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1 INTRODUCTION

There is little doubt that narrow-line Seyfert 1 (NLS1) gads pro-
vide an extreme view of the AGN phenomenon (e.g. Boller et al.
1996, 2002; Brandt et al. 1997; Fabian et al. 2002, 2004;0Gall
2006; Gierlinski et al. 2008). A strong soft excess belo@ keV
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ABSTRACT

We present a spectral variability study of tk&M-Newtonand Suzakwbservations of one
of the most extreme Narrow Line Seyfert 1 galaxies, IRAS #3&B09. The X-ray spec-
trum is characterized by two main peculiar features, i) argjrsoft excess with a steep rise
below about 1.3 keV and ii) a deep drop in flux above 8.2 ke\h@ligh absorption—based
interpretations may be able to explain these features byjtabse combination of ionization,
covering factors, column densities and outflowing velesitiwe focus here on a reflection—
based interpretation which interprets both features, dsaw¢he large soft excess, in terms of
partially ionized reflection off the inner accretion disce 8how that the two peculiar spectral
features mentioned above can be reproduced by two retatigiission lines due to Fe K
and Fe L. The lines are produced in the inner accretion discirsependently yield con-
sistent disc parameters. We argue that the high L/K intgmatto is broadly consistent with
expectations from an ionized accretion disc reflectionicatihg that they belong to a single
ionized reflection component. The spectral shape, X-ray #ud variability properties are
very similar in theXMM-NewtorandSuzakwbservations, performed about 5 years apart. The
overall X—ray spectrum and variability can be described ingple two—component model
comprising a steep power law continuum plus its ionised ctfle off the inner accretion
disc. In this model, a rapidly rotating Kerr black hole andteep emissivity profile are re-
quired to describe the data. The simultaneous detectioroaitkrelativistic Fe L and K lines
in IRAS 13224-3809 follows that in another extreme NLS1 ggldH 0707-495. Although
the data quality for IRAS 13224-3809 does not allow us to nuecompeting models as
in 1H 0707-495, we show here that our reflection-based irgt&afion describes in a self—
consistent manner the available data and points towardS IF3224—-3809 being a very close
relative of 1H 0707-495 in terms of both spectral and valitglgproperties. These results,
together with those based on pure broad Fe K detectionstatmg to unveil the processes
taking place in the immediate vicinity of accreting radiaty efficient black holes.

Key words: galaxies: individual: IRAS 13224-3809 — galaxies: activgalaxies: Seyfert —
X-rays: galaxies

and significant X-ray variability are often seen, and wWKNM-
Newtoncame the discovery of high-energy spectral drop and cur-
vature in some objects (e.g. Boller et al. 2002, 2003). Thesighl
interpretation is a topic of debate, and the suggestionasiuex-
treme as the objects themselves involving relativistydallirred re-
flection (e.g. Fabian et al. 2002, 2004; Ponti et al. 2006poisied
absorption (Gierlinski & Done 2004; Middleton et al. 200Z&hd
partial covering (Tanaka et al. 2004, 2005) that may be owitfig
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(Gallo et al. 2004a). A breakthrough was the discovery ofiiro
iron (Fe) Lo emission and reverberation-like time lags in a long
observation of 1H 0707-495 (Fabian et al. 2009). Confirmatio
this type of behaviour in other objects would bolster thedongnce

of NLS1s in understanding the innermost regions of AGN.

IRAS 13224-3809 { = 0.0667) along with 1H 0707-495
are perhaps the most remarkable members of this classagispl
ing the above properties in outstanding fashion. In manysway
IRAS 13224-3809 and 1H 0707—495 are very similar objects, es
pecially in the X-ray band. They both show a high energy Fe K
drop around 7-8 keV implying either an outflowing partial eang
absorber or a large emission line (Boller et al. 2002; Fabioal.
2004; Boller et al. 2003). In both cases the material prauythe
structure must be iron overabundant with respect to the Bugy
also have large soft excesses (Ponti PhD thesis) with shhapsd
around 1 keV (Leighly 1999). Moreover they show a high degree
of variability indicating low black hole masses and highration
rates.

The motivation of this present work is to examine
IRAS 13224-3809 in the light of the discoveries from the ndéw o
servations of 1H 0707—495 (Fabian et al. 2009). To do so weemak
use of a previously analysetMM-Newtorobservation (e.g. Boller
et al. 2003; Gallo et al. 2004b; Ponti et al. 2006) along wittea
Suzakwbservation. The purpose here is not to duplicate previous
efforts by fitting the spectra with partial-covering (or etlabsorp-
tion models) and reflection models and comparing qualitytef fi
Rather, our goal is to test the robustness of the reflectiahefrand
show it to be a valid interpretation, similar to that used¥sl0707-
495,

2 OBSERVATION AND DATA REDUCTION
2.1 TheXMM-Newtonobservation

IRAS 13224-3809 was observed wKMM—Newtoron 2002 Jan-
uary 19 for about 64 ks. A detailed description of the observa
tion and data analysis was presented in Boller et al. (2068) a
Gallo et al. (2004), and we will briefly summarise detailst thige
important to the analysis here. Spectral files were creatau f
the original ODF using the SAS version 7.1.0. The EPIC pn and
both MOS cameras were operated in full-frame and large-awind
mode, respectively. The MOS1 and MOS2 spectra are affegted b
high background at energies greater than 6 keV, so, we didamt
sider MOS data in the analysis, but used these data only ascé ch
of consistency. We analysed the RGS spectra, but the Bistist
hampers the detection of narrow absorption and/or emidsian
tures. Negligible pile up (checked with tlEPATPLOT command)

is present in the data and it does not affect the spectrdtse3ine
total mean EPIC-pn count rate is 2.348 cts/s, and even thbtbst
flares are well below the maximum pile-up free count rate ¢haat

be achived in the full-frame EPIC pn science mod8 €ts/s; Ehle

et al. 2003). Consistent spectral shapes are obtained arheth-
sidering single events only or single and double eventssTfar
this study, we selected the latter. The source plus backdrpho-
tons were extracted from a circular region with a radius oa82
sec. The background spectrum was extracted from soureerdre
gions on the same chip as the source. With the SAS comnrerds
FGENandRMFGENancillary and response files were created. After
filtering periods of high background (the biggest flare ocetiap-
proximately 20 ks after the beginning of the observation lasted

for a few ks, see Fif]2) we obtain net exposures of about 5DHes.
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Figure 1. Broadband spectra of IRAS 13224-3809 observed XNiM-
Newtonpn (top panel) an&uzakuXIS (lower panel). The instrumental re-
sponse is accounted for and the axes are identical in theawelpto ease
direct comparison. The data are binned for appearance.

total observed flux is §10~ '3 ergs cn? s~! and 2.3<107'2 ergs
cm~2 s71 in the 2-10 keV and 0.5-10 keV band, respectively. The
count rate for the pn detector is 2.348 and 0.022 cts/s fesdhece
and background. In our analysis the pn data has been coediater
the 0.3-10 keV band.

The Optical Monitor (OM) data have been analysed starting
from the Pipeline Products (PPS). Seven and 15 exposures wer
taken through the UVW?2 filter and the UV Grism, respectively.
We only present here the analysis of the images observeddth
UVW?2 filter because of the low signal to noise of the grating ob
servations. The OM UVW?2 flux has been corrected for Milky Way
(Galactic) reddening. The UV data have been convertedkistecC
spectra files usingLx2xPs utility, part of theFTooLspackage.

2.2 TheSuzakwbservation

We observed IRAS 13224-3809 with tBeizakuX-ray Telescope.
The 200 ks run started on 2007 January 26 at 05:48:34 and ended
on 2007 January 26 at 02:02:19 (UT). During the time the two
front-illuminated (FI) XIS detectors (XIS0 and XIS3) ancethin-

gle back-illuminated (BI) CCD (XIS1) operated in standaaing-

ing mode with the target centred on the detectors (XIS noimina
pointing). Event files were extracted from version 2.1.¢ieline
processing, using a large region of 260 arcsec, as suggbsgted
the ABC GuidB, in order to prevent calibration problems. Back-
ground counts were extracted from annuli between 345 and 470
arcsec. Spectra and light curves were generated using XSELE
Response matrices and auxiliary response files were created
ing XISRMFGEN and XISSIMARFGEN (version 2007-05-14), re-
spectively. The spectra from the two FI CCDs were examinged se
arately and found to be consistent with each other withiretiam-

ties. Consequently, the XISO and XIS3 data were merged &tecee
single Fl spectrum. The HXD-PIN data were processed in e st
dard way, but the source was not detected by the instrumést. T

L http://heasarc.gsfc.nasa.gov/docs/suzaku/anallgsis/a
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Figure 2. Broadband light curves of IRAS 13224-3809 observed XithiM-Newtonpn in the0.2 — 10 keV band (left panel) and with tHeuzakuFI-XIS in
the0.3 — 10 keV band (right panel). The time intervals used for the tiesoived spectral analysis are also shown.

total observed flux is¥10~ '3 ergs cnm? s7! and 2.4<10~'2 ergs
cm 2 s7!in the 2-10 keV and 0.5-10 keV band, respectively. The
count rate for the XIS0, XIS1 and XIS3 detectors are 0.156 cts
(0.037), 0.299 cts/s (0.089) and 0.144 cts/s (0.031) fosthece
(background), respectively. In our analysis we considéneden-
ergy band 0.4-10 keV for the XIS1 and 0.7-10 keV for the summed
XIS0 plus XIS3. Above and below this range, deviations frea-r
sonable models are found, indicative of calibration uraeties.

2.3 Joint analysis

In the subsequent spectral analysis, source spectra weu@egt
such that each bin contained at least 20 counts and errogsiaied
at the 90 per cent confidence levAl{2=2.7 for one interesting pa-
rameter). Spectral fitting was performed using XSPEC 1140
parameters are reported in the rest frame of the sourcesspes-
ified otherwise and all fits include Galactic absorption wfté col-
umn density fixed at its nominal value (%20?° cm~2; Kalberla
et al. 2005).

3 A COMPARISON OF THE XMM-NewtonAND Suzaku
DATA

TheXMM-NewtorandSuzakwbservations are separated by nearly
five years, but nevertheless appear very similar both ingesm
brightness and shape (see Hify. 1). This is interesting derisg
the extreme spectral variability this object experiencassbort
(hourly) time scales (e.g. Fif 2). TR&MM-Newtondata show a

ture has not shifted strongly downward in energy. The maibyin
detecteds.8 keV emission line seen in théMM-Newtonobserva-
tion (Boller et al. 2003) is not detected in tBezakispectrum with
an upper limit on its intensity 6.7 x 1077 ph e 2 s~* and on
the equivalent width of 110 eV.

While the effective exposure was only three times longef dur
ing the Suzakuobservation, the duration of the observations was
substantially longer (over four days compared to threetgusof
a day for theXMM-Newtonobservation). Consequently, there was
a possibility to examine variability on different time seal Despite
this, theXMM-Newtonand Suzakuight curves look similar (Fig-
ure[2), displaying persistent variability with the largesttbursts
being by a factor ofv 10. In addition, the shapes of the rms spec-
tra (see Figurgl3) are nearly identical with about a constarunt
of variability in the 0.2-0.7 keV band, a peak between 1 ané\2 k
and lower variability at higher energies, with a drop aroGrfilkeV.
This does suggest that the processes dominating the \ayiaii
short (hourly) time scales are likely the same as those wdach-
inate on daily time scales. The main difference between whe t
rms spectra is tied to the amplitude of the drops. During}ki-
Newtonobservation the variability at low energy is about half that
at the peak, while during theuzakupointing the drop is only of the
order of 20 per cent. This difference can be explained by the-p
ence of a stronger constant component duringXMM-Newton
observation (seg5.2 and Fig. 11).

Noteworthy, is that the huge amplitude (factor2if — 60)
outbursts recorded b§OS AT (Boller et al. 1996) have never been
seen since (Dewangan et al. 2002; Gallo et al. 2004b; thisrpap

clear feature in the Fe K band that can be reproduced by an ab-

sorption edge with energy=E 8.19102° keV andr = 1.87}%
(Boller et al. 2003). The sharp drop above 8 keV is dlfflcult to
detect in theSuzakuspectra as the source starts to become back-
ground dominated at those energies, however there aretiatis

of it (r = 1.0727, Ax? = 12.5 for the addition of 2 new parame-
tergl; see also lower panel of Figuré 1). Of certainty is that tlze fe

2 We observe that the drop is better detected=(0.715%, Ax? = 16.9

for the addition of 2 new parameters) when the spectra arac&t from a
circular region with 2 arcmin radius (smaller than the stadd4.3 arcmin
radius), in this way reducing the impact of the backgrouneléytheless, in
order to avoid calibration problems of the instrument dféecarea, in the

© 2001 RAS, MNRASD0Q, [1-7?

4 UV-SOFT X-RAY EMISSION: A STANDARD DISC
BLACK BODY COMPONENT?

We first note that a simple power law model fails to reprodinee t
X-ray source emission because of the large soft excess. Wge th
add the contribution from a disc black body emission compbne
(DISKPN, Makishima et al. 1986; Gierlinski et al. 1999). Large
residuals are still present at1.3 keV and between 7 and 8 keV

following analysis we consider the results obtained with skandard 260
arcsec extraction radius.
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Figure 3. RMS spectrum (see Ponti et al. 2004; Vaughan et al. 2003) from
the XMM-Newton(top panel) andSuzakulower panel) observations. Both
are calculated using 5 ks bins, but the duration of tr@uzakwbservation

is over five times longer. The red lines show the syntheticabtained from

the best-fitting time resolved spectral variability stu@iile simulated rms
have been obtained starting from the best-fitting parametih the power
law plus ionised disc reflection model.

(see Fig[h). The black body component is, however, ablegimre
duce the soft excess emission. The best fit inner disc tempesa
(assuming an inner disc radius of § are Tgp = 0.148 4+ 0.004
keV and Tgp = 0.152 + 0.007 keV for the XMM-Newtonand
Suzakudata, respectively. The best fit luminosity of the disc black
body component is d.001_ 10kev = 9.7 and6.9 x 10%3 erg s7!

Figure[® shows thXMM-Newton(EPIC-pn) and the simulta-
neous OM UVWE spectra. The solid line shows the un-absorbed
disc black body componenb(skPN) best fitting the soft X—ray
excess emission. Once that this component is extrapolatéuei
UV band, it fails in reproducing the strong source UV emissin
other words, if the disc black body is responsible for the ¥of
ray excess, the UV flux is severely underestimated and cdreot
accounted for by the model.

We then fitted the UV and 2-10 keV data as described

3 We also compared the OM data with the HST STIS, taken fromHlgig
& Moore (2004). The two UV data-sets agree well with each ottiespite

being acquired several years apart. We also note that th® §Jéctrum

shows a flattening at lower energies, where the strong strbomponent
becomes important (Leighly 2004).
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Figure 4. Residuals from fitting a simple power law plus disc black body
(DISkPN, Makishima et al. 1986; Gierlinski et al. 1999) model to tHdM-
Newton (black) and Suzaku (both Fl and Bl in red). The discllaody
emission broadly reproduce the soft excess emission, lbwesestrong
residuals at-1.3 keV.
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Figure 5. XMM-NewtorEPIC pn and OM UVW?2 data. The solid line shows
the de-absorbed disc black body component that fits the safyXata. The
dotted lines show the ones fitting the UV data, assuming &«tlate mass

of 10%, 10" and 16 M, respectively from bottom to top. The dashed line
assumes a BH mass of 5@0° My, (Wang et al. 2004). A unique disc
black body component fails in reproducing both the UV and 36fay
source emission. The most probable possibility is a BH mlagistly lower
than 10 M producing the UV flux and a further emission component for
the soft excess.

in Vasudevan & Fabian (2007; 20@)The black hole mass of
IRAS13224-3809 is not well known. The fast and high degree of
variability suggests a small BH mass gyt <0.7-1x10” Mg;
Ponti et al. in prep.), while considerations based on thk bigirce
bolometric luminosity and the ultraviolet emission/alpgmm com-
ponents suggest a My from abouts x 10° to 108 M (Leighly &
Moore 2004; Leighly 2004; Wang et al. 2004). To study the iotpa
of the uncertainty associated with the poor knowledge ofBkie
mass, we consider three cases with BH masse8%f10” and10®

Mg . The dotted lines in FidL]5 show the best fit model reproducing
the UV and 2-10 keV speceior the different BH masses. If a BH
mass of 10 or 10* M, is assumed, it is not possible to reproduce
the soft excess with a standard disc black body componeauec
the disc temperature is too low. On the other hand a lower Bkima

4 The authors use aiSKkPNmodel assuming an inner radius of & r
5 Similar results are obtained considering the power law simisin the
2-3 and 8-10 keV bands only.

© 2001 RAS, MNRASD0Q,[1-7?



in order to fit the UV data, would imply an un-physically high-E
dignton accretion rate (L/kqq > 100 fora 1 Mg, L/L gaq ~ 1
fora10 Mg).

The dashed line in Fig.]5 shows the best fit model assum-
ing a BH mass of 5.610° My (Wang et al. 2004). In this case
a super-Eddington accretion is required £ 4), however a still
hotter black body temperature is required to fit the soft sxce

Modification to the disc black body emission due to atomic
processes (in particular hydrogen and helium) are an istiage
possibility. In fact in AGN, due to the low free-free and bdun
free opacities in the soft X-ray regime (that allow the dsffan of
photons from large Thomson depths below the disc surfadegha
energy tail is generated in addition to the standard UV disklo
body shape. However, this component, having a too low iitiens
and "temperature” (the expected maximum temperature Hdeng
60 eV), can not explain the soft excess emission of IRAS 13224
3809 (Ross et al. 1992).

Alternatively, as already explored by Gierlinski & Done
(2004), a second lower temperature Comptonization medith (
lower energy electrons compared to the ones producing tiwerpo
law emission above 2 keV) may fit the soft excess spectraleshap
IRAS13224-3809 makes no exception. Nevertheless, werofitai
ting the soft excess with a Comptonization compor@nkPST in
Xspec) an electron temperaturg,J: ~ 0.13 keV and an opti-
cal depth ~ 90. These values fall within the narrow range of
values observed by Gierlinski & Done (2004) analysing thi¢ so
excess of a large sample of AGN. They observed clusteringj of a
the measured temperatures and optical depths to a narrge odin
values that poses serious doubts on the second Comptonibgti
pothesis for the soft excess (Gierlinski & Done 2004) andighd
the authors to exclude this hypothesis. Thus, although théem
can explain the soft excess in any single source, it seemailto f
when the big picture is considered. Moreover, we stressdhat
though soft state spectra of GBH can be modelled by two meddia o
Comptonised electrons, the observed optical depth, inctes, is
definitely smaller tham ~ 90 (as required here) resulting in a far
smoother shape of the soft excess, than the one observed here

The main conclusion drawn from this exercise is that a unique

Relativistic reflection in IRAS 13224—-38095

X—ray continuum which would be then intrinsically more im¢e

and significantly steeper than observed in the 2-10 keV rakge
shown by Boller et al. (2003), the high energy drop at abou\8 k
can indeed be produced by a neutral outflowing absorberapgrti
covering the source. Iron overabundance is required todifeh-
ture. Alternatively, a partial covering ionised absorksmilar to

the one suggested for 1H0707-495 (Done et al. 2007), may ex-
plain the high energy feature of IRAS13224-3809, although t
edge seems too sharp to be produced by partially ionized gas.

Nevertheless, we note that to fit the source spectrum below 2
keV two additional components are needed, an emission d@hei(e
adisc black body or a second power law) for the soft excesaand
other different absorption component to fit thé.3 keV structure.
We thus fit the spectrum with a power law plus a disc black body
emission absorbed by two ionised partial covering comptafien
With one absorber roughly reproducing the high—energy @®p
in Boller et al. (2003), while the second absorber can regred
the low energy structure only if significant blue-shifting £0.15-

0.3 ¢) is allowed (fitting the structure with either O VIII oef
UTA). No good fit was found with lower outflow velocities. The
main reason is that the model tries to fit the apparent dropabel
1 keV with an L-shell iron edge, requiring high iron abundasc
However, as Fid.16 shows, this predicts a drop between 0.D&nd
keV due to the M-shell unresolved transition array (UTA){ea
et al. 2009; Zoghbi et al. 2010). This is a blend of numerous ab
sorption lines arising from the photo-excitation of iong FeeXVI
mainly produced by 2p-3d transitions (Behar et al. 2001)révo
over the absorption-dominated model still requires a liady to
model the soft excess.

As mentioned ir§1, the purpose of this paper is not to fit the
complex X-ray spectrum of IRAS 13224-3809 with all possible
models and compare the bestfittigg. Our goal is to seek the
simplest possible solution that can explain both the spkeimd
variability properties with a minimal set of assumptionse Wlis-
pect that combining the soft blackbody and the power law with
further layers of partial covering absorbers with diffdrenlumn
densities, ionization stages, covering factors, and wittelated
outflowing velocities could easily provide a fair descrptiof the

disc black body component can not reproduce both the UV and X-ray spectrum. However, the model would be poorly consédi

soft X-ray data. The most likely situation is then that a thar
accretion disc component is responsible for most (if ngtadlthe
UV emission, while the soft X-ray emission has a differentgbal
origin.

This is in agreement with the observation that in AGN, in gen-
eral, when the soft excess is fitted with a disc black body aemp
nent, the resulting temperature is observed to be too higaéih
a too small scatter, compared with expectations (only irsthaller
mass and higher accretion rate AGN the Wien tail of the disisem
sion is expected to be observed in the soft X-ray band). Fer th
reason many works suggest that the real origin is tied tcsézhi
absorbing/reflecting material (Gierlinski & Done 2004; Gmy
et al. 2006). Furthermore, in observations allowing us tolgthe
X-ray variability of this putative thermal component, thepected
L « T* blackbody relationship is not recovered, casting further
doubts on this interpretation (e.g. Ponti et al. 2006).

5 IONISED ABSORPTION

Alternatively to the disc black body emission (or cold Coorpta-
tion) thermal models, the entire soft excess may be atgibin
the effect of partially ionized gas in the line of sight, aftsng the

(© 2001 RAS, MNRASD0Q, [1-7?

because of its complexity and would not improve our undadsta
ing of the source. We thus consider here a different intéaficen

of the X—ray properties of IRAS 13224-3809 with the goal of de
scribing the data with a minimal set of physically conneatemtiel
components.

6 SIGNATURES OF DISC REFLECTION?

The X-ray spectrum of 1H0707-495 shows similar featuresia

keV and in the Fe K band. Fabian et al. (2009), Zoghbi et alL@20
and the results of the detailed analysis of the RGS spectfirieo
that the origin of the 1 keV feature is not due to absorpticiugBn

& Fabian 2009). On the other hand these structures and the tim
ing properties of the source, are consistent with beingywed by

6 We used the same grid of models as Zoghbi et al. (2010), gedera
through the XSTAR photoionisation code (Kallman et al. )99®e mod-
els have abundances fixed to Solar and the illuminating flisxehateep
power law index of 3. The fitting parameters are the absorbleinm den-
sity, ionisation parameter, covering factor and Fe abucelan
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Figure 6. The source spectrum fitted with a black body plus power law
model absorbed by two partial covering absorber compong&aotattribute
the~1.3 keV feature to Fe L absorption requires strong Fe M alisorat

~ 0.8 keV that is not seen in the spectra.

relativistic Fe L and K lines. Thus, we investigate here thesis-
tency of the source emission with the reflection interpretsand
its similarity with 1H0707-495.

We thus reproduce the phenomenology of the continuum
emission as in Fabian et al. (2009) with a power law plus dizckb
body emission. This is a crude approximation of the contimuu
emission. In particular, as shown §d, the black body component
is not associated with the disc emission, being in this pregation
associated with the reflection continuum. This study is irtgrt
to check the similarity with 1H0707-495. We observe thatjmas
the case of 1H0707-495, a significant improvement is actiéwe
all fits when two broad disc lines with energies-of 1 keV and
E > 6 keV (depending on the continuum model) are added to the
continuurfil. The lines are broadened by the motion of the emitting
material on the surface of an accretion disc and by the vedtt
effects present in the vicinity of a black hole (in Xspe&dRr pro-
file, Laor 1991). The model parameters are the emitting en&}p
intensity (norm), disc inner and outer radij.{f r,..:), disc inclina-
tion (i) and power law disc emissivity index (g). The enesgize
broadly consistent with those expected from Fednd Fe Kx for
a common ionisation parametéog(&) ~ 2 — 3.5; Kallman 1995;
Kallman et al. 1996; 2004). It is also worth noting that thghhi
and low-energy Laor profiles are consistent with identidafring
parameters (see Tdb. 1).

Fig.[4 shows the residuals to black body plus power law con-
tinuum fits after setting the normalisation of the Laor pefito
zero, clearly showing the large soft and hard residual$) bemni-
niscent of broad and skewed emission line profiles, as exgent
the case of relativistic disc lines. The resemblance wit@707-
495 is impressive (Fabian et al. 2009). We observe that tle re
tivistic parameters associated with the low and high enérgps
are consistent with each other (see Tab. 1). This suggestt$hi
broadening of the low—energy feature due to the differamgdiof
the Fe L complex and to other soft emission lines is likelyligeg
ble (although it is likely that these effects are one of treedauses
of the inferred steep disc emissivity profile).

Given the consistency of the relativistic parameters fertttno
features, to better constrain the two broad line hypothessim-
pose the same disc inclination, emissivity index and inf&c ta-
dius. The line energies are still consistent with Fe L and kssian

7 A Ax? of 385 and 79 is observed when a broad Fe L and Fe K line is
respectively added to the source spectrum. The strongtatativariation
indicate the importance of these features in the spectrum.

data / model
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Figure 7. Residuals from fitting a black body plus power law continuum
with two Laor profiles then setting the normalisation of treot profiles to
zero. Black (pn), red (FI) and green (Bl) models are showis Bitlearly a
model-dependent way of showing the residulas (se¢Fig.ebfoparison)
but we believe it is useful to show it here for comparison vatlsimilar
figure presented in Fabian et al. (2009) for the much betitistts case of
1H 0707-495.)

(see lower panel of Tab. 1). Moreover, the normalizatiomeffe L
and K are in the rati80 & 11, consistent with expectations from an
ionised disc reflection (Ross & Fabian 2005; see §%8.1). The
equivalent width of the Fe L (Fe K) line is 0.2 keV (2.8 keV) and
0.07 keV (0.5 keV) during th&MM-Newtonand Suzakwbserva-
tions, respectively. We point out that the inferred valu¢hef Fe K
line EW is extreme. Assuming Fe solar abundance, the Fe K line
EW with respect to its own reflection continuum is not expécte
to be much larger than about 1 keV for spectra with> 2. A 5-
10x Solar Fe abundance produces a factor 2-3 increase in the line
EW (George & Fabian 1991) which is in principle able to acdoun
for the observed EW if the spectrum is reflection-dominaltémly-
ever, it should be pointed out that the reflection continunithé Fe
K band is not a simple power law and has a skewed shape dropping
sharply at the Fe edge. Hence a simple broad line plus power la
fitis very likely to overestimate the line EW because a large pf
the reflection continuum is erroneously accounted for bybtioad
line. We conclude by pointing out that the numerical resahsd
parameters obtained with the phenomenological model prede
above must be taken with caution and the model is presented he
only as a guide for the more sophisticated and realisticatfie
models that will be discussed in the following sections. \Wess
that, as in 1H0707-495, the two main features of the X-raxspe
trum, the sharp drops at1.1-1.2 keV and~8.2 keV (observed
frame), can be reproduced by two emission lines with simédtios
in the two objects.

We note that, even if still too high, the inclusion in the mode
of the Fe L emission significantly lowers the temperaturehef t
too hot disc component required to fit the soft excess, gaio f
Tep = 0.148 — 0.152 keV to Tgp = 0.118 — 0.122 keV. Ba-
sically, the Fe L feature well reproduces the high energy pfr
the soft excess emission. The inclusion of all the linesgrem a
disc reflection spectrum may explain the whole soft X-rayssion
without having to invoke a thermal disc component.

(© 2001 RAS, MNRASO0Q,[1-7?
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ionised disc reflection + power lawivABS*( KDBLUR* REFLIONZ+POWERLAW))

r Abung . £ q Tin Tout inc. Fluxs _10
XMM-Newton ~ 245£0.01  5k02 537715  503'01%  1235t0'* 400  s2b1  3x10712
Suzaku 2.38+0.02 34918 4.85M02° 1.235 10712

Table 2. Best fit results of theXMM-Newtonand Suzakuwata with the parametric model composed of power law pluséshdisc relativistic reflection. We

stress again that these errors take into account onlyt&tatiancertainties.

XMM-Newton Suzaku
TeB r TeB r
118 +4 2.7+0.1 122 £ 10 2.5+0.1
Independent disc parameters tied between Fe L and Fe K
FelL Fe K FelL Fe K
+0.05 -+0.10
E 1.1470_09 6.3 +0.5 1AO770_11 6.7+ 0.5
q 7T 6.5+ 1.1 7.370% 7.8 4+ 2.2
+0.3 +0.5 +0.4 2+0.2
Rin 14581?112 1.31?01 1‘618'2 1431%1
Inc 40—18 67;806 481%8 601804
norm 93+ 5 187 3775 1.87 0%
Disc parameters tied between Fe L and Fe K
E 0.92 4+ 0.02 6.68 £ 0.3 0.93 4+ 0.04 6.51+0.2
+1.8 +0.8
q 837004 811,75
Rin 1.34 4 0.07 1.38 4 0.05
Inc 66115 66 + 2
norm 5513 1.870-% 35tL” 12704

Table 1. Best fit results of theXMM-Newtonand Suzakudata with the
parametric model composed of power law plus disc black badiggon
(D1skPNassuming an inner disc radius of § mnd two lines broadened by
a relativistic profile (Laor et al. 1991). The two broad lifesve energies
consistent with Fe L and Fe K. The disc black body temperadnnor-
malisation are in units of eV. The lines energies, innerirattilinations and
normalisation in keV, gravitational radii, degrees afid-® ph cnm 2 s—1

in the line. Even imposing the same parameters for the vistiti profiles
the best fit energies are still consistent with emission ffeeK and Fe L
and the line ratio with the expected one (Ross & Fabian 2005).

6.1 Self-consistent ionised disc reflection

An ionised reflection model (Ross & Fabian 2005) modified tey th
relativistic effects occurring on an accretion disc in theximity of
the black hole (e.g. Fabian et al. 2004; Crummy et al. 2006tiPo
et al. 2006; Petrucci et al. 2007; Larsson et al. 2008; Pdrdl.e
2009) could potentially reproduce the mean spectrum. Aa/slio
84, the disc black body emission can explain the UV emissiah, b
fails in reproducing the soft excess. A prominent broad Fing,|
alone, can fit the high energy tail of the soft excess, butstjuires
the presence of a blackbody disc component (although atlsligh
colder one). The inclusion of the emission lines associaittthe
other elements may entirely explain the soft excess enmis&ior
this reason we fit the spectrum with a simple power law moded pl
ionised reflection.

The XMM-Newtonand Suzakuspectra are fitted simultane-
ously and in a self-consistent manner. Parameters thatoarexn
pected to change over time scales of a few years, for examgle:
tral absorption (but see Gallo et al. 2007); disc inclinatiand iron
abundance, are fixed between the data. All other paramaters a
free to vary. The best fit models and the residuals from such a fi
are shown in Tablgl2 and in Figurk 8.

© 2001 RAS, MNRASO0Q, [1-7?
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Figure 8. Top panel: Blurred reflection plus power law model composient
Black (pn), red (FI) and green (BI) models are shown. LowereghaThe
residuals from the above fit (colour code as before).

The model fits show a disc inclination ef 52 degrees; an
inner and outer radius consistent witt235 and400 r4 (1ry =
GM /c?) respectively, and an iron abundanees times solar (Mor-
rison & McCammon 1983). The disc emissivity profile is compa-
rable at both epochs( 5) as is the power law continuum photon
index [ ~ 2.4). The ionisation parameter (defined gs= #;
Tarter, Tucker & Salpeter 1969, where F is the total illuntiimg
flux and n is the hydrogen number density) changes only $fight
between the two epochsy 500 erg cm s* during the XMM-
Newtonobservation compared to 340 erg cm s* at the later
epoch.
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Assuming that the reflecting disc is truncated at the innstmo
stable circular orbit (ISCO) around the black hole, the maisc
radius depends only on the black hole spin (see i.e. Reyrélds
Fabian 2008). The breadth of the lines in IRAS13224-3808ireq
an inner radius smaller thar?2 gravitational radii (90 % confi-
dence level), indicating a spin parameter higher than 0.94.

The averag®.3 — 10 keV flux at the two epochs is also com-
parable & 3 x 107 2erg cm2 s71). The main difference be-
tween the two observations is the ratio between the flux of the
direct and reflected component, with tK&M-Newtonspectrum
being almost entirely reflection dominated (this is in agrest
with the observed line equivalent width, s&&1). Thel0 — 50
keV band is reflection dominated with a predicted flux~of5 x
10~ *3erg cn? s, and consistent with the lack of detection in
the HXD. The fit is reasonably good}/dof = 1.13/1536)
compared with other two-component continuum models, atjho
some residuals are still present (Figule 8).

The advantage of the above interpretation is that thed-arid
Fe Ko are predicted features of the reflection model. Moreover the
model reproduces the soft excess without the need to invdieca
black body (negligible contribution is due to the extrapiola in
the soft X-ray range of the disc black body emission fitting th/
data). In this case the strong UV emission would be due toitgee d
emission, while the soft X-ray by ionised reflection. Everciiog
an additional hot disc black body component to the best fitehod
we obtain a hot disc temperature of about 0.12 keV. This s¢éems
high even for being the hard tail of the disc black body eroissi
due to the low free-free and bound-free opacities presehtisoft
X-ray domain (Ross et al. 1992).

7 SOURCE SPECTRAL VARIABILITY

The XMM-Newton and Suzaku broadband light curves of
IRAS 13224-3809 (see Figufé 2) exhibit large amplitude toun
rate variations, typical of this source. We explore heretime—
resolved spectroscopy on the shortest possible time ssaldby
requiring good quality time-resolved spectra). TXiRIM-Newton
andSuzakuwsource light curves were sliced into 10 and 13 time in-
tervals, respectively (see Figure 2), and spectra werdezteiar
each time bin.

7.1 Phenomenological model

In order to gain insight on the source spectral variability,ain
particular, to detail the variations of the Fe K and L lineg fit
the spectra with a phenomenological model composing of @&pow
law plus a low energy disc black body continuum and two promi-
nent broad lines representing the Fe K and Fe L emission. iBae d
black body component is required in order to approximatefyro-
duce the effect of the ionised reflection continuum. The Black
body temperature is fixed to the best fit values from the meaa-sp
tra (Tzp=118 and 122 eV foXMM-Newtonand Suzakurespec-
tively). Similarly, the parameters of the relativisticdiprofiles and
their emission energies (see Tab. 1) were fixed. The modebrep
duces well the spectra at all flux levels.

We observe that IRAS13224-3809 shows a correlation be-
tween the flux and the power law spectral index, with the spact
becoming steeper with increasing flux. The spectral indewsha
large variation during both observations, going from= 1.7 to
about 3. This behaviour has been observed in many otheresurc
(see e.qg. Fig. 10 of Ponti et al. 2006) and it can be: i) eithieinsic

due to changes in the parameters of the Comptonising phase, p
ducing variations of the observed power law spectral indgxr
spurious being due to the variations of the absorbing redtdrat

is dominating the spectral shape; iii) or due to a two compbne
model comprising a steep power law varying in normalisatioly
and a harder and more constant component (McHardy, Pagatiaki
Uttley 1998; Shih, Iwasawa & Fabian 2002). The lack of a giron
narrow component in the Fe K line (the upper limit on a neutral
line being EW~ 30 eV both for XMM-Newtonand Suzakuand
on a ionised being EWE20"177 eV, E=6.85753 keV for XMM-
Newtonand < 110 eV for Suzakl, excludes a strong contribution
from a constant reflection component from distant matefials,

in this latter case the constant reflection must come fronirther
disc.

Figure[® shows the variations in the normalisation of Fe L
and Fe K as a function of flux (for display purposes the inten-
sity of Fe K has been multiplied by a factor of 30). The best
fit values for theXMM-Newtonobservation are shown with filled
blue and open light blue stars for Fe L and Fe K, respectively,
while the Suzakuones are shown with the filled red and open
orange squares. The intensities of the two lines are weddfitt
by linear relations during both observatiBingn fact, once the
Fe K intensity is multiplied for a factor of 30 (see Tah. 1), we
obtain the best fit linear relation for the Fe L and Fe K lines
are: norng.r,=axFluxo.s_ioxev With ax ar3r=10.3"15 x10” and
NOrMipe =X FlUXo 5 10kev With bx a727=1075 x 10" ph. ergs’
during the XMM-Newton observation. While the relations are:
a=23.9+1.5%x 10" and b=2@5x 10" ph. ergs ! during theSuzaku
one. The variations of the Fe L and K lines are thus consistent
with being the same within each observation. This suggésts t
a unique reflection component can reproduce the two feaatiadhs
flux states during the two observations. However, during<kie/-
Newtonobservation the intensities of the lines (filled blue andrope
light blue stars) are higher than during tBezakwbservation (red
filled and orange open squares) at the same flux level. This sug
gests that the reflection component (that is tracked by ttisséon
lines) is correlated with the continuum within the singlesetva-
tions, while for the same continuum flux tixdM-Newtonobser-
vation shows a higher amount of reflection. Neverthelegsséme
ratio between Fe L and Fe K is always maintained.

Figure 10 confirms this trend. In fact although we observe tha
a fit with a constant is acceptablg®(= 18.8 for 22 dof), a linear
correlation between the intensities of the two lines presid bet-
ter fit than a constani{x*=10.2 for the same dof*> = 8.6 for
22 dof). This indicates that the two main spectral featutdsva
(~1.2 keV) and high48 keV) energies are consistent with having
a common origin. The best fit coefficient of the linear relatis:
NOrMg .k =ax NorMg.r,; With a=0.028:0.006 (see Fig. 8) indicat-
ing a ratio between Fe K and Fe L of 85, at all flux levels.

7.2 lonized disc reflection

We fitted the spectra with a physically self-consistent nhaade
cluding a power law and an ionised disc reflection componéfet.

8 Only for the Fe K line during th&uzakuwbservation a fit with a constant
gives comparable results to the fit with a linear relatigh & 3.8 and 3.3,
respectively), while during th&MM-Newtonpointing a fit with a linear
relation provides a better fihx? = 6.9 (for the same dofy? = 9.6
and 2.7, respectively). The Fe L is always better fitted wiihear relation
Ax? = 98.2 and 105 (for the same dof? = 57.3 and 7.2 during the
Suzakwandx? = 113.0 and 7.2, during thXMM-Newtonobservation).

(© 2001 RAS, MNRASO0Q,[1-7?



1073
T

¢ = Fe L Suzaku
% Fe L XMM-Newton

normy,  ; normy_,*30 (ph. cm2s7")
5x10~*

L L | L L L | L
3x10-12 4x10-12

(ergs cm=s7")

L L Il
2x10-12
Flux

‘101-12 ‘
0.5-10 keV
Figure 9. The filled blue and open light blue stars show the Fe L and
Fe K measurements from théMM-Newtonobservation, while the filled
red and open orange squares show the measurements froButtadu
(the Fe K normalisation has been multiplied for 30). Fillgangols are
for Fe L and open ones for Fe K. The solid and dotted lines shmwv t
best fit linear relations norg.;,=axFluxg 5_10xey in the case of Fe L
(8=10.3"15 x107; 1075 x 107 ph. ergs'!) and Fe K (a=23.21.5x107;
20+5x107 ph. ergs!), respectively. The intensities of both broad lines
are correlated with the continuum at each flux level. At thmedux, the

Fe lines are significantly more intense during XigM-Newtonobserva-
tion. Nevertheless, the ratio between the Fe L and Fe K isistems$ with
being constant not only during each single observationalsd between
the two observations taken 5 years apart. This suggestk adinveen the
two spectral features. The Fe L/Fe K ratio is consistent vaflection from

an ionised disc (Ross & Fabian 2005).

assume that the inner and outer disc radius; inclinatiod tae el-
emental abundances do not vary and we fix them to the best-fit val
ues of the meaXMM-Newtonand Suzakumodels (consistent with
being the same). We also fix the power law spectral index. ,Thus
the only free parameters are the normalisation of the twopoem
nents, the disc ionisation and the emissivity index. Thislehoe-
produces well the spectra at all flux levels. From the bestgitlts
of the time resolved spectra we simulated the expected rewirsp
The red line in Fig. 3 shows that this decomposition repreduhbe
source spectral variations during both observations. ibespme
discrepancies, the general rms spectral shape is welldeped by
this minimal two component model. Further model compleisty
required to accurately reproduce the rms features and eyier
the scope of this paper which seeks a minimal-complexitytswni.

Fig.[12 shows the 0.5-10 keV flux of the ionised reflection ver-
sus the power law flux in the same band. During both obsensto
fit with a straight line is superior to a constant at a 99 % canfad
level. The linear Pearson correlation coefficient-is= 0.75 and
r = 0.87 for the XMM-Newtonand Suzakupoints, respectively.
In both cases, the spectra appear to be reflection—domjnatest
remarkably at low flux levels.

The correlation between the two spectral components regjuir
a positive intercept in the y-axis. Physically this indesthe pres-
ence of an ionised disc reflection component even when thempow
law flux is null. In particular the main difference betweee tivo
observations is that in 2002 the amount of this residual céfie
component was higher~1.1x107'2? ergs cm? s~! instead of
~6x1071% ergs cmr? s71). The presence of this difference in the
intensity of the residual reflection component explaine &te dif-
ference in the shapes of the rms spectra (see Fig. 3).

(© 2001 RAS, MNRASD0Q, [1-7?
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Figure 10. Intensity of Fe L vs. Fe K. The intensities of the two lines
are varying in a correlated way. The variations are consistéth a con-
stant ratio between the two features. This suggests thatvwtbelines
are produced by a common spectral component. The best fitorelia:
Normg. i =axnormeg. ;, With a=0.028:0.006 indicating a ratio of 35:6,
consistent with the values expected from disc reflectionsgR& Fabian
2005).

Reflection—dominated spectra have been observed in many
AGN and in particular in NLS1 accreting at a high rate (Zoghbi
et al. 2008; Schartel et al. 2007; Fabian et al. 2004; Grup#. et
2008). This can happen for example when disc instabilitreak
the accretion disc in rings of dense material and the prirsauyce,
inside these, is thus hidden from view leaving only a reftecti
component (Fabian et al. 2002). A reflection dominated spetis
also expected when the nuclear source is situated only arfew g
itational radii from the black hole. In this conditions ligiending
effects are strong, generating (as seen at infinity) a strefigc-
tion and a dim primary source (Miniutti et al. 2003; Miniu&i
Fabian 2004). In the most extreme cases (regime | in Min&utti
Fabian 2004) corresponding to strongly reflection—doneithapec-
tra (which is the relevant case here) the light bending miociglies
steep emissivity profiles and correlated variability bedwéhe re-
flection and primary (power law) components. Although theela
is a prediction of the model for reflection—dominated stéassop-
posed to less reflection—dominated cases in which the madel p
dicts a more contant reflection), correlated variabilitym®en the
primary and reprocessed component is what is generallycéegbe
in any reprocessing model and cannot be associated unegiiywo
with the specific variability model of Miniutti & Fabian (2@9.

The upper panel of Fifl. 12 shows the disc reflection emigsivit
indexq as a function of the 0.5-10 keV power law flux. The emis-
sivity index appears to be weakly anti-correlated with fllimgar
Pearson correlation coefficientof= —0.85), which is in line with
the light bending model predictions in which low flux states au-
tomatically associated with more centrally concentratisd dlu-
mination profiles. However, even for the most extreme ligind
ing effects, emissivity indices as steep as 6-7 are difficujro-
duce and hence somewhat suspicious. Here we point out osly on
possible reason: the relativistic blurring model we usesisell on
the Laor (1991) code and assumes limb darkening, while numer
cal simulations would in fact suggest that mild limb brigtitey is
more appropriate for disc reflection (Svoboda et al. 2009jact,
Svoboda et al. (2009) have shown that, by applying a limbhibrig
ning model to the best-studied broad line case of MCG-6-RaEe
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Figure 13. The disc ionization as a function of the reflection component
flux. The observed correlation provides a sanity check farretlection
interpretation because both quantities should responiteteame physical
guantity, i.e. the X-ray flux irradiating the accretion disc

inner emissivity index can be reduced freps.3 to~3.7 for simi-
lar inclination and black hole spin. The emissivity indexyntius
be generally overestimated, especially at relatively glination
angles such as the one inferred in the present case.

The lower panel of Fig. 12 shows the disc ionisation param-
eter as a function of the direct (power law) flux. In this case t
correlation is very poorr( = 0.20) meaning that the variations of
the disc ionisation parameter do not closely follow the ations
of the source flux (a similar behaviour is present in otherces)
i.e. MCG-6-30-15; Ballantyne et al. 2003). We point out thht
light bending really plays a role in shaping the general speand
variability properties of the source, the observed flux came di-
rectly connected to the flux illuminating the accretion distich
is the one to which the ionization should be associated withis
is because, due to light bending, the disc sees a differentHan
the observer at infinity. On the other hand, both the diszation
state and the reflection intensity should be directly catesl with
the flux irradiating the accretion disc. Hence a correlakietween
reflection intensity and ionization state is generally expé, espe-
cially if the bulk of the reflection component comes from aited
region (e.g. the innermost accretion disc). Such a trendde&d
observed in our data (see Higl 13), and represents a saity &br
our reflection interpretation(= 0.65).

IRAS13224-3809 is not the only source where the nuclear
emission is thought to originate from within the regions vehe
strong gravity effects are not negligible (Fabian & Minii&005).
Long uninterrupted exposures of such AGN have demonstthétd
the relation between direct emission and the disc reflectonpo-
nent is complex. The cases of MCG-6-30-15 and NGC4051 show
that the disc reflection component is approximately cornstan
medium/high fluxes and correlated with the power law at loweftu
where the spectrum becomes more reflection—dominatedi(@ont
al. 2006; Larsson et al. 2007). This is the expected behaviben
the intrinsic luminosity variations of the X-ray source asgligible
and most of the flux variability is due to general relatidsffects.

A longer observation of IRAS13224-3809 is required to fudly-
dress this issue.

(© 2001 RAS, MNRASO0Q,[1-7?
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8 FREQUENCY DEPENDENT LAGS

IRAS13224-3809 is well known to present a high degree of com-
plex variability (see Fig]2 arld 3). Gallo et al. (2004) saddihe
timing properties investigating the correlations and shgva com-
plex pattern of lags and leads between the 0.3-0.8 and 3-¢0 ke
band (see Fig. 4 of Gallo et al. 2004). In combination with the
spectral information, we performed a time-lag study (of tinén-
terruptedXMM-Newtondata) separating the energy regions dom-
inated by the power law and ionised reflection emission. fiéigu
[I4 shows the frequency dependent lags between the reflection
dominated 0.3-1 keV and the power law-dominated 1-4 keV and
(see Fig. 8). Negative lags indicate that the hard (powerdami-
nated) components leads the reflection emission. The stidpe o
frequency dependent lags closely resembles the one of IH070
495, where for the first time a reverberation lag of 30 s betwike
continuum and the energy band of the Fe L reflection line is de-

Figure 14. Frequency-dependent lags between the 0.3-1 and 1-4 keV tected (Fabian et al. 2009). In the present case a signifitetat-

bands. Negative lags indicate the harder flux (dominated@ypower law
continuum) changes before the softer flux (dominated byatidie, i.e. the
iron L line). The timing properties of IRAS13224-3809 appeary similar

to the ones of 1H0707-495 (Fabian et al. 2009), neverthétesshortness
of the observation hamper a significant detection of the lags

7.2.1 Fel/Kenergies and ratio

tion of the lag is prevented by the short exposure (60 ks, taieou
times lower than 1H0707-495). A long uninterrupted obstowa
of IRAS13224-3809 will clarify this issue and serve to sirise

the reflection dominated interpretation proposed here.

9 DISCUSSION

We have studied the X—ray spectral variability of IRAS 13224
3809 analyzing theXMM-Newtonand Suzakudata. The source
shows very similar behaviour during the two observatiorkerna

The ratio between Fe L and Fe K depends on many physical param-5 years apart. In particular it exhibits: i) a strong softeswith

eters, primarily on the power law index of the illuminatinmusce
and on the physical properties of the reflecting materiallnkan
(1995) simulated the expected ratio assuming a slab of ajytic
thin gas with Solar abundances photo-ionised by a X-ray powe
law source with an energy index of -1.5. In such conditioresFl

L/ FeK ratio is expected to be about 3 for an ionisation patame
log(§) ~ 2 — 3. To measure the ratio in the case of an optically
thick accretion disc with a high Fe abundance, we computed ex
tensive simulations of accretion disc in the same scenaéal to
compute the ionised reflection model (Ross & Fabian 2005)atn
ticular the primary X-ray source illuminating the accretigisc has

a power law spectral index &f = 2.4, the disc has a Fe abundance
5 times higher than solar and ionisatior= 500 erg cm s'*. The
ratio between the intensities of Fe L and K has been calaltais-
sidering the Fe L region extending from 0.71 keV to 1.08 ka\d a
the Fe K region to extend from 6.31 keV to 7.07 keV (where the
smeared Fe K-edge begins). The continuum has been fittecawith
simple straight-line continuum in these two regions and txdded

up the line photons (how much the emergent spectrum excekeeed
continuum fit) for each of these regions. We found a Fe L to Fe K
photon ratio of 44.6 for this model. The reason that the L diomi-
nates so strongly in this model is that Fe XVII dominates anest

of the outermost Thomson depth, while the K line is supprsse
by Auger destruction during resonance trapping. We alsergbs
that, varying the ionisation parameter between 200 and 66re

a sharp feature around 1.2 keV; ii) an impressive drop in flux a
~8.2 keV (the drop has not shifted in energy and no narrow com-
ponent of the Fe K line is detected).

These features may be reproduced by either absorption-or ion
ized reflection. In the absorption interpretation the twatdiees im-
ply at least two distinct absorption components, while mrflec-
tion interpretation a single reflection component can ari the
major spectral features. Moreover, the reflection modelimady
accounts also for the soft excess, while additional soff. (@ack-
body) components must be included in the absorption—ddedna
models we have considered. In fact when the spectrum is ¥ititbd
two broad lines, the energies of the lines are consistehtagiining
from Fe L and Fe K, the shapes are consistent with being peatiuc
by the same broadening profile and the ratio between thesityen
broadly consistent with expectations from a dominant FelX@h-
tribution. This result is very similar to what has been relere-
ported for a similar object 1H0707-495 (Fabian et al. 2009)hat
case the reflection interpretation is strengthened by ttectien of
a time lag between the soft band (0.3-1 keV, dominated by ¢he F
emission) and the power law, hampered here by the shorthtes o
XMM-Newtonobservation. Longer uninterrupted observations are
required to study the timing characteristics of IRAS 1323889 in
detail.

We stress, however, that ionised disc reflection not onlggyay
reasonable fit to the mean spectrum, but also reproducesuihees

s™!, the FeL/K ratio has values of a few tens. These computations spectral variability. In particular the variability can lescribed

depend on the assumption of the straight line continuum lansl t
do not provide the precise FelL/K ratio. Nevertheless, theukl
provide reasonable values to compare with the phenomeisalog
broad lines model where the continuum is also a straight Uivie
in fact, observe that these values are roughly in agreemiémtive
ones obtained from the fit with broad lines ($€9.

© 2001 RAS, MNRASD0Q, [1-7?

by a variable power law with constant spectral shape and ecrefl
tion component following the power law variations, withicesl
reflection dominating the spectrum at low fluxes. DuringXih&M-
Newtonobservation this residual ionised disc reflection compbnen
is more prominent even if the source flux is similar.

The reflection component is affected by relativistic effect
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strongly suggesting that it originates in the innermosiomeg of the
accretion disc around a rapidly rotating Kerr black holee Tlest
fit inner radius of the accretion disc is of the order of 1, 2vith a
90% upper limit of~2 ry, implying an almost maximal black hole
spina > 0.94. The disc illumination radial profile is consistent
with a steep power law (g5-7). A weak anti-correlation between
the illumination profile and the source direct flux is observEhis
indicates that at lower fluxes the primary emission is likelyser
to the back hole. During the low flux states most of the reftecti
is produced within a few gravitational radii from the blaaiéda In
such conditions strong relativistic effects must be at work

Despite being an illustrative toy model, which most likely
represents the zeroth-order approximation of the fulltiesdic
cases, the light bending model proposed by Miniutti & Fabian
(2004) seems to capture the main characteristics of IRAR4:32
3809. In particular the model predicts the existence of amegn
which the spectrum is strongly reflection-dominated, as bgzove
here. Within this regime, the reflection and continuum congmts
are expected to correlate well, while the disc emissivityarisi—
correlated with the direct flux (the power law flux in this case
Although we observe both trends, we point out that corrdlesei-
ability between the primary and reprocessed component &na g
eral prediction of any reflection model. However, the ligeht-
ing model associates this behaviour only with reflectiomrithated
states, while in more standard cases, the reprocessed nentps
predicted to vary less than the primary. Future X—ray olztem
catching the source in less reflection—dominated stateshaan-
portant to test the model predictions.

10
T
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Figure 15. Expected reflection fraction as a function of the sourcehteig
above the black hole assuming a on-axis X—ray primary soacteding
light bending (Fabian & Miniutti 2004). The original lighiebding model
only considers continuum and Fe line production, not thecg&fin contin-
uum. Thus the reflection fraction shown here has been comhjmyteescal-
ing the calculated Fe line equivalent width (EW) with redpecthe con-
tinuum only using the fact thaEW o R, and by assuming that at large
hights, where light bending is negligible = 1, as standard.

However, the disc ionization and the reflection intensiackreach
other reasonably well, which is consistent with our reftacinter-

Both the strong soft excess and the extreme Fe K lines, when pretation since they both respond to the flux irradiatingdise.

fitted with a disc ionised reflection component, require an ex
tremely high level of reflection, near to have a reflection dom
nated spectrum (see Fig. 8). We measure a ratio betweemikedo
reflection to the power law flux of 1.7 and 0.75 over the 0.001-
1000 keV band (the entire band over which the reflection model
is computed), while the ratio is 3.7 and 1.6 in the observédil0.
keV band for theXMM-Newtonand Suzakuobservations, respec-
tively. We note that the high energy part of the reflected spatis
less affected by ionisation, thus we estimated the refledtaction
comparing the extrapolated best fit ionised reflection togrdaw
flux ratio in the 20-60 keV band (that results to be about 4@ an
2.1) with the one expected by neutral reflection (usireearAv
component). A reflection fraction of 7 and 4 are thus estichate
this way. Are such high reflection fractions consistent it pic-
ture described in the light bending model? As shown in Figifre
the observed values are rather extreme, however, they peetex
when the primary X-ray source is less than 3;4above the cen-
tral black hole (regime |, see Miniutti & Fabian 2004). Weiest
mate that, in this condition, only about 10-20 % of the primnar
X-ray source is detected at infinity in the form of the powew la
emission. Thus, the measured 2-10 keV power law luminodity o
2 — 4 x 10?2 erg s would correspond to an intrinsic luminosity
(in the frame of the source) of the order of a few times’ erg s~*.
This value is not too large if compared to the bolometric lnosity
(L ~ 6x10% ergs'), even assuming a rather extreme bolomet-
ric correction (Elvis et al. 1995; Vasudevan et al. 2007;908Iso

in agreement with such a scenario, we observe that the iefiect
fraction and the broadness of the line increase loweringlthe
passing from th&uzakuo the XMM-Newtonobservations.

We also observe a poor correlation between disc ionization
and observed power law flux. In the framework of the light bend
ing model, this is not highly surprising since the disc sed#far-
ent continuum than the observer precisely because of lgiding.

The strong ionised reflection interpretation requires a ver
high value of the disc illumination parameter, but also & iton
abundance~5 times solar). Nevertheless it is important to stress
that an even higher iron abundance is required in the padiadr-
ing interpretation (Boller et al. 2003). Moreover supeasahetal
abundances of the environment around supermassive bldek ho
seem to be the rule, more than the exception. For example, the
quasar environments are metal-rich with typically gas daunces
several times Solar at all redshifts (Hamann et al. 2007jadh,
several methods based on optical-UV broad and narrow emissi
and absorption lines agree in observing supersolar metai-ab
dances in large samples of quasars. The typical metaligitb-
served to be roughly 2-4 times Solar (Dietrich et al. 2003ddgao
etal. 2006; Groves et al. 2006; D’'Odorica et al. 2004), ireagrent
with the value observed in IRAS13224-3809. Our Galacticteen
even if it is not hosting, at the moment (Ponti et al. 2010)aan
creting black hole, contains large molecular clouds witreBen-
dances higher than Solar. The Fe K line emitted by Sgr B2,Xor e
ample, suggest a Fe over abundances of the order of 2, mayikee mo
(Revnivtsev et al. 2004; Terrier et al. 2010). Abundancedisst in
samples of NLS1 suggest that the metals are about 2-3 tigkethi
than Solar in these sources (ses Nagao et al. 2002). In ydartic
a five times Solar metallicity has been measured in otherbgear
Narrow Line Seyfert galaxies (i.e. Mrk 1044, Fields et al02p
The optical/lUV spectrum of IRAS13224-3809 presents some of
the strongest Fe emission lines of the NLS1 class. The Fe over
abundance requires a high rate of explosion of type la sopaen
that produce much more iron (more than an order of magnitude)
than type Il ones (Nomoto et al. 1997a,b). This may happehdn t
presence of a nuclear star cluster that formed white dwhes t
through close interactions, become part of close binagi@sching
the environment with Iron through many SN la explosions (8ha
& Hurley 2002; Fabian et al. 2009).

© 2001 RAS, MNRASO0Q,[1-7?



10 CONCLUSIONS

IRAS 13224-3809 is a remarkable source, with one of the g&sin
soft excesses observed, and two prominent featuresla? and
~8.2 keV.

e These features can be reproduced by 2 broad lines, in particu
lar: i) the best fit energies of the lines are consistent witiission
from Fe L and Fe K; ii) the same relativistic profile can expltie
shape of both lines; iii) the ratio between the intensitiethe lines
is broadly in agreement with expectations.

e A single ionized disc reflection model (produced in the inner
accretion disc) can reproduce the main features of the repect
implying a iron abundance of5 times solar.

e The main spectral variations can be reproduced by a steep

power law varying in normalisation and a reflection compadnen
from the inner accretion disc varying in a correlated way,vith
a residual component, dominating at low fluxes.

e The spectral features may, in an alternative interpretatie
associated with absorption components. Neverthelesssrste-
nario the two main features require at least two physicaffemrnt
absorbing components in highly relativistic outflow andhaeitt a
clear physical link. A high iron abundance is also requitddre-
over, absorption-dominated models over—predict Fe M aiisor
in the soft X—rays, and they still require a likley unphysiea-
ditional blackbody component to describe the soft excesstjrgy
further doubts on the overall interpretation.
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