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ABSTRACT

We report on a medium deep XMM-Newton survey of the Marano Field and optical follow-up observations. The mosaicked
XMM-Newton pointings in this optical quasar survey field cover 0.6°deith a total of 120 ks good observation time. We de-
tected 328 X-ray sources in total. The turnover flux of our sampfg is 5 x 10-'%erg cnt? s* in the 0.2-10 keV band. With VLT

FORS1 and FORS2 spectroscopy we classified 96 new X-ray counterparts.

The central 0.28 dégwhere detailed optical follow-up observations were performed, contain 170 X-ray sources (detection likelihood
ML > 10), out of which 48 had already been detected by ROSAT. In this region we recover 23 out of 29 optically selected quasars.
With a total of 110 classifications in our core sample we reach a completene85%f. About one-third of the XMM-Newton sources

are classified as type Il AGN with redshifts mostly below 1.0. Furthermore, we detect five high redshift type Il £&5Nz(2 2.8).

We show that the true redshift distribution of type 1l AGN remains uncertain, since their lack of emission lines in a wide optical
wavelength range hampers their identification in the redshift rangezl< 2. The optical and X-ray colours of the core sample
indicate that most of the still unidentified X-ray sources are likely to be type Il AGN. We calculate absorbing column densities and
show that the ratio of absorbed to unabsorbed objects is significantly higher for type Il AGN than for type | AGN. Nevertheless, we
find a few unabsorbed type 1l AGN. The X-ray hardness ratios of some high redshift type | AGN also give an indication of heavy
absorption. However, none of these type | objects is bright enough for spectral extraction and detailed model fitting. Types | and
I AGN cover the same range in intrinsic X-ray luminosity, {1& Lx < 10%), although type Il AGN have a lower median intrinsic

X-ray luminosity (logLx ~ 44.0) compared to type | AGN (lobx ~ 44.4).

Furthermore, we classified three X-ray bright optically normal galaxies (XBONGS) as counterparts. They show properties similar to
type Il AGN, probably harbouring an active nucleus.

Key words. surveys — X-rays: galaxies — galaxies: active — galaxies: quasars: general

1. Introduction obscured, low-luminosity, low-redshift X-ray sources (Hasinger
. . et al. 2001). To characterise the X-ray sky properly and under-
X-ray surveys are essential to characterise the source populag?%d the X-ray background peak 280 keV (Worsley et al.

of the X-ray sky and are the onl_y means to understand the 05), numerous surveys with a large variety in limiting flux and
ture of the X-ray background radiation. Deep X-ray surveys hag) ey area are needed (see Fig. 1, in Brandt & Hasinger 2005).
been carried out during the last decades (Hasinger et al. 19 this paper, we present new XMM-Newton data and spectro-

Lehman(r: et al. 2001; Alexander et al. 2003) and showed th?éopic classifications of X-ray sources in the Marano Field.

up to 80% of the soft X-ray background is due to active galaC-"The \arano Field was named by an early optical quasar

tic nuclei (AGN). XMM-Newton and CHANDRA, thanks to survey up to a limiting magnitude d8; = 220 by Marano

their high sensitivity at hard X-rays, opened the absorbed X—r%
()

. for further studi d led a | lati al. (1988). Based on fiierent optical selection techniques
universe for further studies and revealed a large population Qg qyr—colour diagrams, grism plates, variability analysis) they

* Based on observations obtained at the European Southdifcovered 23 broad emission line quasars and defined an ex-
Observatory, Paranal, Chile (ESO programmes 66.B-0127(A) al@nsive list of quasar _candldates. Zitelli et al. (1992) completed
70.A-0651(A) and on observations obtained with XMM-Newton, athis work by presenting a spectroscopically complete sample
ESA science mission with instruments and contributions directtf quasars withB; < 22.0 using this list of quasar candidates.

funded by ESA Member States and NASA. They confirmed 54 quasars including the former 23 quasars.
** Appendices A-D are only available in electronic form aBetween December 1992 and July 1993, ROSAT observed
http://www.aanda.org the central Marano Field~0.2ded) for 56 ks (Zamorani

*** Table 8 is also available in electronic form at the CDS viat al. 1999). The data revealed 50 X-ray sources with a limiting
anonymous ftp tacdsarc.u-strasbg.fr (130.79.128.5) or via

http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]/A+A/466/41

http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20065849
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Table 1. XMM-Newton observations of the Marano Field. filtéF:- -54:50:00.0 | |
thin, M.-medium.
XMM-orbit/ Date RA Dec Time Filter Szl /\‘
ObsID (2000) (3h:min:ss) +55:min:ss)  (KS)
1060112940201 7 15:27 06:13 103 T. '
107/0112940201 10 16:03 21:41 104 T. 8 10:000 b
1070112940301 14 15:27 11:22 106 T. g
1070112940401 14 15:27 16:32 105 T. a 2000
1070112940501 14 15:27 21:41 7.8 T. o
1290129321001 23 16:03 11:22 6.1 T. j
1290129320801 2B  16:03 16:32  10.6 M. 0000
1290129320901 2B  16:03 06:13 106 T. ‘ -
1300110970101 28 13:09 03:54 109 T.
1300110970201 28  14:15 11:22 91 T. 16:00.0 16:000 3:14:000 12:000
1300110970301 28 14:15 16:32 9.1 T. Right ascension
iggy/gﬂgg;gggi % ﬂé? géi’é gi $ Fig.1. A\_/er_aged mosl and mMos2 exposure map-0.8 keV) (_)f th_e
1310110970601 26 14;51 11;22 9:9 T. 4 x 4 pointing pattern (small white crosses). The exposure time in the
1330110970701 3@ 1451 16:32 99 T: central region reaches 78ks. The bl_ack rectangle shows the area covere
1330110970801 3@ 1451 2141 88 T by the WFIR-band images. The white polygon marks the area covered
. . . . by the SOFK-band images (see Sect. 2.2).
flux of fx > 3.7x 10 ergent?s™* in the ROSAT band (05 Due to the overlapping pointings some deviations from the

2.0 keV). Multi-colour CCD and spectroscopic data identifiediandard XMM-Newton data analysis procedures were neces-
42 X-ray sources (33 quasars, 2 galaxies, 3 clusters, and 4 staggly and are described here. The photon event tables from the
66% of the optically selected quasars within the ROSAT fieldrg grid pointings were merged into a single event table with
of-view were detected as ROSAT X-ray sources. Gruppioni et &.common sky coordinate frame using the XMM SA&rge
(1999) carried out a deep radio survey at 1.4 and 2.4 GHz aggkk. |n this coordinate frame we created 240 images (one
detected 68 radio sourcefy(> 0.2 mJy). Follow-up observation for each pointing, energy range, and instrument). The 5 bands
provided redshifts for 30 objects. used are 0.20.5 keV, 0.5-2.0 keV, 2.0-4.5 keV, 4.5-7.5 keV,

Our new XMM-Newton data comprise an area three timegnd 7.5-12.0 keV. Each image has 968 963 pixels with
larger, compared to the ROSAT survey, and are thus almost cofur arcseconds binning. For each of these images separate
parable in size to the optical quasar survey. We are reachingsosure maps and background maps were created using the
survey sensitivity offx ~ 5x 10-*°ergcni?s* (turnover flux)  XMM SAS taskseexpmap andesplinemap. One of the point-
over a contiguous area of 0.6 ded’he XMM-Newton survey ings (ObsID 0129320801) had accidentally been scheduled with
of the Marano Field is thus comparable with deep ROSAT sutmedium” thickness filters, while all other pointings had been
veys (e.g., the UDS, Hasinger et al. 1998) or with medium dejpserved with “thin” filters. To correct for the somewhat lower
CHANDRA surveys (e.g., ChaMP, Green et al. 2004). throughput of the medium filters at soft energies, we multi-

The paper is organised as follows. In Sect. 2 we list the X-raytied all exposure maps of this pointing with a correction fac-
and optical data and the reduction of the data. Section 3 der derived from the energy conversion factors for the “thin” and
scribes and summarises the spectroscopic classification of theadium” filters. These ECFs were taken from the SSC doc-
X-ray sources. In Sect. 4 we make use of the spectroscopic clament SSC-LUX-TN-0059 v.3 (Osborne 2001). The correction
sification and redshift determination to analyse the propertigslargest in the softest band (8.2.5 keV), where theféective
of different object classes. In this section we concentrate oregposure in thefected pointing is reduced by 11%.

“core sample” of objects in the central part of the field, where e then added the images, exposure maps, and backgrounc
we reached the highest degree of completeness in the specf@ps of the individual pointings, resulting in 15 images for
scopic classification. Section 5 addresses additional object35i@nergy bands and 3 detectors. These images were used si
the Marano Field that are not X-ray detected. These obje¢ffultaneously as input for a detection run withoxdetect

were obtained as a control sample. Section 6 dicusses the gdemldetect. The taskemldetect applies a PSF-fit to each
sults of the diferent object classes. Finally, our conclusions argyyrce found byeboxdetect to determine the source param-
outlined in Sect. 7. Unless mentioned otherwise, all errors refgfers. Since we use merged mosaic images of the field, each

to a 68% confidence interval. source image results from the superposition of several point-
ings. In each pointing the source is detected atfBewint po-
2. Observations and data reduction sition on the detector. Therefore, the standard configuration of

emldetect, which uses the fé-axis angle and position-angle
of each source to extract the appropriate PSF from calibration
Since the area of the optical quasar survey in the Marano Fidis, could not be used here. Instead detect was modified

is larger than the XMM-Newton field of view, the X-ray ob-to use the calibration PSF corresponding to #haais angle
servations have been performed as a grid af4loverlapping 6 = 5arcmin throughout the entire field. This PSF is circular
pointings with a spacing of5 arcmin in right ascension andsymmetric and is a good representation of the point sources in
declination. The pointing in the north-western corner of the grithe merged images. For this work no extent models were fitted
was shifted to cover the position of a deep far-infrared surveg the sources, therefore the source list producestfietect

with the ISO satellite (Table 1 and Fig. 1). The ISO data are ndbes not contain any information whether a source is extended
addressed in this paper. or point-like. Generally, the X-ray data reduction and analysis

2.1. XMM-Newton X-ray observations
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was performed with XMM SAS version 5.1 (from /0&/2001) -54:50:00.0
with the abovementioned exception of an adapted version of
emldetect. The version okmldetect used here dtered from

an error, which resulted in the overestimation of detection like- 55:00:00.0

lihood values (XMM-Newton-NEWS #29, 11-Mar.-2003). All

likelihood values quoted here have been corrected to adhere t(c 10:00.0

the relationML = —In(P), whereML is the detection likelihood £

and P is the probability that the detection is caused by a ran- § 20000
& :00.

dom fluctuation of the background. All count rates and derived

guantities are taken from the PSF fittingesfldetect. Using

the combined expoure mapsnldetect corrects the source 30:00.0

count rates for all spatial variations of telescope and detector

efficiency, i.e., the count rates relate to the optical axis of each

EPIC camera. Following Cash (1979), the 68% confidence inter-

vals for the source positions and source fluxes were calculateu

usingemldetect as follows: each parameter is varied until thé=ig. 2. PN exposure map (0:2.0 keV) of the 4x 4 pointing pattern.

statistic The exposure time in the central region reaches 35.5 ks. The area in-

side the black contour markes the “core sample” region where the pn-

N detector exposure time exceeds six ks. White rectangles show the posi-

C= 22(61 -nilne) tion of the spectroscopic masks for the optical follow-up observations
i=1 (see Sect. 2.4).

3:15:00.0
Right ascension

exceeds the best-fit value Gfby 1, whereg; is the source model 50F - - .
at the position of pixel andn; is the number of counts in pixel

i. We used energy conversion factors (ECFs) to calculate source
fluxes in the band 0:210 keV (from the total EPIC count rate
in the band 0.212 keV) and in the band 0-2.0 keV (from
the EPIC count rate in the band 850 keV). The ECFs were
derived by usingKSPEC and the XMM SAS calibration files to
simulate power-law spectra with photon indéx 1.8 and the
galactic column density of the fieNy = 2.7 x 10?%°cm2.

For all sources 3 hardness ratios of the form
HR = (CR; - CRy)/(CR; + CRy) were calculated between the
adjacent pn-detector energy bands-@% keV, 0.5-2.0 keV,
2.0-4.5 keV, and 4.57.5 keV. For exampleHR2 was calcu- O§
lated between the bands 650 keV and 2.84.5 keV. The 10~ 16 —15
different energy responses of the mos- and pn-detectors result ¢
in different hardness ratios for the same source. If not noted
otherwise the pn-values are used throughout the paper. Fig.3. 0.2-10 keV X-ray flux histogram of the 328 XMM-Newton

In total we detected 328 X-ray sources with detectiofietected X-ray sources in the Marano Field. Up to an X-ray flux of
likelihoods ML > 5.0. The X-ray fluxes are in the rangefx ~ 5x 10 erg cn? s7* (turnover flux) we detect more and more

fy = (0.16— 54)x 10‘14erg ent2 st (0.2-10keV). The X-ray sources. Below that X-ray flux the detection rate decreases dramacti-

flux histogram (Fig. 3) shows the X-ray detection limit of ou,s:ally.
survey. Belowfy ~ 5x 10%%erg cnt? s we are unable to

detect the majority of the X-ray sources. In the central regiqfaye low detection likelihoods and were thus not included in
(Fig. 2) we found 252 X-ray sources. The complete X-ray sourGge final XMM-Newton X-ray source list (Online Material,

list can be found in the Online Material, Appendix A. Appendix A). Figure 4 compares ROSAT and EPIC X-ray fluxes
Since the PSF-modelling tasimldetect was only used the 0.5-2.0 keV band.

with point-source models here, the detection procedure was The X-ray fluxes of both missions are comparable
not very sensitive to diuse emission from clusters of galax-yown to ROSAT fluxes offx ~ 6.0 x 10-Sergcnr2sL.

ies. However, visual inspection of the X-ray images revealed Mnong the 13 objects (broad emission line objects) with
obviously extended sources. We estimate that extended clus'g(;rZ 10 “ergcm?s ! (ROSAT), five show variability of about
emission down to 0:52.0 keV fluxes of 2« 10-**erg e s 5'¢actor of two in both directions. Throughout the whole paper
should be detectable in this survey. The clusteN@@gS) of  \ye refer to the X-ray sources by mentioning the X-ray source
Rosati et al. (1998) gives a surface density~6f clusters per nymber without any letter as 8ix (e.g. 452). These numbers
square degree at this flux. We would therefore expect about iqgfer to the sequence numbers in the original emidetect source
clusters in the total area of the XMM observations and abojit and are non-contiguous due to the removal of sources below

the considerable cosmic variance of the cluster surface density

the non-detection of clusters in the survey is consistent with the
logN(log S). In any case the small number of expected clusteis2. The optical data
does not suggest a significant contribution of clusters of galamgi_l_ WEFI R-band observations
to our source sample.
XMM-Newton redetected all 50 ROSAT X-ray sourcesThe central region of the Marano Field has been observed in
(Zamorani et al. 1999). However, two ROSAT X-ray sourcetheUBVRI bands with the ESO Wide-Field-Imager (WFI). Here

N (source number)
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Fig.4. Comparison between the 6.8 keV X-ray fluxes measured by Fig. 6. Histogram of theK-band magnitudes in the NTT-SOFI images.
ROSAT and XMM-Newton of all 50 ROSAT X-ray sources in theCompleteness in detecting objects is lostfors 20.5.

Marano Field. XMM-Newton fluxes are averages of the three individual

EPIC camera fluxes. The black solid line represents equal ROSAT and

XMM-Newton fluxes. (FORS2) 12 optical images. The summed pre-imaging area is
10000 F— . . . — ~530 arcmirt in the central region of the Marano Field (Fig. 2).
i ] Since the field was not contiguously covered by FORS spec-
troscopy, the pre-images also cover orly0% of the central
area of the X-ray survey.

1000

2.3. Target selection for optical spectroscopy

100 ¢
g Our target selection for the optical spectroscopy was primarily
[ ] based on FORSEORS2R-band pre-images. WHR-band and
10F - SOFI K-band data were used in addition to support the target
: ] selection on the pre-images in case of faint counterparts. The
[ ] chosen fields represent a compromise in terms of maximum sur-
1 s s s s s vey area and source density because of limited telescope time.
16 18 20 22 24 First priority for spectroscopic follow up was given to candi-
R [magnitude] dates with a likelihood of existenddL > 10 within a 2rx error

Fig. 5. Magnitude histogram of the sources detected in the WBand radius. The total position errorisx = /05, + 05 The sta-

image. Completeness in detecting objects is losifor23. tistical errorsr« of the positions were calculated as described
in Sect. 2.1. The systematic errors are caused by uncertainties in
the spacecraft attitude, errors in the linearisation of the detector
we make use of the deep (7000Rpand image (Mignoli & coordinates, and undersampling of the PSF (in particular for the
Zamorani 1998) with a limiting magnitude~ 225 (defined as PN camera). At this stage, we allowed a systematic position er-
turnover magnitude minus 0.5 mag, see Fig. 5). The WFI-imager of 20”, see Sect. 3.2 for a more accurate estimation of the
covers an area of 3% 32 arcmin well aligned with the region of systematic position errors.

N (source number)

the deepest XMM-Newton coverage (Fig. 1). The multi-object spectroscopy masks were designed with
the softwarefims 2 provided by ESO. For all spectroscopic
222 SOFI K-band observations targets we used straight slitlets with a nominal length of ten

arcseconds and width of one arcsecond. For extended sources
The K-band data (®-2.3um) were obtained at the ESO Newor closely spaced candidate counterparts fiwint slit length,
Technology Telescope (NTT) with the SOFI instrument. With af—14 arcsec, was used. Still available mask positions were filled
area of 754 arcmithe K-band mosaic covers a slightly smallewith candidate objects not fulfilling the main selection criteria
area than the WHR-band observation and is well aligned withand with additional random non-X-ray emitting galaxies.
the deepest XMM-Newton exposure (Fig. 1). The SOFI observa-
tions consist of a mosaic of 33 jittered pointings, each coveri
5x 5 arcmin with an exposure time of 29 min each. The limitin
magnitude isK ~ 20 (turnover magnitude minus 0.5 mag, seqehe FORS1 multi-object spectroscopy (MOS) run with six
Fig. 6). masks was obtained on November 20th, 2000 by using grism
GRIS 1501+17. No order separation filter was used. The ex-
posure time for every mask was 2400 s. The seeing was 0
0.1 arcsec.
R-band pre-images for the spectroscopic follow-up observa- The second run was performed with FORS2 in spectroscopic
tion were obtained with the Focal Reducer and Spectrograptask mode (MXU) from November 274#30th, 2002. We aimed
FORS1 and FORS2 at the ESO Very Large Telescope (VLTar an exposure time of X 1800 s per mask, but weather
The first run (FORS1) contained six and the second ruand time constraints required some deviations from this general

yzl. Spectroscopic observations

2.2.3. VLT R-band pre-images
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Table 2. Details of FORS2 spectroscopic mask mode observation (see = ‘ H = g
Flg 2) z ss I ;f
Lo ]
Mask Observation Filter Seeing T
(each 18005s) (in arcsec) T, ]
mask1l 3 none 0.63 »
mask?2 4 none 1.36 N
mask3 3 none 1.05 &
mask4 3 none 0.78 =
mask5 3 none 0.93 g
mask6 3 GC 375 0.75 =
mask7 3 none 0.80
mask8 3 noné 0.81 ° ™ s000 S 60(;‘(?; - ‘ 70‘00 ‘ ‘ au‘oo L
mask9 2 none 0.66 WAVELENGTH (A)
mask10 3 none 0.76
mask11 1 none 0.96 Fig. 7. Optical atmospheric absorption correctedvelength and flux
mask12 2 none 0.64 calibrated spectrum for X-ray source 480. The black spectrum marks

the object’s spectrum. The green line (see the online colour version
of the manuscript) shows the error spectrum. Possible emission and
Table 3. Setups for the optical spectroscopy. absorption features in the spectrum are labelled. The spectral feature
at 5580 A is spurious due to incomplete substraction of a night sky line.

FORS1 FORS2
Grism GRIS_150+17 GRIS_150+27
Dispersion [A/mm] 230 225
Pixel size im] 24 x 24 15x% 15
Step width [A/Pixel] 5 3

3500-10000 A. However, many spectra were located close to
. _ the edge of the CCD. Hence, there are substantial variations in
Table 4. Origin of optical counterparts to XMM sources. the wavelength range of the spectra. The average uncertainty of
the wavelength calibration is 0.2 A but reaches a maximum of
A1+ 1.5 A at long and short wavelength ends. Further details on
et al. (1988) and Zitelli et al. (1992) (partly reobserved) 0 the optical _setu_ps can b‘? found in Table 3 we eSt'.mate the spec-
New opfical counterparts of ROSAT sources tral resolution finally achieved by measuring the width of the arc
Zamorani et al. (1999) (partly reobserved) 14 lines in the lamp spectra thd ~ 21 A (FWHM).

New positive spectroscopic classifications of XMM sources 96

Total positive spectroscopic classifications of XMM sources 140

Obtained optical spectra for X-ray sources 207
Positive literature classifications by Marano

2.5.2. Object and sky definition

The aquisition slit-through images were used to roughly define

scheme (Table 2). Gris@RIS_1501+27 was used for all masks.%%e position and width of every single slit in an image. For an

To prevent second order contamination, the first mask (mas
in the observing sequence was observed through filter GC 3

which limited the wavelength range from 3850 to 7500 A.

timal definition of the object and sky region in the spectrum,
e pipeline then displays intensity profiles in graphic windows
; ; . .and an image of the corresponding spectrum. After a careful in-
comparison with the second mask without an order separatigge .tion of these pipeline outputs, the object and the sky region
filter showed that the contaminatioffect is negligible. Hence, \ oo defined manually for every single spectrum. Consequently,
for all foIonvmg masks the filter was removed from the IIghtbad pixellinegcolums in the raw data can be excluded for the
path resulting in a wavelength range for central targets of tré‘?(traction and scientific misinterpretation of artifacts in the final
final spectra from 3500 to 10000 A. spectra can be avoided. Whenever possible, two sky regions, on

both sides of the target spectrum, were defined.

2.5. Spectroscopic data reduction

The reduction of the data was accomplished by a semiautom&tib.3. Extraction of spectra

pipeline coded irMIDAS. It was specially designed to reduce

FORS2-MXU data with as little interaction with the user as posthe extraction is based on an optimal extraction algorithm

sible. After modifications this code was also used to reduce tfidorne 1986) including a cosmic ray rejection. Extensive tests

FORS1-MOS data. The bias correction was done in the standdriermined the optimal extraction parameters. Standard flux cal-

manner with careful attention to possible time dependence énation was applied. Since FORS2-mask6 was observed with

the bias level and dark current. An ordinary flat field correctioan additional filter, a dferent standard star was used. All spec-

was used to rectify the pixel-to-pixel variation. tra were corrected for atmospheric absorption using the standard
ESO extinction correction function scaled to the given airmass.

Then individual spectra of a given counterpart object were
combined to form one single final spectrum. The individual
We established a 2-d wavelength calibration in the pipeline. Thépectra were firstly normalised to the same mean intensity. The
allowed us to correct the distortion perpendicular to the disparermalisation factor was determined from an analysis of all
sion direction and significantly improved the signal-to-noise rapectra in a given mask. The final spectrum is the uncertainty-
tio of the extracted spectra. The calibrated wavelength rangewsighted mean spectrum.

2.5.1. Wavelength calibration
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1.4 \ \ Table 7. Fractions of absorbed sources irffeient X-ray luminosity
bins based in Fig. 19c. Only objects willy > 2 x ANy are selected.
E 43<log(Ly) <44 4d<log(Ly) <45 logly) > 45
< type 0% (G19) 10% (442) 0% (08)
o type Il 43% (614) 58% (712) 33% (13)
5
I
X The complete list of X-ray classification is given in Table 8. The
“ columns are described as follows:
(1) No
Classification of a counterpart object consists of the sequence
0 1 B 3 number of the X-ray source list and aflx (A, B) to discrimi-
z nate between dlierent candidates.
Fig. 8. Adopted mean k correction from observ@éband to rest-frame ] )
Mg, for broad emission line AGN. (2) RA[hh:min:s] and (3) Dec [deg: min:s]
Right ascension and declination of the optical candidate coun-
Table 5. X-ray counterpart distribution. terpart (J2000).
Object class Total number  Percentage (4) Distox [arcsec] ) -
Broad emission line objects (B) 39 630 Spatial dfset between the X-ray and optical positions.
Narrow emission line objects (N) 36 26%
Galaxies (G) 6 4% B) K
Stars (S) 9 7% SOFI K-band magnitude of the spectroscopically classified

candidate, whenever available.
Table 6. Properties of the core sample.

6) R
X-ray Sourcesty > 6 ks, ML > 10) 170 WFI R-band magnitude of the spectroscopically classified
Optically identified X-ray counterparts 158 candidate, whenever possible.
Spectroscopically classified optical counterparts 110
(7) Class
Spectroscopic classification of the identified object. S — star,
3. Spectroscopic classification of the X-ray G —normal galaxy (no emission lined) — narrow emission
counterparts line galaxy with unresolved emission lines (at 6000 A our

spectral resolution of 21 A corresponds to 1050 ks

The spectroscopic classification of the individual X-ray sourcegs— broad emission line object (all measured line widths have
was primarily based on the FORS1 and FORS2 spectra. In agyyy > 2500 km s?), and ? — undefined object.
dition, we used optical and X-ray images for a reliable iden-
tification (see Online Material, Appendix C). Broad emission (8) z
line objects were immediately accepted as X-ray counterpar§pectroscopic redshift of the identified object. The redshift is
Narrow emission line galaxies and normal galaxies were agken from the literature for objects with “1--" and “0--" in
cepted as X-ray counterparts, if no other optical candidate was|. (9) Flags. Column(15) Rem. states the source of redshift
found within the position error range. Stars were regarded gstermination and classification.
likely counterparts if the X-ray colours indicated a soft X-ray
spectrum compatible with coronal emission<i keV. Every (9) Flags
X-ray identification was confirmed by at least two individuals. X-ray identification flag, redshift flag, and classification reli-

For the large majority of our spectra the signal-to-noise ratighility flag. The first number (0,1) marks whether a spectro-
(\R) is suficient to give reliable classifications and redshiftsscopically classified object was accepted as X-ray counterpart.
Like other X-ray identification surveys, we encounter the prot®bjects which we consider to be the correct identification of the
lem of difficult classification of the optical spectra below a cerX-ray source are flagged by “1”, while “0” flags objects not con-
tain S\NR. For spectra with 8\NR = 3-5, the identification of nar- sidered as the X-ray source.
row emission lines was still possible. However, at @8R faint The second (middle) flag states the redshift reliablility. A red-
broad emission lines and normal galaxy spectra are vefy dishift flag “1” means a reliable, well-established redshift deter-
cult to identify. Figure 7 shows a spectrum of a narrow emissiafined by several spectral features. “0” marks objects where the
line galaxy with aSNR = 2.4 (continuum near the Demission redshift determination relies on a single but reasonable spectral
line), which is close to the identification limit. Only one signif-feature.
icant narrow emission line at7100 A is found. The spectral The third (last) flag characterises the classification reliability. A
shape makes it reasonable to identify this line as @nission flag “1” marks that the object type as given ifY) Class’ is well
line. Even though this classification is likely, an unambiguousstablished and reliable. Flag “0” indicates an uncertain clas-
redshift determination and classification of the type cannot Isification of the object type. Either higB\R spectral features
given. Spectra with &R less then~2.5 are not identifiable. of the object do not allow a proper classification or the optical
The reliability of the redshift determination and classification apectra do not allow to give a reliable classification of the ob-
the optical spectra is given by flags in C() Flagsof Table 8. ject type because of a l08N\R andor insuficient wavelength
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LE | | 7 (10) 10g (Lxogs [Ergs™]) o o
i ] Observed rest-frame X-ray luminosity (logarithmic units) in
0.8 H B the 0.2-10 keV energy band calculated by using Eqg. (1). The
I - k-correction vanishes since we assume an energy index-1
o C s ] with F, ~ v® ~ v T (I-photon index) based on Alexander et al.
s 06 . (2003) and Mainieri et al. (2002). The luminosity distarthe
5 C a was computed by the analytical fit for flat cosmologies with
0.4 - 7 Qm =0.3,Q, = 0.7, Hp = 70kms* Mpc following Szokoly
C ] et al. (2004).
0% C a 47rdf
oL Lx = e X (1)
0 1 2 3
7.
(11) Mg

Fig.9. Adopted conversion term to estimafd magnitudes at fixed

rest-framevavelengthl = 2500 A from observe®-band magnitudes. Absolute magnitudedds (in the Johnson system) were esti-

mated only for type | AGN using the relation

40F ' ' ' a) E Mg = R+5-5log(d./pc) + K(2), (2)
30F E whered, is the luminosity distance anid(2) is the customary
£ E k-correction term. In our case, this term includes the transition
z 20F 3 from observed-framé&-band to rest-framé-band, assuming
E | E a mean spectral energy distribution for all sources, and also
0 E| ] E the (1+ 2 bandwidth stretching factor. For the type | AGN
£ ] we computedK(2) from the composite SDSS quasar spectrum
N i L[] M (Vanden Berk et al. 2001). The resulting graph is shown in Fig. 8.
20F ! ¢ 5 b) . (12) aox
- ] The broad band spectral indeox roughly characterises the
15F /o . UV-X-ray spectral energy distribution by connecting the rest-
z, F Lo ] frame points at 2500 A and 1 keV with a simple power-law,
10F T E F, o v~ _For each broad emission line AGN we estimated
A R Sl v 1 its flux at a fixed rest-frame wavelength.bf 2500 A, applying
SEL B the relation
0 .
0 ) S 5 mag (2500 A)= R+ Am(2), 3)
o whereR is the quotedR-band magnitudemag (2500 A) is the

Fig. 10. a) Number of objects identified as X-ray counterparts viedi Predicted magnitude at 2500 A — expressed in the AB system
ence in X-ray and optical position scaled to@Iposition error with for easy conversion into monochromatic fluxes —, @mi2)

a systematic X-ray position error of 2 arcsec. The smooth line repis-a redshift-dependent term (similar, but not identical to the
sents the theoretical distribution. The distribution of type | AGN, whick-correction) that also accounts for the zeropoint transformation
are a class of well-accepted X-ray emitters, is plotted as a dotted lif@m the Vega to the AB system. Our adopt&o(2) relation,

The solid line characterises the complete sample including type | AGﬁbain computed from the SDSS composite quasar spectrum of
type Il AGN, galaxies, and stark) The lorx position error was ad- \ianqen Berk et al. (2001), is shown in Fig. 9. Notice that at

justed to the observed distribution by reducing the systematic X-r,

position error from 2 to 0.7”. The complete sample agrees well Withfﬁ,e typical redshifts of ~ 1.5 of our broad line AGN, the ob-

the type | AGN distribution, which gives evidence of a marginally falseervedr-band appl’OXI.mately traces a rest-frame WaYe'?”th of

match rate. Adrest ~ 2600 A, implying that the spectral energy distribution
corrections are small. The resulting AB magnitudes are then con-
verted into fluxes following the definition of the AB system (Oke

coverage of the optical spectra. The latter is illustrated in Fig. & Gunn 1983):

The narrow Q1 line indicates a narrow emission line galaxy.

However, theSNR of the spectrum does not allow us to judge™8 (2500 A)= ~2.5l0g(F,(2500 A))- 4860, )

the existence of a broad Mgline and, hence, a classification

as type | AGN. Since @v and Cir are outside the spectrum’s

wavelength range, Mg is the only possible broad-line feature.

The most likely classification of this object is a narrow emission 10kev

line galaxy. However, the given arguments show that a classifi(g. 2 — 10keV)= F,(1keV) E*dE witha=-1 (5)

cation as type | AGN cannot be excluded. Therefore, the classi-

fication flag for this object is “0”. Objects with “1--" and “0--" 02kev

have only an X-ray identification flag since their redshift angéience, the broad band spectral index is obtained as

classification relies on follow-up surveys previously done in the

Marano Field (see Co(15) Rem.). o = log(F,(2500 A))- log(F, (1 keV))‘

log(v(1 keV)) - log(»(2500 A))

whereF, (2500 A) is given in ergst cm2 Hz™1. The X-ray flux
at 1 keV is computed by:

(6)
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3.0f ' ' ' ' ' "]  type Il AGN (object 20A) seems more likely, since the X-ray
55 2 + * . 3 colours indicate a relatively hard spectrum.
B oy X ] 22A and 22B: X-ray source 22 is a probable blend.
5ok +at X . Objects 22A and 22B fall on top of the two suspected point
I . +p T4 * 1 sources. We regard both optical objects as likely counterparts of
s E . *+ LA LA, *+ ¥ xg ™ E the X-ray blend and distribute the measured X-ray flux evenly
o T x X TR s between the two sources.
Lok . + +*§“+* *x® ] 26A: New redshift determined for this source, formerly
Tt + s ﬁﬁ*# * known as Zamorani et al. (1999) X301-29. _
E A a4 TR, e 32A: NV strongest emission line in the spectrum (brighter
0'5; o + ¥4 +] than Lyw). Narrow emission lines are present and the object
b * s ] is classified as “N” (narrow emission line galaxy). However,
O'O;' . . . . . . E all narrow emission lines have underlying broad components.

Therefore, the classification flag is set to “0”.
35A and 35B: Two galaxies at equal redshift, the brighter
galaxy 35A is regarded as the X-ray counterpart. The possibility
Fig. 11. WFI R-band magnitude vs. fierence in X-ray and optical po- that the X-ray source is a galaxy cluster cannot completely ex-
sition scaled to ady position error with a systematic X-ray positioncluded, but an X-ray extent is not obvious. For 35A a new red-
error of 0.7 arcsec. Crosses mark type | AGN, asterisks type Il AGEhift is determined (update to Zamorani et al. 1999, X022-48).
triangle galaxies, and rectangles stars. 42A: New redshift determined for this source, formerly
known as Zamorani et al. (1999) X031-24.
46A: X-ray blend with major contribution from the south-
(13) Ny [em?] western component with type | AQN .46A.as count_erpart.
X-ray absorbing hydrogen column density in units of46m-2 47A and 47B: Two narrow emission line galaxies at equal
(see Sect. 4.4). redshift. The possibility that the X-ray source is a.galaxy clgster
cannot completely excluded, but an X-ray extent is not obvious.
47A is assumed to be the optical counterpart.

(14) IOQ (LXINT [erg S_l] ) . [ ;
Intrinsic rest-frame X-ray luminosity (logarithmic units) in the,, 63 Unresolved narrow emission lines are present and
the object is classified as “N” (narrow emission line galaxy).

0.2-10 keV energy band after X-ray flux correction for th o .
absorbing hydrogen column density. Calculation uses Eq. (1)?However, the Qv emission line has an underlying broad com-
ponent. Therefore, the classification flag is set to “0”".

66A: The identification is not unique, since the optical image

(15) Rem. ; o A L
Remarks for individual objects: 1 — optically selected angveaIS a possible second object inside theXiray position

X - rror circle.
speciroscopically classified quasar by Marano et al. (1985), 133A: Narrow emission lines are present. The object is clas-

2—qptiqally selected and spectroscopically clas:sified qQUasafiaq as “N” (narrow emission line galaxy). However, by-
by Zitelli et al. (1992); 3 — ROSAT X-ray source with SPeCtiog, 55 resolved, broad base. Therefore, the classification flag
scopic classification and redshift determination by Zamoragl set 0"

et al. (1999); 4 — ROSAT X-ray source with no or wrong ;
identification by Zamorani et al. (1999); 5 — unclassified radiqy, "\, e s kept in the source list for the formal reason of
objects within 50, Gruppioni et al. (1999); 6 — spectroscopi aving anML = 5.2, but is not considered further

classification and redshift taken from Teplitz et al. (2003), 191A: Optical. s:pectrum in Zitelli et al. (199'2) indicates a

f7ro_nza(g|r3 Sﬂg;ﬁztzﬁe(cltg%sgc)ogﬁ dCIC?iSiI::S?Jilgga?zgnrﬁrcwjgzﬁ;ﬂ& e | AGN with typical broad emission lines. However, this ob-
PP : ' ject shows the lowest X-ray-to-optical flux ratio of all AGN in

object (see Sect. 3.1). our samplefy / fopt = 0.04 suggests an X-ray faint AGN. Since
this object was not detected by ROSAT, it is unlikely that the ex-
tremefx/ fopr-ratio is due to a temporary low X-ray state of the
3.1. Comments to individual objects object. Furthermore, it is one of the type | objects with intrinsic
_ _ _ absorption Ky = (5.75353) x 1072 cm?).
9A: New redshift determined for this source, formerly 217A and 217B: X-ray blend, the identification of 217A
known as Zamorani et al. (1999) X043-12. with the southeastern component seems unambiguous, the iden:
15A: Object 15A is not regarded as the optical counterpatification of 217B with the northwestern component is not
since the identification of the line features is uncertain and th@ique, since a similarly bright, close-by, but still unidentified
positional dfset is rather large. A very faint object at the deebject is present at the same distance from the X-ray source.
tection limit lies in the X-ray error circle. A lower limit of 224A and 224B: Two galaxies at equal redshift, no obvious
fx / fopt ~ 65 for this source was estimated by assuming a limiX-ray extent.
ing magnitude oR = 24. 253A and 253B: Two objects at similar redshift with 2 mag
17A: Source 17 is a likely X-ray blend with large contrastifference in the optical. The brighter object 253A is regarded as
between the two individual sources. Object 17A is a unique idethe identification.
tification of the brighter X-ray source, whose X-ray flux is likely =~ 280A: Object is classified as “B” since @ is well resolved
to be overestimated due to blending. with Al ~ 72 A (FWHM). Ly- and CIv are narrow emision
20A and 20B: Zamorani et al. (1999) identified source 2dines, but show strong absorption with broad underlying compo-
with the M star 20B. Some contribution of the M star's X-nents. The classification flag is set “0”. Possible broad absorp-
ray flux cannot be excluded, but the identification with thé&ion line quasar.

12 14 16 18 20 22 24
R [magnitude]

151A: Probably a spurious detection of the X-ray source.
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Table 8. Optical properties of candidate counterparts of Marano XMM-Newton X-ray sources. For a detailed explanation of the individual columns
see Sect. 3.

1) 2 ) 4) G ®©® @O 6 (10) 11) (@12 (@13) (14) (15)
No RA Dec Distox K R Class z Flags 100(xgs) Mg @ox Ny log(Lx,;) Rem.
1A 31549.6 -551812 152 17.14 20.39 0.808 1-- 44,70 -22.26 1.32 00_@83 44.70 2,3
2A 315475 -552904 137 -  19.66 0.464 1-- 4459 -21.66 1.22 0.0§5  44.59 2
3A 317327 -552026 1.35 - - 0.406 1-- 44.24 - - 07 44.44 2
4A 31334.0 -552643 1.26 - 17.05 0.987 111 45.28 -26.04 1.74 0.0§% 45.28 1
5A 316504 -551109 0.78 - 17.51 2531 1-- 45.63 -27.79 2.00 0.0( 8(1) 45.63 1,3
6A 316058 -551539 1.12 17.79 20.64 0.636 111 4401 -21.49 1.46 0.0§% 44,01 1,3

7A 315056 -550942 0.13 1825 21.98 0.501 111 4359 -19.56 1.30 0.0¢% 43.59

8A 314560 -552007 1.17 1553 19.03 0.387 111  43.32 - ~ 949 4390 3,5
9A 315099 -551313 1.18 18.81 22.63 1427 111 44.64 - - G683 4473 4.C
10A 313283 -551018 049 16.98 20.24 1.378 111  4505-2358 145 0.28% 4512 3
11A 315113 -550927 0.35 17.98 21.02 1192 111 4451 -2245 147 0.0§% 4451 2,3
12A 314324 -551440 046 887 - 0.000 1-- - - - o - 3
13A 313509 -551838 154 1878 21.35 0500 1--  43.66 -20.18 1.37 0.0Q%  43.66 3
14A 316380 -550637 171 17.47 20.68 0.854 1-- 4428 -22.09 147 00§% 4428 2,3
15A 315517 -550817 958 -  21.69 0.331 000 - - - - - 4,C
16A 31538.3 -550140 041 19.40 21.30 1.374 111  44.88-2251 1.33 0.0§%  44.88 3
17A 315289 -551027 3.62 1849 21.27 2161 111  4515-23.69 148 00§l 4515 2,3,C
18A 314211 -552405 202 - 21.65 0614 1-- 4369 -20.40 141 0.0§%  43.72 3
19A 315252 -551827 0.82 19.78 22.13 1573 111  4453-2203 142 00§l 4453 3
20A 316215 -551759 063 17.33 - 2207 111 4501 — - 0B 4512 C
20B 31621.1 -551801 4.11 13.28 16.72 0.000 011 - - - - - 3
21A 316261 -552251 138 1216 16.50 0.000 1-- - - - ol -

22A 31519.7 -550225 4.63 19.41 23.33
22B 31520.1 -550234 4.62 17.36 19.98
23A 314321 -551959 124 1832 21.01
25A 31534.7 -551926 0.85 18.12 -

26A 31436.0 -551403 0.80 17.90 20.23

3
178 111  44.63-21.19 111 00§Y% 4463 c
1353 111  44.34-2379 1.66 0.0§% 4434 1,3,C
1271 111  44.37-2262 156 0.0§%  44.37 1
1430 111  44.48 - —- gpp 4448 3
119 111  44.15-2324 176 0.0§%: 4415  4,C

27A 315387 -552219 174 18.04 2175 1190 111  4423-21.72 146 0.0§%  44.23 3
28A 31507.6 -550456 0.64 17.75 20.15 1.315 111  44.41-2356 171 0.0§% 4441 2,3
29A 315111 -551530 042 928 - 0.000 1-- - - - o - 3
32A 315470 -551755 144 17.75 22.96 2727 110 45.09 - ~ 145 4555 C
33A 313194 -551617 062 17.18 19.21 2166 1-- 4505 -2576 1.88 0.143 4507 1
34A 31559.1 -552637 172 18.32 20.70 0.983 1--  44.36 -22.38 150 0.08%  44.36 3
35A 31503.2 -551906 0.67 16.17 19.54 0391 111 42091 - ~ 4% 4339  4,C
358 31503.2 -551909 3.28 - 1954 0.391 011 - - - - - C
36A 314111 -551829 312 1991 - - - - - - - - 4

38A 31630.0 -551911 228 19.66 22.33
39A 31339.7 -550151 0.95 19.24 2341
41A 316079 -551724 158 18.54 22.36
42A 31548.7 -552246 0.94 19.37 21.63
43A 313325 -551049 1.14 1952 23.40
44A 31346.8 -550031 1.07 17.42 21.40

1254 111  4450-21.27 1.27 0.0§% 4450 2,3
0862 110  44.07 - - 4% 4432
0979 111  43.85-20.71 143 0.0§% 4385 4
154 111 4448 -22.47 151 0.0§%2 4448  4,C
2013 111  4476-21.41 124 0132  44.80
0785 111  43.82-21.19 151 009 4382

44B 31347.4 -550030 6.41 - 2224 0.480 000 - - - - -

45A 314518 -551932 249 -  23.09 0.584 100  43.08 - - B9 43.38 4
46A 31607.0 -552324 401 19.16 21.98 1.308 111  44.34-21.71 143 0.0§%  44.34 c
47A 31538.7 -551044 1.34 19.06 23.94 0.900 100  43.47 - - 2o 4389 c
47B 31539.1 -551042 3.72 19.99 22.76 0.89 000 = - = - - c
49A 316383 -552014 1.66 16.01 20.26 0454 111  43.22 - -~ 395 4370

50A 31409.9 -551746 125 1835 23.66 0.986 110  43.79 - - 983 4430

51A 31630.6 -551503 1.83 16.57 20.95 058 110  43.37 - - 85 4341

52A 314514 -545714 182 - - 1.829 1-- 4477 - - ofp 4477 2
53A 31358.8 -551754 0.67 1882 23.23 1.340 100  44.07 - - 1338 4450

54A 316124 -545910 249 - - 2744 1-- 4505 - - offy 45.05 1
56A 312509 -551726 1.94 16.65 20.11 0.641 111  43.90-22.04 160 0.08% 43.91 1
57A 313440 -551924 233 17.11 20.12 0.281 1-- 4252 -19.93 179 0.08%¥ 4254 3

PopoPz¥zz0zz0 220wz ! 22002000 P00 Z20 P00 200 P Zz2ww @00 og

58A 31301.7 -552223 0.70 - 21.10 0.589 111 43.69 -20.85 1.49 0.0§%  43.69
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Table 8. continued.
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@ @ O “ ® 6 O @6 (10) (1) (@12 @13 (14) (15)
No RA Dec Distox K R Class z Flags 10g(xggs) Mg @ox Ny log(Lx,,;) Rem.
59A 313394 -551426 0.77 17.37 2183 B 0978 111 43.94-21.23 149 0.0§% 43.94
60A 31426.3 -551747 0.71 1762 2177 B 0957 111 43.69-21.25 159 0.08%2 4371 3,5
63A 31516.9 -550602 1.25 20.37 23.19 N 2800 110 44.88 - - 447 4513 C
64A 313337 -551021 232 17.21 2151 B 1165 111  43.95-21.91 1.61 0.0§%  43.95
66A 31500.7 -550718 1.23 1840 2141 N 0981 100 4351 - - G428 43.63 C
67A 313106 -551313 1.22 1827 2169 B 0.866 111 43.85-21.11 149 0.0§533 43.85
68A 313379 -552303 1.77 1828 2180 B 0.839 111 43.82-20.93 1.47 0.0§%  43.82 5
69A 314153 -551910 050 19.37 2463 B 2553 111 4442 -20.69 129 1.2¢8% 4453
70A 31621.0 -550649 198 19.82 2337 - - - - - - - -
70B 31621.0 -550645 3.35 1896 2215 N 0.844 010 - - - - -
73A 313212 -552047 051 1831 2010 B 2706 111  4510-2531 1.81 0.0§%2 45.10 1
75A 316012 -550516 050 1896 2286 B 2460 111 4464 -22.38 149 0.0§% 44.64
76A 31549.7 -550908 0.16 19.06 2321 B 1.065 111 43.69-20.01 1.39 0.0§%  43.69 3
78A 31502.0 -552611 1.13 19.17 23.68 — - - - - - - -
80A 313594 -545717 3.16 - - B 1620 1-- 44.51 - - o3 4451 1
81A 313442 -550152 416 1886 - - - - - - - -
83A 314479 -552231 233 1946 2368 B 1650 111 4427 -20.63 1.29 0.0§%  44.27
83B 314488 -552230 551 1840 2070 N 0.568 010 - - - - -
84A 316216 -552038 1.32 1863 2347 B 2094 111 44.48 -21.43 1.37 1.332]  44.64
84B 316219 -552041 3.72 18.73 2342 S 0.000 011 - - - - -
88A 31316.6 -550310 3.31 - 208 B 0739 111 43.62 -21.62 1.67 0.0§% 43.62
92A 31200.3 -550222 1.85 - - B 2425 1-- 45.22 - - 05 4529 1
100A 312438 -551058 2.43 - - B 1165 111 44.23 - - 0Bl 4424
104A 31647.0 -551033 3.80 - 2386 - - - - - - - -
111A 31505.2 -552948 2.42 - - - - - - - - - -
116A 31620.7 -551652 130 16.99 - N 0581 111 43.08 - - 883 4372
120A 313135 -550159 0.87 - 1590 G 0.094 1-- 41.46 - - 0@ 4146
132A 316143 -551729 153 17.65 21.79 N 1.144 100 43.70 - - ‘§¥o 4370
133A 31426.2 -552113 1.02 - 2354 N 2321 110 44.25 - - O 4425 C
135A 313147 -552619 541 - 21.95 B 2.033 111 4479 -22.88 1.48 0. :(1)8 44.79
140A 31433.0 -552518 0.91 - 2184 - - - - - - - -
145A 31537.1 -551714 140 16.39 19.77 0.497 111 42.31 - -  _300 4411
150A 314295 -550605 0.32 1815 2321 - - - - - - - -
151A 316505 -551101 4.45 - - - - - - - - - - C
157A 31628.0 -550538 346 1641 1976 N 0.625 111 42.79 - - - -
165A 31532.2 -551654 5.06 1094 1290 S 0.000 011 - - - - -
166A 314553 -551815 6.85 1791 2145 S 0.000 011 - - - - -
171A 313514 -550256 2.18 1859 22.17 N 0.800 111 43.45 - - *_6:331 44.14
172A 31624.3 -551908 3.17 - - - - - - - - - -
185A 31650.8 -552224 1.60 - - B 2768 1-- 44.90 - - 63 4521 2
189A 313254 -550118 894 1934 2047 N 0.079 011 - - - - -
191A 314385 -552006 227 1598 17.95 B 1.045 1-- 4344 -2524 240 57§% 4401 1,C
197A 314279 -551934 227 17.94 - - - - - - - - -
204A 314246 -550203 1.31 18.14 2116 G 0.859 110 43.30 - - @83 4332
205A 313189 -552512 1.73 - - S 0.000 111 - - - oW -
205B 31318.8 -552507 4.20 - - S 0.000 011 - - - - -
209A 31602.2 -550248 0.88 19.31 2063 B 2735 111 44,67 -24.79 1.90 1.58%  44.80 2
217A 314196 -551643 381 19.35 2207 N 0816 110 42.96 - - B$#3 4351 C
217B 314192 -551637 3.66 18.00 2132 N 0.645 010 - - - - -
220A 315504 -550145 1.75 18.48 21.53 B 1529 111 44,11 -22.55 1.69 0.0 :38 4411
222A 31643.2 -552006 8.05 - - G 0.82 000 - - - - -
223A 31647.6 -551411 1.37 - - N 1.304 100 44.07 - - 0¥8 4416
224A 313049 -551607 189 1836 2146 G 0.688 001 - - - - -
224B 313048 -551604 1.70 17.48 2151 N 0.690 111 43.48 - - 1?4 44.48 C
225A 313317 -550046 3.12 1589 - G 0420 011 - - - - -
225B 313322 -550045 132 16.06 1799 S 0.000 011 - - - - -
229A 31606.5 -551444 4.07 - 2223 N 0.98 001 - - - - -
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Table 8. continued.
@ @ O “ ® 6 O @6 0 (10) (1) (@12 @13 (14) (15)
No RA Dec Distox K R Class z Flags 10g(xggs) Mg @ox Ny log(Lx,,) Rem.
232A 314417 -550817 1.74 19.48 - B 2520 111 44.58 - - jé%fp 4471
241A 313219 -551351 095 1581 1756 G 0.165 111 41.85 - - fP1 4187
242A 31604.2 -550716 081 1834 2257 B 1147 111 43.69-20.81 154 0.4§;. 43.82
246A 31356.6 -550107 296 1850 2191 N 0944 110 4351 - - @82 4370
246B 31357.1 -550113 4.75 2025 2264 N 0.688 O0-- - - - - - 6
253A 31438.0 -550650 2.64 1821 2184 N 0517 110 42.64 - - 251 4383 C
253B 31438.1 -550645 3.12 - 2386 N 0518 010 - - - - - C
255A 31446.2 -550952 4.28 1466 1751 S 0.00 011 - - - - -
265A 31336.7 -550018 094 1889 2265 B 1280 111 43.74-21.00 156 0.93}%  43.94
265B 31337.0 -550020 4.04 1984 2181 S 0.000 011 - - - - -
267A 314226 -551709 271 1853 2246 B 1495 111  43.83-21.56 1.64 8.35%  44.37
268A 316238 -551520 1.17 18.06 21.20 B 1.22 111 4372 -22.34 179 0.0  43.72 4
268B 316239 -551521 1.68 17.82 21.20 N 0.983 010 - - - - -
280A 313248 -551119 066 1893 2295 B 1936 110 4423 -21.78 153 27811 4497 C
281A 31557.7 -550602 1.92 - - - - - - - - - -
300A 315018 -551408 493 10.21 1296 S 0.000 111 - - - Qfo -
308A 31317.8 -551552 1.71 - 2213 - - - - - - - -
310A 314579 -551323 321 1851 2241 1.01 111 43.07 -20.72 1.78 0.0822  43.09
311A 31629.8 -551102 3.88 18.61 - - - - - - - - -
334A 316316 -551227 0.70 19.32 2017 B 2536 1-- 4473 -25.13 1.93 0.58%  44.79 2,3
335A 31357.3 -550432 091 1596 1797 N 0257 111 41.93 - - 481 4254
345A 31316.6 -552238 0.84 - 2161 B 2166 111 4488 -23.36 1.54 0.0639 44.88
360A 31311.7 -551718 236 20.02 - B 2166 111  44.49 - - @1 4451
361A 31314.6 -550318 2.03 - 2003 B 1.648 111 4420 -24.28 1.96 12:¢] 44.80
364A 314120 -552556 1.82 - 2110 B 1821 1-- 4439 -2348 175 0.283%  44.45 2,3
367A 31634.8 -550349 3.92 - 2108 B 0981 1-- 4397 -21.99 1.61 22997 44.37 2
371A 316205 -550333 3.16 - 2125 N 0.802 110 43.23 - - 33 44.37
373A 31502.3 -550507 2.53 - 2369 B 0953 101 43.24 -19.33 145 0.0§% 43.24
373B 315025 -550502 6.11 - 2187 N 0573 010 - - - - -
377A 316534 -550838 0.81 - 2291 - - - - - - - -
381A 31644.3 -552708 2.93 - 1934 B 1879 1-- 4501 -25.32 1.80 0.0§%  45.01 1
382A 312473 -551651 146 19.83 2063 B 1904 111 4457 -24.07 1.78 0.0§% 4457 C
388A 314013 -545956 0.72 17.27 1999 B 0841 1-- 44.74 -22.75 1.39 0.0§%  44.74 1
408A 31554.6 -551004 4.12 19.92 2340 - - - - - - - -
410A 315024 -552745 421 11.01 1468 S 0.000 111 - - - Bfo -
422A 31531.6 -551045 4.79 1722 2104 N 0476 111 42.50 - - 888 4321
437A 31533.7 -550258 233 2022 2178 S 0.00 111 - - - Of -
449A 315438 -550742 428 1862 — B 1204 111 4347 - - THp 4408 3
462A 31506.0 -551624 199 1875 - - - - - - - - -
463A 316253 -550839 055 19.07 - N 2531 111 44.41 - - 383 4466
473A 315322 -551122 6.40 - 2164 S 0.000 011 - - - 06 -
473B 315329 -551127 11.67 - 17.22 G 0.154 O0-- - - - - - 7
475A 313524 -550346 1.77 2020 2397 B 1729 111  44.07-20.48 136 0.1§: 44.10
480A 31653.2 -551232 252 - 2247 N 0921 100 43.52 - - 8% 4412
485A 31527.1 -551614 469 17.75 22.85 N 1.263 100 43.33 - - 2??5 44.25
496A 312454 -551648 1.38 - 19.74 B 1.906 111 44,63 -24.96 1.91 0.0 :(1)‘0‘ 44.63 C
498A 31506.1 -551400 1.09 1183 1365 S 0.00 111 - - - O -
511A 315280 -551314 092 19.88 2258 B 2623 111 4422 -22.79 175 0.0§% 4422
512A 313482 -551309 112 17.90 - N 0465 110  42.83 - 1% 4336 C
512B 313483 -551305 357 1592 - N 0584 O0-- - - - - - 3,C
518A 31457.0 -552925 2.01 - 2153 - - - - - - - -
524A 31314.1 -550416 3.54 - 2046 S 0.000 011 - - - - -
531A 31338.2 -550351 112 1831 - B 0926 111  44.15 - - @ 44.15
535A 316535 -551152 151 - 2181 B 0974 101 4343 -21.25 1.71 0.443%  43.60
536A 31450.7 -550410 3.47 - 2241 N 0333 111 41.92 - - - -
543A 31250.3 -551100 0.56 19.85 - B 2511 111 44.44 - - - -
551A 312433 -551201 3.16 - - S 0.000 011 - - - - -




52

Table 8. continued.

M. Krumpe et al.: The XMM-Newton survey in the Marano field. I.

@ @ O “ ® 6 O @6 (10) (11 (@12 @13 (14) (15)

No RA Dec Distox K R Class z Flags 10g(xggs) Mg aox NH log(Lx,,) Rem.
551B 31243.0 -551158 1.20 - - B 0789 111 43.48 - - 0%3p 4348
557A 314414 -552137 127 1542 1807 G 0.16 111 41.26 - - G§¥0 41.26
559A 31617.3 -551429 099 1795 2195 B 1180 1-- 43.82 -21.51 1.60 0.0§%  43.82 3
579A 315473 -551419 0.88 18.01 2084 N 0.497 110 42.43 - - @83 4260
582A 316305 -551130 089 17.23 21.32 S 0.000 111 - - G
585A 31309.3 -551140 180 19.23 2382 B 1383 111 4429 -20.01 1.16 0.0%2°  44.30
593A 31511.2 -551202 116 1861 2212 B 0964 111  43.19-20.92 1.75 0.0§%  43.19
607A 31651.2 -551306 0.22 - 1983 N 0407 110 42.87 - - @ 42.87 C
608A 31349.7 -551259 057 17.67 2246 N 1.019 100 43.58 - - G%4 4364 4
610A 315518 -551222 125 1764 2112 N 0699 111 43.10 - - 1§32 4390
615A 314595 -550357 1.75 19.15 2277 B 1355 101 43.99 -21.01 1.46 0.0§%  43.99 C
615B 31500.2 -550353 5.00 17.08 1923 N 0.096 011 - - - - - 3,C
631A 31532.7 -551200 0.89 19.65 - - - - - - - - -
632A 31624.6 -552133 207 1897 2329 7 - 000 - - - - - C
632B 31624.7 -552144 9.08 19.04 2293 N 0.987 011 - - - - -
652A 31530.3 -550437 052 1856 2075 B 2710 111 4514 -24.66 1.68 0.0§2  45.14 3
653A 316474 -551231 1.38 - 2338 - - - - - - - - 4,C
654A 31705.7 -552718 3.54 - - B 2105 1-- 45.26 - - 033 4532 1
656A 31326.1 -550425 136 1535 1837 N 0.166 111 42.64 - - 831 4313
664A 31610.0 -552120 9.50 1831 2260 - - - - - - - -
664B 31611.0 -552122 5.17 - - - - - - - - - -
673A 31540.3 -551221 0.65 1876 2200 B 1062 111 4403 -21.21 145 0.4§%  44.18 3
675A 31624.6 -551144 0.66 19.14 21.82 B 1140 1--  44.06 -21.55 1.50 0.0§5%  44.06 3
686A 31346.6 -551149 0.67 17.08 19.11 B 1.663 111 4544 -2523 158 0.0§% 4544 1,3,5
687A 31302.6 -552608 4.54 - 1883 S 0.000 011 - - - - -

361A: Broad absorption line quasar.

382A and 496A: Physical quasar pair, separated by’1@t Since type | AGN are a well-established class of X-ray emitters
z=1.904,da = 143 kpc. The spectra arefiiirent, i.e., the two with relatively low surface density, false matches should not play
objects are not lensed images of the same source. any role for this object class. However, when investigating the

437A: Spectrum, optical, and X-ray image, and relative softlasses of optically normal and narrow emission line galaxies,

hardness ratios point undoubtedly to an M star as X-ray sourd@e problem of false matches has to be taken into account due to

M star as the X-ray identification. of our optical X-ray counterpart identification, we applied vari-

. A ous tests.
512A and 512B: Zamorani et al. (1999) identify the NELG it “the derived false match rate will depend on the as-
512B with the X-ray source. The 2 mag fainter NELG 512A liegmeq position errors, which take into account the statistical
somewhat closer to the X-ray position. While both galaxies m

. X @hd the systematic position error (see Sect. 2.3). Tlterdi
contribute to the_observed X_—ray flux, we assume object 512A 8fce in X-ray and optical position scaled to @l position er-
the counterpart in the following.

ror is shown in Fig. 10a. When we assume systematic errors of
582A: Spectrum, optical, and X-ray image, and relative soft arcsec, the theoretical Gaussian distribution (Eq. (7))

hardness ratios point undoubtedly to an M star as X-ray source.

However, a flux ratiofy/fopt = 1.5 is unusually high for an f(r,) = Nt Fne 2"

M star as the X-ray identification.

607A and 653A: Detected as a single X-ray source bypeaks significantly later than the observed distribution of the
ROSAT Zamorani et al. (1999) X404-23, X-ray source 653 iX-ray counterparts. This is not due to the fact that we sys-
brighter and closer to X404-23 and, therefore, treated as ttematically accepted spurious counterparts sources, since the
detected ROSAT X-ray source. The broad spectral featuretgpe | AGN distribution (shown with dotted lines in Fig. 10) is
7100 A in the optical spectrum of 607A is spurious due to theonsistent with the total X-ray identification distribution. The
zeroth order light of the neighbouring slit. fact that we have a large number of type | AGN allows us to esti-

. L mate the actual systematic position error for our X-ray observa-
615A and 615B: Both objects, the broad emission line ob-. i "
ject 615A and the narrow emission line object 6158, are possi tion. The observed distribution of the type | AGN position errors

8n be well reproduced with a systematic erroogjst = 0.7
counterparts to the X-ray source. We regard the fainter, but po P I AN
tionally better matching object 615A as the counterpart. fﬁg. 10b). Moreover, the distribution of normalised position dif

ferences for the total sample agrees well with the theoretical dis-
632A: Spectrum suggests a BL-Lac object, but the object tsibution and with the type | AGN distribution when we apply
not a radio source, classification unclear. osyst = 0.77.

3.2. Discussion of spurious matches

'x —To
ox

7rn=

(7)
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Consideringrsyst = 0.7, we calculate the false match rate ~ =OF ' ' ' '
by following Sutherland & Saunders (1992) and Ciliegi et al.
(2003). For every spectroscopically classified counterpart we de-

termine the likelihood ratid. by 151 .
exp(dist3, /2 -

R (®) g ;
2rog N(<mR) Z 101

whereL is the probability of finding the true optical counterpart i
in this position with this magnitude, relative to that of finding 5k
a similar chance background object. Hence, the reliability of a
counterpart is given by = L/(1 + L). Q is the probability

that the counterpart of the X-ray source is brighter than the limit ol : T .
of the optical survey and has been set her®te 0.5. N(<mg) 16 18 20 55 o4 26
is the number density of catalogue objects of the relevant class
brighter than the counterpart. For narrow emission line coun-
terparts we assumed that about one-third of the field galaxigig. 12. WFI R-band magnitude histogram for the core sample in the
show line emission detectable in our spectra (Kennicutt 1992§MM-Newton Marano Field survey. The solid line represents the
We therefore derive the density of background objéttsmg) -magnitude distribution of the spectroscopically classified X-ray coun-
by multiplying the total number of objectsmg in the optical terparts. The dashed line shows the distribution of the optically identi-

. fied but not spectroscopically classified X-ray counterparts. Six X-ray
catalogue by a factor.83. For normal galaxies a factor ofeJ sources, which have no counterpart within@3error circle, are as-

was applied accordingly. signed to the bin &R = 25.
The total number of false matches can then be calculated by

adding up all probabilitie®s, = 1/(1 + L) that the counter-

part is spurious. Statistically25% of our narrow emission line : : .

galaxy are spurious counterparts. However, after visually exam—e core region. Note that the maximum exposure is 35.5 ks for

ining objects with low probabilitie®;,e, we find that in at least the PN camera and 78 ks f.or each of the MOS cameras.

two cases (422A, 485A) the X-ray position given by the source _1he core sample contains 170 X-ray sourdds (> 10). No

detection software is influenced by blending with another X-ragPtical data are available for six out of the 170 X-ray sources

source and the counterparts are consistent with the peak of 8ch fall outside the WFR-band image and are also not cov-

brighter X-ray source (see Appendix C, finding chart). Takingred by VLT pre-images. A further six X-ray sources from the

this into account, we estimate that the false match ra«@@gs Coré Sample have no optical detection in the Vidthand im-

for the sample of type Il AGN. For the optically normal galax29€ in & &x position error circle ¢syse = 0.77). 122 X-ray

ies the false match rate calculated with the likelihood methG@Urces are new detections, while 35 are spectroscopically clas-
iS ~2%%. O;tl%ed ROSAT X-ray sources, and 13 are optically unidentified

As a further quality check we plot the position error vs. WEROSAT sources. Out of the 140 spectroscopically classified ob-

R-band magnitude. False matches would be recognisable duée'}%}]S in the Maralnoiield, 110 ar?t?]ssociate?_ Withfi(r;ray SOurces
different distributions of the type | and type Il counterparts iff' 1€ COré sampie. A summary of the properties ot the core sam-

this diagram. However, Fig. 11 shows that all object classes &!_e is_ given in Table 6. . .
cupy the same regions in the diagram. Hence, the diagram doesFguré 12 shows-band magnitude histograms of the core

not indicate any serious contamination by false matches even f§MPI€ X-ray sources that were spectroscopically classified and
faint counterparts. only optically identified, respectively. Théy, ML)-distribution

of X-ray sources in the core region is given in Fig. 13. The iden-
tification ratio of the core sample is 65%. In the next subsections
3.3. Classification summary we always refer to this sample.

R [magnitude]

In total, we spectroscopically classified 140 of the optically iden-

tified X-ray sources. Details are shown in Table 4. Like in othef.1. X-ray properties

deep surveys, e.g., Hasinger et al. (2001), the majority of the o i

X-ray counterparts{90%) are related to the accretion on supefcharacterising X-ray sources only by the X-ray properties can
massive black holes (type | and type Il AGN). Furthermore, we used to reveal and study the existence dfetgnt X-ray

classified a few galaxies and stars as optical counterparts (Be@ulations and their features. Hardness ratios (see Sect. 2.1)
Table 5). are the simplest tool to determine the spectral energy distribu-

tion in the X-ray regime. In Fig. 14HR2 vs. HR3) we only

plot those X-ray sources in an X-ray colour—colour diagram
4. Properties of a core sample of the XMM-Newton that have theHR2 erroropre < 0.3. The diferent spectro-

Marano survey scopically classified classes occupyfeiient regions in this X-

ray colour—colour diagram. A noticable separation in type | and
Our survey sffers somewhat from incomplete optical coveraggy/pe Il AGN can be recognised. This result is in agreement with
of the X-ray survey area and, hence, a low identification rate ovitainieri et al. (2002) and Caccianiga et al. (2004). Type Il AGN
the whole area. To reach conclusions for the survey of a certaipread over a much broadeiR2 (0.9 > HR2 > -0.6). The
statistical significance we constrain our survey area and samfaeest HR2 values for type 1l AGN overlap with the highest
size to the central 0.28 dégvith a pn-exposure-6 ks and sig- HR2 values for type | AGN. However, we do not see a large
nificance of detection of individual sources withL > 10. We fraction of type Il AGN occupying thedR2 range typical for
refer to this as the “core sample”. See Fig. 2 for the definition ¢fpe | AGN, as was reported by Della Ceca et al. (2004) for the
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Fig. 13. Likelihood vs. 0.2-10 keV X-ray-flux of the 252 central X-ray A e e -
sources (pn-detector exposure tign@ ks). Crosses mark type | AGN, VOO S S
asterisks type Il AGN, triangle galaxies, and rectangles stars. Dots in- 2~ .- -
dicate X-ray sources with no spectroscopic classification. The vertical F L e
line indicatesML = 10. 0 '2 - 5
1.O[T - 7]
L . ]
0.5 . :
N _ ]
* : 2.5
2 oo0r - 7
= o % Fig. 15. Redshift distribution of AGN in the Marano Field) Complete
% % sample of 64 optically selected quasaBs € 22.0) by Zitelli et al.
—05F¥ . - (1992); b) ROSAT X-ray sources (29 type | AGN by Zamorani et al.
gt 1999); c) 35 type | AGN newly detected by XMM-Newton (core
g . : region); d) redshift distribution of the core sample: dotted line: all
okt Yo ] 70 XMM-Newton detected type | AGN, solid line: 31 XMM-Newton
’ L L L L L detected type Il AGN, and dashed line: 5 XMM-Newton detected opti-
-1.0 -0.5 0.0 0.5 1.0 cally normal galaxies.
HR3

Fig.14. X-ray diagnostic diagram based on hardness ratitlR2 is
calculated by using the 0:2.0 keV and 2.84.5 keV band,HR3 between type | and Il AGN, one may assign a likely classifica-
2.0-4.5keV and 4.57.5 keV. Only X-ray sources that hawgr, < 0.3  tion to the yet unidentified sources. Among the 24 unidentified

are plotted. Labels: crosses — 63 type | AGN, asterisks — 24 type Il AG8burces with reliable X-ray colours, the numbers of type | and

triangles — 4 galaxies, and open circles — 24 unidentified X-ray Sourggse || AGN candidates appear to be similar.
with ML > 10. Large symbols represent objects withrzs < 0.3,

small symbolsopyrs > 0.3. The solid line with box symbols (at

HR2 ~ HR3 ~ —0.5) represents an unabsorbed power-law X-ray speg-2. Redshift distribution

trum (corrected for galactic absorption) withfidgrent photon index

I' = 2.4-1.2 in steps of 0.2 (squares). flErent hydrogen column den-Previous extensive studies of AGN in the Marano Field enable

sities (Nu/cm > = 107, 1072, 3x 1072, 107%, 3x 10°%, 10*%; see Sect. 4.4) us to compare these samples with our XMM-Newton detections.

are plotted as a solid line with diamonds for 2 andz = 1. The optical survey by Zitelli et al. (1992) cover8.7 dedf. The

selected quasars, which are all of type I, show an almost flat
distribution in redshift (Fig. 15a) up ta = 2.8. The ROSAT

XMM-Newton bright serendipitous survey. Figure 14 shows that2 ded survey in the field (Zamorani et al. 1999) recovered

HR2 is a good indicator for intrinsic absorption. The X-raymost of the optically selected quasars at redshifts up-tcl.4

sources withHR3 = —1.0 correspond to non-detections in thgFig. 15b). The newly detected ROSAT AGN, with few excep-

4.5-7.5 keV band. The objects witHR3 > 0.4 and softHR2 tions, are type | AGN, which is expected due to the limited ca-

values havedR3 errors>0.3 (small plot symbols). Therefore, it pability of ROSAT to detect absorbed sources.

is likely that their deviation from the typical location of sources  In the 028 ded core region of the XMM-survey we have

in theHR2 — HR3 diagram is caused by statistical fluctuationsdetected 23 of the 29 broad emission line quasars of the opti-
The small number of optically normal galaxies span a largeally selected sample of Zitelli et al. (1992). The detection rate of

range inHR2. Two haveHR2 values that belong to the softest inoptically selected quasars remains constantly high over all red-

the whole core sample. The other two have X-ray spectra similshifts. However, looking at the type | AGN newly discovered

to those of soft type Il AGN or very hard type | AGN. with XMM-Newton (Fig. 15c), it is apparent that the X-ray se-
In addition to the spectroscopically classified objects, wlection tends to detect quasars at lower redshifts than the optical

also plot unidentified objects from the core region. Out of thsurveys. This is particularly obvious from the redshift distribu-

60 total unidentified X-ray sources, only 24 meet the selectidion of the ROSAT detected quasars, representing the brightest

criterion of oyrz < 0.3. Based on the rather clear separatioX-ray sources in the field. But the mean redshift 1.3 of the
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46 j j j j . 3 — X-ray luminosity space is plotted in Fig. 16. Szokoly et al.
E + (2004) showed that the fiiérent object classes identified in
45F by 3 * X-ray surveys occupy flierent regions in a diagram of hardness
= T Xy Yoo L ratios versus observed X-ray luminosities. In Fig. 17 we follow a
" ; o 3***‘ . ¢+++ + x s scheme similar to that adopted by Szokoly et al. (2004) and con-
o HAE N i R E sider objects with an X-ray luminosity loigg) > 44.0 as quasars
E E A ** xFa o (QSO0s). The majority of type | AGN~(70%) are actually type |
~43F ; x %X E QSOs. Most of type Il AGN471%) are low X-ray luminosity
= E x % E objects. Only type Il objects with redshifis> 2.0 (marked in
2 : % ] grey in Fig. 17) have X-ray luminosities of type Il QSOs.
42F 4 E High-redshift type 1l QSOs with intrinsic absorption are
E o found to be indistiguishable from non-absorbed type | AGN on
a1E , , , , , E the basis of their X-ray spectral hardness ratios, since the ab-

sorbed part of the spectrum is shifted out of the observable spec-
tral window towards lower energies. This explains the emptiness
of the upper right corner of Fig. 17 labelled “type 1l QSO”, a
Fig. 16. Observed X-ray luminosity (0-2L0 keV) vs. redshift. Labels: ¢|assification that applies to low redshift objects only.
crosses — 70 type | AGN, asterisks — 30 type Il AGN, and triangles — optically normal galaxies vary clearly in X-ray luminosity.
5 galaxies. TheHR2-soft objects have very low X-ray luminosities. The two
1.0 . . . HR2-hard normal galaxies are found in the same region as the
T x ] softest type Il AGN, but are harder than type | AGN.
- ; Szokoly et al. (2004) us¢dR2 = -0.2 as a threshold
05k Type 11 AGN Type 11 QS0 ] for the separation of type | and type Il objects. Assuming a
I * 1 I' = 2, this value corresponds to a hydrogen column den-
x ] sity Ny/cm? = 1072, 10% for z = 0.25 and 21, respec-
0ok * ] tively. For their CHANDRA observation they computedy
i 1 in the 0.5-10keV band and their hardness ratio was based
on the 0.52 keV and 210 keV bands. Because their defi-
nition of the X-ray bands diers from our study, the majority
of their objects have higher hardness ratios (compared to our
HR2). Furthermore, the XMM-Newton pn-detector, which was
used for calculating the hardness ratios, has a higffiefency
in the 0.5-2 keV band compared to the CHANDRA detector.
40 41 42 43 44 45 46 Therefore, we lowered thelR2 threshold fromHR2 = -0.2
log(L, [erg s7']) in Szokoly et al. (2004) t¢1R2 = —0.45. Our threshold corre-
sponds td\y/cm™ = 0.54x 1072, 1.7 x 10?2, and 54 x 10?2 for
I' = 2 andz = 0.25,1, and 21. This is about two times lower
_than theNy cutof Szokoly et al. (2004) are using.

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

HR2

705 =
Galaxy

~1.0F a

Fig.17. Observed X-ray luminosity (0-2L0 keV) vs. hardness ratio.
HR2 is calculated by using 0-2.0 keV & 2.0-4.5 keV bands. Only
X-ray sources that haver, < 0.3 are plotted. Labels: crosses
63 type | AGN, asterisks — 24 type Il AGN (grey marked have2.0),
and triangles — 4 galaxies. The diagram separation irferdnt regions
is based on Szokoly et al. (2004) with an adjusted threshold inl &
value. The hardness ratio diagram (Fig. 14) supports the view that the
majority of type Il AGN and a small fraction of type | AGN are
i obscured sources. Hence, the observed X-ray luminosity does
XMM-Newton detected type | AGN is also lower than that ofyot represent the intrinsic object X-ray luminosity. The signif-
the optically selected sampte~ 1.5, despite the fact that the jcant deficit of soft photons as compared to a power-law spec-
XMM-Newton-observations are deeper in terms of the surfaggm reflects the existence of an absorbing component that is
density of quasars tha_n the opt!cal survey. Possible reasonséggbressed by the hydrogen column dendlty. For most of the
these diferences are discussed in Sect. 6. sources the number of detected counts is nfitent to extract
The redshift distribution aCCOfding to ObjeCt class of thg spectrum and fit a power-|aw model witly and the photon
XMM-Newton detected core sample is given in Fig. 15d. WehdexT as free parameters. We, therefore, applied a technique
find that almost half of the new XMM-Newton sources arg¢nat uses the measured hardness ratios to calculatéivalue
classified as type Il AGN with redshifts mostly below 1.0for each source with a set of fixed power-law indices. Mainieri
Type | AGN extend over a wide range of redshifts with a maxiet al. (2002) found a mean value df> ~ 2 for 61 type | and
mum atz ~ 0.8-1.4. Type Il AGN are comparable to type | AGN type || AGN in the Lockman Hole. The majority of type I and
in number density at low redshifts, but are mostly found beloyy AGN are found in the range df ~ 1.7-2.3. The finding is
z = 1. Five type Il quasars a > 2.2 have been identified. confirmed by Mateos et al. (2005). They fitidy = 1.92 with
Optlcally normal gaIaXieS without emission lines are found %O’ = 0.28. Therefore, we use the observed pn-, mos1-, and
z<09. mos2-hardness-ratios (8:2.5 keV, 0.5-2.0 keV, 2.6-4.5 keV,
and 4.5-7.5 keV) and performed three runs to determihg
with the valued” = 1.7, 2.0, and 23 for all objects.
First of all, we computed a grid of model hardness ratios
For the X-ray sources with measured redshifts X-ray luminodier all EPIC instruments witlXspec (using the modelsiabs,
ties can be computed. The coverage of the survey in redshiftabs, and powerlaw). As input the galactic absorption in

4.4. Ny column densities and corrected X-ray luminosities

4.3. Observed X-ray luminosity
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the line of sight in the field witlNy = 2.7 x 102° cm2, the Lo ' ' ' '
redshift of the object and a grid of hydrogen column densities [ ]
(Nh = 0, Ny = 10°%00%4a cm=2 a e Ny, a = 0.100) is 8t -

used. We then computed tyé values for the deviations of the
measured hardness ratios and their model values, summed over
the three instruments and the three hardness rétiRls HR2,
andHR3. The procedure was applied only to those sources that =
had at least five out of nine hardness ratios withRqpsi < 0.7. 4|

TheNy of a source is determined by finding the minimum of

ocHR2

obsi

Y2(Np) = Z (HRobsi = HRmodeli (NH))*

The models are based on the photon inHex 2. The statistical
1o errors were derived from the rangeNiy, wherey? < y2. +1 o o
(Lampton et al. 1976). For the error calculation we also took infg9- 18. Calculated intrinsic hydrogen column density histogram for
account an intrinsic scatter in the photon indices. Its contributi )'i}f,eCﬁ”}{é'N“"tﬁ;?”ﬁafe'eﬁggohneaﬁg'?its"r?ﬁ ﬁchsgetg ecc?lltf:rrllrtl) uélgrr\]si(t);
to the Ny error was measured by finding the minimy for . . N : '
; ; Objects withNy = 0 ttaNy = 5 x 10'° cm2, The dotted |
each source in the grids calculated usihg 1.7 andI’ = 2.3. JOCIS Wt H e oS, o = 9SS ¢ e corec ine

. . . heé)resents only type Il AGN that show intrinsic absorption with a sig-
The resulting systematic errors were quadratically added to thgcance higher than@in hydrogen column density. Optically normal

statistical errors. Thé\y values and the total errors are giveryalaxies are plotted as a dashed line. Dotted line — 14 type | AGN; solid
in Table 8. Due to the uncertainties in tNe; determination we line — 30 type Il AGN; dashed lm— 5 galaxies.

regard all values wittNy < 10?1 cm as consistent with unab-

sorbed spectra. o _

We tested our procedure by performing an individtsgec ~ Show a significant peak tx ~ 10*** erg s* in observed and
Ny-fit for the brightest type Il AGN, which has fiicient X-ray  intrinsic X-ray luminosity. Type | AGN 5A exhibits the highest
data quality. The hardness ratios of 322<2.727) indicate the X-ray luminosity in our sample._ _ o
highest absorption among the brightest type Il AGN. A spectral The hydrogen column density as a function of the intrinsic
fit with wabs, zwabs, powerlaw, andl as a free parameter deter-X-ray luminosity is shown in Fig. 19c. Mainieri et al. (2002) sug-
minedNy,,, = (10.0 + 3.5)x 1022 cm2 andI'sza = (1.7 + 0.3).  gest labelling the region defined by > 10°* cm? andLx >

The best fitNy, for a fixed value of” = 1.7, with the hardness- 10* erg s* as the “type Il QSO region”. They proposed this
ratio y2-minimum fit is N, = (7.5'34) x 1072 cm™2. A spec- classification based on 61 AGN identified from XMM-Newton

tral fit with a fixedI'sa = 2.0 results inNy,,, = (134 + 2.5)x Sources in the Lockman Hole. Following this classification our
10?2 cm2. The givenNy in Table 8 was performed with the sample includes 10 type Il QSOs. .
hardness-ratig2-minimum fit and findsNy,,, = (14553 x In our case this region of the plot is also populated by nine
1072 cm2. Hence, both fit methods give comparable results, %{pe | QSOs, which formally have intrinsic hydrogen column
least for highS\R sources. ( er}sn!esNH > 107 cm <. prever, most of these detections of
Figure 18 shows the computed hydrogen column densitilﬁ?ﬁ”ns'c Ny hqve low significance; only four of all type | QSOs
for type Il AGN and optically normal galaxies. As expected, thénow absorption at thes2level (see Table 7). For about half of
majority of type Il AGN shows absorption. However, 13% ofhe type Il AGN, significant intrinsic absorptioNf; > 2 x ANH).
the type Il objects (51A, 132A, 133A, and 607A) have absor¥@s me_aSl_Jred,_ and no dependence of the absorbed fraction or
ing column densitiedly < 107% cm2. All of the type I AGN UMinosity is evident (Table 7).
discovered by Mainieri et al. (2002) in the Lockman Hole have
absorbed X-ray spectra. The values for optically normal galax:5. x-ray to optical flux ratios
ies range from unabsorbed to moderately absorbed. Two of . . .
the unabsorbed galaxies have low X-ray luminositieg (< The ratio between X-ray flux and optical fluxy(/fop) is
1072ergs?). used in former deep X-ray surveys to characterise tlfi@rei
The computed hydrogen column density of type Il AGN obent X-ray emitting classes (Szokoly et a.l. 2004; _Mainieri et al.
ject 145A is the highest in our sampl{ = 102 cmr2). Since  2002). To calculatefx / fop values we derived optical fluxes in
this corresponds to the highest value in the model grid, no ra-band centred at 7000 A and width 1000 A using the equation
liable error estimate can be given for this object. However, thig, = 10-%4R-5759 (Zombeck 1990). As X-ray fluxes we used
extremely high column density for this object is confirmed by ththe 0.2-10 keV values (see Sect. 2.1).
fact that it is one of the few sources detected in tfe-4.5 keV The distribution of our core sample in tHe £ fx/ fony)-plane
EPIC images, but it is not visible in the softer bands. is illustrated in Fig. 20. In general, type | AGN show higher
Based on the hydrogen column densities, we calculated tKeray fluxes and are brighter in tHg-band. Type Il AGN are
unabsorbed (intrinsic) X-ray luminosities by computing a coffound at lower X-ray fluxes and have faintBrband counter-
rection factor for the observed X-ray flux. Figure 19 shows thegart