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Gl I L 4. XMM-Newton observations and extraction

3 8 of X-ray spectra

6 . All data were processed with thBASversion 7.0 (Science
Analysis SoftwareGabriel et al. 200¥package and correspond-
3 1 ing calibration les. Theepchain andemchaintasks were used
for generating linearised event lists from the raw PN and MOS
data. For all sources the ects of photon pile-up was negligible.
The XMM-Newtondata reduction for the Marano eld sur-
vey is described in detail iKirumpe et al(2007). For the XWAS
oL 4 and AXIS sources we downloaded all available X-ray data
from the XMM-Newtonarchive up to and including July 2007.
3 1 Periods of high background were excluded from the analysis of
all relevant data sets in the standard way.
0 ] L L o o o 1 o o o I o o . .
18 0 o5 o4 6 Circular or box-shaped source and background regions were
R (magnitude) manually determined for all contributing observations. Sources
at large o -axis angles in the contributing observations were not
‘onsidered as follows. The largestaxis angles were 720 arcsec
"fr the PN and 820 arcsec for the MOS detectors, respectively.
The lower PN area was a result of the enhanced background con-
tamination near the edges of the PN detector. Additional X-ray
1012 _ . sources in the background regions were masked out. The auxil-
" 1 iary response le (arf) was computed for each source and obser-
o 1 vation individually. For the Marano eld sources, we used ap-
1 propriately “canned” response matrices from ¥iédM-Newton
13 calibration homepadggXMM-revolution 110 and patterr&12).
E The PNy-coordinate of an X-ray source was determined to link
O Bl 0O ] the relevant PN response matrix le (rmf for single and double
' © 1 events, version 6.8) to the X-ray spectrum of the source. For the

o . i; <2><>\\<> ° | XWAS and AXIS sources the response matrix les were com-
<o

Fig. 1. R-band magnitude histogram of all 22 type Il QSO candidat
(black solid line) and of the 13 secure type Il QSO candidates (g
lled histogram).
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i N puted on a case-by-case basis. Where multiple X-ray spectra
e ] of a given source were added, the mean rmf was computed as
o 1 a weighted mean. For details of the procedure Bage et al.
s N R N W7 S B (2003. The two MOS spectra were always added to form a sin-
10 — . — L gle MOS spectrum.

16 18 RZ(E LR 24 <6 The X-ray source of the secure type Il object phl5200-001 is

magnitude] - N .
surrounded by diuse X-ray emission. For the reduction of the

Fig. 2. Observed 0.510keV X-ray ux vs. R-band magnitude. Large X-ray spectrum we used a smaller extraction radius for the point

symbols represent secure type Il QSO candidates while small systurce and the duse X-ray emission as the background region.
bols illustrate tentative type Il QSO candidates. Dashed lines indicate

fx/ fopr values of 0.1, 1, and 10.
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5. X-ray spectral analysis

The X-ray spectral analysis was performed WitBPECArnaud
1996 version 12.3.0. Although we have a few objects with sev-
o . eral hundreds of net PN source counts in theS8.ReV range,
The majority of our sources have ZIR < 24. The 0.510keV  the distribution peaks at40 net PN source counts. An appro-
ux in the sample ranges from.BS33 x 10> erg/s/cn?. priate X-ray spectral analysis for the low count regime has to be
To calculatefy/ fopr values we derived the optical uxes infound. Although we only refer to the net PN counts in our sim-
a band centred at 7000 A with a width of 1000 A using the equglations and in Tabld, the t uses both the PN and MOS data.
tion fopr = 10504R5759 (Zombeck 1990 X-ray uxes were cal- Hence, the_tota[ number of counts used by the t is typically
culated for the 0.510keV energy range. THeband magnitude tWice thatgiven in Tabld.
vs. X-ray ux plane (Fig.2) clearly shows AGN activity in all
selected sources, since they ha+eay-to-optical ux ratios of 5 ;. pepning the appropriate bt statistic and binning method
fx/ fopt > 0.25. In accordance witMainieri et al.(2002 we
consider objects withix/ fopt > 0.1 as AGN. Almost half of the A problem notorious to X-ray astronomy is proper tting of
selected type Il QSO candidatesvie noticeable high X-ray-to- spectra with relatively few count$ozzi et al.(2006 approached
optical ux ratios (fx/ fopt > 10). Szokoly et al.(20049 men- this problem for the X-ray sources in tl@handraDeep Field
tioned that type Il AGMQSOs cluster at higher X-ray-to-opticalSouth by running simulations for two derent tting proce-
ux ratios than type | AGN. The majority of the spectroscopdures: Cash-statistics (unbinned) and clasgistatistics with
ically classi ed type Il AGNQSOs in the Lockman Hole alsoa binning of 10 counts per bin (min 10). They concluded that the
show highfx/ fopr values Mainieri et al. 2002 The observed
0.5510 keV X-ray luminosities (not corrected for intrinsic ab-! http:/xmm.esac.esa.int/xsa
sorption) of our objects range frohy,,. 10**ergSs. 2 http://xmm.esac.esa.int/external/xmm_sw_cal/calib


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20079012&pdf_id=2
http://xmm.esac.esa.int/xsa
http://xmm.esac.esa.int/external/xmm_sw_cal/calib
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600T ' ' ' ] was set tavVy = 0. We corrected for Galactic absorption and per-
500 ] C-stat. ] formed free ts inNy andr for spectra with more than 100 net
! min=1 " PN counts. For X-ray spectra with less than 100 net PN counts
400 It - we xed [ = 2 and only tNy. Inthese cases we give two errors
b ] for the value ofNy in Table4. The rst is the I error of Ny
Z 3001 e based on the t with xedl" = 2, while the second takes into
d 1 account the systematic shift forldident photon indices (devia-
200 [+ . tionin Ny fora xed I' = 1.7 andl" = 2.3). The observed (not
K T corrected for intrinsic absption) and the intrinsic 0-510keV
100 7 X-ray luminosities were computed by either a free tNiy andl
I —'—'_'_l_l_l_l_l_ . . 1 for the bright sources (net PN count$00) ora xedll =2 t
1020 1021 1022 1023 1024 for the faint sources.
N [em™?] Due to contamination by soft detector background we only
H

used the 0.38 keV band for the X-ray spectral analysis of X-ray
Fig. 4. RecoveredVy, distribution of an unabsorbed X-ray source witiSource X03246_092 (24 net PN counts in-B&eV band). The
40 net PN counts at = 1. The inputVy = Ocnt? is indicated by the Soft energies in the X-ray spectra of Marano 51A and Marano
dashed lineNy = 0cnt? is represented by the lowest bin. Fit method®10A could not be well tted by an single absorbed power law.
used: xedl = 2, Cash-statistic, binning: min 1; 1000 simulations.  In these cases a t of an absorbed power law plus a soft excess
component reproduce the X-ray data better. Therefore, we used
10*4 g - - - - - - a two component t, an absorbed power law and an unabsorbed
F 3 power law. No evidence for soft excess was found in the X-ray
spectra of the brightest objects. The best t models of the X-ray
data are shown in Appendi.

Table 4 shows the spectral parameters. In the columns we
list the name of the spectroscopically identi ed counterpart (1),
the XMMU source name (2) of theMM-Newton X-ray source,
the observed (3) and intrinsic (4) X-ray luminosity, the PN count
number (5) in the 0.28 keV band, the absorbing hydrogen col-
umn density (6), the photon index (7), and the quality for the
used t (8) when the X-ray data are modelled by a power law
plus intrinsic absorption model, and nally, the photon index (9)

C ] and the quality for a purely re ection-dominated model (10). If
10 ! ! ! . L L no error is given for the photon index, this parameter was xed
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 for the tting_

Z

Fig.5. Diagnostic Ny vs. redshift plot. The plotted contours con- . .
tain 68% (grey) and 90% (black) of the simulated X-ray sources wiflr Discussion
40 net PN counts in the 08 keV band (NOTE: The ts used more thanJIrP]eFig. 6 we show the tted intrinsicNy distribution of the

twice as many counts since both the PN and MOS data are used). . _ 2 5.
solid lines are the limits for intrinsically unabsorbed sources. The limi trces. A column density peak/dj = 4 x 10°2cm?is found,

for an intrinsic absorption ofy = 1622 c 2 are shown by dashed lines V& Nd moderate absorption in the majority of our objects. The
while dotted lines represent; = 10?3 cmr2. signi cance of the absorption exceeds h most of the cases
(see the con dence contours in Append®. Two type Il ob-
jects are consistent with being unabsorbed X-ray sources, one of
I ~ 2. For a binning of minimum one count per bin (min 1which is from the secure type Il sample.
the recovered™ distribution clearly peaks at = 2 with The determination of the intrinsi&Vy also allows us to
FWHM ~ 0.8 (FWHM130c0unts~0.4, FWHM200counts~0.2).  compute the de-absorbed intrinsic X-ray luminosity,, of
our sources. As mentioned in Setf.we de ne a type Il ob-
Simulations as shown in Fig8 and 4 are used to deter- ject by the detection of narrow emission lines in the optical
mine the Ny range that belongs to 68% and 90% of all simspectrum. Figur&@ shows the intrinsic column density vs. de-
ulations. In FIgS we show these distributions for SimU'ation%bsorbed intrinsic X_ray |uminosity p|ane_ The d|\/|d|ng line of
at dileflent redshifts{ = 0,1,2,3,3.5) and column densities 1, = 10"erg’s is used to distinguish between type Il AGN
(Nu = 0,107 10%*cm?). The simulations contain 40 net PNand QSOs. Ten type Il objects from the secure sample and four
counts and so are representative of many of our sources. T&gtative objects are identd as QSOs. We detected one un-
Cash-statistic with a binning of at least one count per bin is @bsorbed type Il QSO but the object belongs to the tentative

appropriate method to determine the column density over a wigigmple. No obvious trend of absorption in type I QSOs with
range of redshifts. It does not signi cantly overestimate the inntrinsic X-ray luminosity is found.

putNy values. The trecovers more than 90% of the unabsorbed Most of the type II QSOs fall into the same region of
sources up te = 3 with Ny values belowvy = 10?2cm 2. the Ny—Lx,, diagram where previous studies have also found
type Il QSOs WMainieri et al. 2002 Szokoly et al. 2004

La Franca et al. 20Q3Ptak et al. 2006 The additional crite-
rion (Ny > 10?2cm2, Mainieri et al. 2002 makes only a small
Following our analysis in Sec6.1 we grouped the extracteddiefence to our sample selection (two more secure objects).
X-ray spectra in bins of at least one count per bin {@ReV) The Ny-redshift plane for type 11 QSOs and type Il AGN is
and used the Cash-statistic to determije The initial guess shown in Fig.8. We found no obvious diefences between the

5.2. Modelling the X-ray spectra


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20079012&pdf_id=4
http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20079012&pdf_id=5
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Table 4. Computed properties of type || QSO candidate sample.

421

(1) (2) (3) 4) ) (6) (7) (8) (9) (10)
No XMMU J 109 (Lxogs) 109 (Lx,nr)  Neounts Ny r C-statd.o.f. r C-statd.o.f.
0.5-10keV 0.5-10keV PN 162 intr. intr. pexrav pexrav
[cm™?] absor. absor.

Marano 9A 031510.1-551313 44.50 44.55 270 H3B1 1.7+0.1 426503 2.2+0.3 473503
Marano 20A 031621.6-551759 44.82 44.99 64 A04+0.7 2.0 18R27 2.0 2127
Marano 32A 031547.2-551755 44.88 45.22 129 0284 1.8:0.2 283291 2.3+0.6 293291
Marano 39A 031339.7-550151 44.04 44.22 36 0B2+0.4 2.0 111117 2.0 136117
Marano 47A 031538.8-551043 43.49 43.72 38 A®5+0.5 2.0 149157 2.0 180157
Marano 50A 031410.1-551746 43.76 44.05 50 2®6+0.8 2.0 182190 2.0 195190
Marano 51A 031630.6-551501 43.37 43.61 47 209+ 0.9 2.0 137181 2.0 132183
Marano 63A 031517.1-550602 4457 44.81 29 AN4+1.4 2.0 125140 2.0 12740
Marano 66A 031500.8-550718 43.36 43.45 39 H0B2+0.2 2.0 127130 2.0 128130

Marano 116A 031620.9-551651 43.31 43.72 28 5162+ 1.0 2.0 129126 2.0 136126
Marano 133A 031426.4-552113 44.04 44.04 14 #0008+ 0.0 2.0 8770 2.0 9470
Marano 171A 031351.2-550257 43.61 44.00 14 5145+ 1.0 2.0 4651 2.0 6351
Marano 224B 031304.9-551606 43.71 44.25 8 245+ 1.7 2.0 483 2.0 7053
Marano 253A 031438.2-550648 42.97 43.55 11 14550+ 3.2 2.0 6485 2.0 7385
Marano 463A 031625.3-550839 44.37 44.53 7 4160+ 0.9 2.0 7645 2.0 8145
Marano 610A 031552.0-551222 43.28 43.75 17 ¥B11+2.3 2.0 110119 2.0 113120
X21516_135 022626.7-043654 44.73 45.15 29 1687+ 4.8 2.0 6179 2.0 6679
X00851_154 221541.6-173753 44.48 44,70 261 26 1.6+£0.1 572621 1.8+0.6 583621
X01135_126 015257.5-140839 43.85 43.85 392 +000L 1.7+0.1 353513 2.1+0.2 354513
X03246_092 004345.8-202955 43.48 43.84 35 B31P+1.3 2.0 7467 2.0 6767
phl5200-001 222826.4-051820 44.66 44.92 772 +054 1.6£0.1 834970 1.2+0.2 1200970
sdslb-014 021842.9-050437 44.35 44.45 491 +@4 1.8+£0.1 548593 2.0+0.2 650593

* — A two component twas used, an absorbed power |Aty {s given here) and an unabsorbed power law to model the soft excess.
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Fig.7. Intrinsic Ny vs. de-absorbed intrinsic 6-30 keV X-ray lumi-
nosity. Large symbols represent optical secure type Il QSO candi-
dates while small symbols illustrate the tentative sample. Open sym-
bols indicate X-ray sources that have less than 40 net PN counts in the

o . . 0.2-8keV band; lled symbols>40 net PN counts. The vertical solid
Ny distribution of AGN and QSOs. Although a tentative anticoline at log (L« /(erg/s)) = 44 marks the dividing line between AGN

relation of Ny vs. redshift belows < 1 and a direct correlation and high luminosity QSOs. Objects with lak,,/(erg/s)) > 44 and

abovez = 1 is indicated, when all data is taken together there A&, > 10?2 cm? (upper right corner) fall in the “type Il QSO region” as

no signi cant trend inVy with redshift. Considering the typical de ned by Mainieri et al.(2003.

ux and column densities found for our sources we expected all

z > 1 type |l objects to be classi ed as QSOs. At lower redshifts

~40% of the type Il QSO candidates are actually type Il QSOs. As a further test of the impact of statistical uctuations, we
Statistical uctuations in the X-ray spectrum can lead to higplot in Fig. 8 the amount ofNVy that is needed to reduce the

values of spuriously measured; values at high redshifts (e.g.0.5keV ux by 30% and 50%. The 30%-line agrees well with

Akylas et al. 2005 However, Fig5 show that objects with in- the 90% contours of unabsorbed sources in Fig.onsequently,

trinsic Ny of several 1871072 cm 2 are not signi cantly in u- even for the sources at> 2.5 the tted Ny values are unlikely

enced by systematic trends in redshift. The t method is also alilebe caused by statistical uctuations.

to pick up much higher absorptions than found in our sources. The previous conclusions depend on not having misinter-

The scatter in the mentiongd, range at; > 2.5 is consistent preted Compton-thick absorbed objedt; (> 1.5 x 10?*cm2)

with an intrinsic absorption afy = 10°3cm2 for all sources. as moderately absorbed objects. Increasing column densities

Fig. 6. Intrinsic Ny distribution of all 22 type Il objects (black) and of
the 14 type 1l QSOs (grey lled histogram).
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However, our survey rules out large numbers of Compton-thickmastri, A. 20044rXiv:astro-ph/0403693 |
absorbed sources with X-ray luminositieslgf,, > 10*°ergs. Corral, A, etal. 2008, in preparation
Hence, potential Compton-thick absorbed objects at high r%“—’e”yr T., & Page, M. J. 2006, MNRAS, 372, 1755

. . o - e Franca, F., Fiore, F., Comastri, A., et al. 2005, ApJ, 635, 864
shifts are likely to have similar X-ray luminosities to Comptongapyiel. C., Denby, M., Fyfe, D. Jet al. 2004, Astronomical Data Analysis

thick absorbed objects in the local universe. In order to nd a Software and Systems XilI, ed. F. Ochsenbein, M. Allen, & D. Egret, ASP
supposed, rare population of very luminous, Compton-thick ab-Conf. Ser., 314, 759 _
sorbed QSOs a larger survey area is needed. The 2XMM ceﬁgg RL-’ gg;"uisst”’v\ﬂAA&T'jzmgnfiﬁg-AZO(;Z-a IA%/SbgGi’;izg 1783
logue Watson et al. 2008with a survey area of 360 deg could 70 "™ acGilvray, H. T.Read, M. A, et al. 2001, MNRAS, 326,
provide a valuable source to reveal such a population. 12791

Ilwasawa, K., Matt, G., Fabian, A. C., et al. 2001, MNRAS, 326, 119
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