, at redshiftz= 10, but also a high accretion rate
over a time span of 2 10° yrs. But even at a duty cycle of only 20% for AGN activityzt 7,
objects like MCG—-05-23-016 can evolve t®M)., and it has to be taken into account that the
duty cycle of AGN is likely to be larger in the high-redshifnlerse [32]. On the other hand, it
has to be considered that the environment in which the AGMgrat redshiftsz > 7 might be
significantly different than the one we observe MCG—-05-28-& in the local Universe.
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