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ABSTRACT

Context. The Seyfert 1.8 galaxy ESO 113-G010 had been observed fdirshéime above 2 keV by XMM-Newton during a short
exposure £4 ks) in May 2001. In addition to a significant soft X-ray exsgs showed one of the strongest (in EW) redshifted ke K
lines, at 5.4 keV.

Aims. We present here a long (100 ks) XMM-Newton follow-up of thisicce performed in November 2005, in order to study over a
longer time-scale its main X-ray properties.

Methods. We use both timing analysis (Power Spectra Density analgsis spectra, flux-flux analysis) and spectral analysis lwhic
mainly focuses on the Fedline complex.

Results. The source was found in a higlieofter time-averaged flux state, and timing analysis of $bisrce reveals strong, rapid
variability. The Power Spectral Density (PSD) analysisdates (at 95% confidence level) a break at & 10 Hz. This cut-df
frequency is comparable to those measured in some otheltyagiriable Seyferts, such as MCG—6-30-15 and NGC 405dmRhe
mass-luminosity-time-scale, we infer thdt ranges from 4« 10P—10 M., and the source is accreting at or close to the Eddington
rate (or even higher). The existing data cannot distingbétveen spectral pivoting of the continuum and a two-corepborigin for

the spectral softening, primarily because the data do rest aporoad enough flux range. In the case of the two-componaalithe
fractional dfsets measured in the flux-flux plots increase significanthatd higher energies (similar to what is observed in MCG-
6-30-15) as expected if there exists a constant reflectiompoaent. Contrary to May 2001, no significant highly redsltifemission
line is observed (which might be related to the source flugl)ewhile two narrow emission lines at about 6.5keV and 7 ke®
observed. The 8l is not high enough to establish if the lines are variableomstant. As already suggested by the 2001 observation,
no significant constant narrow 6.4 keV Fa Kne (EW<32 eV) is observed, hence excluding any dominant emissan éistant cold
matter such as a torus in this Seyfert type 1.8 galaxy.

Key words. galaxies: Seyfert — galaxies: active — X-rays: galaxiescredon discs — quasars: individual: ESO 113-G010

1. Introduction emission line at 5.4 keV (rest-frame), most probably o gjimy
from a redshifted iron Fe line (Porquet et glf 2004b). The
The Seyfert ESO113-G010+0.0257) was observed for the|ins \yas detected at 99% confidence, calculated via Monte

first time in X-rays, in December 1995, IROSAT, revealing

9= X Carlo simulati hich full t for th f ef
an X-ray luminosity of about 2.5< 10*ergs?! (assuming aro SImuianons Which 1Ly accoumt for e range ol enesg

where a narrow iron line is likely to occur. Such narrow spadct

Ho=75kms! Mpc andge=0.5) and some indication of X-1ay features in the 5-6keV ener ; -
e P_H . — gy range were discovered with
variability (Pietsch et 3I[ 1998). An optical follow-up 2. XMM-Newton and Chandrain several other AGN: e.g. NGC

m ESQMPG telescope at la Silla) performed in Novembets ;s i 2002) NGC 7314 (Y [ Mk
1996 done by the same authors to characterize this briﬁd-‘ruli:]ne?r:tt Ei 200004?5 AGXC J034]£17{023c;0(bD¢e‘II2.gggg)’dt ar
galaxy led to the conclusion that this Seyfert is of type 1. ). The redshifted Fec,KIine discovered in ESO 113-G010

_ _ 1
Iand measured Iolg:.R—iil.34h¢rg S; log LB‘43'§7 ergﬁ ,fandh had an EW of- 265 eV, making it one of the strongest (in EW)
f(_)g LXsROSATE43'4girgV ' .T&L& ;\?Ct was 0 ,\s/lerve3 200rot1 €redshifted iron lines observed to date in an AGN. The energy
Irst time above 2keV wit -Newton on May 3, of the redshifted line could indicate emission from relistic

during a short exposure of about 4 ks. That observation festea,; 17_g 23 c) ejected mat

¢ : ter moving away from the observer,
a soft excess below 0.7keV and, more interestingly, a narrQy proposed for Mrk 766 m I (2D04). Alternativel
Send offprint requests to: D. Porquet if the classification as type 1.8 object is correct, then siois




2 D. Porquet et al.: A 100 ks XMM-Newton view of the Seyfert EBO 113-G010.

LA B B T
S: 0.2-2 keV

from a narrow annulus at the surface of the accretion disc is= *°
wn

unlikely due to the very small inclination angle (i.e. leksn 10
10°) required to explain the narrow, redshifted line in this

intermediate Seyfert galaxy. However, emission from a kmal < 35
localized hot-spot on the disc, occurring within a fractwna
complete disc orbit, could also explain the redshifted (eg., 3.0
ffurner et a)[ 2047; DovEiak et @l. 2904). o5
Here, we present a 100 k8VM-Newtonfollow-up observa- ] S M S
tion of ESO 113-G010. In sectic[h 2, we present the [xng\VI- TE H 2-10 keV
Newtonanalysis performed in November 2005, and the corre- .

sponding data reduction used for this work. Secﬁ|on 3 ptssen
the timing analysis: light curves, PSD analysis, rms-gpeact
and flux-flux analysis. Sectidr) 4 presents the spectral aisaly
focusing on the study of the FaKline complex between 6.4—
7 keV. Finally, we summarize and discuss the main resultseof t
present work (sectid 5).

0.2

PN count rate [count s~!] PN count rate [count

| |
o o
BN
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2. XMM-Newton observation and data reduction

jusj
XMM-Newton observed ESO 113-G010 starting on November,
10, 2005 (orbit 1085) with exposure times 6fl03ks and 3 °7
~102ks for the MOS, and PN respectively. The EPIC-MOS; ~98°
cameras [(Turner et Ja]. 201) operated in the Large Window -o.sz
mode, while the EPIC-PN camerp (Strilder gt|al. P001) opef _os4
ated in the standard Full Frame Window mode. Background flar- _ .
ing was negligible during most of the observation and there- 20000 20000 0000 50000 10000
fore the whole observation was used, except when mentioned Time [s]

in Section[B. The EPIC data were re-processed and clear&?g. 1. Soft (S: 0.2-2keV) and hard (H: 2—10keV) 500-s resolu-

using theXMM-Newton SAS version 6.5.0 (Science Analysis | :
Software) package. The net resulting livetimes were 102ank 110" (Packground-subtracted) PN light curves of ESO 11380
_Gjpper and middle panels, respectively), together withhidrel-

90.6 ks respectively for the MOS and PN cameras. Since pile tio bet the two bands (I D Th Stri
was negligible, X-ray events corresponding to pattern@t ness ratio between the two bands (lower pane )- The gregesiri
correspond to thedt error bars. For comparison the count rate

0—4 events (single and double pixels) were selected for tBSM ” )
: i} . and hardness ratio level found during the 4 ks May 2001 obser-
and PN, respectively. Only good X-ray events (with FLAG vation are reported (dashed lines).

were included. The low-energy cifevas set to 300 and 200 eV
for MOS and PN, respectively. The source data were extracted
using a circular region centered on the source positionarhek
ter of 50’1, 25", and 3% for MOS1, MOS2 and PN respectively. L
The diameter was smaller for MOS2 compared to MOS1 due§Qergy range are 2.48.02ctss” and 3.710.01, for the

a dead pixel column about 2érom the source in the MOS2 Zg?énigg éggg (I)—|b|§ze(?lfg())/r(]|i’+rse)§pigcatlll\$|}ai;rphlgy((:a(()jrr(?isig]ggdl
da_lta. ESO 113-_6010 was by far the brightest X-ray source rlrl‘sver anel) Tr{e error bars for the hardness ratio are mmﬂal
this 30 EPIC field-of-view. Background data were taken froniP ing (psauss.ian error propagation (see &.q.. Pietscl [€1GB) 2

box regions on the same CCD as the source (excluding X-ﬂ?ﬁ‘ e 7
point sources). Thespec v11.3 software package was used fof | E;%?gté" 50‘:]‘;"“52 ;?g""\’/lg‘atzghoef?rlﬁgﬁa V\‘I’VEZSS OnnoT/eerragter(;ﬂ a
spectral analysis of the background-subtracted spectsing u P y ' y 9

the response matrices and ancillary files derived from the sXariation amplitude of the HR, except within the first 10 kstiw
taskSRMFGEN @andARFGEN. <AHR>~0.07).

-0.76

o
S L

To quantify this variability better, we carried out timingad-
3. Timing Analysis ysis using the power spectral density function (PSD), the-rm
spectrum, and flux-flux analysis. To maximize the signal-to-
noise we combined events from all three instruments, rérgca
the background regions used for the MOS detectors to maéch th

urcgbackground area ratio of the PN. We used only data from

ranges (F:jg.ﬂl;PLIJ\Ipp_er and midddle panels, respt))ective(ljy)d Thfhes between 8 ks and 95 ks from the start of the observation,
Ic\:ﬂorresz%%rl mo? X tlmef-axtla(ragg count (rjateF_oDSfrvg hu(;iBQemove the times of non-negligible background flaringsier
ay (duration of~4ks) is reported (Fig{|1, dashed, ¢ timing analysis, and merged the good time intervalbef t

I'U?S)Ifindllsﬁ?r‘]"’sztggé ths sourtqe war? Ina hlgherdfltuxt;éag% frerent instruments in order to use only data received simulta
virtually all of the observation when compared to neously from all three instruments. The combined eventa/fie

observation. The PN average count rates in the 0.2-12kf¥q tg extract light curves infiérent bands to make the PSDs

1 For the spectral analysi§4) the extraction region radius was taker@nd rms-spectra. Although the instrument respondéerdn all
to be the same for MOS1 and MOS?2 (i.e.”35in order to co-add both cases (including rms-spectra) we normalize by the meanilux i
spectra. each band, so thdfect of the spectral response is taken out.

PN light curves (time bin of 500, and error bars of) tlearly
show fairly rapid variability with relatively large amplite,
both in the soft (S: 0.2-2keV) and hard (H: 2-10keV) ener
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Fig.2.0.3-10keV PSD of ESO 113-G010, including the ratio dfig. 3. 0.3—10keV PSD of ESO 113-G010, including the ratio

the data to the best-fitting power-law plus constant noisepzp  of the data to an exponentially cuffqpower-law (with low-

nent model (model shown as solid line). frequency sloper = —1), plus constant Poisson noise compo-
nent (model shown as solid line).

3.1. PSD Analysis McHardy et al. framed the best-fitting relation for breakdim

We first consider the PSD for the light curve in the 0.3—-10kescale logg = 2.1logMg—0.98l0g poi—2.33, with Tg in units of
energy range, which is shown in Fﬁ 2. The PSD represents teys andVigy; and bolometric luminosity.p in units of 16 M,
average of the (squared) amplitude of variations as a fomati  and 10* erg s respectively. The best-fitting PSD break time-
temporal frequency. The data are then fitted with a simplespowscale we measure,Bx 104 Hz, corresponds tdg = 0.03 days.
law plus the flat level of variability due to Poisson noiseened For a range inLyo from 10*° — 10% erg s* (i.e. assuming a
given the error bars. A simple power-law plus noise is notrg veminimum equal to the sum of FIR, optical and X-ray luminosi-
good fit (2 = 24.1 for 11 d.o.f.), and is rejected at98% confi- ties reported by Pietsch et|al. 1998, and in this work), werinf
dence (for power-law slope = —2.1). Allowing the noise level from the mass-luminosity-time-scale relatior*
to be free improves the fit tp2 = 18.9 for 10 d.o.f., which (R00§) thatMg ranges from 4 10f—10’ M, and the source is
is still rejected at> 95% confidence. Finally, leaving the noiseaccreting at or close to the Eddington rate (assuming e\g#rehi
level free while allowing a break in the PSD improves the fit: fi Lnol implies that the AGN is a super-Eddington accretor).
ing the low-frequency slope tel (similar to the low-frequency ~ We also measured PSDs using smaller subsets of the ob-
PSD shapes observed in other AGN, ¢.g. McHardy gt al.|200sgrved energy range, but due to the relatively we&t of
we find a break frequency of @+ 1.7) x 10% Hz (errors these PSDs, the energy dependence of the PSDs could not be
correspond to 90% confidence for a single interesting paranveell constrained.
ter), with an upper limit on high-frequency slope@f< -2.9.
The corresponding? = 119 for 9 d.o.f., which, according 32 The rms-spectrum
to the F-test, is a significant improvement over the unbrokén™ P
power-law model at the 95% level. We also find a good fithe rms-spectrum quantifies the spectral shape of the Variab
(x> = 139 for 10 d.o.f.) for an exponentially cutfopower- part of the emission (sde Vaughan elt[al. 2D03a for a review).
law, with low-frequency slope fixed tel and cut-é frequency Specifically, one measures the root-mean-square (rmsbitri
(3.7+19) x 10 Hz, which we show in Fig[]3. ity in light curves made from a number of narrow energy bands
We caution that the possible break or ctitio the PSD is or ‘channels’, and then normalizes each rms value by the mean
only marginally significant, but note that, in support of ¢be in that channel to obtain the fractional rms (also knowias).
models, the product of frequency and power, which is co® plot of F, versus energy yields the shape of the variable
stant on the slope-1 part of the PSD is~0.01, which is of part of the spectrum relative to the mean spectrum (i.e.-inde
the same order as that observed in other AGN. In comparigeendent of instrumental spectral response). The error dvars
with other AGN, the measured cuffdrequency is comparable determined using the formula ¢f Vaughan e} &l. (2003a). We
to those measured in some other rapidly-variable Seyfartd) show the measured rms-spectra in K|g. 4, obtained using ligh
as MCG-6-30-15 (& 10°° Hz, [McHardy et al[ 20d5; Vaughancurves binned to 5 ks (top panel) and 500 s (bottom panel). The
et al. [2003p), and NGC 4051 (8 10* Hz, [McHardy et al. rms-spectra obtained with 500 s binning naturally includster
p00%). The correlation between AGN X-ray variability PSDiluctuations than for the 5 ks binned data, and g mea-
break time-scale and black hole mass is now well-estalnlishsurements are accordingly largEysr appears to decrease above
It appears that AGN PSD break time-scales can be lineadipout 2 keV for both bin timescales. Therefore the soft X-ray
scaled down by the black hole mass to match the breaks elcess down to 0.3keV appears more variable compared to the
served in the PSDs of stellar mass black holes in X-ray binangard energy range. This isftBrent from the typical rms-spectra
systems (e.d. Markowitz et]dl. 20d3; Uttley & McHajidy 2l005)onsistent with a broad peak in the variability amplitudinsen
Recently, McHardy et al. (2006) showed that the residuat scf.8 and 2 keV, and a much lower variability amplitude belo& 0.
ter in the mass-time-scale relation could be explainedvieti keV (e.g.|Fabian et . 200R; Inoue & Matsumeto 2003; Ponti
scales also scale with luminosity or equivalently, acoretate. et al.[2006). In addition, there is a hint of a dip in the 500rs bi
Combining AGN and stellar mass black hole data for Cyg X-1ms-spectrum around the Fekcomplex energy+6.4—7 keV).
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Fig.4. The rms-spectra of ESO 113-G010, for light curve big
times of 5 ks (top) and 500 s (bottom). See text for details.

ig.5. 3-10keV versus 0.3-1keV binned flux-flux plot of
SO 113-G010, compared with a best-fitting linear plus con-
stant model (dashed line, representing two-componentrsppec
variation) and a simple power-law (dotted line, representiigh
energy spectral pivoting). The two models are indistingaide
This could be due to a reflected component remaining constamer the relatively narrow flux range covered by the data.

while the power-law continuum varies, as proposed for the tw
component model§@.3). An origin in a distant material is un- 2
likely since no narrow 6.4 keV FeKline is observed (cfs ).

3.3. Flux-flux analysis

0.4

Many AGN show a characteristic steepening of their contmuu,
X-ray spectra at higher fluxes. A useful insight into the irig 2

of this continuum spectral variability can be obtained gdiox- ¢ ,

flux analysis| Taylor et &l] (20p3) showed how a simple plot &f
soft X-ray flux versus a harder X-ray flux can indicate whether
spectral variability is due to pivoting at high energies énh ©° i
the flux-flux plot takes a power-law form), or due to changes in

the strength of a continuum component with a constant sglectr f 1
shape plus a constant-flux, constant spectral shape havafer c —’—

ponent (where the flux-flux plot is linear with a positive irtept 5 74’7

on the hard flux axis). Here we carry out a flux-flux analysis of o ‘ ‘ L
the ESO 113-G010 data, using the same combined MOS and PN 05 1 2 5 10
events data used for the rms-spectral analysis. Energy (keV)

We first realize a flux-flux plot to compare the 0.3-1keV anflig 6. Fractional dfset spectrum, showing fractional constant
3-10 keV ranges. We measured the fluxes in simultaneous 5Qfgets (y-axis intercept divided by mean flux) for a linear plus
bins, and following the approach pf Taylor et al. (2003), ire b constant model fitted to various energy bands versus the 0.3—
the 3—10 keV flux as a function of the 0.3-1 keV flux, obtaining 5 kevV reference band. In the case that the two-component
the standard error in the mean 3—-10 keV flux of each bin from thegdel for spectral variability is correct, theffget spectrum

spread in fluxes in the bin. The resulting flux-flux plot is sMOWsnhows [ower limits on the strength of the constant component
in Fig. 8. A linear plus constant model provides a good fit ® trgpectrum relative to the mean spectrum.

data, withy? = 5.4 for 6 d.o.f., for positive constantiset on the
3-10keV flux axis of M82+0.014 count st (error bars ared).
A single power-law (with no fiset) also provides a good fit toconstant models to the flux-flux plots measured from lighvear
the flux-flux plot (?> = 5.4 for 7 d.o.f.), for a power-law index of obtained in a number of narrow bands. For thaxis, we use
0.75+ 0.04. Thus, the existing data cannot distinguish betwede 0.3—0.5 keV band as our ‘reference’ band. Thus @flets
spectral pivoting of the continuum and a two-componentinrigmeasured in other bands are relative to this band only, uhder
for the spectral softening, primarily because the data sapan- assumption that there is zero flux in the constant component i
sufficiently broad range of fluxes to see the characteristic ahartge reference band. If there is a non-negligible flux in the re
in gradient expected from the power-law. erence band, the impliedfsets in other bands increase accord-
Although we cannot distinguish between spectral pivotiniggly. Thus, if the two-component model is correct thEsets we
and a two-component spectral model, we can use the flux-floneasure from flux-flux plots here represent a lower-limitfoe t
method to determine the shape of any constant component simength of any constant component. To remove ffiects of
der the assumption that the two-component model is correitte instrument spectral response, we normalize each nezhsur
Following the approach ¢f Taylor et|a]. (2903), we fit linergp offset by the mean flux in each band. The resulting spectrum of

0.2
T
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Fig.7. Spectra of ESO113-G010 (in the observer frame) observeaieiiber 2005. A power-law has been fitted to the 2-5keV
data and extrapolated to lower and higher energies. A sigmifisoft X-ray positive residual is seen below 1 keV, as aslthe
presence of a Fe&complex near 6—7 keV. For presentation, the data have bekimmed into groups of 15 bins for PN (10 for
MQOS), after group of a minimum of 100 and 50 counts per bin vesed for the fit for the PN and MOS respectivelgft panel:
0.2-12keV PN spectruniight panel: co-added MOS 0.3-10keV spectrum.

fractional dfsets is shown in Figﬂ 6. Since fractiondfset in- hump. In this energy range, the PN data are well fitted by desing
creases significantly toward higher energies, tfigsd spectrum power-law model with'= 2.02+0.04 (*/d.0.f=228.3214). For
is harder than the mean spectrum, implying that any constaomparison the value from the 2001 observation is 40B2.
component is also significantly harder than the variable-coffihis power-law index is consistent with values found fordato
ponent, as expected if we are witnessing a constant reftectime radio-quiet quasard’=1.90 with a standard deviation of
component. Notably the reflected flux contributes about 46% @.27 (Porquet et a|. 2004a). The 2—10keV time-averaged-lumi
the mean at the hardest energies, similar to what is observegity (inferred from the parameter fit reported in Tahledl) i
in MCG—6-30-15 using the same approach (Vaughan & Fhbidrox10*2ergs?. FigureD? displays the 2-5 keV PN spectrum ex-
). trapolated over the 0.2—12 keV broad band energy. A strosg po
itive residual is seen below 1 keV due to the presence of a soft
X-ray excess; and in addition, there is a positive residuahe
4. Spectral analysis 6-7keV energy range (s¢ef4.3). For comparison, we also re-
{i)rt the co-added MOS 1 and MOS 2 spectrum, which confirms

In this section, we present the spectral analysis of ESO 133 nresence of a complex soft excess as well as a positiie dev
G010. In this article, we focus on thg analysis OT the 2-12 K&Yon near the 6-7 keV. We henceforth focus only on the PN data,
hard X-ray range (notféected by WA signatures), including thegjce the PN CCD has a better sensitivity over a broader gnerg
study of both the continuum and the Fe Hine complex be—_ range (0.2—12keV) compared to the MOS CCD. However we
tween 6.4-7keV. We co-added the MOS1 and MOS2 data injgye checked that all the spectral fits are consistent wiiheth

a single spectral file to maximize the signal-to-noise raliee  ,pytained with the MOS, albeit with much lower photon statis-
time-averaged PN and MOS spectra are binned to give a mifiss \we would like to note that the RGS data show the presence
mum of 100 and 50 counts per bin, respectively; while the sugt seyeral narrow blue-shifted absorption lines that reseiee
spectra used in the time-resolved spectral analysis (de&/be resence of a warm absorber (WA) in outflow. The presence of
are binned to give a minimum of 20 counts per bin. In all Subsgsjs medium has to be taken into account in order to fit prgperl
quentfits (above 2 keV), we include the Galactic column dgnskpe oyerall 0.2-12keV PN spectrum. Spectral analysis combi

(N$*'=2.74x10°°cm?), obtained from theoLbens program us- i RGS and PN data will be presented in a forthcoming paper
ing the compilations df Dickey & Lockmai (1990). Note thdt al g P g paper.

fit parameters are given in the source’s rest frame, withesaf
Ho=75km s Mpc, andgo=0.5 assumed throughout. The er4.2. The Fe Ka line complex
rors quoted correspond to 90% confidence ranges for one int
esting parameter\y®=2.71). Abundances are those of Ander

& Grevesse@g). In the following, we use the updated erosghe positive residuals between 6.5-7keV in the quasar frame
sections for X-ray absorptlon by the interstellar mediuerfs  can be most probably associated with a ke¢omplex as ob-

in XSPEC) from Wilms, Allen, & McCrgy|(2000). served in most AGN [(Porquet et]dl. 20p4a; Piconcelli ét al.
P00%;[Jiménez-Bailon et |l. 2405). The mean iron line fofi
as a ratio of the continuum above 2keV is displayed in Hig. 8,
and shows a double-peaked line profile. Therefore, we fit the 2
As a first step, we fit an absorbed power-law model over ti& keV energy range with an absorbed power-law continuum and
2-5keV energy range where the spectrum should be relativelyo narrow Gaussian line profiles (Tatﬁe 1). We found a much
unafected by the presence of a broad soft excess, a walbetter fit, with Ay?=33.2 for 4 additional parameters (F-test
absorber-emitter medium, an Felkemission line, and a con-99.9%). The line energies are 6 @g keV and 7.08:0.04 keV.
tribution above 8keV from a high energy Compton reflectiolmhe F-test probabilities for each line are 99.7% and 99.98% f

r . .
.2.1. Time-averaged analysis

4.1. The main spectral components



6 D. Porquet et al.: A 100 ks XMM-Newton view of the Seyfert EBO 113-G010.

Table 1. Best-fitting spectral parameters of PN time-averaged sp@cin the 2—12 keV energy range with an absorbed (Galactic,
Np=2.74x10?°cm™?) power-law (PL) component plus a line profilesauss: Gaussian profile; andiskLine: profile line emitted

by a relativistic accretion disc for a non-rotating blackehFabian et glf 1989) assuming an emissivity equal to-2. (a):
Rout=1 000Ry. (b): Rou=1.2% Rir. The line fluxes are expressed in units ofAph cn?s1. F-test probabilities are calculated with
the corresponding power-law model as reference. Fixedpetexs are indicated by (f).

Model r Line parameters x*/d.o.f. F-test
E loa Rin 6 Flux EW
(keV) ev) [R) (deg) (eV)
PL 1.95:0.02 - - - - - - 327/294 -
PL+ 2xzgauss  1.9%0.02 6.5059¢ 10 (f) - - 1.6:0.7 5223  294.7290 > 99.99%
7.00:0.04 10 (f) - - 2.80.7 7326
PL + piskuine®  2.00:0.02  6.75:0.08 — 6 (f) >50 7.73:2 305j51384 299.3291 >99.99%
PL+ annuLus®  1.97+0.02 6.790.05 - 19177 45(f) 7.733 15955 299.J291 >99.99%

We also tested if these two features can be explained by a
double-peaked relativistic line profile emitted by a refiatic

<
- accretion disc for a non-rotating black holeskrine; Fabian
et al.[198P). The improvement of the fit is also significant (F-
test> 99.9%) and the line energy is about 6.8keV, i.e., corre-
o~ | spondingto a highly ionized iron ion (kev—Fexxvr). Then, we

checked whether the double-peaked like profile can be exgdai

| by emission from a disc annulus (using thexLiNe profile with
4, ‘L# the width fixed to 20% oR;,, i.e. Ryy=1.2 x Ry,). We fixed the

ratio
- ——
e _
r—
—
P
| &
[ N—

_ | ’ disc inclination to 45 (representative of an intermediate type
| W ‘ | ‘]" { ' T | ! | Seyfert). We found a very good fit to the data with a line energy

of 6.79:0.05keV and an inner annulus radius of 1gRy, in-
dicating that the line is not emitted in the inner part of thecd
In the case where the disc inclination is not fixed to 45 degree

00
© T T then the line solution is degenerate, whereby the innerlasnu
5 6 7 8 g radius increases with the disc inclination, while the limemrgy
Rest Energy (keV) decreases.

. . ' . Monte Carlo simulations were done to assess the significance
Fig. 8. FeK line profile (quasar frame) when PN time-averagest getecting the emission complex in this time-averaged-spe
data are fit with a power-law continuum. For presentatios, thr,m These simulations, described in detail in the Appendi
data have been re-binned into groups of 10 bins for PN, aftelqnsirate that regardless of the model used, the emission

group of a minimum of 100 counts per bin were used for the onmpIex is indeed significantly detected.

The grey vertical line corresponds to 6.4 keV. We also checked for an upper limit to a line at 5.39keV,
since such a line was found in the 2080M-Newton observa-
tion of May 2001. We fixed the energy of the line to 5.39keV

the 6.50keV and 7.0keV lines, respectively. Allowing theeli (see below), and the line width to 0.1 keV (as done in Porquet

widths to vary does not significantly increase the goodnésset al.[2004b). We find EW22 eV (at 90% confidence level for

fit, with Ay? = 0.5 for two additional parameters. one interesting parameter).
The former energy is compatible within the error bars with
a line emitted by moderately ionized iron-Fexx—Fexxir). For comparison, we have re-processed XMM-Newton

However this line is more likely a blue or red peak of arelativ May 2001 observation with the same version of the SAS
tic line, indeed a genuine kex—Fexxn (L-ions) emission line (SAS 6.5.0) used for the 2005 observation. We fit the data
complex would sffer from resonant Auger destruction (Rossvith an absorbed (Galactic column density) power-law in
et al.[199F] Liedah} 2005). The latter line energy corresisonthe 2-10keV energy range and four Gaussian lines in order
to highly ionized iron line (Fexvi) or to a highly blue-shifted to take into account the emission contribution of the lines
iron line from lower ionization matter. However there is ne e neafat 5.4keV, 6.4keV, 6.5keV, and 7.0keV. The three lat-
idence for narrow emission from neutral iron, the 90% confier line energies are fixed as well as their widths to 10eV.
dence upper-limit to a narronr£10eV) iron line at 6.4keV Only the energy of the first Gaussian line is let free to vary
(a 6.5keV narrow line with a width of 10eV is also fittedwith the width fixed to 0.1keV (as done ih Porquet e} al.
to take into account its emission contribution) is only 32eY004p). One should notice that [n_Porquet ef &l. (2P04b),
If the 6.5keV line contribution is not taken into account, wenly the line at 5.4keV was fitted. We found for the four
would infer EW(6.4 keV) <47eV. From the branching ratio oflines: EW;=246£147eV E;=5.39:0.09keV), EW, <190eV

Fe KB/Fe Ka, expected to be less than 0.145 (Palmeri ¢t 4E,=6.4keV),EW; <100eV E=6.5keV), andEW, <208eV
, and references therein), the maximum contributiche@f (E,=7.0keV). The EW for the line at 6.4keV, 6.5keV, and
Fe KB (from cold iron) to the 7.00keV line isonly upto 5eV. 7.0keV are compatible with the values found during the 2005
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Fig.10. The PN datanodel sub-spectra of ESO 113-G010
(quasar frame) for the three time intervals. The data have
been fitted assuming a power-law underlying continuupper
panel: 0—40ks sub-spectrum (segment Bjiddle panel: 40—
70ks sub-spectrum (segment Ppwer panel: 70—100ks sub-
spectrum (segment 3).

note here that the energy-time map highlights fluctuatidmoya
the continuum which may be real spectral features, but does n

assess the significance of variations in those featuresmasg

they are real. The apparent fluctuations in the energy-tirge m

) ) ) could be consistent with the complex emission featuretide
Fig.9. Energy-time map. The energy values are in the quasalhe time-averaged spectrum beirapstant, e.g. if the average
frame. The contours represent 1.5-4.0 sigma above theneongjgnificance in one independent 10 ksec segment is 2 sigma
uum (in 0.5 increments), with darker bins representing @@eX apove the continuum, then we might expect statistical tiaria
above the continuum. The segments 1-3 (delimited by red veiom 0—4 sigma in a 100 ksec observation.

tical lines) correspond to the time selections used for ithe-t
resolved spectroscopic analysis. See text for explanation

0 1 2 3 4
SN (sigma)

To quantify whether the line features are variable, we split
the data set into three time intervals, 0—40 ksec, 40-70 ksec
] ] and 70-100 ksec, which are chosen to maximize tiferdinces
observation. For the line at5.39 keV, the EW are not compat-in the Fe K line region which are highlighted by the energy-
ible and would mean that if the line detected during the 20Qme map. Note that in the case that the lines are constdst, th
observation is real, it is transient. approach essentially maximizes thiéeet of noise fluctuations
that are picked up by the energy-time map, so that the statis-
tical tests we carry out are in some sense the most optimistic
for detecting line variability. The line profiles for eachgsgent
To test for possible rapid shifts in the energy andflux of (datadmodel ratio for a power-law continuum over the 2-10keV
the Fe kr emission complex, we have created X-ray intensitgnergy range) are shown in F@ 10. We then fit these three sub-
maps in the energy-time plane using the PN data. Photons frepectra with (individual or double) Gaussian line profiteg; re-
the source cell were accumulated in pixels in the energg-tiraults are reported in Tabj¢ 2. Though the line profiles in [Ei.
plane. The pixel distribution was smoothed in energy by tlapear to be dierent, adding a double Gaussian line profiles at
instrumental resolution, using a Gaussian of 140eV (approps.5keV and 7.0keV (as found in the time-average spectruen) ar
ate for the single plus double events with the latest calibrsignificant (F-test significane®9.5-99.97%) in all segments.
tion), and smoothed in time using a top-hat function of widtkiVe also carried out Monte Carlo simulations to verify the sig
20ks. Each time-slice was background-corrected by subtragificance of lines fitted to the individual sub-spectra; weaide
ing a time-dependent background spectrum measured iffan these results in the Appendix (.3), but note here thegt th
source region on the same detector chip as the source. Tleesooonfirm that the lines are significantly detected in the ifdiial
continuum was modeled as an absorbed power-law, of variabléd-spectra.
amplitude and slope but time-invariant absorption coluran-d Having verified the statistical significance of the linesacle
sity. This continuum was subtracted, leaving positive aggien of the 3 segments, we check for significant variability of lihe
tive residuals that comprise noise plus any emission orrabsoflux. First, we fit simultaneously all segments with a powaes|
tion components on top of the continuum. More informatiomodel plus two Gaussian lines with line energies fixed to 6\ k
about this method is given jn Turner e} &l. (2006). The “signa and 7.0keV and line widths and line normalisations are foee t
noise” (SN) map presented in Fifj. 9 is the ratio of the fluctuationary within each segment. The contour plots at 90% confidence
amplitude to the calculated noise. level for two interesting parametersy®=4.61) are reported for

The highest 8\ observed is 4 and there are several points efch line in Figml, and show that assuming two Gaussias line
significant excess emission above the continuum. Howewer, there are no statistically significant line variations. Waim-

4.2.2. Time-resolved analysis
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Table 2. Best-fitting spectral parameters of PN time-resolved spegt the 2-10keV energy range with an absorbed
(Galactic,Ny=2.74x10?°cm2) power-law (PL) component plus a Gaussian profi@(ss): . The line fluxes are expressed in
10®phcnt?sL. F-test probabilities are calculated with the correspoggiower-law model as reference. (*) The F-test probabil-
ity for freeing the line width in the fit is 92%. (a) Monte-Cartimulations have been performed (see text). Fixed pammate
indicated by (f).

Model r Line parameters x?/d.o.f. F-test
E o Flux EW
(eV) (eV) (eV)

0-40ks (segment 1)
PL 1.99:0.04 - - - - 5064514 -
PL+zgaus§  2.01:0.04 6.5%0.05 10(f) 2.@1.1 66:36 497.3512  98.9%
PL+zgaus§  2.00:0.04 7.033%  10()  1.17F 4572 502.7512  84.7%
PL+ 2xzgauss 2.020.04 6.5 (f) 10(f) 2011 6837 4938512  99.8%
7.0 (f) 10(f)  1.2:1.0 4841

40-70Kks (segment 2)

PL 1.97:0.04 - - 316,357 -

PL+zgauss  1.98%  651() 10() <05 <54 315.9356  47.2%
PL+zgauss  1.980.05 7.03%¢  10(f) 3.21.4 12554 301.0355 99.97%
PL+zgaus®  2.01+0.05 7.04§f§§ 142172 5229 204115 2984354  99.95%)
PL+ 2xzgauss 2.080.05 6.5 (f) 10(f) <18 <58 301.9355  99.97%

7.0 (f) 10(f)  3.21.4 12454
70-100 ks (segment 3)

PL 1.90:0.05 - - - - 383/B84 -

PL + zgauss 1.920.05 6.51 () 10(f) 1512 5142 379.1383  95.5%

PL + zgauss 1.940.05 7.03 (f) 10(f) 1.51.2 5849 379.4383  94.5%

PL+zgaus®  1.95:0.06 6.7002"  4313% 7,751 273160 3697381  99.7%

PL+2xzgauss 1.920.05 6.5 (f) 10(f) 1.#1.3 5m43 3728382  99.5%
7.0 (f) 10(f)  1.91.3 7651
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Fig. 11. Width and normalisation line contour plots at 90% confidelevel (Ay?=4.61) for segment 1 (dotted-line), segment 2
(continuous line), and segment 3 (dashed-liheft panel: line at 6.5 keV. For segment 2, only an upper limit is fouratresponding
to the continuous lineRight panel: line at 7.0 keV. For segments 1 and 3, only an upper limit isith

ulated 100 spectra using theerr command, and assuming arvalues of line intensity and line widitr were usually consistent
initial model consisting of a power-law plus a single Gaassi with the resulting spread in 100 simulated values. This satggl
emission line at either 6.5 or 7.0 keV. We assumed that tleadin that we could not rule out at high significance the hypothtbsis
intrinsically constant, with parameters described by @aJand these parameters are intrinsically constant.

used an exposure time of 29.8 ks. We found that the observed
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5. Discussion of a strongly photoionized (lag >3), circumnuclear matter

. seen in emission) with an iron overabundance of a factor 3,
We report the data analysis results of a long 100H#dM- ( )

' . ndor very high column densities WitNy yarm >> 1072cm
Newton observation in November 2005. We have use%ianchi & Mat}[200R). There is no significant evidence foeli
both model-independent techniques (€.g., rms-spectraflti 37T "however with the current data we also cannggae
plots) and spectral analysis (time-averaged and timewedo o possibility that the lines do vary in response to contmu

spectroscopy). variations. FurtheXMM-Newton monitoring of this source can
help to establish or reject line variability atfidirent time-scales
5.1. Timing analysis (from day(s) to months) and also allow us to determine if
the line profile is indeed double-peaked and originates @ th
Light curves reveal that this source was highly variablelwors disk or if there exist independent or transient ybtlie-shifted
timescales{500s), and was on average in a higbefter state emission lines. Shorter time-scales will only be reached by
compared to the May 2001 observation. The Power Spectrigdher collecting area (and resolution at the iron Knergy
Density (PSD) analysis indicates (at 95% confidence) a bregénd) instruments such &onstellation-Xand XEUS.
at a frequency of 3.7¢9) x 10~* Hz. This measured cutffre-

quency is comparable to those measured in some other rapidly . i
variable Seyferts, such as MCG—6-30-15 and NGC 4051. Fo In the May 2001 observation of ESO 113-G010 we observed

! 0 :
range inLpo from 10°45 — 10%5 erg s (i.e. assuming a min- 5%ne feature at 5.39 keV, which was detected at 99% confi@enc

. . . based on Monte Carlo simulations) with EAA233+ 140 eV.

Hgg”;e%%ﬁeldt% thpeies:;(r:r;] (();[IE: Rip%%m;r:’ d?ﬂ?hﬁ@gfklurvw?nséve notice that a weak feature is seen at 5.4 keV near 20 ks in the

from the mass-luminosity-time-scale relatio{ of McHard S"erdy-time map (Fig. 9), but this line has a detection padba

(200%) thatMz; ranges from 4< 1P—107 M, and the source is ity of only 38% using Monte-Carlo simulations. The 90% upper
(), - o

. . : - limit on EW for a 5.39 keV line in the total observation is 22 eV
accreting at or close to the Eddington rate (assuming eggrehi . . . .
Luyr implies that the AGN is a super-Eddington accretor). (Section 4.2.1). Therefore, if the line observed in May 2601

The rms-spectra obtained using light curves binned to 5 eal, itis transient. We note however that, if we treat thelidata
P 99 t on ESO 113-G010 as a set of independehksec segments,
e chance of seeing a 99% fluctuation in a single segment by

nd spectral hardness in May 2001 corresponds to the extreme

Seyferts, which tend to show a broad peak in the variabilti)gw and high values observed in 2005 (see Fig. 1), which might

?mgmuﬁg geett\;ve?s\?v 82 Eg\(} ékSV’FZg?aﬁ ;?l;iclhzlgé\';_rlx?)ﬂg e more favourable to transient line formation (though vem al
ty amp : = o : ’ Note that such a line feature was not observed during the 2005
Matsumotd 2003; Ponti et @l. 2J06). From the flux-flux analysig . minimum)

the existing data cannot distinguish between spectratipyof
the continuum and a two-component origin for the spectriél so In addition, as suggested by the 2001 observation, no sig-
ening, primarily because the data do not span a broad enotidffcant constant narrow 6.4keV FeKline is observed with
flux range to see the characteristic change in gradient eagiec@n upper-limit of< 32 eV, hence excluding any dominant emis-
from the power-law. However, in the case of the two-componegion from distant cold matter such as a torus. For a neutral so
model being correct for this source, the fractionfisets mea- lar abundance reflector subtendings2™* to the line of sight,
sured in the flux-flux plots increase significantly towardrsg illuminated by a" = 1.9 continuum and inclined at 45the ex-
energies (similarly to what is observed in MCG-6-30-15), d¥cted iron line equivalent width is 125 eV with respect to the
expected if we are witnessing a constant reflection componeprimary continuum|(George & Fabjgn 1991). Thus in ESO 113-
Because there is no evidence for distant, cold material aaeh G010 any cold, Compton-thick reprocessor outside of tredin
torus §4), then if the Compton reflection component is real, th@ight is likely to subtend a much smaller solid angle, of traeo
reflection is more likely associated with the accretiondisc < 7/2 sr.

The optical classification as a Seyfert type 1.8 of ESO 113-
G010 (observed in November 1996; Pietsch ft al. [1998) stgjges
the presence of a reddened broad line region (BLR). For a red-
Instead of a single highly redshifted line at about 5.4 keWening of E(B-V)= 0.8-1.0, typical for a Seyfert 1.8 (Véron-
as observed in the 4ks May 2001 observation, we found @etty & Véron|200p), the hydrogen column density would be
the November 2005 time-averaged observation two narr@gual to or greater than about 48¥*cm 2 (assuming a dust-
Fe Ka emission lines at about 6.5keV and 7.0 keV. The forméo-gas ratio equal to or smaller than the Galactic value;liBoh
rest-frame energy is compatible within the error bars wiih@ et al.[197B). However, during the present 200%¥M-Newton
emitted by moderately ionized iron Fexix—Fexxmn). However observation (also suggested by the 2001 observationgadst
this line is more likely a blue or red peak of a relativistiof an intrinsic neutral absorption (in addition to the Gélac
line, indeed a genuine Rex—Fexxn (L-ions) emission line column density value of 2.74 10°°cm2) expected about be-
complex would sffer from resonant Auger destruction (Rostow 1 keV, a soft excess is observed. A resolution of this appa
et al.[199F; Liedah] 2005). The latter line energy corresisonent discrepancy, without the need to invoke a very high dust-
to highly ionized iron line (Fexvr) or to a highly blue-shifted to-gas ratio is either that dust that obscures the BLR clouds
iron line from lower ionization matter. The two features canould lie out of the direct line of sight toward the X-ray emit
be well represented by a double-peaked line profile from tler; or dust responsible for the BLR reddening could be mixed
disk with a rest-frame energy of 6.75-6.80keV. In case @i with the warm absorber-emitter medium detected in the RGS
an annulusiskLiNe profile an inner radius of about 269 is  spectrum. Alternatively, the apparent disagreement baivilee
inferred. Alternatively the Fexvr line could be the signature (non-simultaneous) optical and X-ray classifications dog

5.2. Spectral analysis: The FeKa line complex
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explained by a time variability of the optical glod X-ray ab-
sorbing properties (e.g., H132651:|Barcons et &@l. 2003).

D. Porquet et al.: A 100 ks XMM-Newton view of the Seyfe@ ESO 113-G010.

and grouped each spectrum to a maximum of 20 counts per bin.
For each faked spectrum, we re-fit the null hypothesis model,
yielding a “modified” null hypothesis model. We ran FAKEIT a

Acknowledgements. The XMM-Newton project is an ESA Science Mission withsecond time using this re-fit model, again with the appr@eria

instruments and contributions directly funded by ESA MemBmtes and the
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Appendix A: Monte-Carlo simulations
A.1. Method

We carried out rigorous tests of the significance of the lindise

exposure time; this process accounts for the uncertaintiyen
null hypothesis model itself. For each new spectrum, wetre-fi
the null hypothesis model, recorded an inigdlvalue, and then
added a Gaussian component to the fit, as described below. The
line centroid energy was constrained to the 4.5-8.0 keVeang
and the line normalization was allowed to be positive or rega
tive. We stepped the Gaussian centroid energy over thisriang
increments of 0.1 keV, fitting separately each time to enthee
lowesty? value was found. For each spectrum, we compared the
lowesty? value with that from the null hypothesis fit, to obtain
1000 simulated values of th&y?, which we used to construct

a cumulative frequency distribution of the? expected for a
blind line search in the 4.5-8.0 keV range, assuming the null
hypothesis of a simple power-law with no line is correct.

A.2. Results for the time-averaged spectrum

The observed 6.5 and 7.0 keV lines hagf values of 13.2 and
19.0, significant at 97.4% and 99.7% confidence, respegtivel
according to the simulations. However, since we have dedect
two lines that are close in energy, we can quantify theirdete
tion significance as a pair. The likelihood that both lines due

to photon noise is (1-0.974)(1-0.997)8x1075, i.e., the pair

is significant at just over 99.99% confidence. As an altevaati
guantification of the detection significance of the pair, &g r
simulations which tested for the presence of a pair of narrow
Gaussians with a fixed energy separation of 0.50 keV and with
both line intensities left free. The observag? value of 33.2

is significant at-99.9% confidence. However, as there was no
a priori expectation for the value of the energy separation, us-
ing such a line profile tests only a small subset of the fulgean

of line pair profiles possible, and so this probability skibhé
treated as an upper limit. Assuming the annulus profile is cor
rect, the observedy? value of 28.8 corresponds to a detection
probability of>99.9%.

A.3. Results for the time-resolved sub-spectra

Segment 1 (0—40ks): The observed 6.51 keV line hag%of

9.4, significant at 85.8% according to the Monte Carlo simu-
lations. The observed 7.03 keV line has\g? of 4.2, signifi-
cant at only 18.6% confidence, i.e., we cannot significantlg r
out the hypothesis that the 7.03 keV feature is due to photon
noise. However, the likelihood th&bthlines are due to photon
noise, calculated in the same manner as for the time-avérage
spectrum, is 0.116, i.e., the pair of lines is significant&#8o.
Performing Monte Carlo simulations assuming two lines vaith
fixed energy separation yields (an upper limit of) 92.0% confi
dence.

Segment 2 (40-70ks): The simulations suggest the broad
Gaussian 7.0keV line, with an observag? of 17.9, is signifi-

ti_me—av_eraged spectrum and in each segment usin Monte Catlnt at 99.7% confidence.
simulations; se(é Porquet ef] a]. (2004b) 4nd Markowitz bt ogment 3 (70-100ks): The simulations suggest the broad

(2008) for full details. For the null hypothesis, we assurti@l  issian 6.7 keV line, with an observag? of 13.9, for only
the spectrum is simply an absorbed power-law continuuniy w

the same parameters as the absorbed power-law model fitte

g %iditional parameters is significant at 99.9% confidence.

the real data in each segment. We used the XSPEC FAKEIT

command to create 1000 fake EPIC-pn spectra corresporain

this model, with photon statistics appropriate for eachosxipe
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