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ABSTRACT

Context. We report on a detailed study of the Fe K emission/absorpamplex in the nearby, bright Seyfert 1 galaxy Mrk 509.
The study is part of an extensivéIM-Newton monitoring consisting of 10 pointings-(60 ks each) about once every four days, and
includes also a reanalysis of previasIM-Newton and Chandra observations.

Aims. We aim at understanding the origin and location of the Fe Kseimh and absorption regions.

Methods. We combine the results of time-resolved spectral analysisoth short and long time-scales including model independe
rms spectra.

Results. Mrk 509 shows a clear (EW58+4 eV) neutral Fe & emission line that can be decomposed into a narrow 0.027 keV)
component (found in thEhandra HETG data) plus a resolved-(= 0.22 keV) component. We find the first successful measurement of
a linear correlation between the intensity of the resolimel¢component and the 3-10 keV flux variations on time-saaflgears down

to a few days. The Fe &Kreverberates the hard X-ray continuum without any measeitaly, suggesting that the region producing
the resolved Fe i component is located within a few light days-weel€ (t0® r,) from the Black Hole (BH). The lack of a redshifted
wing in the line poses a lower limit f40 ry for its distance from the BH. The Feakcould thus be emitted from the inner regions of
the BLR, i.e. within the~80 light days indicated by thegine measurements. In addition to these two neutral Fe&mponents,
we confirm the detection of weak (EW8 — 20 eV) ionised Fe K emission. This ionised line can be modeliéld either a blend of
two narrow Fexxv and Fexxvi emission lines (possibly produced by scattering from distaaterial) or with a single relativistic
line produced, in an ionised disc, down to a fgvirom the BH. In the latter interpretation, the presence dbaised standard-disc,
down to a few g, is consistent with the source high Eddington ratio. Finalle observe a weakening/disappearing of the medium
and high velocity high ionisation Fe K wind features foungbirviousXMM-Newton observations.

Conclusions. This campaign has made possible the first reverberationureraent of the resolved component of the ke lite,
from which we can infer a location for the bulk of its emissatra distance of+ 40— 1000 g from the BH.

Key words. galaxies: individual: Mrk 509 — galaxies: active — galaxigsyfert — X-rays: galaxies

1. Introduction

X-ray observations of AGN have shown the almost ubiquitous
presence of the Fe Kline at 6.4 keV (Yaqoob et al. 2004;

Send offprint requests to: Gabriele Ponti Nandra et al. 1997; 2007; Bianchi et al. 2007; de la Calle et al
e-mail:ponti@iasfbo.inaf.it 2010). Unlike the optical-UV lines that are emitted by digta
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material only, the Fe K line traces reflection not only from dis- showed that these lags are ubiquitous in AGN, that they scale
tant material (such as the inner wall of the molecular tottus, with Mgy and have amplitudes of the order of the light crossing
broad line region and/or the outer disc) but also from regi@s time of a few g, thus suggesting a reverberation origin of the
close as a fewgr(where g=GM/c?) from the BH (Fabian et al. delay (but see also Miller et al. 2010). Another fundamestegb

2000). forward will be to combine these timing techniques to deteet
The powerful reverberation mapping technique, routinelyerberation lags in the Fe K band (see Zoghbi et al. 2012).
exploited on optical-UV lines (Clavel et al. 1991; Peter368as3; Reverberation from distant material has the advantage that

Kaspi et al. 2000; Peterson et al. 2004), can also be apgiedhe intensity of the Fe K line and the continuum are expected
X-ray lines such as the FedKline. This kind of analysis has ato follow a simple one-to-one correlation, however, theestpd
tremendous potential, allowing us to map the geometry of matelays between the reflection component and the direct emis-
ter surrounding the BH, starting from distances of a few ii@av sion are usually too large for a typical X-ray exposure. lct,fa
tional radii up to light years. However, each Fe Komponent reflection from the inner walls of a molecular torus is expdct

is expected to respond on a different characteristic tireay+ to be delayed by a few years up to several decades and thus re-
decades for the torus, several days-months for the BLRroutpliires a very long monitoring campaign. Reflection from the
disc, and tens of seconds to a few hours for the inner accBi-R and/or outer disc is more accessible, the delay between
tion disc) and current X-ray instruments cannot easilyriise- continuum and reflection is expected to be between a few days
gle the different components. Indeed, reverberation nmappf up to few months. Thus a properly tailored monitoring cargpai

all Fe Ko emission components represents an enormous obger-a bright AGN withXMM-Newton, Chandra or Suzaku could
vational challenge, and specially tailored monitoring paigns achieve this goal. Several attempts have been made (Magkowi
(to sample the proper time scales) have to be designed. et al. 2003; Yaqoob et al. 2005; Liu et al. 2010). However, the

Since the detection of the first clear example of a broad afhf-20 % or larger error on the flux of the Ferkne and the low-
skewed Fe line profile in the spectrum of an AGN (indicatingampling frequency of the X-ray observations have madeyhe a
that most of the line emission is produced within few teng,pf rplication of reverberation of the FecdKline on weeks-months
e.g. MCG-6-30-15, Tanaka et al. 1995) the quest to undatstdimescales basically impossible, until now.
how the broad Fe & line varies with the continuum is ongo-  Mrk 509 (z=0.034397) is one of the brightest Seyfert 1
ing. Indeed, close to the BH the simple one-to-one cormtatigalaxies of the (2-100 keV) X-ray sky (Malizia et al. 1999;
between continuum and reflection line is distorted by GdneRevnivtsev et al. 2004; Sazonov et al. 2007), thus it has bben
and Special relativistic effects. Several papers preséahsive served by all major X-ray/Gamma-ray satellites. TCteandra
theoretical computations to describe the inner disc rererb HETG spectrum shows a narrow component of the Fe K line
tion to the continuum taking into account all relativistifeets with an Equivalent Width (EW) of 50 eV (Yaqoob et al. 2004).
(Reynolds et al. 1999; Fabian et al. 2000; Reynolds & NowakMM-Newton and Suzaku data provide evidence for a second
2003). broader ¢ = 0.12 keV) neutral Fe K line (Ponti et al. 2009) as

Several techniques have been employed to measure Wl as a weak ionized emission feature between 6.7—6.9 keV
variability-reverberation of the relativistic Feakine. However, (Pounds et al. 2001; Page et al. 2003; Ponti et al. 2009). The
for the best cases such as MCG-6-30-15, the relativistidérfee |ionised emission can be fit either using a relativisticaligau-
showed a complex behaviour, having a variable intensitgwat | ened ionised line or an outflowing photo-ionised gas compbne
fluxes (Ponti et al. 2004; Reynolds et al. 2004) while show- Imprinted on the Fe K band emission of Mrk 509 are the
ing a constant intensity at higher fluxes (Vaughan et al. 200gerprints of two kinds of ionised absorption components,
2004; see also the case of NG4051: Ponti et al. 2006). Tloise marginally consistent with a medium velocity outflow (v
puzzling and unexpected behaviour has been interpretedeas #4000 km s*; Ponti et al. 2009) and the others out(in)flowing
to strong light bending effects by some authors (Miniuttakt with relativistic velocities (Cappi et al. 2009; Dadina et2905;
2003; 2004) or, alternatively, as the evidence that thedwiag Tombesi et al. 2010).
of the Fe kv line is produced by strong and complex absorption Here, we present the spectral and variability analysis ef th
effects (Miller et al. 2008). Fe K complex energy band of Mrk 509 using the set oKMM-

Thanks to the application of FedKexcess emission mapsNewton observations (60 ks each), about one every fours days
(lwasawa et al. 2005; Dovciak et al. 2004; De Marco et and spanning more than 1 month, which we obtained in 2009
2009), it has been possible to track weaker coherent pattérn (see the 3-10 keV light curve in Figl 1). We also re-analyse th
Fe Ka variations. In a few sources Feddariations are consis- previous 5XMM-Newton observations. Thanks to this extensive
tent with being produced by orbiting spots at a fegWrom the monitoring campaign we can measure correlated variatiens b
BH (lwasawa et al. 2004; Turner et al. 2006; Petrucci et @.720 tween the Fe K line intensity and X-ray continuum flux, allogi
Tombesi et al. 2007). Future larger area telescopes aredéed us, for the first time, to perform a reverberation mappinglgtu
finally assess if these features are present only spordital  on this X-ray emission line. In addition we can study the pres
ing peculiar periods or if, instead, although weak, are gévaence of highly ionised matter from the innermost regionsiad
present and can be used to map the inner disc (see e.g. VaugharBH.
et al. 2008; De Marco et al. 2009). The paper is organised as followgR is devoted to the de-

A leap forward in X-ray reverberation studies occurredcription of the observations and data reduction§3na first
thanks to the application of pure timing techniques to threglo parametrisation (with a single Gaussian profile for the ke K
XMM-Newton observation of 1H0707-495 that allowed the disline) of the total summed spectrum of the 2009 campaign is pre
covery of a "reverberation lag” between the direct X-raytion sented. Section 4 is dedicated to the detailed study of théaFe
uum and the soft excess, probably dominated by FeL line eméswnission. We first present the study of the Fe lihe variabil-
sion (Fabian et al. 2009; Zoghbi et al. 2010). Soon after-simfy, assuming a single Gaussian profilgl.(l) we then use the
lar delays were seen in a few other objects (Ponti et al. 20XChandra HETG data §¢4.2) to decompose the Feline in two
De Marco 2011; Emmanouloulos et al. 2011; Zoghbi & FabigBaussian (narrow and resolved) componef#ts3 presents the
2011; Turner et al. 2011). Recently, De Marco et al. (2012prrelation between Fe Kintensity and the 3-10 keV contin-
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e e to soft protons flares was negligible during the whole 2008-mo

i 1 itoring. The final cleaned EPIC-pn exposures for each XMM-
< i 71 Newton observation were about 60 ks, i.e. roughly 40 ksy afte

L accounting for the proper dead-time of the pn when operéting

i } |' 1 small window mode (see Table 1 of Mehdipour et al. 2011, for a
el ﬂ { - list of the exposure times).

i 1 The pn and MOS spectra were extracted from a circular re-
gion of 48" and 20 radius centred on the source, respectively.
- L ’ 1 The background was taken locally from identical circular re

I 1 gions located on the same CCD of the source for the EPIC-
i “ 1 pn but on another CCD for the EPIC-MOS. The EPIC data
[ ( 1 showed no evidence of significant pile-up, thus single and do

ble events were selected for both the pn (PATTERNM) and the
1 MOS (PATTERN«=12) camera. Response matrices were gener-
L L ated for each source spectrum using the SAS taskgen and
0 10e 2x10° 3x10° rmfgen. The sum of the spectra has been performed with the
time (s) MATHPHA, ADDRMF and ADDARF tools within the HEASOFT

Fig. 1. 3-10 keV EPIC-pn light curve (3 ks time bins) of the 1Package (version 6.10).

XMM-Newton observations of the 2009 monitoring campaign. ~ Mrk509 was observed by the Chandra Advanced CCD
Imaging Spectrometer (ACIS: Garmire et al. 2003) with the

High-Energy Transmission Grating Spectrometer (HETGS:
uum (once the Fe Kline is fitted with 2 Gaussian lines) whichCanizares et al. 2005) in the focal plane, on 2001, April 13th
is confirmed, in a model independent way, by the rms spectrinbsid 2087). Data were reduced with the Chandra Intemactiv
(§4.4). In§4.5 we discuss the possible origin of the Fe khe. Analysis of Observations (CIAO: Fruscione et al. 2006) 4.2
§5 presents the study and the discussion of the origin of thed the Chandra Calibration DataBase (CALDB) 4.3.1 so#var
ionised Fe K emission/absorption. Conclusions abin adopting standard procedures.

All spectral fits were performed using the Xspec software
) ) (version 12.3.0) and include the neutral Galactic absompti
2. Observations and data reduction (4.44x10%° cm2; Murphy et al. 1996), the energies are in the

Mrk 509 was observed for a total of 15 times XyIM-Newton: rest frame if not specified otherwise, however the energiésd
on 2000—10—25. 2001—04—20. 2005—10-16. 2005—10—20 20Qt0ts are in the observed frame and the errors are reporthd at
04-25, and 10 ti;’nes in 2009 (s:ee Fig. 1 starting from ZOOQQO- per cent confidence level for one interesting parametari(A

: ; 1976) in all the tables, while they arecierrors in the Figures.
and ending on 2009-11-20). Ponti et al. (2009) and Kaasth et . .
(2011) provide a full description of the first 5 and the last 1 rk 509 has a cos_mologlcal “.adSh.'ft Of_ 0.034397 (Huchra et al
XMM-Newton observations, respectively. 993) corresponding to a luminosity distance of 145 Mpc-(tak

H _ 1 ~1 — —
We initially reduced the EPIC data (as in Mehdipour et a9 < Ho >= 73 km = Mpc™, Q = 0.73 andQy = 0.27).

2011), starting from the ODF files, using the standard SAS8 v9.
software. However, we noted that the rest-frame best fitggner3. The mean spectrum
of the Fe kr line in the EPIC-pn spectrum f&x, = 6.35+ 0.01 . )
keV) was not consistent with the best fit energy in the summé&€ upper panel of Figute 2 shows the data to best fit model ra-
spectrum of the EPIC-MOS datadi, = 6.41 + 0.01 kev). tio plot of the summed spectra of the 10 EPIC-pn observations
This discrepancy~ 50 eV) was found to be systematic, and waB€rformed during the 2008MM-Newton monitoring campaign,
presentin all 10 observations. Being significantly largpantthe fittéd in the 3.5-5 and 7.5-10 keV band with a simple power law,
reported systematic uncertainty on the calibration of tieoaute absorbed by Galactic material (interstellar neutral gasiss
energy scale of 10 eV (CAL-TN-0018), this result triggered amodel in XSpeQ. For comparison, the black data points in the
in-depth study of the pn and MOS energy scales byxiiv- lower panel of Figl 2 show the same plot for the summed EPIC-
Newton EPIC calibration team. After excluding that this effecP SPectrum of the previousXM-Newton observations taken
is related to X-ray loading, a stronger than expected lemgyt Petween 2000 and 2006, while the red data show the summed
degradation/evolution of the Charge Transfer Inefficieg@yl) ~XIS0+XIS3 spectra of the &uzaku observations performed be-
was found. The pn long-term CTI was thus re-calibrated, af§een April and November 2006 (see Ponti et al. 2009 for more
its corrected value implemented in the SAS version 10.@8 (1€tails). , , ,
CCF release note XMM-CCF-REL-2)L Thanks to a longer integrated exposure and a slightly higher
The EPIC data were thus reduced again using the SA8X, the source spectrum in the FeK band has significanthgbet
version 10.0.0. During the XMM-Newton monitoring, botrStatistics during the 2009 campaign than the sum of all tee pr
the EPIC-pn and the EPIC-MOS cameras were operating YiPuS observations (see FIg. 2). Hence we can better camstra
the Small Window mode with the Thin filter applied. Théhe FEK complex and study its variability not only on the time
#XMMEA _EP and #XMMEAEM, for the pn and MOS cam- Scalés of days and weeks over which the monitoring has been
eras, respectively, are used to filter the events lists ancetate Performed, but also on time-scales of years, using prewabds
Good Time Intervals (GTI). The FLAG==0 is then used for se3ervations.

lection of events for making the spectra. The data were secee  1he upper panel of Fig] 2 shows, as observed during previous
for increased flux of background particles. The contributioe ©Observations, an evident emission line at 6.4 keV as welhas a

emission tail at higher energies. A simple power law fit to4he
1 See hitp://xmm2.esac.esa.int/external/xsmcal/calib/relnotes/ 10 keV total pn spectrum gives an un-acceptablgfit{ 24457
index.shtml for 1197 dof). Adding a Gaussian line to fit the Fe kne at 6.4

3-10 keV count rate (ph s™)

2.5
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Fig. 3. (Left, middle and right panels) Intensity vs. time in MJD, intensity vs. 3-10 keV flux and EW 8s10 keV flux of the Fe

line fitted with a single Gaussian profile with = 0.092 keV (model 1), respectively. Each data point repreghetbest fit result
obtained from the fit of the spectrum of eaXMM-Newton observation (red hexagonals) and the total spectrum of @88 Bata
(blue stars). The dashed lines represent the expectetbnslatt the Fe kv line has constant intensity, while the dash-dotted lines
represent a constant EW, and the dotted line shows the besnfit. The left panel show the observation date in Modifiddu
Date, MJD minus 51500 which corresponds to 1999 Novemb®r Ti8o XMM-Newton observations occur at day 2159 and 2163
and appear overlapping in the left panel.

keV improves the fit by\y? = 1134 for 3 extra parameters (sedor a Schwarzschild black holetiskline model in Xspec). We
model 1 in Tab[1l). This line reproduces the bulk of the néutrfixed the line energy either to 6.7 or 6.96 keV (for thexte/ or
FeK emission (E 6.43+ 0.01 keV), but leaves strong residuald-e xxv1 line, respectively) and the inner and outer disc radius
at higher energies which might be, at least in part, asstiato 6 and 1000 gravitational radii. In both cases the best f wi
with an Fe K8 emission line. We thus add a second line with thihis model suggests the inner accretion disc to be modgiiatel
same line width as the FedKline and an energy of 7.06 keV clined~ 33— 18, to have a fairly standard disc emissivity index
(Kaastra & Mewe 1993). The best fit parameters are given a2.2—2.8 and an equivalent width of the line to be EV86—40
model 2 in Tab[1L, and the fit improves By? = 66.9 for the eV. The data are described reasonably well by this modeltresu
addition of 1 new parameter. The best fit intensity i N = ing in ay? = 12160 andy? = 12194 for 1191 dof, for the
0.75x 10°° ph cnt? s71, and the observed MKa ratio is= case of a broad Fexv and Fexxvi line, respectively. Thus,
0.19+ 0.02. This is slightly, but significantly, higher than 0.155the single broad ionised disc-line model is statisticatigfistin-
0.16, the value estimated by Molendi et al. (2003; who assurggishable from the multiple narrow lines ong’ (= 12198 for
the Basko 1978 formulae; but see also Palmeri et al. 2003ab}92 dof).

The excess of Fe Kemission might be due to the contamination

by the Fexxvi emission line at 6.966 keV. This idea is further

supported by the observation of clear residuals, in the fitest 3.1. Medium velocity-high ionisation winds

around 6.7 keV; and by the best fit FeK ener@y £ 6.43 + _

0.01 keV) which is inconsistent with the line arising from it The summed spectrum of the previoM#1M-Newton obser-
iron. This thus suggests that the Gaussian line is trying bofh  vations showed a medium velocity(y ~ 0.048 + 0.013 c)

the neutral and ionised Fe K components. highly ionised (Log{)~ 5) outflow in Mrk 509 (Ponti et al.
2009). The associated Bexvi absorption line was detected

To model ionised FeK emission, we add two narrow=(0) - o, in the EPIC-pn and MOS camera, with an equivalent width
emission lines, one (Fexv) emitting between 6.637 and 6.7g\w— _131+59 eV and with a total significance between &
keV (to take into account emission for each component of tfeg 99.9 % p_rf)%ability).

triplet) and the other (Fe&xvi) emitting at 6.966 keV (model . ) o o

3 in Tab[1). Moreover we impose that the intensity of the K  During the 200XMM-Newton campaign this highly ionised
has to be 0.155-0.16 times the intensity of Fe Kne (and absorption component is not _S|gn|f|cantly detected. If we ad
UFe kg = OFe ko). The fit significantly improvesAy? = 25 for narrow Gaussmn absorptlorj line at 7.3 keV, the energy adlibhe
the addition of one more parameter). Both %ev (the best Sorption feature in the previod8vIM-Newton observations, we
fit line energy is consistent with each one of the triplet) ar@Pserve the line to be much weaker with the best fit line EW be-
Fe xxvI are statistically required (although the k&vi line iNg —3.2'5% eV, significantly smaller than observed in previous
is not resolved from the FeKemission, thus its intensity de-XMM-Newton observations.

pends on the assumedK 3 ratio). In this model the Fe &line

is roughly consistent with being produced by neutral or jowl

ionised material (Fex, = 6.415+ 0.012 keV).

Pounds et al. (2001), Ponti et al. (2009), de la Calle et &. The neutral Fe Ka component
(2010), Cerruti et al. (2011) and Noda et al. (2011) sugdwest t
the inner accretion disc in Mrk509 might be highly ionised anin this section we further investigate the nature of the kdiie,
thus the ionised emission of the Fe K complex might be asdoeking at the individual spectra obtained over the yeanst O
ciated to a relativistic ionised reflection component piaatlin  analysis of the long 2009 monitoring campaign, which tsghee
the inner disc. To test this hypothesis, we substitute tlentar- total exposure on Mrk509, confirms the presence of a resolved
row lines (Fexxv and Fexxvi) with one broad ionised line componentd = 0.092+ 0.012 keV) of the neutral Fe &line
(model 4 in Tab[l) with a relativistic profile (disc line prefi (see model 3, but also 4 and 5 of Tab. 1).
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Fig. 4. (Left and right panel) The intensity and EW of the resolved & 0.22 keV) Fe kn component (the narrow Fedkcomponent

is assumed to hawe = 0.027 keV and be constant) as a function of the 3-10 keV flux. Btaes and red hexagonals show the best
fit results of the 10 observations of the 2009 campaign anldeopteviousKMM-Newton observations, respectively. Dashed and dot
dashed lines show the constant intensity and constant E¥é cesspectively. The best fit relation (dotted line) is ¢stest with

the resolved component of the Ferine having constant EW. The intensity of the resolved congm of the Fe I& line follows

the 3-10 keV continuum variations with a 1-to-1 relation.

4.1. Fe Ka variations on years time-scales at light years from the BH, based on the Fe ke widths. Only
with the Chandra high energy transmission grating (HETG) we

To study the variability of the neutral Feakemission line (on ¢an, confidently pose some constraints on the distance offthe d
years time-scales), we fit the spectrum of each of theXM-  orent Fe K emission components.

Newton observations (i.e. between 2000 and 2006) with a single

FeKa (plus associated Kemission) plus two narrow emission

lines (such as i3 in model 3) to parametrize the ionised Fe

emission (see Tabl 1). Leaving the Fe Widths free to vary, aslsl'z' Chandra HETG

in Tab.[1, would result in unconstrained values for the gpect

with the shortest exposures (due to the lower statisticg)til's Chandra observed Mrk 509 with the HETG instrument only

decide to fix the width of the Fe Kline to o = 0.092 keV, once for 50 ks (Yagoob et al. 2003). During the HETG obser-

its best fit value as observed in the total spectrum of the 2008tion the 3-10 keV flux was.86 x 10! erg cnmt? s with

campaign (model 3 of Tah] 1). a power law spectrum of indeik = 1.76°533. An excess was
The left panel of Figl13 shows the FexKine intensity for present at 6.4 keV, thus we added a Gaussiall.liIneagreement

eachXMM-Newton observation as a function of time, using thevith the results obtained by Shu, Yagoob & Wang (2010) and

summed 2009 data. The line intensity is observed to varyssy leraqoob & Padmanabhan (2004) we detect a line.42 & 0.02

than 25 %. The fit with a constant Fexintensity (dashed line), keV with an intensity of 3 2x 10™ photons cm? s%. The line

however, is unsatisfactory{ = 10.7 for 5 dof). The middle is resolved and has a width significantly smaller than the one

panel of Fig[B shows the Fedkintensity vs. source flux in the measured bXMM-Newton, o = 0.027°3018 keV. This suggests

3-10 keV band. The fit slightly improves when a linear relatiothat, at least part of, the neutral Fexlemission is produced in

(see dotted line) is consideredy’ = 7.6 for the addition of regions more distant than a few thousands gravitationél fad

one more parameter; 97 % F-test probability). The increasefact, if the material is in Keplerian motion and assuming a BH

Fe Ka intensity with flux might suggest that the line is respondnass of Mrk 509 of My = 1.4 — 3 x 10° M,, (Peterson et al.

ing quickly to the illuminating continuum, keeping a comdta 2004; Mehdipour et al. 2011), then the narrow core of the line

EW with flux. The dash-dotted line shows the expected ke Ks produced at a distance of r=0.2-0.5 pc30000 ). We note

intensity variation for a line with constant EW. The obseflise that this value is of the same order of magnitude as the molec-

intensity variations are intermediate between the congtéen- ular sublimation radius for Mrk 509. Landt et al. (2011) wsin

sity and constant EW cases. The right panel of Eig. 3 confirrggasi-simultaneous near-infrared and optical spectmsesti-

that the line has neither a constant intensity nor constsiit Emate a radius of the hot dust©f0.27 pc (0.84 ly), which is also

instead it sits somewhere in the middle between these tvascagsonsistent with the one estimated following eq. 5 of Barigin
The Fe K variations on years time-scales suggest that &t987) assuming a bolometric luminosityd. = 1.07x 10* erg

least part of the line is varying following the 3-10 keV conti S = (Woo & Urry 2002). This suggests that this narrow compo-

uum. We want to point out that the width of the Fer Kine is nent of the Fe K line might be associated to the inner wall ef th

comparable to the EPIC-pn energy resolution. This mearts thaplecular torus.

the observed Fe « variability may be the product of a con-

stant narrow component, coming from distant material, jplus

broader, resolved and variable Fa Kne produced closer to the

BH. Unfortunately, due to the limited energy resolutionl®&t 2 |n order not to lose the excellent energy resolution, wedkgtnot

EPIC cameras aboakMM-Newton, we cannot resolve the Fe Kto rebin the spectrum and to fit the data using the C-statig@ash

emission, coming from regions located at light weeks froosth 1979). The best fit has C-stat value of 370.5 for 284 dof.
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o = 0.22 = 0.05 keV which is larger than the single Gaussian
Fe Ka fit (oo = 0.092 keV).

. — . Reflection is the most probable origin of the Fer Kne.
[ XMM-Newton P ] Associated to reflection lines an underlying reflection gont
2009 campaign Feka & 1 uum is expected and generally observed. In particular the ra
P ] tio between the intensity of the line over the reflection aont
L Jj FéXxv | ] uum strongly depends on the reflector column density regahin
[ §J”r B ] value of EWek, ~ 1 keV for Compton thick materials. To check
t +§§§Fex?<\;" 1 the impact of the reflection continuum on the best fit model we
L D Fekp 7 add a standard neutral reflection continurBXRAV in XSPEQ
W with intensity such that the EWk, = 1 keV over their reflec-
L o E ] tion continua. The new best fit line EW do not vary significantl
:1'++++*++”+++++H1'1++H#H+++J"+ bt t 4 'J"+"r++++++. (EW= 26+ 3 eV and EW 33*2 eV, for the narrow and resolved
[ P ] Fe Ka lines, respectively). Thus, and considering also the lim-
ited energy band used here we decide to disregard the cantinu
7 reflection component (the impact of the reflection componant
the broad band source emission will be studied by Petruedi et
2012 taking into account the UV to soft Gamma ray emission
' ' ' with physical models). The narrow component, as observed du
ing the 2009 campaign, has an intensity & 4 0.2 x 107° ph
cm2 s71, which is about half the total FeKintensity (see Tab.
[@ and Fig[B). This value is consistent with the intensityhaf t
narrow Fe kr line observed byChandra. The width of the nar-
row component suggests a distance of 0.2-0.5 pc from the BH,
thus we expect that all the variability on time-scales srdtian
a few years would be smeared out because of light travelfing e
+ + fects. For this reason and because the lower signal to noise i
H_ . the individual 2009 and earlieXMM-Newton spectra does not

Wwﬁlml Wﬁﬂrﬁﬂluf J[JrH-I qj[-ﬁ% allow us to disentangle both components, in all the follayfits
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we assume a constant intensity 0 % 107> cm2 s for this
narrow Fe Kr component.

0.9

5 Next, we fit the spectrum of each of the XBMM-Newton
Energy (keV) observations with model 6 shown in Tab. 2, assuming a constan

, intensity for the narrow Fe & component and constant width
Fig. 2. (Upper panel) Summed EPIC-pn spectra of the 10 obfq, the resolved component, plus the associated Fand nar-

servations performed during the 208®M-Newton monitoring row Fexxv and Fexxvi lines. The left panel of Fig4 shows

campaign. The data are fit, in the 4-5 and 7.5-10 keV bands, Wihe intensity of the resolved componeat £ 0.22 keV) vs. the

a simple power law, absorbed by Galactic material, and the rag_; j ey flux for the 10 observations of the 2009 monitoring
of the data to the best—f_lt_ model is shown. The dotted lines ingp e stars) as well as for the previoXdM-Newton observa-
cate the rest frame positions of the Fe, ke K5, Fexxv (reso-  ions (red hexagonals). The dashed line shows the best fit as-
nance, intercombination and forbidden) andée1 lines. The g ming that the Fe & intensity is constant, which results in an
x-axis reports the observed-frame enegywer panel) In red hsatisfactory fit with? = 332 for 14 dof. On the other hand,
the 2006 XISO+XIS3uzaku summed mean spectra are Shownyee the data are fitted with a linear relation (dotted litres fit
In black the summed spectra of theXBIM-Newton observa- nificantly improves4y? = 23.0 for the addition of 1 new pa-
tions performed between 2000 and 2006 are shown. This Fig %neter, which corresponds to F-test probabi#it99.98 %). We
is taken from Ponti et al. (2009). The arrows mark possible alysq compute the Pearson’s linear correlation coefficieegual
sorption features in the spectrum. to 0.87 and has a probability 2.7 x 10-%, which corresponds to

a significance of the correlation of more thaor {similar results

are obtained using a Spearman’s rho or Kendall's tau cdiwala

. coefficients). The slope of the observed best fit relationiss-

4.3. Two components of the Fe Ka line tent with that expected if the resolved line is respondingdirly

Thus, as suggested by the analysis of@endra HETG data to th_e continuum variations. This is conﬂrr_ned in th_e ngh’m_pla
and in agreement with the observed variability on years-tim@f Flg._[Z Wh.'Ch shows the resolved FexHine EW is consis-
scales, we interpret the FeaKline as being composed by two €Nt With being constangf = 17.1 for 14 dof), as expected if
components which are indistinguishable at the EPIC reisoiut 1€ F€ K line is responding linearly to the 3-10 keV continuum
We first re-fit the mean spectrum of the 2009 campaign with pflyix variations.

components for the FeKline. One "narrow” component with The line intensity is significantly variable even on time-
the line width fixed at the best fit value derived fra@Phandra scales of few days, e.g. between the different pointing ef th
analysis ¢ = 0.027 keV) plus a "resolved” component with2009 monitoring campaign. In fact, fitting the 2009 Fe K-

its width free to vary. Model 6 in Tala] 2 shows the best fit retensities with a constant givesd = 13.7 for 9 dof, which be-
sults assuming the energy of both components is the same. Thmesy? = 5.3 when a linear relation is considered (as specified
narrow component has a best fit EV27 + 4 eV, while the re- in §2, conservative 90 % errors are used here). The Pearson’s lin
solved neutral line has an E-\z!\l42j?1 eV and a best fit line width ear correlation coefficient results to be 0.8 and has a pitityab
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Fig. 5. Intensity vs. observation number of the XBIM-Newton : : — : : —

pointings of the 2009 campaign. The black dashed line shows Energy (keV)

the re-scaled (with the mean 3-10 keV flux equalling the mean

line intensity) 3-10 keV source flux. The intensity of thealeed ~ Fig. 6. Long time-scales total rms spectrum between the differ-

component of the Fe &line follows, with a 1-to-1 relation the ent observations. The spectrum is calculated with time @i6®

3-10 keV continuum variations without any measurable lag. 1kS (corresponding to the exposure of ea®M-Newton point-

errors are shown. ing) and the total monitoring time of about 1 month. An excess
of variability is clearly evident at 6.4 keV (EW 71 + 36 eV).
This excess confirms, in a model independent way, the coéecktla

= 5x 1073, which corresponds to a significance of the correlatiof@riability of the resolved Fe K line component (see Elg. 5).

of about 3o

Fig.[3 shows the variations of the intensity of the resolved

component of the Fe &line as a function of time (& errors excess of variability indicates, in a model independent, et

are shown here), during the 2009 campaign, overplottedo8-th the resolved component of the line is varying linearly witle t

10 keV rescaled flux (dashed line). As already suggestedeabe@ntinuum on these time-scales. This reinforces the raksst

and Fig[%, the Fe K line variations track that of the contimuu of the detection of Fe K reverberation.

very well. We also note that no measurable lag is presens, thu

this broad component of the Fenine responds to the X-ray

continuum within less than four days. 4.5. Locating the Fe Ka emitting region

Are the observed variability properties in agreement with t

spectral ones? Assuming that the material producing the re-
4.4. Total RMS spectra solved Fe K line is in Keplerian motion around the BH, the line
Figure[6 shows the total Root Mean Square variability (rm@jidth (o = 0.22 keV) implies that it is located at 3601000
spectrum calculated between the 10 different observatibine rg from the BH. Assuming a BH mass of Mrk 509 ofgM =
2009 campaign. The rms has been calculated with ten time bibgt — 3 x 10® M, (Peterson et al. 2004; Mehdipour et al. 2011),
each one being a 60 R&MM-Newton pointing. Thus this rms is then this distance corresponds to about few days - a lighkwee
sampling the variability within the observation sepanatiione- The typical spacing between the differetiM-Newton obser-
scale of about 4 days and the monitoring time-scale of dlightvations during the 2009 monitoring is about 4 days, thus it is
more than one month (see Hig. 1). The total rms shows the spiecvery good agreement with the observed Fe ¥ariations.
trum of the variable component, only. Thus, in contrast ® ttMoreover, the fast response of the Fe Hux to the continuum
mean spectrum, it has no contribution from the constant-eméhanges indicates that the bulk of the resolved kekission is
sion from distant material (i.e. the narrow core of the Ferl€)i produced around or within several hundreds up to few thalsan
The uncertainties on the total rms are derived from the uncegravitational radii from the central BH.

tainties on the fractional variability (see formula B.2 @ghan It is more difficult, however, to pose a lower limit to the po-
et al. 2003; A.1 of Ponti et al. 2004) multiplying for the measition of the Fe kK emitting region. We note that if the FeaK
and taking into account its error. line emitting region extends down to few gravitational réaim

The 3-10 keV total rms spectrum has a power law shafiege BH, then the line shape should present a prominent regl win
with spectral indexl’ = 1.98 + 0.06 and normalisation of Thus, we fit the resolved component of the Felkae with a disc
1.05 + 0.05x 1072 ph. cnt? s7! (see Fig[h). A clear excessline profile DISKLINE in Xspec). In the fitting process we allow
of variability is present at 6.4 keV. The addition of a Gaassi the line energy to vary in the range 6.4-6.42 keV, we fix the dis
line significantly improves the fitYy? = 10.6 for the addition of outer radius to 100Qand the illumination profile ta = -3 (the
2 dof, that corresponds to a F-test significance of 99.3 %. Thxpected value for a standard alpha disc; Laor 1991; Wilkins
best fit energy of the line iE = 6.45+ 0.08 keV and intensity Fabian 2011). The lack of relativistic redshifted Fe &mission
(2+ 1) x 10°° ph. cnt? s71. The width of the line is constrained suggests an inner radius larger thar85, 45 and 374 (which
to be less than 0.2 keV, consistent with the variable resolveatorresponds to roughly 8-16 light hours) for a disc inclioabf
neutral Fe K line. The equivalent width in the total rms spe®0, 20 and 10 degrees, respectively. Thus, the resolved@omp
trumisEW = 71+ 36 eV consistent with the EW of the resolvechent of the Fe i line is probably emitted between 401000 g
component observed in the mean spectrum. The detectioisof fihom the BH.
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Can such a "narrow” disc annulus produce an ke llke We first consider that the ionised emission is produced by
of ~ 40— 50 eV? Reflection from an accretion disc with Solanarrow emission lines (F&xv and Fexxvl). Such emis-
iron abundances covering half of the sky is expected to praion lines from highly ionised ions are now often observed
duce a Fe l& line with EW~ 100 - 150 eV (Matt et al. (Costantinietal. 2010; e.g. for a compilation of sourceéanBhi
1991). The line EW is expected to decrease/increase roughtyal. 2009a,b; Fukazawa et al. 2011) and they can arise from
linearly/logarithmically for iron abundances lower/h@ghthan photo-ionised (Bianchi et al. 2005; Bianchi & Matt 2002) or
Solar (Matt et al. 1996; 1997). Steenbrugge et al. (2011) memllisionally ionised plasma (Cappi et al. 1999). Thus wehfit
sured in Mrk 509 a relative iron to oxygen abundance of Ee/Gspectrum with two components for the Ferkine and the as-
0.85+ 0.06. Assuming that this translate into an iron abundaneeciated I8 lines, plus two narrowd = 1 eV) Gaussian emis-
of 0.85 Solar (but see Arav et al. 2007), this would corresbosion lines one (F&xv) with energy constrained to be between
to EWkek, ~ 90— 130 eV. If the primary X-ray source in Mrk 6.637 and 67 keV and the other (Fexvi) with energy fixed at
509 is compact (as the variability suggests; McHardy etG062 E = 6.966 keV (see model 6 in Tabl 2). The model reproduces
Ponti et al. 2012) and located at a feyabove the BH and if the the data well ¢? = 11985 for 1190 dof). The weakness of the
disc is flat, we can estimate (neglecting relativistic eéfgthe Fe xxv and Fexxvi lines prevents us from significantly con-
geometric solid angle covered by the disc annulus produbiag straining the line variability between the differefiiM-Newton
Fe Ka line (rin ~ 40 and gyt ~ 1000 ). If the primary X-ray observations.
source is located between 1 and,4bove the BH (De Marcoet  For comparison, we fit with the same model also to the
al. 2012), the flat disc annulus covering factor would be leetwv summed spectrum of akMM-Newton observations taken be-

2 and 5 % of the sky. Thus reflection from such a flat annultsween 2000 and 2006 (see model 7 of Tab. 2). The ionised emis-
would produce (even in the extreme case of a keBV= 130 sion lines are consistent with being constant within the $ats

eV for a standard disc) a line with EM4 - 13 eV. The observed of observations. However, the statistics is not good endagh
EW of the resolved-variable Fedline is several times larger discriminate if it is the line intensity (which would sugges
(EW=42 eV) than this estimated value. This indicates a largerigin at large distances) or the EWs remain constant. Clear
covering factor of the reflector, compared to the flat disg-suis, instead, the variation of the medium outflow velocityHlig
gesting that the material producing the Fe Kne is distributed ionised absorption line, which almost disappeared durivg t
azimuthally above the disc, possibly in the form of clouds-p 2009 campaign. The addition of this component to the model
haps associated to the inner BLR (see Costantini et al. 20012 @ised to fit the combined spectra of the 2009 campaign, improve
more details). the fit by Ay? = 4.5 for 2 new parameters which corresponds to

The observed correlation on days-weeks timescales canF-test probability of 90 %. Thus we decide to disregard this
straints also in which part of the BLR the Fekine is produced. absorption componentin all subsequent fits.

We can exclude, in fact, that the Ferkemission is produced in  Another clear difference compared to previous observation
the optical BLR (producing the bulk of fHemission), becauseis related to the disappearance of the highly ionised absorp
the H3 line is observed to reverberate with a delay of 80 dayson with mildly relativistic (up to 0.14-0.2c) outflow vetities
being thus significantly more distant than the region prasyic (Dadina et al. 2005; Cappi et al. 2009; Tombesi et al. 2010).
the Fe Kz line. On the other hand, several studies show that ti¢e searched, in fact, for such features in all 10 observation
BLR might be stratified, with the higher ionisation linesabed obtained after theXMM-Newton campaign, by including nar-
closer to the central BH. The correspondence betweend~e Kow absorption lines in the model between 4-10 keV. We found
and the inner BLR is reinforced by the consistency between tbnly a marginal Ay? ~6) detection of two absorption features
width of the Fe kr line (o = 0.21+0.07 keV, which corresponds at 9 keV and 10.2 keV (rest-frame energies) during obsamati
to FWHM ~ 1.5-3 x 10* km s°!) and the ones of the broadest. Even if consistent with being produced by %evi Ka and
components of the UV broad emission lines (e.gx ¢ Iv, C Kg at v~0.3c, and similar to earlier results (Cappi et al. 2009),
in_and Ov1) which have components witRWHM ~ 10° km  the level of (highly) ionised absorption during tk&M-Newton

st (Kriss et al. 2011). campaign is found to be significantly reduced compared with

The lack of relativistic effects on the shape of the kelike  most previousXMM-Newton observations. We obtained upper
suggests the absence of a neutral standard thin accresioaxi limits (at 90 % confidence) on the equivalent width of narrew (
tending down to a few gravitational radii from the BH. Howevefixed to 100 eV) Gaussian absorption lines with typical value
this appears to be at odds with the high efficienay,(l- 5—-10 between -5 and -30 eV, between 7.5 and 9.0 keV, depending on
% Lgqd) of the disc emission of Mrk 509 (Mehdipour et al. 2011the energy and observation considered. This is typicailyeto
Petrucci et al. 2012). This leads to the question of why weato nthan values (between -20 and -30 eV) found in the lines dedect
find traces of the inner accretion disc in the Fe liae shape if in earlier observations (Cappi et al. 2009, Tombesi et a020
it is present in this source. excluding that such UFOs were present during the 2009 cam-

paign.
5. The ionised Fe K emission

During both the 2009 campaign and the previgdM-Newton 5.1. Coliisionally ionised plasma

observations, Mrk 509 clearly showed an excess of emissigfe attempt to interpret the highly ionised emission lines ai
around 6.7-7 keV (see Figl 2) most probably associated te-endelf-consistent physical model. First we applied the siulhi-
sion from ionised iron. As shown iffffl this excess can be mod-ally ionised model CIE in spex (Kaastra et al. 1996). In this
elled both by the combination of narrow emission lines frofit we considered the 3.5-10keV band for the continuum. We
Fe xxv and Fexxvi, or by a single relativistic emission lineused Gaussian components for the Fe line profile and Fe
(see Tab[1l). The parameters of this weak ionised emissigp, constraining the flux of the latter to be 0.155-0.16 times
line(s) can be affected by the modelling of the stronger ke Khe Fe kv one (Palmeri et al. 2003). This was done in order
line. For this reason, we now re-fit the mean spectrum inolydi
both the narrow and the resolved component of the &ditke. 3 http://iwww.sron.nlffiles/HEA/SPEX/manuals/manual.pdf
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to mitigate the degeneracy induced by the partial blend thith

Fexxvi Ly « line. The best fit points to a high-temperature gas 102k 4
(KT= 8.5+1.5keV). At this temperature, the predicted line fluxes 4
are~ 5x 10%phcent?s™ and~ 3 x 108 phcnt?s? for the S

Fexxv triplet and the Fexvi Ly «, respectively. These values ; 10° A A ¢ i
are consistent with those measured empirically using Gauss ~ _°

lines (i.e. TabléR). In theory these lines may be produceutiby 2

line emitting, gas in the form of a starburst driven wind. NbGO 2 107 i
has a total luminosity £ 19 kev = 1.3 x 10* erg st in the 2-10 8

keV band. Assuming an Fe abundance of 0.4 Solar (as observed € s 3

in starburst galaxies, Cappi et al. 1999) the best fit theatea PP I > s EN
burst model requires a luminosity Lyg kev = 3.3 x 10*? erg st 5 % % % =

to reproduce the Fexv and Fexxvi line emission (reducing to - - = ©
L2_10 kev = 1.6 x 10*? erg s for Solar iron abundance). Using 107

the correlation betweerpl, g kev @and the far infrared luminosity
(LrR), valid in star forming galaxies (Ranalli et al. 2003), we
estimate a correspondingk > 10% erg s* and a star forma-
tion rate higher than 400 Myr—1, which is several times larger
than the actual total IR luminosity of Mrk 509;4.~ 2 x 10t
Lo ~ 8x 10* erg s (Rieke et al. 1978), thus we disfavour thi
interpretation.

Fig. 7. Photoionization modeling for the highly ionized iron ions
JFexxvi and Fexxv. Triangles: data. Light shaded line: range
of models viable to fit the data.

radius is , = 27 Iy, consistent with a value as small gs= 7 rg
and the disc-line equivalent width is, EW20'§ eV.

It is difficult to estimate the line EW expected from an
pnised inner annulus of the disc. In fact thexbes and Fexxvi
[ne EW strongly depend on the poorly constrained disc ion-
Isation parameter (Garcia et al. 2011) and on the disc annu-
lus covering angle. However for reasonable values of thase p
rameters (annulus covering angle20 — 40 % of the sky and
log(#)~ 2.8 — 3.5 erg cnt? s, which corresponds to the peak
of Fexxv and Fexxvi emission) the line EW is expected to be
between 5-50 eV. These results suggest that the inner pére of
accretion disc might be highly ionised, thus explaining ek
of detection of relativistic Fe K line, combined with the high
source efficiency (which suggests a thin standard accreigm
I&tending all the way down to the last stable orbit).

5.2. Photo-ionised plasma

Alternatively, the highly ionised lines may be produced ipha- .
toionised plasma. To test this we used a grid of parameters 3
ated using Cloudy (Ferland et al. 1998) where the column d
sity logNy of the gas ranged between.21t 24.5cnt? and the
ionisation parameter log) ranged betweend-7. The grid has
been calculated using a covering factor of one. Since thie#it
line luminosity scales linearly with the covering factoe wsed
the ratio between the model and the data of thg)Re line as a
reference for the covering factor. In Mrk 509, only¥evi and
Fexxv have significant detection, while for other narrow line
from highly ionised ions (e.g. @i at 18.97 A and Ne X at
12.13 A) we have obtained upper limits from the RGS spectru
These limits are useful in constraining the model (i.e. Gatshi
et al. 2010). In Fid.J7 we compare the line luminosities obser
with those computed for a range of models which can fitthe dag piscussion and Conclusions
In order to reproduce the luminosity of the highly ioniseaiir
ions, the gas should have Ig)€ 4 — 5.1 andNy = 234 -24.2. We investigated the spectral variability of the Fe K bandhie t
The covering factor i€y, = 0.3-0.5. As we do not see any assonearby, bright Seyfert 1 galaxy Mrk 509, using the 10 observa
ciated absorption, the gas must be out of the line of sighthSutions of the 200XMM-Newton monitoring campaign as well as
lines might possibly originate in e.g. the narrow line regar all the previousXMM-Newton observations, totalling an expo-
the highly ionised skin of the torus (Bianchi et al. 2005;mihi sure of more than 900 ks in about 10 years, resulting in one of
& Matt 2002). the best quality Fe K spectra ever taken of a Seyfert 1 galaxy.
This allows us, for the first time, to perform reverberatioapn
ping of the resolved Fe Kline.
5.3. lonised reflection from inner disc Figure[8 summarise in a sketch a possible scenario for the
production of the Fe K emission in Mrk 509. The width of the
As shown in§3, the ionised emission can be fitted equally wetarrow core of the Fe K line suggests an origin from distant
with an ionised relativistic emission line. A comparablygdit material, possibly the inner wall of the molecular torusaied
is also obtained with a broad GaussianXe/ profile in addi- at 0.2-few pc. The correlated variations (on a few days time-
tion to the double Fe K+ 3 lines. We fix the energy of the broadscales) between the 3-10 keV continuum and the intensityeof t
Fexxv line to E= 6.7 keV. The line is significantly broadenedresolved component of the Fedéuggest an origin between sev-
o = 0.23 keV and moderately intense (A5 eV). Although eral tens and few thousands gffrom the BH. The resolved Fe
this broadeningis not as extreme as to exclude a simple @GompKa emission can be produced in the disc, but we favour an origin
broadening on the ionised surface of the accretion disc,ave @t the base of a stratified broad line region. We note that nbne
cided, as an alternative to the Gaussian line, to fit the @shisthe X-ray or UV absorption components with measured locatio
emission with a relativistic disc line profile. An acceptbit is is co-spatial with the resolved Feskemitting region. Moreover,
obtained also in this casgq{ = 12047 for 1192 dof). Assuming the properties of the X-ray and UV absorbers appear to differ
a standard disc emissivity index, inclination and outecdas from the ones required to produce the resolved kdiKe, sug-
dius of 3 = -3, @ = 30° and p = 200 i, the best fit disc inner gesting that this emitting material is outside the line @hsi
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sults of the rms spectra which, in a model independent way,
show an excess of variability atE6.45+ 0.08 keV. This ex-

cess of variability is consistent with being the resolvenheo
r o o R i ’ ponent of the Fe K line (o~ <0.2 keV) varying in such a way
. Vo emwmon® L MEUORCER as to keep a constant E\7 1+ 36 eV. No measurable lag of
\‘ \ e o ! ! the reflected component is observed.
\ \ \ : — The width of the resolved component of the Fe ke sug-
' \‘ o ¢ ¢ \ gests an origin between 300 and 109@rom the BH. This
\ \ o \
‘\‘ ‘\ PY @ . \

location is consistent with the observed Fe ¥ariability on

days to a week timescale and the lack of measurable lag. The

lack of a relativistic red wing of the FeKline suggests an
inner radius for the line production larger than severasten
of rq (~ 40 ry).

\ — The EW= 42j‘f1 eV of the resolved Fe & line suggests a
larger covering factor of the primary X-ray sources (assiime
to have altitudes of fewgrabove the BH) compared to the
one expected from a flat disc annulus, indicating a possible

D — Accretion disc qzimuthal Qis_tyibl_Jtion above the (_jisc of the_ reflecting mate

relativistic Fexvoad 3 rial. A possibility is that the material producing the resad

Fe Ka emission might be in the form of clouds, perhaps as-

sociated to the inner BLR (see Costantini et al. 2012). This

geometry i_s further reinforced by the consistency between
Fig. 8. Sketch of a possible locations for the different regions the Fe Kr line width (o = 0.22 keV) and those from the

producing Fe K emission (diagram not to scale). The staerepr Proadest components of the UV broad emission lines (Kriss
sents the primary X-ray source, located close to the BH. et al. 2011). We also observe that the location of the rever-

berating Fe & emission does not correspond to that of any
X-ray or UV absorption components (Detmers et al. 2011;
possibly in the form of an equatorial disc flattened wind sash ~ Kaastra et al. 2012; Kriss et al. 2011; 2012; Ebrero et al
observed in stellar mass black holes in the soft state (learsl. 2011).
2012) and neutron stars (Diaz-Trigo et al. 2006). The iahBRe — Significant, but weak (15-20 eV) ionised Fe K emission is
K emission might be produced either by photo-ionisatiomfro ~ observed. The ionised emission can be fit equally well with
distant material, such as the narrow line region and/orthiséd two narrow emission lines (from both Kexv and Fexxv1),
skin of the torus, or in the ionised inner accretion disc. possibly from a photo-ionised or collisionally ionised gais
The results of this study show that: by a single broad relativistic emission line (either ¥ev
or Fexxvl). We note that the source high Eddington ratio
— The XMM-Newton spectrum of Mrk 509 shows an evident suggests the presence of a standard thitisc down to a
Fe Ku line with total EW= 58 + 4 eV. Fitted with a single few ry from the BH. However, the neutral Feeline has no
Gaussian line the width i = 0.092+ 0.012 keV. The line redshifted wing with no neutral emission closer thal0
intensity increases with the 3-10 keV flux, but not as strgngl  rq from the BH. This suggests that the surface of the in-

as expected in a constant EW scenario, suggesting the pres-ner accretion disc in Mrk 509 might be highly ionised. For
ence of a constant and a variable Fe lihie component.

() Narrow Fe Ka\
\ \
\ ® siratified BLR \
\
\

Molecular torus

fewx10%r,

these reasons, although the two interpretations for thygrori
— TheChandra HETG spectrum has enough energy resolution of the ionised Fe K emission are equivalent on a statistical

to resolve the narrow component of the Fe Kne (o = ground, we slightly prefer the latter interpretation on gy
0.027*5:318keV; line intensity (15+0.2)x107°ph cnT? s7%). cal grounds. The picture of an higher ionised disc in therinne
The width of the narrow component of the line suggests an few tens of j from the BH and less ionised outside is in line
origin at around 0.2-0.5 pe+(30000 g) from the BH. This with the presence of a compact hard X-ray corona, provid-
value is of the same order of magnitude as the molecular ing there a high flux of hard X-ray photons, and a soft more
sublimation radius, suggesting that the narrow comporfento extended one, as proposed by Petrucci et al. (2012).

the Fe Kx line might be produced as reflection from the inner— A highly ionised, medium outflow velocityv(~ 0.048 +
walls of the molecular torus. If so, because of light tranell

0.013 c) Fe K absorption component detected in previous
effects, the intensity of this component has to be constant observations (EW —1338 eV at~ 4 o significance) ap-

on years time-scales. We assume the presence of a constanpears much weaker (EW-3.2"2% eV, ~ 4 times weaker), if
narrow Fe ke line (as observed bghandra HETG) and add

not absent, during the 2009 campaign.

a second, resolved (now observed to be broader0.22+  — PreviousXMM-Newton observations showed evidence for
0.04 keV), Fe ke component with EW 42'7 eV. There is highly ionised high outflow velocity| ~ 0.05 - 0.2 c) ab-
excess emission at 7.06 keV, consistent with being produced sorbers based on a total exposure~-0800 ks. We find no
(at least in part) by the associated Fg émission. convincing ¢ 30) evidence for these features during the
For the first time reverberation mapping of the resolved com- 2009XMM-Newton long (600 ks) monitoring campaign.
ponent of the Fe K line on timescales of several days-years

was successfully performed. The intensity of the resolved

Fe Ka component shows a significant (40" 1-to-1 cor- Acknowledgments

relation with the 3-10 keV flux variability, however the EW
stays constant during the 9 yeadl®!M-Newton observed the This work is based on observations obtained WKMM-
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€T

2009 campaign - summed spectrum - 1 component of the FeaKline

Fe Ka Fe KB Fexxv Fexxvi
Model r EFeKa O FeKa NFeKaT EWFeKa EWFeKG NFe xva EWFe XXV NFe xxviT EWFe XXVi led-o-f-
(keV) (keV) (ph cm? s71) (eV) (eV) | (phcnr?s?) (eV) (phcnT?s1) (eV)
1) 166+001| 6.43+0.01 014+ 0.02 38+0.3 70+5 1311.7/1194
2 166+001 | 6.43+0.01 014+ 0.02 38+0.3 70+5 20+ 30 1244.8/1193
(3) | 166+001 | 6415+ 0012 Q092+ 0.012 32193 583'39 | 104: 0.541014 9.8 0.29:011 6 1219.8/1192
Fe Ka Fe KB Diskline
r EFeKn O Feka NFeKaT EWFeKn EWFeKB incl. emissiv. I\éiskline'r EWdisinne Xz/d-o-f-
(deg.) (phcm? %) (eV)
4 167+0.01 | 6.415+0.011 Q084+ 0.015 27+0.2 500+ 3.8 8.2k 3374 -2.213% 1.7+05 36+10 | 1216.0/1191
(5) | 167+001 | 6425+ 0011 Q094+0018 2903 538762 8.6 184 -28+03 1801 402 | 1219.4/1191

Table 1.Best fit results of the summed EPIC-pn spectrum of thXd/-Newton observations performed during the 2009 campaigassumingree kg = e Ko; 1 @SSUMINg

OFe kg = OFe ke @Nd Nee kg = 0.15x Nfe k,; T2 in units of 10° phent? s71.

— Model (1) Sngle FeKa: Power law + Gausk,

Model (2)Sngle FeKa + 5: Power law + Gaugk, + Gaugexs
Model (3)Photo-ionised gas + Sngle FeKa + 8: Power law + Gaugk, + Gaugeks + Gaugexxy + GauSexxvi
Model (4)Broad linerexxv + Single FeKa + B: Power law + Gaugk, + Gaugeks + Disklinerexxv
Model (5)Broad linerexxvi + Single FeKa + B: Power law + Gaugxk, + Gaugeks + Disklinezexxvi
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vt

2009 campaign - summed spectrum - 2 components of the Fexkine

Narrow Fe kv Resolved Fe Kk Fexxv Fexxvi Absorption line
Model r EFeka NFekeNT EWFekaN OFekeR NFekeRrT EWFeker NFe xxvt EWFe xxv NFe xxviT EWre xxvi Eabs Nabst x*ld.of.
(keV) (phen? s71) (eVv) (keV) (phent2 sl eVv) (phent?2s71) eVv) (phent?2s71) (eVv) (phent?2st:ev)
(6) 1.67+0.01 | 6.420+0.010 15t 27t 0.22+0.04 2337038 423 0.21+0.15 39+27 | 0.20+013 42+26 | 731+01 -015+012:34+27 | 1197.9/1190
2000 - 2006XMM-Newton observations - summed spectrum - 2 components of the FeaKline
(6) 167+001 | 6.427+0.014 15t 33f 0.217522 1507059 33 <047 <104 0.37+0.18 95+45 [ 734+005 -3.6+02:101+38 | 1212.3/1190
Table 2.1: in units of 10° ph cnt? 571,
2009 campaign - summed spectrum - 2 components of the FexKine
Narrow Fe kr Resolved Fe k Diskline
Model r Erexe Nrekan EWreken O FekaR NFekorT EWreker Tion. Nion. EWion. x*ld.o.f.
(keV) (phcnr?2 s (eV) (keV)  (phcnm?s™?) (eV) (keV) (phcm?s?t)  (eV)
©) 167+001 | 6416+ 0.011 15¢ 277 0-23828451 2.02943_32 36ig 0~23igﬁ(l>e 0.791‘8:28 15’:%2 12023.5/1192
in Naisk EWion, x°ld.o.f.
() (phem?s?)  (eV)
(8) 167+001 | 6425+ 0.013 15+ 27 O.legjgg 1.928;2? 34jé5 2758 0.9281‘3‘2 ZOig 1204.7/1192

Table 3.1: in units of 10° ph cnT? s,

— Model (6) Photo-ionised gas + Double FeKe + Absorption line: Power law + Gausken + Gaugek,r + Gaugekgn + Gaugeksr + Gaugexxy + Gaugexxvi - AbsGaus

— Model (7) Broad ionised Gaussianrexxvi + Double FeKa: Power law + Gaugk.n + Gaugek.r + Gaugeksn + Gaugeksr + Gaugexxy + Gaugexxvi - AbsGaus
— Model (8) lonised-disc-linerexxvi + Double FeKa : Power law + Gaugkn + Gaugeksr + Gaugersn + Gaugersr + Gaugexxy + Gaugexxvi - AbsGaus
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