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ABSTRACT

In active galactic nuclei (AGN)-galaxy co-evolution models, AGN winds and outflows are often invoked to explain why super-massive
black holes and galaxies stop growing eﬃciently at a certain phase of their lives. They are commonly referred to as the leading actors
of feedback processes. Evidence of ultra-fast (v >
∼ 0.05c) outflows in the innermost regions of AGN has been collected in the past
decade by sensitive X-ray observations for sizable samples of AGN, mostly at low redshift. Here we present ultra-deep XMM-Newton
and Chandra spectral data of an obscured (NH ≈ 2 × 1023 cm−2 ), intrinsically luminous (L2−10 keV ≈ 4 × 1044 erg s−1 ) quasar (named
PID352) at z ≈ 1.6 (derived from the X-ray spectral analysis) in the Chandra Deep Field-South. The source is characterized by an
iron emission and absorption line complex at observed energies of E ≈ 2−3 keV. While the emission line is interpreted as being due to
neutral iron (consistent with the presence of cold absorption), the absorption feature is due to highly ionized iron transitions (FeXXV,
+0.02
FeXXVI) with an outflowing velocity of 0.14−0.06
c, as derived from photoionization models. The mass outflow rate – ∼2 M yr−1 – is
similar to the source accretion rate, and the derived mechanical energy rate is ∼9.5 × 1044 erg s−1 , corresponding to 9% of the source
bolometric luminosity. PID352 represents one of the few cases where indications of X-ray outflowing gas have been observed at high
redshift thus far. This wind is powerful enough to provide feedback on the host galaxy.
Key words. galaxies: active – galaxies: nuclei – quasars: general – X-rays: galaxies

1. Introduction
According to some AGN/galaxy co-evolution models, along the
cosmic history of galaxies there is a dust-enshrouded phase associated with rapid SMBH growth and active star formation,
largely triggered by galaxy mergers and encounters (e.g., Silk
& Rees 1998; Di Matteo et al. 2005; Menci et al. 2008; Hopkins
et al. 2008; Zubovas & King 2012; Lamastra et al. 2013). At
the end of this obscured phase, massive quasar-driven outflows

blow away most of the cold gas reservoir, creating a population
of “red-and-dead” gas-poor elliptical galaxies (e.g., Cattaneo
et al. 2009). Support for this picture – at least for the most luminous AGN – comes from observations of kpc-scale outflows
of molecular gas (e.g., Feruglio et al. 2010; Sturm et al. 2011;
Veilleux et al. 2013; Cicone et al. 2014), as well as of neutral
and ionized gas (e.g., Nesvadba et al. 2008; Alexander et al.
2010; Harrison et al. 2012, 2014; Genzel et al. 2014; Perna
et al. 2015; Brusa et al. 2015). On smaller scales, ultra-fast
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outflows (UFOs, with velocities typically up to 0.1–0.4c) have
been clearly detected in X-rays in a sizable sample of AGN
at low redshift (e.g., Reeves et al. 2003; Pounds et al. 2003;
Tombesi et al. 2010, 2012a, 2014, 2015; Giustini et al. 2011;
Patrick et al. 2012; Goﬀord et al. 2013, 2015; King et al. 2014;
Nardini et al. 2015; Ballo et al. 2015; see also Cappi 2006 for an
early review; and Fabian 2012 for a more recent one) and also
in a limited number of high-redshift quasars (e.g., Chartas et al.
2002, 2007, 2009, 2014; Saez et al. 2009; Lanzuisi et al. 2012).
Although original claims of blueshifted absorption features were
strongly debated (see Vaughan & Uttley 2008), recent high photon statistics in X-ray spectra of both radio-quiet (e.g., Tombesi
et al. 2010, 2011, 2012a; Goﬀord et al. 2013) and radio-loud
AGN (e.g., Goﬀord et al. 2013; Tombesi et al. 2014) have undoubtedly shown that these outflows are not rare events at X-ray
wavelengths, with more than 40% to 50% of the investigated
Seyfert galaxies in the local Universe being associated with such
highly energetic phenomena (e.g., Tombesi et al. 2010; Goﬀord
et al. 2013). According to models (e.g., Zubovas & Nayakshin
2014), fast ionized winds may lose most of their kinetic energy
after shocking the interstellar medium (ISM), thus cooling efficiently and transferring their ram pressure (hence momentum
flux) to the ISM. In this context, large-scale outflows would be
produced by the accelerated swept-up gas (e.g., King 2010b;
Faucher-Giguère & Quataert 2012).
In a study based on the X-ray spectral analysis of a sample
of Type 1 Seyfert galaxies, Tombesi et al. (2013) have recently
suggested that X-ray warm absorbers (WA) and UFOs are two
aspects of the same fundamental physical process, which is related to wind acceleration likely occurring in the accretion disk
(see also Fukumura et al. 2014). In particular, there is a sort of
“continuity” in the physical properties of the high- (UFO) and
low-velocity (WA) winds, with the former being produced in the
inner regions of the accretion disk, characterized by higher ionization and column density, and the latter associated either with
the outer parts of the accretion disk or with the AGN torus. While
WAs have typical velocities below ∼1000 km s−1 and low kinetic
power (e.g., Blustin et al. 2005; McKernan et al. 2007, but see
also Crenshaw & Kraemer 2012), UFOs are characterized by velocities >0.05c up to ∼0.6c (this high value is observed in, e.g.,
APM 08279+5255, Saez et al. 2009; Chartas et al. 2009; and
HS 1700+6416, Lanzuisi et al. 2012) and considerably higher
mechanical energy, so they possibly exert a significant impact
on the host galaxy (e.g., Hopkins & Elvis 2010; King 2010b;
Gaspari et al. 2011; Zubovas & Nayakshin 2014). Regardless of
the exact launching site for the wind, the observed outflow properties require an eﬃcient process of acceleration, such as radiation pressure through Compton scattering and, more importantly,
magneto-hydrodynamical processes (e.g., King & Pounds 2003;
Proga & Kallman 2004; Sim et al. 2008; Ohsuga et al. 2009;
Fukumura et al. 2010; see also Higginbottom et al. 2014).
From the innermost regions of AGN (probed by X-rays) to
the outer galactic scales (probed by observations in molecular
lines), all of these outflows may provide significant feedback
into the quasar host galaxy (e.g., King 2010a; King et al. 2011;
see also Pounds 2014 for a recent review) and may be responsible for quenching star formation (e.g., Cano-Díaz et al. 2012;
Cresci et al. 2015) and, if the momentum is maintained through
the shocks, for setting up the local black hole mass vs. bulge
relation (e.g., King 2010b; Zubovas & Nayakshin 2014; Costa
et al. 2014). However, despite the increasing observational evidence of outflows at diﬀerent scales, the link between UFOs
and large-scale outflows is today basically unknown, especially
at high redshift. In this regard, X-ray emission oﬀers a powerful
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probe of the innermost regions of the AGN where fast outflows
are launched (e.g., Proga & Kallman 2004).
In this paper we present the intriguing properties of the
source XMMCDFSJ033242.4−273815, whose XMM-Newton
and Chandra spectral data are consistent with the presence of an
emission-plus-absorption line, although at a diﬀerent statistical
significance (lower in Chandra). The emission line is interpreted
as neutral iron Kα emission, and the absorption line is most
likely due to a blueshifted highly ionized iron transition associated with outflowing gas with a velocity of ∼0.1c. The spectral
“peculiarity” of this source came out in the search for obscured
AGN at high redshift selected in the XMM-Newton observations of the Chandra Deep Field-South (XMM-CDFS) by means
of restframe X-ray colors (Iwasawa et al. 2012). This source
is listed as number 352 in the 3 Ms XMM-Newton 2−10 keV
source catalog by Ranalli et al. (2013); hereafter, we refer to this
source as PID352. In the following, we present the analysis of
these iron features based on the whole dataset of XMM-Newton
and Chandra observations, carried out over a time interval of
∼10 yr. Most of the spectral results presented in this paper rely
on XMM-Newton data, while Chandra provides further support
to these results, as well as an accurate source position.
Currently, there are only two photometric redshift estimates
+0.34
for PID352, one from Taylor et al. (2009), zph = 1.51−0.20
(95% confidence level), and the other from Hsu et al. (2014),
zph = 1.31+0.78
−0.74 (99% confidence level).

2. X-ray data
The CDF-S was observed with XMM-Newton with 33 exposures
over the years 2001–2002 and 2008–2010, for a nominal exposure time of ∼3.45 Ms. Full details on the pointing strategy, data
cleaning, and derived catalogs are presented by Ranalli et al.
(2013). In the analysis presented in this work, we use data taken
from the three EPIC cameras (pn, MOS1, and MOS2) after applying a sigma-clipping procedure to the event files in order to
filter high-background flaring intervals. Given the large oﬀ-axis
angle of PID352 in the summed XMM-Newton mosaic1 , the final eﬀective (i.e., after filtering and accounting for vignetting
eﬀects) exposure time at the source position is ∼800 ks (averaged over the three cameras). The resulting 2–10 keV position of
PID352 is (RA, Dec) = (03:32:42.46, −27:38:15.7; Ranalli et al.
2013). Spectral data were extracted from the three mosaics of pn,
MOS1 and MOS2 using circular regions of 10 radius (corresponding to <
∼60% of the encircled energy fraction at the source
position) in order to maximize the signal-to-noise ratio in the extraction regions. Background was chosen from nearby, sourcefree circular regions of radius 19 , 25 , and 25 for the pn,
MOS1, and MOS2, respectively. Once normalized to the source
extraction regions, the background accounts for ∼30–35% of the
overall counts. The final number of net (background-subtracted)
source counts in the ∼0.3–7 keV band is 2560, 690, and 1250 in
the pn, MOS1, and MOS2 cameras, respectively.
PID352 was also observed in both of the Chandra CDF-S
and Extended-CDF-S (E-CDF-S) exposures. CDF-S data were
taken in the periods 1999–2000, 2007, and 2010 with 54 pointings using the ACIS-I array for a total on-axis exposure time of
∼4 Ms; see Luo et al. (2008) and Xue et al. (2011) for more
1

The exact oﬀ-axis angle in the final XMM-Newton mosaic is diﬃcult to quantify, since the nominal right ascension and declination of
the individual pointings varied substantially, with the highest diﬀerence
being between the 2001–2002 observations and the most recent 2008–
2010 observations.
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details on the observational strategy and data reduction. PID352
is associated with source XID 571 in the Xue et al. (2011) catalog [with coordinates (RA, Dec) = (03:32:42.73, −27:38:15.6)].
As a consequence of the large oﬀ-axis angle of the source (>10 )
and the diﬀerent roll angles of the CDF-S exposures, the source
falls in the CDF-S in only 13 out of the total 54 Chandra pointings. The count distribution seems to be slightly displaced (by
∼1.1 ) with respect to the X-ray source position in the catalog, probably because of the oﬀ-axis position (hence elongated
shape) of PID352 in the 4 Ms exposure. Once this oﬀset is
taken into account, the source is perfectly coincident with a red
galaxy (see Sect. 3). The final vignetting-corrected source exposure time is ∼430 ks. The Chandra spectrum was extracted from
individual pointings using the Acis Extract software (Broos
et al. 2010) and accounting for the diﬀerent point spread function (PSF) size and shape at the source position in each observation. The total number of net source counts in the ∼0.5−7 keV
band is ∼450, which is fully consistent with the number reported in the Xue et al. (2011) catalog. The overall contribution
of the background (chosen from nearby source-free regions) is
limited to less than 10% of the source plus background counts
within the source extraction region. We note that at ∼8.7 from
its position there is another fainter (by a factor of ∼3.5 in the
0.5–8 keV band) X-ray source, listed as XID 568 in Xue et al.
(2011). The good agreement in terms of X-ray spectral results
from XMM-Newton and Chandra data suggests that the contamination by XID 568 to PID352 in XMM-Newton data is most
likely marginal.
PID352 was also detected in the E-CDF-S mosaic (four
pointings with a nominal exposure of ∼250 ks each; observations were taken in 2004) and was reported as source 437 in
the Lehmer et al. (2005) catalog. At the source position (RA,
Dec) = (03:32:42.63, −27:38:16.1), which corresponds to an
oﬀ-axis angle of 5.9 , the eﬀective exposure time is ∼190 ks.
The source spectrum was extracted from a circular region with
a radius of ∼4.5 , while the background spectrum was extracted
from a circular source-free region with radius 19.5. The impact
of the background is 4% in the source extraction region. The total number of source net counts in the ∼0.5–7 keV band is ∼260,
so it is fully consistent with the number reported in the Lehmer
et al. (2005) catalog.
In the following analyses, XMM-Newton and Chandra (both
CDF-S and E-CDF-S) results will be presented separately.
Overall, XMM-Newton data provide good counting statistics,
while Chandra data oﬀer good source positioning, low background contamination, and independent (though statistically
limited) support for XMM-Newton spectral results.
X-ray spectral analysis is carried out using xspec vs. 12.6.1
(Arnaud 1996). Errors are quoted at the 90% confidence level for
one interesting parameter (i.e., either Δχ2 = 2.71 or ΔC = 2.71;
Avni 1976; Cash 1979, depending on the adopted statistic). All
spectral fits include absorption due to the line-of-sight Galactic
column density of NH = 7×1019 cm−2 (Kalberla et al. 2005), and
Anders & Grevesse (1989) abundances are assumed. Hereafter
we adopt a cosmology with H0 = 70 km s−1 Mpc−1 , ΩΛ = 0.7,
and ΩM = 0.3.
2.1. XMM-Newton spectral results

The XMM-Newton spectra were binned at a signal-to-noise ratio
of at least 3. We have verified that such binning satisfies the criterion of the minimum number of photons/bin typically adopted
to apply χ2 statistics (e.g., 20–30 counts per bin). We have also
checked that the results reported hereafter are recovered (within

Fig. 1. Observed 1.3–7 keV band spectrum of PID352 divided by the
best-fitting powerlaw model (with a flat photon index, see text for details). The spectral data were made by combining the XMM-Newton
EPIC pn, MOS1, MOS2, and Chandra ACIS-I data. The powerlaw fit
was performed to the data from all these instruments jointly. The most
relevant spectral features are indicated in the figure.

the errors) once a “standard” binning is adopted. In the following, we adopt “phenomenological” models to reproduce the
XMM-Newton data, then in Sect. 4 we present results obtained
with a more self-consistent and physically-motivated model.
Fitting the XMM-Newton data with a single powerlaw and
Galactic absorption produces statistically significant data-tomodel residuals (χ2 /d.o.f. = 484.5/276, where d.o.f. is the number of degrees of freedom). From the spectral deviations shown
in Fig. 1 (where the assumed model is a powerlaw), it is clear
that additional spectral complexities are present at observed energies of ∼2–3 keV, namely an emission and an absorption feature, and an absorption edge. The notably flat photon index,
Γ = 0.45 ± 0.05, is suggestive of obscuration, and an additional
component (parameterized by a second powerlaw) is required in
the soft band.
Thus we adopted a double powerlaw model with free photon indices; one of these components is absorbed by cold matter.
The resulting fit provides χ2 /d.o.f. = 345.7/273. The two photon indices are consistent (within ∼1.1σ) considering their er+0.22
rors (Γsoft = 1.94+0.36
−0.34 and Γhard = 1.53−0.20 ), while the column
density (pha model in xspec) at z = 0 is NH = (1.53+0.37
−0.31 ) ×
1022 cm−2 . If the soft X-ray emission is interpreted as scattering,
this modeling results in a ∼6% of scattering fraction, which is a
bit high but possible based on the observed range in X-ray spectra of obscured AGN (e.g., Lanzuisi et al. 2015). Since we are
mostly interested in the source emission and absorption features
and the hard X-ray emission, we do not investigate this issue
further.
Then we modified the previous model by leaving the redshift
of the absorber free to vary. We obtain z = 1.59+0.06
−0.07 and powerlaw slopes consistent with the values reported above within
+0.97
their errors; the derived column density is NH = (2.87−0.69
)×
23
−2
2
10 cm . The resulting fit quality is χ /d.o.f. = 301.7/272. The
emission and absorption features seem to be too separated in
energy to be a P-Cygni profile. Therefore, to reproduce these
features, we start by adding a narrow (σ = 10 eV) emission line
A141, page 3 of 11
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Fig. 2. Left panel: XMM-Newton spectrum of PID352 fitted with a double powerlaw (one absorbed) plus one emission line and one absorption line.
The black/blue/red lines and datapoints refer to pn/MOS1/MOS2 data. Emission and absorption lines are both marked. In the bottom panel, the
data-to-model residuals are shown in units of σ. Right panel: best-fitting XMM-Newton model (thick solid line), with indications of the spectral
components (dotted lines). In particular, we note that the iron edge is at a diﬀerent energy with respect to that of the absorption feature.

to the previous modeling, leaving the redshift as a free parameter. Constraints on redshift come from the emission line (assumed to be associated with the neutral restframe 6.4 keV iron
transition, which is expected given the presence of cold absorption) and the iron Kα edge (at the restframe energy of 7.1 keV,
seen at an observed energy of ∼2.7 keV in Fig. 1) associated
with the absorber. Including the line (observed equivalent width
EWobs = 76 ± 35 eV, corresponding to EWrest ≈ 200 eV at the
derived redshift of z = 1.59 ± 0.03) improves the quality of the
spectral fit (χ2 /d.o.f. = 289.3/271, i.e., Δχ2 /Δd.o.f. = 12.4/1 with
respect to the previous double powerlaw plus absorption model).
The line EW appears only marginally consistent (within errors)
with the EW expected in the case of transmission through a neutral shell of gas according to the recent Monte Carlo calculations
provided by Murphy & Yaqoob (2009), but seems to agree more
with past-work predictions (e.g., Awaki et al. 1991; Leahy &
Creighton 1993).
The X-ray spectral slopes do not change significantly with
respect to the previous modeling once errors are taken into
account. The column density at the newly derived redshift is
23
−2
NH = (2.30+0.76
−0.54 ) × 10 cm .
The following step consists of modeling the absorption feature with a narrow (10 eV) Gaussian line. This provides a spectral improvement of Δχ2 /Δd.o.f. = 14/2 (χ2 /d.o.f. = 275.3/269).
Monte Carlo simulations indicate that the probability of by
chance detecting an absorption line providing an improvement
to the spectral fitting larger or comparable to the one we obtain
is ∼1% (see Sect. 2.3 for details). Most of the parameters related
to the X-ray spectrum remain unchanged. The observed-frame
energy and EW of the absorption line are E = 2.94 ± 0.04 keV
and −82+36
−39 eV, respectively.
The best-fitting XMM-Newton pn, MOS1, and MOS2 spectra
are shown in Fig. 2 (left panel). The redshift solution is shown
in Fig. 3 (left panel; z = 1.59+0.03
−0.05 according to 90% confidence contours), while the observed-frame energy vs. normalization of the absorption line is shown in Fig. 3 (right panel). The
confidence contours indicate that both the source redshift and
the absorption feature are well constrained in the XMM-Newton
analysis, which is considerably better than using Chandra data
(although consistent in terms of line parameters, see Sect. 2.2). It
is worth mentioning that the energy of the neutral iron absorption
A141, page 4 of 11

edge (E = 2.74 keV) diﬀers clearly from that of the absorption
line (see Fig. 2, right panel).
At face value, the derived blueshift of the absorption line
(most likely ascribed to ionized iron resonant absorption), assuming the redshift of z = 1.59, is ∼0.13c and ∼0.09c in the case
of He-like (FeXXV, 6.7 keV) and H-like (FeXXVI, 6.97 keV)
iron transitions, respectively. The association with either He- or
H-like iron transitions is the most likely, according to previous,
higher statistics studies of AGN showing outflows (e.g., Risaliti
et al. 2005); see Sect. 4 for a complete discussion on this issue
using a more physically motivated modeling of XMM-Newton
data.
We have also verified whether diﬀerent modeling could account for the source complex emission; in particular, motivated
by the observed flat photon index (which may be partly related
also to the presence of radio emission, see Sect. 3.2), we checked
for a reflection component by using the pexmon model within
xspec (Nandra et al. 2007). This model includes Compton
reflection with self-consistently generated fluorescence emission lines from iron and nickel plus the FeKα Compton shoulder. We set the pexmon model to only produce the reflection
component by making the relative reflection parameter R negative and by tying its photon index and normalization to the corresponding parameters of the primary powerlaw. We fixed the
high-energy cutoﬀ of the illuminating powerlaw at 100 keV,
the abundances of the distant reflector to the solar values, and
the inclination angle to 60 degrees. This model does not provide
a good fit to the data (χ2 /d.o.f. = 323.8/270), because the reflection/powerlaw normalization ratio is unphysically high and
basically unconstrained, as the entire spectrum of PID352 were
reflection-dominated (which is also not consistent with the observed emission-line EW). Similar results have been obtained
using pexrav (Magdziarz & Zdziarski 1995) plus an emission
line.
The observed-frame 2−10 keV source flux is
∼(2.6−3.1−2.8) × 10−14 erg cm−2 s−1 (where the three values refer to pn, MOS1, and MOS2, respectively, owing to
their slightly diﬀerent normalizations). Once corrected for
intrinsic absorption, the restframe 2–10 keV source luminosity
is ∼(3.5−4.2−3.8) × 1044 erg s−1 . The best-fitting XMM-Newton
results are summarized in Table 1.
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Fig. 3. XMM-Newton spectral results: (left panel) redshift vs. FeKα line normalization. For comparison, the redshift estimate obtained by Chandra
data is shown in the inset; (right panel) observed-frame absorption-line energy vs. normalization. In all panels, contours represent the 68, 90, and
99% confidence levels for two parameters of interest.
Table 1. Best-fitting X-ray spectral parameters of PID352 derived from XMM-Newton and Chandra (CDF-S and E-CDF-S).
Data
X
C

Γsoft

Γhard

NH
(×1023 cm−2 )

z

EWem.line
(eV)

Eabs.line
(keV)

EWabs.line
(eV)

F2−10 keV
(erg cm−2 s−1 )

L 2−10 keV
(erg s−1 )

χ2 (C)/d.o.f.

1.73 ± 0.31
...

+0.28
1.58−0.23
+0.29
1.03−0.26

+0.76
2.30−0.54
+0.42
1.01−0.34

1.59 ± 0.03
1.62 ± 0.05

76 ± 35
120+83
−73

2.94 ± 0.04
+0.16
2.85−0.07

−82+36
−39
−65+61
−48

2.6–3.1–2.8
2.4–3.6

3.5–4.2–3.8
1.9–2.8

275.3/268
350.0/480

Notes. X: XMM-Newton (pn, MOS1, and MOS2); C: Chandra (CDF-S 4Ms+E-CDF-S data). Both line energies and equivalent widths are reported
in the observed frame, while the column density is given at the reported best-fitting redshift solution. Fluxes are reported in the observed 2–10 keV
band (units of 10−14 ), while luminosities are intrinsic (i.e., corrected for obscuration) and in the restframe 2–10 keV band (units of 1044 ). The
three fluxes and luminosities reported for XMM-Newton refer to pn, MOS1, and MOS2 data, respectively, while for Chandra the two fluxes and
luminosities refer to CDF-S and E-CDF-S data, respectively. Both emission and absorption lines were modeled using a Gaussian feature of width
σ = 10 eV.

2.2. Chandra spectral results: CDF-S and E-CDF-S

We then checked for indications of the iron line complexity in
PID352 using the available Chandra spectra, well aware that
the limited photon statistics will prevent us from drawing firm
conclusions on this issue from Chandra data alone. At first, the
CDF-S and E-CDF-S spectral data of PID352 were fitted separately in order to appreciate, from the admittedly low-counting
statistics spectra, any possible significant diﬀerence, mostly in
the continuum emission, which might preclude a joint analysis. A powerlaw model was adopted at this stage. The datasets
provided consistent spectral results in terms of photon index
(within errors), while the source flux is a factor ∼1.4 higher in
the E-CDF-S data than in CDF-S data. In all of the following
analyses, we proceed with simultaneous X-ray spectral fitting of
both datasets, leaving the normalizations free to vary and using
the Cash statistic (i.e., using unbinned data; see Cash 1979).
The flat photon index obtained adopting a powerlaw model,
Γ = 0.2 ± 0.1, is suggestive of the presence of obscuration
toward the source, similar to XMM-Newton data analysis. To
properly investigate this issue, we included an obscuring screen
in the spectral modeling, which returns a column density of
21
−2
(9.6+3.5
at redshift z = 0. As expected, the photon
−3.0 ) × 10 cm
index becomes steeper (Γ = 1.2 ± 0.3), although not as steep as
typically found in unobscured AGN and quasars (Γ ≈ 1.8, e.g.,
Piconcelli et al. 2005). The shape of the data-to-model residuals,
especially in the higher statistics CDF-S spectrum, are suggestive of some spectral features at observed energies of ∼2−3 keV,

although the relevance of such features is clearly limited by the
paucity of photons.
Then we included an emission line, whose best-fitting
observed-frame energy is 2.44+0.04
−0.05 keV, consistent with iron
Kα emission if the redshift derived from XMM-Newton data
analysis is assumed. The improvement with respect to the previous fit in terms of ΔC is limited (10 for two less d.o.f., i.e., the
line energy and its normalization, since the line width has been
frozen to σ = 10 eV).
We note that other data-to-model residuals may reflect the
presence of an absorption line, similar to what has been observed in XMM-Newton data. Once modeled as a narrow (10 eV)
Gaussian line, the fit improves slightly (ΔC/Δd.o.f. ≈ 5/2). The
observed-frame energy of this additional line is 2.85+0.16
−0.07 keV.
As for the XMM-Newton spectral analysis (Sect. 2.1), we
then decided to model the data assuming that the iron Kα line is
neutral (6.4 keV restframe) and leaving its redshift free to vary.
The redshift solution is therefore determined by the iron emission line and the iron absorption edge due to neutral matter. The
derived redshift is z = 1.62 ± 0.05 (z = 1.62+0.08
−0.07 if one considers
the 90% confidence level contours plotted in the inset of Fig. 3,
left panel). The column density at the newly determined source
23
−2
redshift is NH = (1.01+0.42
−0.34 ) × 10 cm , while the photon index
apparently remains flat (Γ = 1.0 ± 0.3), possibly suggesting additional absorption complexity. Assuming Γ = 1.8, the column
density becomes ∼2 × 1023 cm−2 . The observed-frame emission
(absorption) line EW is 120 eV (−65) eV, with large uncertainties (see Table 1) owing to the low statistical significance of both
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Fig. 4. Top panel: Chandra CDF-S and E-CDF-S spectra of PID352,
normalized by the eﬀective area and fitted with an absorbed powerlaw, plus one emission line and one absorption line. The red datapoints
refer to the E-CDF-S data, and the black ones to the higher statistics
CDF-S data. The best-fitting model is shown as continuous curves. The
observed-frame energy of the emission and absorption lines are also
shown. All of the data have been rebinned to the 3σ level for presentation purposes. Bottom panel: data − model residuals once both datasets
are fitted with an absorbed powerlaw without including any feature.

lines. The best-fitting X-ray spectrum (rebinned at the 3σ level
for presentation purposes) is shown in Fig. 4, where E-CDF-S
data are shown in red and CDF-S data in black, both normalized
by the eﬀective area. The energy of both features is marked. At
the redshift of z = 1.62 and assuming that the absorption feature is due to either He-like or H-like iron transitions, we derive
blueshift velocities of ∼0.11c and ∼0.07c, respectively.
The flux of the source in the observed 2–10 keV band is
∼(2.4−3.6) × 10−14 erg cm−2 s−1 , corresponding to a restframe
2–10 keV intrinsic (i.e., corrected for the measured absorption)
luminosity of ∼(1.9−2.8) × 1044 erg s−1 (where the two values
refer to CDF-S and E-CDF-S data, respectively). The best-fitting
Chandra results are summarized in Table 1.
2.3. What XMM-Newton and Chandra tell us about PID352

From the X-ray spectral analyses reported above and summarized in Table 1, it is clear that the XMM-Newton and Chandra
results are consistent within errors, both in terms of continuum
emission and emission/absorption features. The XMM-Newton
flux lies between that of CDF-S and E-CDF-S data. The only significant spectral diﬀerence is the presence of an additional soft
component, parameterized by a powerlaw, in the XMM-Newton
data; it seems plausible that we are able to observe such a component in XMM-Newton because of its higher eﬀective area with
respect to Chandra. The hard powerlaw is flatter in Chandra
than in XMM-Newton and may explain the apparently higher
column density derived in the XMM-Newton spectral analysis
(see Table 1). Once Γ = 1.8 is assumed, the column densities
derived from Chandra and XMM-Newton data become similar.
We note that applying the best-fitting XMM-Newton model to
the Chandra data (allowing the normalization of the continuum
to be diﬀerent) provides an acceptable fit. Also the features associated with iron have similar properties in XMM-Newton and
Chandra spectra.
Assuming the best-fitting results from XMM-Newton analysis (owing to the higher quality of the data) and z = 1.59 ± 0.03,
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we are able to derive the following outflow velocities for the gas:
vout = 0.13 ± 0.02c and 0.09+0.02
−0.03 c in case of He-like (FeXXV,
6.7 keV) and H-like (FeXXVI, 6.97 keV) iron transitions, respectively. We postpone the discussion on the ionization state of
the line to Sect. 4.
Although the absorption feature is observed in both
XMM-Newton and Chandra datasets, one may argue about its
statistical significance. To this point, extensive Monte Carlo simulations were carried out by producing 10 000 spectra for each
EPIC instrument (pn, MOS1, and MOS2) using the fakeit routine in xspec (e.g., Lanzuisi et al. 2013). For each camera, the
simulated spectra have the same background flux and exposure
as observed. As input model for our simulations, we assumed
the best-fitting model obtained in Sect. 2.1 deprived of the absorption feature. Therefore, the significance of the absorption
line is estimated by computing how many times this feature is
recovered by chance and produces an improvement in the spectral fitting larger or comparable to the one actually measured
using real data. In practice, we first fitted the simulated spectra
with the same model used for the simulation with free parameters and then introduced an absorption line. The line energy
was left free to vary in the full 0.3−7 keV range and constrained
to be the same in all three (pn, MOS1, and MOS2) spectra. To
avoid the fitted energy of the absorption line clustering around
the initial value, for each simulation we repeated the fit with
an additional absorption line 68 times with initial energies in
steps of 0.1 keV between 0.3 and 7 keV, and selected the best
fit among them. Only 101 of the 10 000 simulated spectra show
a spectral improvement larger than or equal to what is observed
(χ2 ≈ 14). This translates into a probability of detecting an absorption line when it does not exist of 1.01%. We then used a
Bayesian procedure to find the probability distribution of the
fraction of spurious detections (see example in pages 20−22
of Wall & Jenkins 2003) from 101 spurious detections out of
10 000 trials. This probability distribution was used to estimate
confidence intervals in f , by determining the narrowest interval
around the mode fˆ = 0.0101 (S. Andreon, priv. comm.) that included the corresponding probability. We obtained f < 0.0132
at 99.73% confidence.
As Vaughan & Uttley (2008) point out, relatively strong lines
with large uncertainties (low EW/error ratio) may suﬀer from the
so-called publication bias2 (but see also Tombesi et al. 2010). In
the XMM-CDFS source catalog (Ranalli et al. 2013), there are
only ten sources with more than 5000 net counts, PID352 being
exactly in the tenth position in terms of number of counts. X-ray
spectral analysis of this high-statistics sample (Comastri et al.,
in prep.; see Iwasawa et al. 2015 for a detailed study of the two
brightest AGN) shows no indication of absorption features as the
one detected in PID352. We can safely assume that below this
number of counts, the detection of absorption features would be
challenging. Considering the size of this XMM-Newton highly
reliable “spectroscopic” sample and the discussion reported in
Sect. 4.4 of Vaughan & Uttley (2008), we can argue that we
might expect 0.1 such detections above the ∼2.6σ significance
of the line. A comparable number is obtained if we consider also
the four sources with more than 4000 net counts. The presence
of such a feature in the diﬀerent EPIC cameras and, possibly, in
2

The publication bias consists in the fact that only the observations
with detected features have been reported in the literature. In other
words, the reported detections of emission/absorption lines may be just
the “tip of the iceberg”, i.e., the strongest or most significant ones from
a distribution of random fluctuations.
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Fig. 5. MUSYC z-band (left panel) and J-band (right panel) smoothed images with the Chandra contours of source PID352 overlaid. The X-ray
source is associated with a red galaxy clearly appearing in filters redward of the z-band. Each image is ∼22 by side. North is up, and east to the
left.

the Chandra data makes us confident of the reliability of the line,
although its statistical significance is admittedly limited.
Furthermore, we note that at the energy of the emission and
absorption features, there are no calibration issues in the eﬀective area of XMM-Newton instruments. The accuracy is better
than 3% and 2% in MOS and pn cameras, respectively (see
XMM-SOC-CAL-TN-0018). The main response artifacts (i.e.,
the Au M and Ir K edges in the eﬀective area) can therefore not
be responsible for the observed features.

3. Multiwavelength data
3.1. Spectral energy distribution of PID352

Using the available multiwavelength data for PID352 (from
MUSYC, Cardamone et al. 2010, Spitzer, Herschel SPIRE,
SCUBA, LABOCA, and AzTEC), we were able to characterize the
source more properly. In particular, PID352 is associated with an
extremely red object (ERO, Elston et al. 1988), because it has an
R−K color (AB mag) of ∼3.8 (5.4 in Vega mag). This class of
sources represents one of the major components of the stellar
mass build-up at redshifts z ≈ 1−2 (e.g., Daddi et al. 2000). The
source flux density in the observed MUSYC J-band is a factor
∼3 higher than in the z-band, where PID352 is barely visible (see
Fig. 5; the source position is shown as X-ray contours provided
by Chandra CDF-S data). To have a more comprehensive picture of PID352 and derive an estimate of the source bolometric
luminosity, we modeled the source UV to millimeter emission in
terms of galaxy plus AGN components (see Fig. 6).
The spectral energy distribution (SED) of PID352 was modeled using the SED-fitting code originally developed by Fritz
et al. (2006) and recently updated by Feltre et al. (2012), and
assuming z = 1.60 as derived from our X-ray spectral analysis.
We note that, within the errors, the X-ray-derived redshift is consistent with both current photometric-redshift estimates (Taylor
et al. 2009; Hsu et al. 2014), and it is currently the one with
the lowest uncertainties. The code accounts for both the stellar and the AGN components (for applications of this code, see
Vignali et al. 2009; Pozzi et al. 2012; Gilli et al. 2014). The stellar component is composed of a set of simple stellar population

Fig. 6. Restframe spectral energy distribution for PID352. Available
datapoints and upper limits (5σ) are plotted as red filled circles and
downward-pointing arrows, respectively. The solid black line is the
summed contribution of the AGN (blue dashed) and galaxy (red dotted) components. A redshift of z = 1.6 has been assumed.

spectra of solar metallicity and ages up to ∼3 Gyr, i.e., the time
elapsed between zform = 6 (the redshift assumed here for the
stars to form) and z = 1.6 (the source redshift). This component
is extincted according to a Calzetti et al. (2000) attenuation law.
For the AGN component, we used an extended grid of “smooth”
torus models with a “flared disc” geometry (Fritz et al. 2006),
which provides a good description of the AGN mid-IR SED in
the case of sparse photometric datapoints (see also Vignali et al.
2011; and Feltre et al. 2012).
The galaxy provides the dominant contribution at short
wavelengths (dotted line in Fig. 6), where the best-fitting torus
solution is suggestive of an obscured AGN (dashed line in
Fig. 6), i.e., an AGN providing a limited contribution to the
optical emission because of extinction. The amount of obscuration toward the AGN derived from the SED fitting is fully consistent with the absorption found from X-ray spectral analysis
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Kellermann et al. (2008) at 6 cm, we derive an energy index3 of
α ≈ 0.9−1.0, which is consistent with the relatively old electron
populations typically expected in radio lobes.
The source is also reported in the ATLAS survey (carried out
with ATCA) by Norris et al. (2006) and Hales et al. (2014) at
20 cm with a diﬀerent resolution (∼11 × 5 and ∼12 × 6 ,
respectively). The flux densities reported in the two ATCAbased papers for the western lobe are 44.9 ± 9.0 mJy and
55.4 ± 2.8 mJy, respectively, while those for eastern lobe are
27.4 ± 5.5 mJy and 38.8 ± 1.9 mJy, respectively. Not surprisingly, PID352 is undetected in the VLBA observations at 20 cm
by Middelberg et al. (2011).

4. Properties of the outflow: location, mass-outflow
rate vs. accretion rate, mechanical energy,
and efficiency
Fig. 7. CDF-S 0.5–7 keV unsmoothed image (40 by side) with the
20 cm contours (from Miller et al. 2013) overlaid. X-ray counts are
most likely ascribed to the core of the radio galaxy, where no appreciable radio emission is detected (see Miller et al. 2013). The Chandra
position of PID352 (see Sect. 2 for details) is shown as a circle with a
radius of 2 . North is up, and east to the left.

(assuming a Galactic dust-to-gas ratio conversion). However, the
properties of the AGN component that may be derived from the
SED fitting are not well constrained because of the lack of additional mid-IR data besides the Spitzer MIPS 24 μm datapoint.
This said, we used the restframe 12.3 μm flux density and
the Gandhi et al. (2009) relation to estimate the predicted intrinsic 2−10 keV luminosity of the source. We obtained a value of
∼2.5×1044 erg s−1 , which is ∼40% lower than actually measured
from XMM-Newton spectral analysis but overall consistent if one
considers the scatter in this mid-IR vs. X-ray correlation.
Although the source is apparently detected at 70 μm in
the Herschel catalog (Magnelli et al. 2013), the presence of a
nearby far-IR bright source and the lack of any further detection of PID352 at longer wavelengths (including LABOCA and
AzTEC data at 870 μm and 1100 μm) suggest to consider PID352
as undetected in the far-IR/mm (as shown in the SED plotted in
Fig. 6).
3.2. Radio data

PID352 has a long history of observations in the radio band.
From the analysis of VLA 20 cm (1.4 GHz) and 6 cm (4.8 GHz)
maps, Miller et al. (2008) and Kellermann et al. (2008) report
the presence of an extended radio galaxy, classified as a double Fanaroﬀ-Riley (FRII, Fanaroﬀ & Riley 1974), whose “centroid” corresponds to the red galaxy associated with PID352
(see Fig. 7). However, no radio emission is detected at the position of the core of this FRII galaxy, although in the 6 cm map
there are hints of emission at that position (∼0.64 ± 0.37 mJy).
In the latest published version of the 20 cm catalog by Miller
et al. (2013), characterized by an average rms of ∼7.4 μJy and
a beam size FWHM ≈ 2.8 × 1.6 , the western and eastern radio lobes have integrated flux densities of 46.1 mJy and
36.2 mJy, respectively (with errors of ∼30 μJy). The radio power
at 1.4 GHz is thus ∼9.3 × 1026 W/Hz (Bonzini et al. 2012,
2013). If we adopt the measurements of the two radio lobes from
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After having characterized the X-ray data of PID352 using a
“phenomenological” model, we modeled the XMM-Newton data
using grids from the photoionization code xstar (Bautista &
Kallman 2001; Kallman et al. 2004) to derive the physical parameters for the X-ray outflowing gas (primarily its location and
the mass outflow rate), which are clearly aﬀected by large uncertainties given the limited significance of the absorption line.
The relatively large restframe EW of the iron absorption feature in the XMM-Newton best-fitting model (∼210 eV assuming z = 1.59, see Table 1), combined with the curve of growth
for highly ionized iron transitions (see Fig. 1 of Tombesi et al.
2011), suggests the need for high turbulent velocities. For this
reason, we chose, among the xstar grids, the one with a turbulent velocity of 5000 km s−1 . This value is not at odds with the
line width (σ), whose 90% upper limit is ∼150 eV (equivalent to
∼6000 km s−1 ) in XMM-Newton spectra. The free parameters
of the xstar model are the column density (NH ) of the ionized gas, the ionization parameter (defined as ξ = Lion /nr2 ,
where Lion is the ionizing radiation in the 13.6 eV−13.6 keV energy range and nr the measured column density NH ), and the
observed redshift of the absorber zo , which is related to the
intrinsic absorber redshift (i.e., in the source restframe) za as
(1 + zo ) = (1 + za ) (1 + zc ), where zc = 1.59. The velocity
can then be determined using the relativistic Doppler formula
1 + za = ((1 − β)/(1 + β))0.5 , where β = v/c is required here to
be positive for an outflow (see Tombesi et al. 2011 for further
details).
Using xstar, we were able to obtain a relatively good
fit for our data (χ2 /d.o.f. = 273.5/267), and the derived spectral parameters related to the powerlaws, cold absorption, and
iron emission line are broadly consistent, within their uncertainties, with those presented in Sect. 2.1. The resulting column density of the ionized gas and its ionization parameter are
23
−2
−1
NH = (2.23+3.09
and log(ξ) = 2.94+1.47
−0.38 erg cm s ,
−1.60 ) × 10 cm
respectively. These values are in good agreement with those
found in AGN with X-ray outflows (e.g., Tombesi et al. 2010;
Goﬀord et al. 2013; Chartas et al. 2014). From the redshift of the
+0.02
absorber, z0 = 1.24+0.15
−0.04 , we are able to estimate vout = 0.14−0.06 c,
i.e., the absorption line is either associated with the FeXXV Heα
transition at 6.70 keV or the FeXXVI Lyα transition at 6.97 keV
(or a combination of the two). Given the errors associated with
the velocity of the outflow and the other spectral parameters, it
is diﬃcult to clearly determine what the exact ionization state of
the line is. We note, however, that the 6.7 keV solution generally
3

Here the flux density is reported as Fν ∝ ν−α .
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allows for higher EW values (i.e., more consistent with ours) at
a given log(ξ) (see Fig. 2 of Tombesi et al. 2011).
In the following calculations, we adopt the “prescriptions”
of Tombesi et al. (2012a) and Crenshaw & Kraemer (2012); see
also Krongold et al. (2007) and Pounds & Reeves (2009) for
additional discussion of outflows and related geometry.
The minimum distance of the outflowing gas can be estimated from the radius at which the observed velocity corresponds to the escape velocity, i.e., rmin = 2GMBH /v2out , where
vout is the measured outflow velocity4. To this aim, we estimate the mass of the black hole directly from the SED fitting
(Sect. 3.1), where the stellar mass (M ≈ 4.9 × 1011 M , assuming a Salpeter 1959 initial mass function) has been converted
into a black hole mass adopting the relation reported in Eq. (8)
of Sani et al. (2011). The rms in this relation implies an error on
the derived mass of a factor of ∼2.4. From the black hole mass of
∼5.0 × 108 M , we derive rmin ∼ 7.6 × 1015 cm, which is equivalent to ∼100 gravitational radii (rg = GMBH /c2 ). Considering
the uncertainties on the black hole mass, the range for rmin is
≈(2.6−26) × 1015 cm.
Using the definition of the ionization parameter, we can
also estimate the maximum distance of the gas from the central source as rmax < Lion /ξ NH of ∼2 × 104 gravitational radii5 .
At this point, we can provide a crude estimate of the mass outflow rate using the formula reported in Sect. 3.1 of Crenshaw &
Kraemer (2012):
Ṁout = 4πmp μNH vout rCg ,

(1)

where mp is the mass of the proton, μ the mean atomic mass per
proton (=1.4 for solar abundances), NH the column density of
the ionized gas, vout is assumed to correspond to the line of sight
outflow velocity, r is the absorber’s radial location, and Cg the
global covering factor. Using a sample of local Seyfert galaxies, Tombesi et al. (2010) estimate the covering factor statistically to be ∼0.5 (see also Goﬀord et al. 2013; and Crenshaw &
Kraemer 2012). In the biconical approximation of the wind, this
corresponds to Cg = Ω/4π = 0.5, where Ω is the solid angle
subtended, on average, by the wind with respect to the X-ray
source. In the following, we assume r as the minimum distance
of the outflowing gas (rmin ), so the derived parameters are to be
considered as lower limits. We note, however, that our object is
at least an order of magnitude more luminous than the samples of
local Seyfert galaxies from which Cg was estimated statistically.
Although we do not know this value exactly at high redshift and
high luminosities, we can assume that it should be of this order,
since it is most likely associated with a wide-angle accretion disk
wind.
We estimate a mass outflow rate of Ṁout ≈ 1.7 M yr−1 .
The large uncertainties in the quantities used to estimate Ṁout
imply a range for the mass outflow rate of ∼(0.3−6.8) M yr−1
(1σ significance level). The uncertainty in the outflow rate is
already quite large, and thus all quantities reported below will
have a similarly large uncertainty.
As a consistency check, we computed the source accretion
rate. Using the bolometric luminosity of PID352 (∼1046 erg s−1 )
derived from the SED fitting and ascribed to accretion processes (i.e., the mid-IR emission as due to thermally reprocessed AGN emission; see Vignali et al. 2011, for details) and
assuming an energy conversion factor η = 0.1, we obtain
4

We assume that the gas is ejected at the observed velocity, without
accounting for possible additional acceleration of the gas in the flow.
5
The implicit assumption in the rmax estimate is that the ionizing
source is seen as pointlike by the absorber.

Ṁacc ≈ 1.7 M yr−1 , i.e., of the same order of magnitude as
the mass outflow rate.
At this stage, one might consider whether the outflow mechanical energy is suﬃcient to influence the stellar processes
in the host galaxy, following the reasoning of King (2010a)
and Pounds (2014). Assuming an outflow velocity of 0.14c, we
obtain a mechanical energy rate Ėmech = (1/2) Ṁout v2out ≈
9.5 × 1044 erg s−1 (uncertain by at least one order of magnitude), which is only 1.5% of the Eddington luminosity of
PID352 (∼6.5 × 1046 erg s−1 ). Using a Mbulge ≈ 500 × MBH
value and a dispersion velocity σ ≈ 280 km s−1 (as expected
from the M–σ relation given the mass of PID352 black hole;
Gültekin et al. 2009), the binding energy of the bulge gas,
Ebind ∼ Mbulge σ2 , is ∼3.8 × 1059 erg. In a Salpeter time, the mechanical energy injected by the wind into the surrounding galaxy
medium is ∼1.3 × 1060 ηmech erg, where ηmech is the unknown
fraction of the wind energy actually transferred to the bulge gas.
Although, at face value, the energy injected by the outflow could
be even greater than the binding energy of the bulge, we note
that maintaining such a wind on bulge scale for a Salpeter time
appears far from being an easy process. We also note that the efficiency of the outflow in PID352, (1/2) Ṁout v2out /Lbol ∼ 0.09, is
consistent with the values required for eﬃcient AGN feedback
driven by winds (e.g., Di Matteo et al. 2005; Hopkins & Elvis
2010). As such, the wind in PID352 is likely to have a significant eﬀect on the host galaxy. The relevance of the current result
relies on the high redshift of PID352, close to the observed peak
of the black hole accretion rate density (e.g., Delvecchio et al.
2014). Compared to other high-redshift (z = 1.5−3.9) quasars referred to in the literature, the eﬃciency of the outflow in PID352
is not so extreme (eﬃciencies of ∼0.1, 0.3, and 1.0 were derived for the lensed quasars HS 0810+2554, PG 1115+080 and
APM 08279+5255, respectively; Chartas et al. 2007, 2014), but
our estimate is based on lower-quality X-ray data and suﬀers
from large uncertainties. We note that high values for this eﬃciency may favor magnetic driving as the acceleration mechanism for the wind (e.g., Blandford & Payne 1982). We also note
that the derived wind momentum, Ṗout = Ṁout vout , is consistent
with Lbol /c.
From recent literature (e.g., Tombesi et al. 2010; Goﬀord
et al. 2013), the median velocity derived from the highly ionized iron transitions observed in local AGN is ∼0.1c; a similar velocity has also been observed in highly ionized oxygen
transitions in Ark 564 (Gupta et al. 2013). This average value
is close to the velocity derived for the outflow observed in
PID352. Compared with other AGN showing UFOs, the peculiarity of PID352 is that it represents one of the few cases where
an X-ray outflowing wind has been clearly detected at z > 1
(see also Chartas et al. 2002, 2007, 2009, 2014; Lanzuisi et al.
2012). Furthermore, to our knowledge, PID352 is not a lensed
quasar, while most of the z > 1 outflow detections are related
to lensed systems. Compared to the lensed high-redshift quasars
with outflows HS 0810+2554 (z = 1.51; Chartas et al. 2014) and
H1413+117 (z = 2.56; Chartas et al. 2007), the bolometric luminosity of PID352 is a factor of ∼3 and ∼(5−10) higher6. The relatively good constraints for the outflow parameters of PID352 are
mostly due to the extensive observational X-ray campaign carried out in the CDF-S over more than a decade (in this regard,
see also the claimed but never confirmed outflows reported by
6

We used a bolometric correction of 25 to convert the 2–10 keV luminosity into a bolometric luminosity, and magnification factors of 94 and
(20–40) to have intrinsic values for HS 0810+2554 and H1413+117,
respectively.
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Wang et al. 2005; Zheng & Wang 2008) and by the large collecting area of XMM-Newton.
As a final remark, we briefly discuss the presence of the wind
in PID352 and its possible link to radio jets, since the source
is classified as an FRII galaxy (see Sect. 3.2). As discussed by
Tombesi et al. (2014), where a minimum wind covering fraction of C ≈ (0.3−0.7) was derived, UFOs in radio-loud AGN
are likely to be covering a significant portion of the sky as seen
by the central source. Since derived statistically for a sample of
26 radio-loud AGN (using also the information from the radio jet
inclination angle to visualize the geometry of the system, assuming that the jet is perpendicular to the accretion disk), this result
implies that the absorbing material is not highly collimated as
expected in the case of jets; as a result, an accretion-disk wind is
favored. Furthermore, in the specific case of another FRII radio
galaxy, 3C 111, the UFO mass outflow rate (∼0.1−1 M yr−1 ,
i.e., similar to that of PID352) is much greater than the outflow
funnelled into the jet ( Ṁout,j = 0.0005−0.005 M yr−1 ; Tombesi
et al. 2012b), implying that the UFO is much more massive than
the jet, although its kinetic power can be one order of magnitude lower. Placed in a broader context, these results are suggestive of considerable feedback onto the host galaxy by winds
and jets (see also the discussion in Miller et al. 2009 about the
co-existence of outflows and jets in radio-loud quasars and their
connection with X-ray binaries).

5. Summary
In this work we have investigated the properties of PID352, a
luminous (L2−10 keV ≈ 4 × 1044 erg/s), obscured (NH ≈ 2 ×
1023 cm−2 ) quasar at zX ≈ 1.6 detected in the CDF-S with
both XMM-Newton and Chandra and associated with the radioundetected core of an FRII galaxy at 20 cm, which is optically
classified as an extremely red object. X-ray spectral data show
the presence of an iron-line complex consisting of an emission
plus an absorption line. While the former feature (used, in conjunction with the iron absorption edge, to estimate the source
redshift) is probably associated with neutral iron Kα emission,
the latter, according to a fit with xstar, is ascribed either to
the FeXXV or to the FeXXVI transition (or a combination
of the two) in an outflowing gas, implying vout = 0.14+0.02
−0.06 c.
The outflow velocity is within the observed range for local
Seyfert galaxies (e.g., Tombesi et al. 2010; Goﬀord et al. 2013).
Monte Carlo simulations indicate that the probability of detecting an absorption line when it does not exist and of providing
an improvement to the spectral fitting larger than or comparable
to the one we obtain is ∼1%. A basic and rather uncertain calculation places the minimum distance of the outflowing gas at
∼100 gravitational radii from the black hole, i.e., on scales typical of the accretion disk. In the panorama of AGN with highvelocity outflowing gas, the peculiarity of PID352 consists in
being one of the few sources with a detected UFO at z > 1 without being a lensed quasar.
For PID352 a mass outflow rate of ∼2 M yr−1 (range
0.3−6.8 M yr−1 ) is derived, which is consistent with the source
accretion rate. We have also estimated that the mechanical power
injected by the wind onto the host galaxy may be very high and
potentially able to disrupt the bulge, provided that a large amount
of the wind energy is eﬃciently transferred to the bulge gas on
long (>
∼Salpeter) timescales, which looks like an extreme scenario. In any case, the wind is likely to have a significant impact
on the host galaxy.
An interesting step forward in the study of PID352 can
consist of detecting large-scale outflows at longer wavelengths.
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This would allow us to investigate the physical link between
the small-scale high-velocity outflow probed by X-rays and
the outer-scale outflows (Tombesi et al. 2015). In particular,
given the source magnitude in the near-IR (AB magnitude ∼21.8
and 21.3 in the J and H-bands, respectively), a moderate-length
(∼1 h) observation at ESO with VLT/X-Shooter (allowing for
sensitive, medium-resolution spectroscopy up to the K-band)
will be suﬃcient to detect the main restframe optical emission
lines (Hβ, [O iii], and Hα) at a signal-to-noise ratio of ∼10
and derive a more accurate measure of the redshift; possibly,
this observation will also infer the presence of kpc-scale outflow in the ionized gas component. A more eﬃcient but more
time-consuming way to detect the outflow on kpc scales would
be to use VLT/SINFONI in the J and H-bands. Moving to submm wavelengths, ALMA observations will allow us to extend
these studies to the molecular component and probe the link between UFOs and large-scale outflows (e.g., Tombesi et al. 2015;
Feruglio et al. 2015).
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