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ABSTRACT

Context. One of the most important parameters in the XiRBréy backgrounyisynthesis models is the averagiaency of accretion
onto SMBH Guper-massive black holed'his can be inferred from the shape of broad relativisédifes seen in X-ray spectra of
AGN (active galactic nuclgi Several studies have tried to measure the mean Fe emmsiperties of AGN at dferent depths with
very different results.

Aims. We compute the mean Fe emission from a large and represengatinple of AGN X-ray spectra up to redshifB8.5.

Methods. We developed a method of computing the rest-frame X-rayaaespectrum and applied it to a large sample (more than
600 objects) of type 1 AGN from two complementary medium &1ty surveys based on XMM-Newton data, the AXIS and XWAS
samples. This method makes use of medium-to-low qualitgtspevithout needing to fit complex models to the individua¢stra
but with computing a mean spectrum for the whole sample.rSkte quality tests were performed by comparing real to kited
data, and a significance for the detection of any feature avemderlying continuum was derived.

Results. We detect with a 99.9% significance an unresolved keskission line around 6.4 keV with an EW90 eV, but we find
no compelling evidence of any significant broad relaticistinission line in the final average spectrum. Deviationsifaopower law
around the narrow line are best represented by a reflectimpaoent arising from cold or low-ionization material. Weiresite an
upper limit for the EW of any relativistic line of 400 eV at a®onfidence level. We also marginally detect the so-calleasbwa-
Taniguchi éfect on the EW for the unresolved emission line, which appeaeker for higher luminosity AGN.

Conclusions. We computed an upper limit for the average relativistic ledilde contribution that is significantly lower than previdys
reported values from similar analyses. Our results, howyave in excellent agreement with individual analyses cil&A\GN samples.
We attribute this dference either to our more sophisticated method of modetiegibderlying continuum, to intrinsicftierences in
source populations, afat to the uneven data quality of the individual spectra ofvduéous samples.

Key words. Surveys - Galaxies:active - X-rays:galaxies - X-rays:geheX-rays:difuse background

1. Introduction mass in local SMBH (Solten 1982), an estimate of tfiEiency
The Xeray background(XRE) has been almost completelygr ey “Conbe computed. Following this argumen. the
resolved into discrete sources at energies up to several kg, adiative ficiency has been estimated to range from 10
using X-ray surveys at Eerent_de_pths (see Gilli et al. 2007 fOrto 15 % (even more than 20% for the most massive systems)
arecent review). The vast majority of the Sources that CBBOTtom recent studies (Elvis et al., 2002; Yu & Tremaine 2002;
the XRB at these energies agetive galactic nuclefAGN). \1arconi et al,[2005). Although this method fears from
The integrated emission of AGN reflect the hlstory Of. acoretl oo\ era) uncertéinties, they can only lead to an underesima
onto super-massive black hOIQSM.BH) over cosmic time. I ¢ o o giative fliciency. The accretionficiency depends on
order to reproduce the shape and intensity of the XRB, Sgiih&yq ot \where most of the accretion material is located, th
models are constructed _by using a mixture of AGN SPeClidnermost stable circular orbiflSCO). The ISCO, in turn, is a
The most important physical parameters in these modelfare nction of the SMBH spin. For a non-rotating Schwarzschild
AGN intrinsic column density and accretion-rate distribot BH the dficiency is constrained to be below 6% (Lyden-Bell,

antljl thetiI: evolution asdz?l f[wg[i.on of Il;minosit_y andtreg’?/lrgﬁt_‘ 1969). To achieve anfigciency stronger than this requires a
well as the average radiativéiieiency of accretion onto . ryapidly rotating SMBH (Thorne, 1974).

Since AGN emission comes from accretion onto SMBH, b

comparing the energy radiated by distant AGN to the mean The mean accretionfiiciency can be inferred from the rel-

Send gpnnt requests toA. Corral: Corra”a@ifcalunicanles ativistic profile of an emission line emitted close to the SNIB
* Based on observations obtained wKMM-Newton an ESA sci- EMission lines are usually seen in the X-ray spectrum of AGN,

ence mission with instruments and contributions directigded by the Fe ke line (6.4-6.9 keV depending on ionization state)
ESA Member States and NASA. being the best studied one. If the line is emitted close ehdog
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the SMBH, it shows a broad relativistic profile which is morand low redshifts, it is vital to consider carefully and refife
pronounced for higher SMBH spin due to the ISCO becomirayeraging or stacking method applied to faint object spectr
smaller and therefore gravitational redshift (and othen&sal
Relativistic dtects) being larger (Fabian et al., 1989; Laor 1991). We present here a new method to construct a rest-frame X-
ray averaged spectrum for a large sample of AGN &edint
Early results from the ASCA era suggested that broaddshifts, in order to characterize the mean kegfission. We
relativistic lines might be common in type 1 AGN. Surpriding compiled a large sample of spectroscopically identified AGN
however, they have been significantly detected and chaizete from two wide angle and large but complementary medium sen-
in only a small number of sources (Reynolds & Nowak, 20033jtivity surveys: AXIS @n International XMM-Newton Survey
MCG-6-30-15 being the best studied one (Tanaka ef al..|]19%5rrera et al_2007) in the Northern Hemisphere and XWAS
Fabian & Vaughan[_2003). The number of counts collectdXMM-Newton Wide Angle Survejedds et al., in preparation)
in the AGN X-ray spectra turns out to be the limiting factorin the South in order to maximize the total number of counts.
since very accurate modeling of the continuum below the lirfgince our sample is composed of low to medium quality X-ray
is critical to properly measure the line properties (Guzmat spectra, we developed a method that takes into accountthe ef
al.[2006). Another possibility, somewhat related to thevipnes fects of the continuum emission around the emission line and
one, is that the extreme relativistic blurring along witlgthi the counting statistics, without needing to fit complex nmisde
inclination angles can both widen and weaken the line makiig the individual spectra, but modelling the underlying tion
it undetectable (Fabian & Miniutti 2005). The direct aveedge uum using simulations. We have extensively tested this atketh
line contribution to the XRB is therefore still unknown altigh  and a significance for the emission line detection can beelri
it has been estimated to range from 3% to 7% (Gilli e{al., 1998om it. Some results using this method were presented by us
Gandhi & Fabiari 2003) depending on the assumptions mdade a smaller sample of type 2 QSOs in Krumpe etlal. (2008),
about the shape aretjuivalent widt(EW). These assumptionshereafter KO8, showing a strong Fel€mission line in the final
affect the spectral templates used to compute the XRB, thaxeraged spectrum but only for the low luminosity sources.
affecting its shape. The paper is organized as follows: in sections 2 and 3 we de-
scribe the spectral extraction and the averaging method, re
Several studies have been performed over samples of loggéctively. In section 4 we discuss the most important tesul
AGN in order to characterize Fe &k emission in the local for the total sample and fierent sub-samples. Conclusions
Universe. Nandra et al[ (2007) performed a spectral arsalygie presented in Section 5. All the quoted errors are at the
of a sample of 26 type 1 to 1.9 Seyferts galaxies<(9.05) 1o confidence level throughout the paper. We assiitye70
observed byXMM-Newton They found that a relativistic line is km s* Mpc™, Qu=0.3 andQ,=0.7.
significantly detected in half of their sample @540 per cent)
with a mean EW of 80 eV, when fitted as a broad Gaussian,
Guainazzi et al.[{2006) and de La Calle et al. (in preparjtiof- X2y data

carried out a sir_nilar _analysis over a Iarger sample of loc@le extracted the spectra for the XMEZNM-Newton Medium
type 1 and 2 radio-quiet AGN, excluding highly obscured typgryey fields within the AXIS sample~ 40 XMM-Newton
2 sources. They detected relativistic lines in 25% (50% f%'bservations) and the complete XWAS sample160 XMM-
well-exposed sources) of their sample with an EVR00 eV. Newtonobservations), but only included in our analysis those
Both studies, although computing a similar average EW, doURGN that are optically identified as type 1 AGN in these fields,
a high dispersion in the individual values. NevertheleB& t j e  those AGN that show broad emission lines (velocitytisd
kind of analysis cannot be extended to higher redshifts duej500kms?) in their optical spectra. We selected only type
to the more limited quality of the spectra of distant AGN. If AGN due to the larger number of sources and the better
is, hoyvever, at hlgh redshift where the measurement of taﬁality X-ray spectra for this type of object in both samples
accretion ficiency is most relevant to the synthesis of the XREComplete descriptions of both samples can be found in Garrer
) ] . . ~etal. (2007) and Tedds et al. (in preparation) for the AXIS an
Improving thesignal to noise ratio(SNR) by averaging XwWAS samples, respectively.
as many AGN spectra together as possible is the best solution
since spectra of the same type of AGN are expected to display we processed the refinalized ODRbgervation data filds
similar spectral characteristics. Recent studies havetnected from the XMM-Newton archive using theScience Analysis
X-ray averaged spectra for AGN but obtainedeting results. software(SASY) version 6.1.0 for the AXIS sample, and 6.5.0
In Streblyanska et al.(2005) (hereafter SO5) the resulthisf for the XWAS sample, the latest software and calibration
kind of analysis are presented for 53 type 1 and 41 type 2 AGlNailable at the time of our spectral extraction (2006). We
in the pencil beam Lockman HokMM-Newtorfield (z < 4.5).  processed the ODFs in order to obtain the calibrated imaugs a
They found a broad relativistic line in the final averagedcsfge event lists using the SAS pipeline chaiaghain andepchain
with an EW of 400 and 600 eV for type 2 and type 1 AGNjor the EPIC-MOS and EPIC-pn data, respectively.
respectively. Brusa, Gilli & Comastii (2005) found quadiitely

similar results when stacking the AGN spectra contained in After filtering out the event lists for high background
the 1Ms Chandra Deep Field South in Tfefent redshift bins intervals, we extracted the source spectra in circularoregi
from z =0.5 to 4.0, the broad line EW being slightly weakemaximizing the SNR for all detectors via the SAS task
than in S05 but consistent within errors. Longinotti etial.( eregionanalyse. The background spectra were taken in
preparation), stacked X-ray spectra from a local sample@NA annular regions centered on the source position. If anyrothe
(extended from the sample of Guainazzi et/al.. 2006), anddouspyrce falls within this region, we excluded the new source

that the EW for the broad relativistic contribution is neizB’gel’ region from the background region_ If the resu'ting bacmmb
than 80 eV, either when stacking the whole sample fedint

sub-samples. Given this apparent divergence of resultgght h ! httpy/xmm2.esac.esa.jisag8.0.Q
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region was too small or fell near bright sources, we sulistitu 8F ' ' 7
it by a circular nearby source-free region. We selectedlsjng T
double, triple and quadruple events in the MOS1 and MOS2
(pattern< 12) and single and double events in the pn (pattern
4). For the pn we selected only high quality everfisAG==0).

We merged MOS1 and MOS2 spectra corresponding to the
same source, observation and filter. We also obtained respon
matrices for each individual source, camera and observai&

the SAS tasksmfgen andarfgen.

20

Number of Sources (%)
10

In some cases, there is more than one observation of the
same source. Since we do not expect individual source variab

ity to significantly dfect our results, we improved the spectral —|—|_
quality by merging the spectra for the same source, observed _ | , . ) i
with the same EPIC camera, at a simildf-axis angle on the 1 2 3

same CCD chip and with the same filter. If filter, CCD chip . — - Redshit

or off-axis were diferent the spectra were kept separate. The
resulting individual pn and MOS spectra, even if correspogd

to the same source, were treated as separate contribuditimes t
final average spectrum.

40
T
I

After the spectral extraction and merging procedure, we se-
lected only the spectra (pn or MOS) containing more than 80
counts in the total band (0.2-12 keV), in order to preservéra m
imum spectral quality in the sample. This provided a sample o
606 optically identified type 1 AGN corresponding to moretha L
1000 individual pn and MOS spectra. Out of these 606 sources,
488 have been observed only once, 78 twice, 16 three times, 6
four times and 18 five times. Note that, having more than ore ob
servation does not mean having more than one spectrum, since ° T T —
the final number of spectra used depends on the merging proce- Counts (0.2-12 keV)
dure. The counts and redshift distributions, along withfthr ' '
distribution in the standard hard (2-10 keV) band, are shiown
Fig.[d. It should be noted that we did not intend to construct
a complete or flux-limited sample in any way, but to collect as
many counts as possible in order to obtain a high SNR averageds
spectrum. Therefore the sample comprises objects havindea w
range of X-ray luminosities and redshifts. Fluxes are, haxe
mostly concentrated in the 1¥-10712 erg cn1? s7* flux range,
significantly (but not largely) brighter than those in theckman
Hole sample studied in SO5. Luminosities, however, aredrigh
average for the latter sample due to the redshift distidioytieak-
ing close to 2, whereas it peaks closer tein our sample. In
the stacking analysis presented in KO8 all the availabletspe
are considered in the averaging procedure, no matter how man I. . L
counts they have. Given that our sample is much larger tranth 105~ 10%  10% 10%
one in KO8, we can thus place a much more limiting constraint Hard (2-10 keV) Flux (erg crhs™)
on the minimum spectral counts threshold so as to improve gy 1. Top panel Redshift distributionCentral panel Counts
quality of our final averaged spectrum. distribution in the total band (0.2-12.0 ke\Bottom panelFlux

distribution in the standard hard band (2.0-10.0 keV).

20

Number of Spectra (%)

40
T
I

20

Number of Sources (08'

3. Averaging Method ) o
spectra to have at least 10 counts per bin (the minimum number

Having extracted source and background spectra and gederaf counts required to use thé minimization technique). We
response matrices for each source we next needed to uni@leh used a single power law model corrected by photoedectri
the spectra, i.e. to recover the original source spectraréefabsorption, fixed at the Galactic value for each source ipasit
detection prior to combining the intrinsic spectra frorffélient and intrinsic photoelectric absorption at the source rédsh
sources. It should be noted that our intention was not to obtain the
best fit parameters but a model good enough to unfold the
spectrum without severe biasasd to obtain simulated data
that represent the actual shape of the spectra (see Appendix
A). In fact the small number of spectral counts for most of the
To obtain the unfolded spectrum for each source, we ussdurces did not allow us to fit a more complex model to the
XSPEC v12.4 (Arnaud et al.,[1996). We first grouped thedata. To avoid the contribution of any soft excesses we fitted

3.1. Unfolding the spectra
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each individual spectrum above 1 keV (rest-frame) leavirgpectrum by its corresponding value so that all the rescaled
the intrinsic hydrogen column density, power law slope argpectra have the same 2-5 keV rest frame flux in units of keV
normalization as free parameters. Then, we applied thist“bem2 s,
fit model” to the ungrouped spectrum, obtaining the unfolded
spectrum in physical units (keV crh st keV1) and free Although now rescaled, each spectrum was expressed on a
of instrumental &ects eufspec command inXSPEC). Note different energy grid because of thefdient channel sizes at
that given the small number of counts in the spectra predentiifferent energies and shifting to rest-frame. In order to aehie
in KO8, their spectral fit was performed over the full energgome uniformity in the errors of the average spectrum ac¢hass
range (0.2 to 12 keV) and the spectral slope was fixed to 1v8hole energy band, we constructed a new energy grid for the
It is known that performing the spectral fit in this way mighfinal averaged rest-frame spectrum ensuring a minimum numbe
introduce some biases, mostly significant at low energhes, t of real source counts<(1000) in each new bin. To select these
can dfect the continuum shape due to the intrinsic absorptioew bins, we used the individual source spectra as measured
although not significantlyféecting narrow features. in counts. We first shifted these spectra in counts to the rest
frame, rebinned them to a common energy grid composed of
Below 3 keV, the unfolding process is highly dependemarrow bins (bin widths- 40 eV) and added them all together.
on the model used, due to the shape of tffeative area and We then grouped the narrow bins so as to distribute the counts
the limited spectral resolution (FWHM 80 and 150 eV at in the most uniform way and so that each new bin contains at
1 and 6.4 keV, respectively), meaning that caution must bEast 1000 real source counts. We finally distributed theales
applied in deriving any result in our analysis of the finalragge  flux density values for each individual spectrum among the ne
spectrum below that energy. Narrow (unresolved) featlrethy energy bins in the following way:
in the model or in the data itself, could alsfiext the unfolding

process above these energies. A narrow emission (or alis9rpt SAe f

line, for example, will be widened during the unfolding pess S| = Z S 1)
if it is not included in the fitting model. Although less sifjnant ic) Aej

than the softer ones, these features should be taken inboirgicc

very carefully, especially around the position where weeetp MiN(&max f}max) — maXémin, e}mm)

the Fe emission line, as they can distort its shape. Absorptifij (2)
edges are not expected to significantffeat the spectral shape
at these energies due to the limited amount of absorption {Reres

type 1 AGN. Given the quality of our spectra, we cannot fit hes ’ A¢j andS;, Aq are the flux density values (in kev

. ' -2 o1 -1 : ; .
features directly from the individual spectra, so we estimac™ ~ S keV™) and widths (in keV) of the new and old bins,
espectively, and;i; represents the fraction of the old ithat

their contribution to the continuum around the emissiore lin’ 1
position by using simulations, as we explain at the end Gpvers the new bin

this section. Plots showing the shape of tlfieetive area and

the dfect of the absorption over a power law can be seen §3. Averaging the spectra
Appendix A.

Ag

Once we have the rest frame rescaled and rebinned spectra,

Once all the spectra are in physical units we corrected thék§ Simply averaged them using an un-weighted standard mean.
for Galactic absorption (i. e., we de-absorb the spectrumjpv Because of the quite large dispersion in the redshift istion,
table model extracted from thghabs XSPEC model, and shift high energies are only significantly detected for a few dijec

them to their rest frame using the redshifts derived from t&€ did not take into account those spectral ranges that vatre n
optical identifications. significantly represented by at least 10 contributing spedthe

individual errors were propagated as Gaussian during thieeen
process, the final errors being computed in the following:way

3.2. Rescaling the spectra [<N
g p Zicjo-i2

We require that each spectrum contributes with the samehtveidMor; = —o— (3)

to the final averaged spectrum and the simplest way to achieve

that, without distorting the individual spectral shape,big Whereo; is the individual error corresponding to the spectium
dividing each spectrum by a certain value so that every tedcaat the binj and N is the number of spectra contributing to pin
spectrum has the same flux. Since th&eadences in spectral

shapes could be important, the first issue we have to solve is The resulting averaged spectrum is shown in[Hig. 2. We fit a
to select a spectral range to achieve a rescaling fietted by power law between 2 and 10 keV, excluding the 4-7 keV range,
spectral features. It is clear that we must exclude the gnemptaining a value of = 1.92 + 0.02. We clearly see a narrow
region where the Fe &line is expected to fall but also excludeemission feature around 6.4 keV but also a broad excess ef emi
lower energy regions due to absorptidieets. We also cannot sion from 5 to 10 keV. Instead of simply fitting a model to the
include higher energies to avoid the contribution of a spéct final average spectrum and in order to derive a significant®in
band where large errors are common. After testing sevedatection of the observed features, we decided to construct
energy bands within the previous constraints and using -simunderlying continuum by using simulations. In this manner w
lated data, we selected the 2-5 keV band to rescale the apeatould quantify how the results arected by counting statistics,
Tests with our simulations showed that this band recovess tbpectral features due to photoelectric absorption andvitiag-
input spectral shape in the most accurate way while minimgizi ing method itself. An extensive discussion about the sitiaria

the errors. We then proceeded by computing the fluxes in ttat have been carried out is presented in Appendix A.

2-5 keV rest-frame band for each spectrum and dividing each
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Fig. 2. Averaged spectrum along with the power law fit.

1.4

3.4. Constructing a continuum

In order to construct the underlying continuum against Wwhve 3t P
could search for any Fe emission or other spectral compsnent J(

Ratio

we simulated each individual source and background spactru
by using theXSPEC commandfakeit. Each spectrum was sim- L —— -F~F_H'+F || :
ulated 100 times, including Poisson counting noise andikeep -

the same 2 to 8 keV observed flux, exposure time and calibra- + T -2 J[
I

1
)
|
|
ji
|
)
|
\

tion matrices as in the real data. We used the “best-fit model” ‘\ N
(absorbed power-law) obtained when fitting the individual SN
spectra and we applied to the simulated spectra exacthathe s
averaging method as for the real data. By simulating 100gime Energy (keV)
each source we were able to reduce spurious features asswe
to construct 100 absorbed power-law simulated continuamFr ' i ; :
these 100 simulated continua we could estimate the significa the Simulated continuum (open circles). Dotted and dashes |
in the detection for any feature in the real averaged spectr€Present thed and 2 continuum confidence limits, respec-
By removing the 32 and 5 extreme values for each simulatg\ﬁ‘?ly' Bottom _paneIAv_eraged spectrum to simulated continuum
continuum at each energy bin, we computed the normalizEHi0 and confidence limits.

flux intervals that encompass 68% and 95% of the simulated

values. Therefore, a spectral excursion above or beloweth
limits is detected at thed or 20 level, respectively. Other
spectral components or features, not taken into accounaiin
simulations could contribute to the underlying continuumthie
real spectra, but the construction of an underlying conttnin
this way allowed us to build a baseline spectrum that aceslint

for the absprbed power-law and for all thieets introduced by 4. Discussion and Results
the averaging process.

0.8

Ei%. 3. Top panel Averaged spectrum (error bars) along with

?&ally removing the sources that show more prominent ennissi
('hr: that range, or we are simply reducing the noise by removing
e lowest quality spectra. In any case, thedences found are

not significant.

Assuming the simulated continuum represents the actual un-
The averaged spectrum, simulated continuum amdafid derlying continuum below the emission features, we measure
20 limits in each bin are shown in Fidl 3. We clearly sea total excess emission with EW ef 600 eV, between 5 and
emission features between 5 and 10 keV but only the narrd® keV. Obviously, this value may correspond to the additibn
peak is clearly above thes2contour. We also see that somemultiple components in this range. As can be seen in[Fig. 3, a
apparent deviations from a power law shape present in tieativistic profile is not clearly present in the resultmgeraged
averaged spectrum are also present in the simulated cantinuspectrum. However, a mixture offtérent relativistic profiles at
This result emphasizes the importance of properly comgutidifferent disk inclinations and innermost radii is not expetted
the underlying continuum in order to fit the emission line. result in a straightforward relativistic profile. In the samay, a
mixture of warm absorbers or reflection components should no
In order to check if a number of “extreme” sources are rde perfectly fitted by a one-component model of any of these
sponsible for the observed emission features, we performme#ind of spectral features.
safety test. We removed in each energy bin all the spectta tha
deviate more than 3 times the standard deviation from the av- We performed a spectral analysis of the averaged spectrum
erage value. The resulting averaged spectrum shows the saisiagXSPEC v12.4. We excluded energies above 15 keV where
overall shape as for the whole sample, the 5 to 10 keV emissitie errors were very large and also energies below 3 keV fd avo
residuals being smaller than the ones in Eig. 3, but comgist¢he contribution of soft features that can be due to the wlirigl
within errors. This could be due either to the fact that wesare procedure. As mentioned in Sec. 3.1, the spectral shapei3lo
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Table 1. Best fit parameters.

Model Bjaus Ogaus EWgaus Reflection Factor Inclination Angle lonization ParametéN g, x?/d.o.f
(keV) (eV) (eV) €) (ergcms?) (eV)
Baseline model 84 200 200 41/18
Baseline model pexrav 636005 80753 9073 0507935 60'%5 ... 14/15
Baseline modek kdblur(reflion) 637:59; 80*30 8030 30 £<30 ... 15/16
Baseline modek laor 6377058 1015 503 3508 26/17

Model parameters not displayed correspond to default salue
" poor fit does not allow error calculation.
P fit parameter pegged at hard limit.
f fixed parameter.

keV is highly dependent on the model used to unfold the spectobtain an improvement on the fit of3o- significance level
Therefore, the apparent “soft-excess” below 2 keV and the “a(y?/d.o.f= 14/15), for a reflection fraction R 0.5 (/27 ~ 0.5)
sorption” feature around 2.5 keV could be due to the averpgiand inclination angle & 60 °, assuming solar Fe abundance.
process and we should prevent ourselves from assigning thiérshould be noted that we fitted a reflection model for a given
any physical meaning. In any case, the “soft-excess” adsouimclination angle to a spectrum that corresponds to a nextur
only for less than 5 % of the soft flux, and the “absorption™-feaf different reflection components with fidirent inclination

ture is barely significant. angles. Unfortunately, the quality of the averaged spettiaes
We defined a “baseline model” composed of the followingot allow us to recover the inclination angle distribution the
two components: sample so as to obtain an angle-average model. Leaving the

Fe abundance free only results in a slightly higher valusdtfor
— A table model computed from the simulated continuunand no significant improvement of theé. Adding relativistic
with no free parameters. As explained above, this shoublrring to the reflected componeikdblur convolution model
account for an absorbed power law. Leaving the continuumising alaor profile) did not improve the fit. Note that the
normalization to vary does not significantly change theltssu amount of reflection along with the measured narrow ke K
so we fixed it to prevent an unphysical broad line fitting npléti EW are consistent with reflection from distant Comptonkhic
spectral bumps. matter, such as the torus, for type 1 AGN (Reeves €t al.,|12003)

— A narrow Gaussian line with energy and normalization
as free parameters. The line width, also a free parameter, isWe also tried to fit a reflected component from an ionized
constrained to be below 200 eV. Given the widening due thsk (reflion model, Ross & Fabian_1993). We obtained
EPIC response and the averaging proces$p0 eV, this limit quite a good fit ¢?/d.o.f = 19/16), slightly worse than the
ensures a narrow line fit. previous one, the disk being in a low-ionized state. Modiyi
it by relativistic blurring, we obtained a similar goodnesgdit
Using this baseline model only we obtained a poor f{§?/d.o.f= 1516, allkdblur parameters fixed to their default
(41/18 y%/d.o.f), but the narrow line is detected at 30 values) as derived for the neutral reflection. However,yghgi
significance level £y?> > 14.16 for 3 additional parameters)this model in detail, we found it provides only an upper lifoit
with an EW~ 200 eV. The line is centered around 6.4 keV sthe ionization parameteg (<30, neutral to low ionization disk),
it corresponds to neutral or low-ionization FerKi.e it likely that pegs at the lower limit permitted by the model. Moreover
comes from distant and cold material such as the putativstothe dfect of the relativistic blurring is to smear the emission
in the Unified Schemes (Antonudci 1993). Observations haliees to the point that the resulting shape is almost idaht@
shown that a narrow emission line corresponding to kei& thepexrav model. Besides that, the fit does not depend on the
almost an ubiquitous characteristic in local AGN X-ray gpec remaining disk parameters and, allowing them to vary, tesal
(Page et all, 2004; Nandra et al., 2007). We confirm and exteimteasonable values, like an inclination angle for the Higker
this important result to the distant Universe. than 60°. Therefore, we cannot distinguish (in terms/of?)
between neutral reflection from distant material and icthize
It has been claimed that complex absorption and higheflection from a low-ionization accretion disk. Howevdret
density ionized absorbers can mimic the red tail of a bro@mdmputed parameters for the neutral reflection component, a
relativistic line (Reeves et all,_2004; Turner et al.,_2005)ong as the central energy for the narrow Fe lihe and its EW
However, ionized absorbers are often observed in AGN and {36 keV and 90 eV, respectively), favor the neutral reiibect
find that adding cold (partially or totally covering the pany scenario rather than the ionized one (Reeves ét al.| 20Q@itpEe
source) or warm gbsori, Zdziarski et all_ 1995) absorption& Fabian, [1991). Furthermore, the relativistically bludre
does not improve the fit at all. low-ionization disk reflection just seems to be mimicking th
neutral reflection shape instead of actually fitting relatie
The next step was to fit a reflected component from neutedfects.
material pexrav model, Magdziarz & Zdziarski_1995). We
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data and folded model Table 2. Luminosity sub-samples.

0.1 F 4

0.05 Luminosity Range  Narrow FeKEW

S

2 (ergs?) (eV)
2 10x107-18x 107 19070
3 18x 10" - 6.1x 10 1500
s O 6.1x 10™ — 6.6 x 10 50'$0

0.01

[iN

ASx?
o

E | | _l_ I lT¢|l|!. d»T‘H E more than 200 counts in the 0.2-10 keV band, but their sample
_LT+ | ‘1‘T |T|HT ! u ! l ] only comprizes 53 type 1 AGN whereas ours is composed of

: m more than 600 sources. The sources in SO05 are of course more
Energy (keV) distant and luminous on average, so we are presumably dealin
with different source populations. Higher-luminosity sources
would be expected to have lower EW, however, due to the
Iwasawa-Taniguchiféect (see 4.1).

i

Fig.4. Spectral fit corresponding to: baseline modgiexrav.

As a safety test, we checked if the measured reflected
component could be due to the dispersion in the power I%
indices, since a mixture of power laws should not result in
perfect power law shape. To this end, we simulate a Gauss
distribution of power law indices similar to the one presehin

— Differences in the stacking method: The method we have
veloped takes into account all the possible contribstiton
e underlying continuum. As can be seen in the simulations
@Qe Appendix A), broad residuals can appear due to digpersi
in the underlying continuum. The subtraction of the contiimu

.'\r/]l{ar.tﬁg.i ?.S"’"ég%i'?z;fvgtgga VT/:?Q snp defrt];atl tsr:gpgeofa%gnshrr]d s been dealt with in a less detailed way in S05, and thisicoul
INtrinsic ciSpersi e u viall result in an overestimation of the broad line EW. Besidesgus

a power law shape for the resulting a_veraged spectrum is |%uped spectra, as in S05, can introduce features such as a
small to account for the observed residuals above 5 keV, t ’ i

. . ; ad red tail in an emission line as showed in Yagoob et al.
supporting our refection component hypothesis. (2006)

We also attempted to fit the broad residuals by using a
relativistic line model JTaor model, Laor 1991). Leaving the
line energy to vary results in an unreasonable value 8fkeV 4.1. Sub-samples
so, after trying several values between 6.4 and 6.9 keV, we . . .
decided to fix it to 6.4 keV. We found that the fit does nc\#“’enthe relatively large number of counts in the final agech
depend on the emissivity index nor the inner or outer radie T SPECtrum, "Ke divided th% sar?ple into _thregfedent ﬁ'ni .
only relevant parameter appears to be the inclination abgke containing the same number of counts, in order to check for
again, leaving it free to vary results in an unphysical laralee possible averaged spectral variations as a function ofhitds

o L lux or luminosity. We did not detect any significant variatio
(> 80 °) for type 1 AGN. Requiring such a large value for thé : . ) .
inclination angle implies that the relativistic line is ing to fit with redshift nor with flux, although we marginally detectad

the continuum as well as the broad residuals. We therefced fixcOIrelation of the narrow emission line EW with Luminosity.
the inclination angle to 30 a typical value for type 1 AGN AS can be seen from Figl 5 and Tatlé 2, the narrow line EW
(Antonucci 1993, Nandra et al. 2007, Guainazzi €t al. 2008). decreases as the luminosity Increases, a behaviour _paiylou
obtained in this way a barely acceptable fit/fl.o.f = 26/17), reported as the lwasawa-Taniguchi or X-ray Baldwifieet

significantly worse than the neutral reflection model. (Iwasawa & Taniguchil_1993), but the errors are too large to
9 y extract conclusive results. The results that are presdrutdin

s - Figlh and Tabl&€]2 correspond to the luminosity sub-sasnpl
The best-fit parameters corresponding to the models titnla . X
significantly improve the “baseline model” fit are shown i e?ected in the soft band (0.5-2.0 keV) but we also obsehisd t

. : “ . » havior when selecting in the hard (2.0-10.0 keV) and XID
Table [1. The fit corresponding to the “baseline model” pl e
neutral reflection, which seems to be the only physical -5-4.5 keV) bands. Note that the Fabulated values_are very
plausible case, is shown in FIg. 4. ely r_ngher than the _actu_al values since we are not fittimg t
' - reflection component in this case.

Adding a relativistic line to the “baseline model” plus cold - .
reflected component does not improve the fit. We computed an A s_|m|Iar result was found in KO8. .Theyojg’““d tqat low lu-
upper limit for the EW of any broad relativistic line (for adm Minosity sources (0.5-10 keV luminosity 10™erg ) show
line centered at 6.4 keV) of 400 eV at 3 confidence level, & Prominent emission line at 6.6 keV with an EW~ 2 keV
a value significantly below the 560 eV reported in SO5. Th\ghereas high luminosity sources do not show any significant e

reasons for thesefiiering results could be as follows: Cess emission in the 4 t0 9 keV range.

— Differences in the sample characteristics. The sample ;
studied in S05 is composed of faint sources (average ﬂux@' Conclusions
101* erg cn? s!) whereas ours is composed of mediunWe developed a new method to obtain an X-ray averaged
flux sources (average flux 5x1071* erg cnt? s ). The S05 spectrum for AGN and applied it to the identified type 1 AGN
X-ray spectra are of overall better quality than ours, hgvirin the XWAS and AXIS samples. We extensively checked this
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16

AGN.

We do not significantly detect any significant broad rela-
tivistic emission line, although some positive residuas be

seenin the 5to 10 keV region. We find that the continuum shape
+ is best represented by reflection from neutral or low-iotiiza

14

material rather than by a relativistic iron line, also cetent
with studies of local AGN. The presence of a mixture of
| + low EW relativistic lines is not completely excluded, which
__—l— ‘ might suggest a small amount of emitting material close to
- ’_—!’— , the ISCO. We obtained an upper limit for the corresponding
EW of 400 eV at a & significance level, a value significantly
lower than the one presented in Streblyanska et al. (20088. T
difference can be attributed either to our more sophisticated
5 Eneray (keV) 10 treatment of the underlying continuum or to ddience in the
source populations themselves. To test these hypothesesew
1 increasing the number of sources in our sample and conistguct
a large sample of type 2 AGN, by adding data from both deeper
and shallower samples. Results from these new samplesewill b
- \ . presented in a forthcoming paper.

Ratio
12
T

0.8

16

14

+ -+ Our results are very important for one of the central scien-
L tific goals of the XEUB mission, which is to detect growing
AGN at significant redshifts (z 5-10). Although XEUS is be-
T +
I

Ratio
12

ing designed to have the sensitivity to detect these souttoeis

) identification will not be a trivial task, even in the 2020'sthv

—+ an expected plethora of large observatories at all wavéieng
However, our result that a narrow Fe line is common in type 1
AGN in the distant Universe, with an EwW100 eV, confirms the
expectation that redshifts can be obtained for these eadi A
Energy (keV) from their X -ray spectrum directly.
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Appendix A: Simulations

power law ['=1.9) plus Galactic absorption model.

erage spectrum is shown in F[g._A.2. We again measli(2d

10 keV)=1.89+0.01 and did not detect any significant features.
We can conclude that the correction for the Galactic abgorpt
does not fect the results significantly.

Once we had tested that the method and the counting statis-
tics do not significantly fiect the results, we had to test how
narrower spectral features propagate through our aveyagid
analytic procedures. It is well known that intrinsic abgmmp,
along with warm absorption and reflection components, agn si
nificantly afect the continuum below the Fe emission lines.
Unfortunately, the spectral quality of most of our spectid d
not allow us to fit complex models and subtract them in order
to obtain a pure emission line spectrum. Besides, the uinigpld
procedure itself can alsdtact the spectra due to the shape of
the dfective area (see Fig._A.3), although it has been tested that

In order to distinguish between real spectral features atids does not significantlyfect the spectral shape above 3 keV.

artifacts from both the averaging process /andhe individual
spectral shape around a possible emission line, we cartded o In order to quantify the ffect of intrinsic absorption, we
extensive quality tests by using simulated spectra. Oategy used the “best fit model” we obtained for the real spectra (an
can be summarized as follows: We simulate N times eaabsorbed power lakSPEC model: pha*zpha*po) and simulated
source, including Poisson counting noise, keeping the sad®@times each source, Fig. A.4. We can see broad features abov
2-8 keV observed flux and exposure time as in the real spectrdnkeV, and we measured Ig2-10 keV)=1.81+0.01, thus the
along with the same calibrations files. We then applied to tlherage spectrum idfacted by the intrinsic absorption above
simulated spectra exactly the same averaging method alsfor3 keV and it has to be accounted for very carefully. As an exam-
real spectra. We also tested how the spectral model, notse gfe, in Fig[A.3 we show the variation in the spectral shapeafo
number of simulations féected the final averaged simulategpower law (" = 1.9) as the amount of absorption increases from
spectra. 10%° to 107 cm2 (at a typical spectral resolution), although
only 5% of the type 1 AGN in our sample show an intrinsic
First, we performed 10 simulations for each source, in ordabsorption above #8cm2.
to reduce both noise and spurious features, using a simplerpo
law model withI" = 1.9 constant{SPEC model: po). The result- To test how narrow features are treated by our method, we
ing averaged spectrum is shown in Hig.]A.1. We fitted a powsimulated a power law plus an intrinsically unresolved sinis
law between 2 and 10 keV obtainind é2-10keV)=1.89:0.01 line (o = 0). To avoid the contribution from the noise, we did
and we did not detect any significant features. We also cliecket include Poisson noise this time and increased the sélusce
for the dfect of not including Poisson noise and increasing th®y a large factor. We were not interested ffieets introduced
fluxes, obtaining the same result but with smaller errors. at these low fluxes or counting statistics but only in tifects
due to the process and the redshift distribution over a marro
Our method includes the correction for the Galactic absorfeature. We simulated once each source, using a power law plu
tion for each source, so we needed to check how this correcGaussian emission lin&SPEC model: pergaus) with the fol-
tion afects the average spectrum. We then simulated 10 timewing parameterd’=1.9, E= 6.4 keV,o- = 0 and EW= 200 eV,
each source with a power law modétl & 1.9) modified by rest-frame values. The result is presented in[Eigl A.5. WWesea
Galactic absorptionXSPEC model: pha*po). The resulting av- how the process and the EPIC spectral resolution widenttiee li
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Fig.A.3. Top panel:Effective area corresponding to an individ-
ual observation for pn (solid line) and MOS cameras (dashed
line). Bottom panel:pha*po models for dierent amounts of
absorption: no absorption (solid line), 26m2 (dashed line), 33 : : : : —
10%cm™2 (dash-dotted line), P8cm2 (dotted line), 18°%cm2 Energy (keV)

(dash-dot-dot-dotted line). ) . ) ) )
Fig.A.5. Mode: po+gaus. Simulations without noise corre-

sponding to E6.4 keV,o =0 and EW=200 eV, rest-frame val-

giving a value of- ~100 eV, but we recovered the initial valuesues

for the remaining parameterE,(E and EW). We therefore see

that our averaging method introduces 400 eV broadening on at different energies, but it does not vary the line shape nor its

narrow features that we subtractin quadrature from fittdgesa EW, recovering the input parameters within errors. We also

tested if changing the line width, EW and central energy aid n

At this point we still needed to quantify how absorptioraffect significantly our conclusions, always recovering thgiin

could dfect the shape of an emission line. To achieve thigalues within errors when using the pha*zpha*po simulation

we added a Gaussian emission line to the “best fit model$ the underlying continuum.

and ran the simulations using this mod&SPEC model:

pha*zpha*(pa-gaus)). FigCA.b (top) shows the simulations for To minimize the distortion introduced by the averaging

a Gaussian line centered at=£6.4 keV witho ~ 100 eV and method and the intrinsic absorption for a possible emistanan

EW = 100 eV (rest-frame values) along with the simulationse decide to use this simulated continuum as an underlying co

for the “best-fit model” XSPEC model: pha*zpha*po). We can tinuum for our real average spectrum. Instead of simulaganch

see that the line shape appears distorted towards low esergburce 10 times we used 100 simulations per real source, so we

mimicking a broad tail, but this feature is also present ia thwere able to construct 100 simulated continua. From the€e 10

pha*zpha*po simulations. If we fit a power law in the 2-10 ke\simulated continua we could quantify the significance ofexy

range, excluding the emission line region (4-7 keV), anclrsion over this continuum by constructing confidencetBmi

compute the ratio between the pha*zpha*(gaus) model and i.e. flux intervals per each energy grid in which a number of

this power law, we obtain the ratio shown in Eig.JA.6 (centralsimulations is contained (see Hig. A.7). For the 100-sitrhs

The line shape is clearly distorted and some residuals beloontinuum we fitted a power law between 2 and 10 keV obtain-

6 keV can be seen. Notwithstanding, if we use the simulatioimgy I'=1.96+0.01, close to the mean value for the real sample.

without a line as an underlying continuum to obtain the rati®lthough the continuum shape does not show prominent fea-

Fig.[A.8 (bottom), we find that the process slightly widens thtures the confidence contours display an increasing digpers

line due to the unfolding and the fi#rent energy resolutionstowards high energies and around the position where thedFe K
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Fig.A.7. Average continuum with 100 simulations (circles)
along with the power law fit (2-10 keV) and the-1dotted line)
and 2r (dashed line) confidence limits.
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Fig.A.6. Top panel:Modéel: pha*zpha* (po+gaus): Simulated
average spectrum corresponding to 10 simulated specteadbr
real spectrum (squares) and the “best-fit model” continuzirn (
cles).Central Panel:Simulations pha*zpha*(pegaus) to power
law ratio. Bottom Panel:Simulations pha*zpha*(pegaus) to
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line is expected to fall. Therefore, this must be taken inte a
count when fitting a possible broad line as it could be verymuc
affected by these continuum features.



	Introduction
	X-ray data
	Averaging Method
	Unfolding the spectra
	Rescaling the spectra
	Averaging the spectra
	Constructing a continuum

	Discussion and Results
	Sub-samples

	Conclusions
	Simulations

