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X-ray �uxes ( fX = 10Š15Š10Š16 erg cmŠ2 sŠ1), sources with
fX/ fopt > 10 haveRmagnitudes� 25.5Š28, so the optical follow-
up observations are very di� cult or impossible. Studies per-
formed at higher X-ray �uxes (fX = 10Š14Š10Š13 erg cmŠ2 sŠ1,
e.g.Fiore et al. 2003; Mignoli et al. 2004; Severgnini et al. 2006),
for which optical data are available, have classi�ed more than a
half of their EXO sources as type 2 QSOs.

In this paper, we report the results obtained from the
multi-wavelength analysis of 2XMM J123204+215255, the
most extreme source amongst a sample of 130 bright
( fX � 10Š13 erg cmŠ2 sŠ1) X-ray selected EXOs (Del Moro et al.,
in prep.) from the 2XMMp catalogue (the pre-release of the
Second XMM-Newton Serendipitous Source Catalogue,Watson
et al. 2008). The whole sample is described in Sect.2.1. The
X-ray and optical/NIR properties of 2XMM J123204+215255
are discussed in Sects.2.2 and2.3, respectively; a detailed de-
scription of the NIR spectrum is presented in Sect.2.4. An
SED model analysis and results are discussed in Sect.3, fol-
lowed by the conclusions (Sect.4). Throughout the paper we
assume a cosmological model withH0 = 70 km sŠ1 MpcŠ1,
� M = 0.27 and� � = 0.73 (Spergel et al. 2003).

2. Observations and results

2.1. The EXO sample

The object we present in this paper is part of a sample se-
lected from a cross-correlation between the 2XMMp2 and
the Sloan Digital Sky Survey, Data Release 5(SDSS-DR5,
Adelman-McCarthy et al. 2007) catalogues, which yields about
20 000 secure matches. SDSS optical counterparts have been se-
lected on the basis of positional matching, using an adaptation of
the likelihood ratio method (e.g.Sutherland & Saunders 1992)
to optimise the choice of correct counterpart and minimise the
contamination by chance matches. Full details of our approach
will appear in Del Moro et al., in preparation.

Our sample consists of relatively bright X-ray sources with
fX � 10Š13 erg cmŠ2 sŠ1 (0.2–12 keV energy band) and extreme
X-ray-to-optical �ux ratio (fX/ fopt > 10, in the 2–10 keV band).
Each XMM and SDSS image of the sample objects has been
carefully checked by eye in order to reject all the problematic
cases: spurious X-ray detections, sources close to the edge of
the XMM-Newton �eld of view, extended X-ray sources3, opti-
cal counterparts in big nearby galaxies (HII region emissions).
Because we are selecting extremeX-ray-to-optical �ux ratio ob-
jects, the counterparts of our sources are typically faint in the op-
tical, at our sensitivity limits, making it di� cult in some cases to
di� erentiate between the possibility that the true match is fainter
than the SDSS limit or that the correct counterpart is a faint ob-
ject with low likelihood ratio (and hence with a higher probabil-
ity to be a chance match). The e� ects of this ambiguity are that
the fX/ fopt values, in these cases, will beunderestimated(i.e. if
the counterpart is fainter than the SDSS limit). In this sense our
sample is robust.

The sample resulting from these selection processes con-
sists of 130 sources for which� 30% (including 2XMM
J123204+215255) have no optical counterpart in the SDSS

2 Although this object was originally selected from the 2XMMp, we
adopt the nomenclature and catalogue parameters from the 2XMM cat-
alogue throughout as 2XMM e� ectively supersedes 2XMMp.
3 As we are looking for AGN, we want to select only X-ray point-like
sources in our sample, so extended sources are considered as “problem-
atic cases” amongst our selection criteria.

imaging data within 7�� from the X-ray position (see Sect.2.2),
down to a magnitude limit ofr� = 22.5.

2.2. X-ray properties of 2XMM J123204+215255

The source 2XMM J123204+215255 is the most extreme
X-ray-to-optical �ux ratio object amongst our EXO sample. It
is a bright X-ray source withfX = 8.8+0.7

Š2.6 × 10Š13 erg cmŠ2 sŠ1

(in the 2–10 keV energy band). On the basis of the lack of an
SDSS counterpart it hasfX/ fopt > 278, already one of the high-
est ratios recorded, whilst as we show below, new data demon-
strate the ratio to befX/ fopt > 3300, making it the highest known
X-ray-to-optical �ux ratio source outside the Galaxy. The source
has been detected in an XMM-Newton observation with target
“NGP Rift 3” which was made in July 2001 with an exposure
time of � 15 ks with pn and� 20 ks with MOS1 and MOS2.

The statistical position error for 2XMM J123204+215255
is 0.3�� . Taking into account the expected systematic error com-
ponent for the 2XMMp catalogue of 0.35�� , determined from a
comparison of catalogue positions with the SDSS-DR5 Quasar
Catalog (seeWatson et al. 2008), we expect the counterpart to
lie within � 1.4�� (99% con�dence). The comparison with the
SDSS Quasar Catalog shows that there are a very small num-
ber of outliers at larger separations in excess of what is ex-
pected statistically (presumably indicating a larger systematic
error component in these rare cases), but in no case the sepa-
ration is>7 arcsec. We adopt this value as the most conservative
upper limit on the possible separation of the true counterpart.

To study the X-ray spectrum of 2XMM J123204+215255,
the data have been processed using the standard
SAS v.7.1.0 tasks (XMM-Newton Science Analysis System,
Gabriel et al. 2004). We extracted the spectrum of the source
using an elliptical region to reproduce the shape of the Point
Spread Function (PSF) of the XMM Telescopes at the source
position. The corresponding background spectrum has been
extracted using an annular region with radii 30�� and 90�� , cen-
tred on the source position, removing any other detected nearby
sources. The data have been then �ltered for high background
intervals. The total EPIC number of counts in the 0.2–12 keV
energy band after the �ltering is 2234. The spectral analysis
has been performed with XSPEC v.11.3.2 (Arnaud 1996),
grouping the number of counts to a minimum of 10 counts per
bin, in order to use the� 2 statistic. We �nd an acceptable �t
to a simple model composed of a power-law plus Galactic and
intrinsic absorptions; �xingNgal

H = 2 × 1020 cmŠ2, the best �t
parameters are photon index� = 1.7± 0.2 and hydrogen column
densityNH = (1.2 ± 0.2) × 1022 cmŠ2 (assumingz = 0), with
� 2/ d.o.f . = 118.0/ 106.

Repeating the X-ray spectral analysis forz = 1.87, anticipat-
ing the result presented below (Sect.2.4), we obtained a best �t
to the data with a photon index� = 1.5 ± 0.1 and a column den-
sity NH = (1.8± 0.3)× 1023 cmŠ2 (Fig. 1). We note the presence
of marginally signi�cant structure in the spectrum residuals at
energy� 1.5Š3 keV which might be related to red-shifted line or
edge features. The reality of these features clearly require con-
�rmation at higher signal-to-noise.

2.3. Optical/IR properties

As noted above (Sect.2.1), there is no counterpart for 2XMM
J123204+215255 in SDSS DR5 within 7�� (Sect. 2.2) from
the X-ray position in any of the SDSS bands (u� , g� , r � , i� , z� ,
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Fig. 1. EPIC pn, MOS1 and MOS2 X-ray spectrum of 2XMM
J123204+215255 (top panel): the model is represented by the black
lines; residuals are also shown (lower panel). The data are well repre-
sented by an absorbed power-law with a photon index� = 1.5± 0.1 and
a hydrogen column densityNH = 1.8 × 1023 cmŠ2 at z = 1.87.

Fukugita et al. 1996), indeed the nearest SDSS object lies� 30��

away.
We obtained deeper optical imaging of the �eld on 2007

February 9 on the 2.5 m NOT (Nordic Optical Telescope). Four
separatei� -band images were taken with the NOT ALFOSC
camera with integration times of 1800 s each. Conditions were
photometric with� 1 arcsec seeing, but unfortunately the im-
ages are a� ected by bad fringing. As there were no sky �ats
available to correct properly for the fringing, an empirical ap-
proach was adopted in which a smoothed version of each image
(with bright objects removed) is used to estimate the e� ective
sky background plus fringing e� ects. The resultant background-
subtracted images were then stacked to make the �nal image
(Fig. 2). This technique does not fully remove the fringing ef-
fects, but reduces them to a modest level, signi�cantly improving
the sensitivity for faint objects.

We �nd no detection of any counterpart within 7 arcsec of
the position of 2XMM J123204+215255 with an estimated 5�
limit i� > 25.2 mag, based on the amplitude of the residual back-
ground �uctuations. The photometric calibration was established
by comparing the count rates of a sample of objects detected in
the NOT image with the SDSS-DR5 photometric catalogue.

As the object is likely to be heavily obscured in the op-
tical, the obvious next step is IR observations, where the ef-
fective dust obscuration will be lower. Follow-upJ-band and
K-band observations of 2XMM J123204+215255 have been
obtained with theUK Infrared Telescope-Wide Field Infrared
Camera(UKIRT-WFCAM) the 12th of February 2007 with an
exposure time of 1200 s in theJ-band and 2× 1200 s in the
K-band. The IR images (Fig.2) show an apparently stellar coun-
terpart in theK-band with a magnitudeK = 18.0 ± 0.05 (Vega,
K = 19.9±0.05 inABmagnitude system,Oke & Gunn 1983; see
Hewett et al. 2006) and a very marginal detection in theJ-band
(J >� 21.3, Vega). All the values are reported in Table1. The
IR counterpart lies� 1�� from the X-ray centroid, consistent with
the position errors discussed in Sect.2.2. The IR detection al-
lows us to place limits on the optical/IR colours of the source:
r� Š K > 2.6 andi� Š K > 5.3 (AB). As the optical emission
is likely to be dominated by a high redshift galaxy, as discussed
below, it is likely thatr� Š i� > 0, which means that ther� mag-
nitude should be of the order ofr� >� 25.2. If that is true, the

r� Š K colour becomes greater than 5.3 (AB), corresponding to
r� Š K > 7 in the Vega system, which is extremely red even for
EROs (Sect.1).

2.4. IR spectrum

2XMM J123204+215255 was observed in theH + K bands with
theMulti-Object Infrared Camera and Spectrograph(MOIRCS,
Ichikawa et al. 2006) at the Subaru Telescope in March 2007.
The observation was performed in long-slit spectroscopy mode
using the HK500 grism and 0.8�� slit width, under a see-
ing of 0.6�� . The spectrum covers a wavelength range of
13 000–23000 Å with a spectral resolution of� 40 Å (� 5 pix)
FWHM estimated from the width of OH airglow lines.

We took 6 target frames with 7 min exposure each, thus the
total on-source integration time was 42 min. The telescope was
dithered after every single exposure and the target was observed
at di� erent positions along the slit (1.5�� or 3�� from the slit
centre). After sky subtraction,carried out by subtracting adja-
cent object frames from each other, �at-�elding was performed
using dome-�at frames. These sky-subtracted and �at-�elded
frames were then shifted, mirrored and combined to determine
the average intensity value at each pixel with a 3� clipping al-
gorithm. Atmospheric absorption correction and �ux calibra-
tion have been performed using the spectrum of a bright star
(HD 119496, spectral type of A2V). The standard star spectrum
was taken at the end of the night at a similar airmass to the target
and with the same instrumental setup.

The observed spectrum (Fig.3) reveals a red continuum
emission, which is well represented byf� � � . Using this
form and extrapolating it out to the wavelengths longer than
23 000 Å, theK-band magnitude of this source is estimated to
be 19.7 ± 0.1 mag in theAB system without any corrections
(the emission line is at the edge of theK-band and its e� ect
on this estimate can be ignored). This is consistent with the
UKIRT-WFCAM photometry (K = 19.9 ± 0.05, see Sect.2.3
and Table1) within the uncertainties. An estimated� 10% of the
total �ux from the object falls outside the slit width in the 0.6��

seeing conditions of the observation. As the slit losses are un-
certain and the magnitude estimates from the spectroscopy are
consistent with the UKIRT imaging, we therefore do not apply
any slit-loss corrections to the emission line �uxes estimated be-
low, but note that they have� 10–20% systematic uncertainty.

As shown in Fig. 3, a single broad emission line
(FWHM= 5280± 331 km sŠ1) is clearly visible on the red con-
tinuum in the observed spectrum at 18837± 7 Å (line centroid).
The line �ux is f = (5 ± 0.2) × 10Š16 erg cmŠ2 sŠ1 (uncorrected
for absorption; Table2). The emission line centre and line width
have been estimated by �tting a Gaussian to the spectrum in the
vicinity of the line after the continuum was subtracted, whilst the
line �ux was estimated by directly integrating the continuum-
subtracted line pro�le. The derivedEquivalent Width(EW) is
EW = 2500± 140 Å. All the uncertainties are estimated from
the 1� errors in the Gaussian �tting process.

Although there are no other signi�cant emission or absorp-
tion lines visible in the spectrum, the most likely interpretation
is that the line detected is H� . We also considered other possible
interpretations for this line:

i) if it were one of the Paschen series the implied redshift would
bez < 1 which seems unlikely as the host galaxy is not de-
tected in the optical (and would thus be a very low luminosity
object) and the detected line �ux would be much higher than
expected;

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:200809665&pdf_id=1


448 A. Del Moro et al.: An extreme EXO: a type 2 QSO atz= 1.87

Fig. 2. Optical/IR �nding charts for 2XMM J123204+215255. From left to right: SDSS r� -band image, NOTi� -band stacked image,
UKIRT-WFCAM J and K bands. TheK-band image shows an apparently stellar counterpart (K = 19.9, AB). The circles have a radius of 7��

and are centred on the X-ray position.

Table 1. Multi-wavelength properties of 2XMM J123204+215255.

IAU Name RA Dec EPIC ctsa f2Š10 keV L2Š10 keV fX/ fopt r �b i�c Jd Kd

[h:m:s][d:m:s] [10Š13 erg cmŠ2 sŠ1] [1046 erg sŠ1] [mag] [mag] [mag] [mag]

2XMM J123204+215255 12:32:04.91+21:52:55.4 2234 8.8+0.7
Š2.6 1.6 >278 (>3300)	 >22.5 >25.2 >22.2 19.9

a Total pn+MOS1+MOS2 counts.b SDSS (AB). c NOT (AB). d UKIRT-WFCAM (AB). 	 Expected value derived fromi-band limit, see text.

Fig. 3. The Subaru MOIRCS IR spectrum of 2XMM J123204+215255
(black) showing a single broad emission line (FWHM = 5280 ±
331 km sŠ1), likely to be H� at z = 1.87. The grey spectrum shows
the ratio between raw and �nal �ux-calibrated spectrum. The ratio is
dominated by the e� ects of atmospheric absorption and thus provides
an indication of the main regions where such features are signi�cant.
The dashed vertical lines indicate the central wavelengths of H� (see
Sect.2.4) and the expected H� and [Oiii] emission lines for this red-
shift. On the top axisthe rest-frame wavelengths are plotted.

ii) if it were MgII the redshift would bez � 5.7 which would
make the X-ray absorptionNH � 1.5× 1024 cmŠ2 (Compton
thick). However, no strong Fe K� line is detected in the
X-ray spectrum and the derived luminosity at this redshift
is extremely high (LX � 1.8 × 1047 erg sŠ1), so we believe
also this hypothesis is unlikely.

Assuming the H� identi�cation is correct, the estimated red-
shift for the source isz = 1.87. Even though the emission
line is just at the wavelength range where the spectrum is se-
riously a� ected by the atmospheric absorption lines betweenH
andK bands, this can not explain the total absence of the [Oiii]

(expected from the Narrow Line Region) and the H� emission
lines. For those lines we estimate �ux upper limits from our
MOIRCS spectrum:f[OIII] < 3 × 10Š17 erg cmŠ2 sŠ1 (assuming
an FWHM 
 500 km sŠ1) and fH� < 1 × 10Š16 erg cmŠ2 sŠ1

(assuming the sameFWHM as H� ). These limits are conser-
vative values estimated at several times higher than the formal
3� level (derived from empirical estimates of the noise in the
vicinity of these lines) to allow for the systematic deviations
from the expected smooth continuum. The estimated line ratio
H� /H� is >5, which is higher than the typical intrinsic unred-
dened value for AGN (H� /H� � 3.5, e.g.Ward et al. 1988).
Noting that the H� �ux is a conservative upper limit, this al-
ready indicates signi�cant extinction in this object. We also note
the clear asymmetry in the H� line pro�le for which we have no
obvious explanation, although an incomplete correction for the
severe atmospheric absorption may be a possible reason. A nar-
row [N ii] � 6583 line may also be present in the spectrum and
contribute to the asymmetry of the H� pro�le. The presence of
this line, assuming it hasFWHM 
 500 km sŠ1, cannot however
explain all the red wing, given the H� line width.

3. Discussion

For a redshiftz = 1.87, the intrinsic X-ray luminosity for the
source isLX = 1.6 × 1046 erg sŠ1 (2–10 keV rest-frame) and the
X-ray spectrum has a large column density (NH � 2× 1023 cmŠ2;
Sect.2.2). The X-ray properties of 2XMM J123204+215255 are
thus those of a very luminous, heavily absorbed AGN, with spec-
tral parameters typical for a type 2 QSO.

In contrast the IR spectrum shows a broad H� emission line
and the IR counterpart detected in theK-band has a probable
stellar morphology, characteristics of a type 1 object. To further
complicate the story the predicted emission line �uxes are much
higher than those observed (see Table2). Using the correlation
between hard X-ray luminosities and H� and [Oiii] luminosities
from Panessa et al.(2006):

logLX = (1.06± 0.04) logLH� + (Š1.14± 1.78)
logLX = (1.22± 0.06) logL[OIII] + (Š7.34± 2.53)

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:200809665&pdf_id=2
http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:200809665&pdf_id=3
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Fig. 4. Best-�t model of the NIR spectrum (magenta points); green cir-
cles: photometric measurements and upperlimits of ther� , i� , J andK-
band magnitudes; red line: galaxy SED; blue line: absorbed QSO SED;
grey dash-dotted line: unabsorbed QSO SED; black line: resulting SED
(QSO+ host galaxy). Inthe lower panelthe residuals of the �tting are
shown.

Table 2. Observed and predicted line �uxes of 2XMM
J123204+215255.

Line Observed �uxa Predicted �uxb Corrected �ux Ac
�

[erg cmŠ2 sŠ1] [erg cmŠ2 sŠ1] [erg cmŠ2 sŠ1] [mag]

H� (5 ± 0.2) × 10Š16 1.7 × 10Š14 4.6 × 10Š15 2.4

H� < 1 × 10Š16 4.8 × 10Š15 Š 5.3

[Oiii] <3 × 10Š17 2.9 × 10Š15 Š Š
a Uncorrected for extinction, measured from the IR spectrum.
b From the correlations ofPanessa et al.(2006).
c Extinction estimated from the model.

the predicted �ux for H� is fH� � 1.7 × 10Š14 erg cmŠ2 sŠ1,
which is about 30 times higher than the detected line �ux (un-
corrected for absorption) and the predicted �uxes for [Oiii] and
H� are f[OIII] � 2.9 × 10Š15 erg cmŠ2 sŠ1 and fH� � 4.8 ×
10Š15 erg cmŠ2 sŠ1 (assuming the standard H�/ H� ratio, e.g.
Ward et al. 1988), whereas these lines are not detected at all.

In order to see whether it was possible to reconcile the
X-ray, optical and near IR characteristics of this object, we car-
ried out simple modelling of the IR spectral continuum using a
composite Spectral Energy Distribution (SED) with two compo-
nents: one corresponding to the host galaxy and one to a typ-
ical QSO (Fig.4). As QSOs are typically found to be hosted
by massive elliptical galaxies (McLeod & Rieke 1995; Aretxaga
et al. 1998; Dunlop et al. 2003), we adopted a 5 Gyr early-type
galaxy template, generated with the GRASIL code (Silva et al.
1998). To reproduce the QSO we adopted a composite spec-
trum of a type 1 QSO with the highest IR/optical ratio (from
Polletta et al. 2007). In the model the QSO SED component has

intrinsic absorption, i.e. nuclear extinction, parameterised by
a rest-frame equivalentAV and represented by the Small
Magellanic Cloud (SMC) extinction curve fromPei (1992),
whilst both the QSO and galaxy SEDs have �xed Galactic ab-
sorption (Ngal

H = 2× 1020 cmŠ2), using the Milky Way extinction
curve (Pei 1992). The other free parameter in the model is the
Galaxy Fraction(g), which we de�ne as the ratio between the
host galaxy and the intrinsic QSO �uxes in the rest-frame wave-
length range� 1 = 4160 Å< � < � 2 = 4210 Å, chosen because it
avoids most of the galaxy absorption lines and the quasar emis-
sion lines (Vanden Berk et al. 2006), i.e.:

g =

∫ � 2

� 1
f�, gal d�

∫ � 2

� 1
f�, QSO d�

·

We used this SED model to �t the IR continuum (Fig.3) in
the wavelength range 14 500–23000 Å. As we aimed to repro-
duce only the spectral continuum, we excluded the emission
line from the �tting; we excluded also the wavelengths below
14 500 Å because of the lower S/N in this part of the spec-
trum and to avoid the wavelengths of the expected [Oiii] and
the H� emission lines. After binning the spectrum, we computed
� 2 values for a grid of possible nuclear extinction andGalaxy
Fraction (g) parameters and we determined con�dence inter-
vals for the two free parameters using the usual� � 2 prescrip-
tion (Fig. 5). Our modelling provides strong constraints on the
rest-frame equivalentAV = 3.2Š5.0 (90% con�dence), while the
galaxy contribution is not strongly constrained. The best-�t of
the near IR spectrum and the residuals of the �tting are shown
in Fig. 4. We can also use the model �t results to constrain the
expectedr� , i� and J-band magnitudes. Our best-�t model pre-
dicts r� � 27.7, i� � 26.3 andJ � 22.6, values consistent with
the upper limits discussed in Sect.2.3. We note that the general
properties of 2XMM J123204+215255 are rather similar to the
object presented bySevergnini et al.(2006), although our source
has higher extinction and has not yet been detected in the optical
band. Our constraints on the host galaxy mass are comparable to,
or somewhat lower than, that inferred bySevergnini et al.(2006)
for their object.

Our modelling cannot of course be considered as de�nitive,
as it is limited by the restricted wavelength coverage of our data,
by the fact that we cannot be sure of the intrinsic SEDs for
the galaxy and AGN components and by the assumption that
just two components will adequately represent the data. We can
however examine how our results depends on the choice of the
SED components in the spectral range we are investigating, by
using di� erent QSO templates (fromPolletta et al. 2007) in the
�tting process. For this range of templates we �nd variations of
<� 10% in the derived rest-frame equivalentAV. As in all the mod-
els we tested the contribution of the galaxy appears to be only
few percent of the total emission there is clearly little sensitivity
to the precise shape of the galaxy SED adopted.

With the model parameters obtained from our analysis, the
extinction for the QSO component in theJ-band (close to H� and
[Oiii]) corresponds to� 5.3 mag and� 2.4 mag in theK-band,
in the vicinity of the redshifted H� line. Correcting the ob-
served H� �ux for this extinction (AK) gives a valuefH� �
4.6 × 10Š15 erg cmŠ2 sŠ1, which is lower than the �ux expected
from theLXŠLH� correlation ofPanessa et al. 2006(see Table2),
but well within the scatter of the correlation. The much higher
extinction (AJ � 5.3) at the H� line is fully consistent with its
non-detection.

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:200809665&pdf_id=4
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Fig. 5. � 2 contours at 68, 90 and 99% con�dence obtained from mod-
elling of the IR spectrum for a grid ofGalaxy FractionandAV values,
as de�ned in the text.

The lack of detection of the [Oiii] line is not explained in
the model, as this line is expected to originate in the Narrow-
Line Region (NLR) which should not be a� ected by the large
extinction of the nuclear region. However, the weakness or dis-
appearance of the [Oiii] emission line has already been reported
for high-luminosity AGN (seeYuan & Wills 2003; Netzer et al.
2004; Sulentic et al. 2004). A possible explanation may be re-
lated to the fact that the simple scaling law:RNLR � L1/ 2

ion (where
RNLR is the radius of the Narrow Line Region andLion is the ion-
ising source luminosity,Netzer et al. 2004), which may explain
the correlation between the X-ray and the [Oiii] luminosities at
lower values, must break down when the NLR radius becomes
comparable with the size of the galaxy.

Another possible explanation may be the presence of obscur-
ing dustoutsidethe torus, at larger distances from the nucleus.
This dust could reside in the NLR (Polletta et al. 2008) or in the
host galaxy (Rigby et al. 2006; Martínez-Sansigre et al. 2006;
Brand et al. 2007) and could thus absorb the emission coming
from the Narrow Line Region. This interpretation is equally con-
sistent with the observed red continuum and the extinction of the
broad lines whilst also providing an explanation for the absence
of any narrow lines in the IR spectrum. However, as it is not
possible to constrain the location of the obscuring dust with the
present data, neither interpretation can be rejected.

Finally we note that the values obtained for the optical ex-
tinction from our modelling are signi�cantly lower than naively
expected from the measured X-ray column density. This can
most easily be parameterised by a dust-to-gas ratio which is
about 20Š25 times lower than the standard Galactic value (AV =
NH/ (1.8 × 1021), e.g.Predehl & Schmitt 1995). Such low ra-
tios have been reported in several previous studies of AGN
(Maccacaro et al. 1982; Maiolino et al. 2001b; Akiyama et al.
2002; Willott et al. 2004). In this comparison, as is the case
in the other papers cited, we are assuming the simplest possi-
ble geometry where the dust and gas are co-spatial and lie in a
uniform foreground screen4. One possible explanation for the

4 This assumption may lead to an underestimation of the e� ective ex-
tinction of the source (e.g.MacKenty et al. 2000). More realistic dust
and gas distributions can of course lead to di� erent conclusions about

high ratio is a di� erent dust grain size distribution dominated
by large grains, whose formation is naturally expected in the
high density environments, like those characterising the circum-
nuclear region of AGNs. This dust grain distribution makes the
extinction curve �atter than the Galactic one and yields a higher
NH/AV ratio (Maiolino et al. 2001a; Maiolino 2002). This would
not be a valid explanation if the absorption is on kpc-scales as
discussed above.

4. Summary and conclusions

On the basis of its X-ray and optical properties, 2XMM
J123204+215255 has the highest recordedfX/ fopt of any extra-
galactic X-ray source. IR spectroscopy con�rms this object is an
AGN at z = 1.87. In X-rays it is a very luminous object with
large absorption, making it a type 2 QSO. Its optical/NIR prop-
erties show a strongly reddened continuum, but stellar appear-
ance in theK band and broad H� , more consistent with a type 1
classi�cation (type 1.9 in the classi�cation used for low redshift
AGN). We have shown that these apparently discrepant proper-
ties can be reconciled with a model consisting of a heavily red-
dened AGN nucleus (rest-frame equivalentAV = 3.2Š5.0) and
fainter host galaxy. Our results provide tight constrains on the
X-ray column density and optical/IR extinction which demand a
dust-to-gas ratio for this object� 25 times lower than the stan-
dard Galactic value. The non-detection of a narrow [Oiii] emis-
sion line at anything like the expected �ux in this object may be
related to its very high luminosity.

Alternatively 2XMM J123204+215255 might be a mem-
ber of a population of AGN with absorption on kpc-scales,
sometimes described as “host-obscured” AGN (e.g.Brand et al.
2007), which may be an important ingredient in resolving the
discrepancy between the predicted and observed ratios of type I
and type II AGN, which exists in some models of AGN obscu-
ration (e.g.Martínez-Sansigre et al. 2006; Brand et al. 2007).

We have shown thatfX/ fopt selection using the large sam-
ples a� orded by the 2XMM catalogue provides an e� ective way
of discovering extreme objects like 2XMM J123204+215255,
which are a rare but important part of the obscured AGN pop-
ulation. Our analysis has demonstrated that the extreme prop-
erties of this object are a natural consequence of its very high
luminosity and large obscuration. It is interesting to note that a
high luminosity object of this type with only a factor of a few
higher absorption would appear as an entirely “normal” galaxy,
in that it would have no detectable broad lines in its spectrum
and presumably no narrow lines either, given the apparent strong
suppression of the NLR emission lines evident at these high lu-
minosities.
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the dust-to-gas ratio; however, as it is not possible to constrain the gas
and dust distribution with the present data, considering more sophisti-
cated models is beyond the purpose of our analysis.
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