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UFOs in (all?) high-z QSOs



First unexpected “revolution” in extragal. astrophysics: not only most (all?) 
galaxies have SMBHs (MDOs) in their centers, these also correlate with bulge properties 

Kormendy & Richstone, 1995, ARA&A

Framework (i/iv): Co-evolution of galaxies



⇒evidence for feedback mechanism between SMBH(AGN) and its’ host galaxy?

Magorrian et al. '98
Tremaine '02; Gebhardt '02...etc

Mbh~ б4

(see e.g. King and Pounds '03, Crenshaw, Kraemer & George '03, ARA&A)

Framework (ii/iv): Feedback in the co-evolution of galaxies



Second unexpected “revolution” in extragal. astrophysics: 
need preheating to recover L-T relations & cooling flows extra-heating 

⇒ Energy feedback from AGNs/QSOs in groups&clusters?  

Lapi, Cavaliere & Menci, ‘05

Grav. scaling

With SN 
preheating

With AGN 
pre-heating

With QSO 
ejection/outflows

Perseus Cluster
Fabian et al. ‘05

Framework (iii/iv): (P)re-heating of groups and clusters of galaxies



Framework (iv/iv): MBH vs SFR, which arrived first at z~2-3?

Madau et al. ‘96
Wall et al. ‘05 

QSO space density SFR space density

AGN Feedback !

Mbh-σ relation, AGN-gal coevolution,
L-Tx relations, Heating cooling flow,
Galaxies colors & sizes BUT HOW? 

(Jet, Winds/UFOs, LAGN, mix?)



At low-z: A possible (unifying) X-ray view of UFOs and non-UFOs (WAs)

à UFOs kinetic energy >1% of Lbol
à Feedback (potentially) effective!

Tombesi, MC et al., ‘12b, ‘13

Unifying X-ray winds in Seyfert galaxies 15

Figure 6. Outflow kinetic power with respect to the bolometric
luminosity. The points correspond to the WAs (red open circles),
non-UFOs (green filled triangles) and UFOs (blue filled circles),
respectively. The error bars indicate the upper and lower limits
and the points are the average between the two. The transverse
lines indicate the ratios between the outflow mechanical power
and bolometric luminosity of 100% (solid), 5% (dashed) and 0.5%
(dotted), respectively.

evident from Fig. 6, the UFOs have indeed a mechanical
power clearly higher than 0.5% of the bolometric luminos-
ity, with the majority of the values around ∼5%. However,
we should note that, as recently reported by Crenshaw &
Kraemer (2012), some of the WAs might actually reach the
∼0.5% level as well when their components are co-added
together. Therefore, these outflows, and in particular the
UFOs, are clearly the most promising candidates to signif-
icantly contribute to the AGN feedback besides radio jets
(e.g., Fabian 2012).

Theoretically, feedback from AGN outflows has been
demonstrated to clearly influence the bulge star formation
and SMBH growth and possibly also to contribute to the
establishment of the observed SMBH-host galaxy relations,
such as the MBH–σ (e.g., King 2010a; Ostriker et al. 2010;
Power et al. 2011; Zubovas & King 2012; Faucher-Giguère
& Quataert 2012). Similar and possibly even more massive
and/or energetic outflows might have influenced also the for-
mation of structures and galaxy evolution through feedback
at higher redshifts, close to the peak of the quasar activity at
z ∼ 2 (Silk & Rees 1998; Scannapieco & Oh 2004; Hopkins

mass outflow rate at >100pc (> 108rs) scales, possibly sug-
gesting some entrainment of surrounding material by the
wind. In Fig. 3e and f we can also see a slight increase of
the wind momentum rate and mechanical power at those
locations. These evidences are roughly consistent with the
relations reported in Fig. 4 of Faucher-Giguère & Quataert
(2012), who performed a detailed study of the interaction
of AGN winds with the surrounding environment and the
different regimes of momentum/energy conservation as the
resulting shocked material propagates to large distances.

Observationally, we note that evidences for AGN feed-
back activity driven by outflows/jets improved significantly
in recent years but there are still significant uncertain-
ties, especially regarding the link between the observed
phenomenologies at small (∼pc) and large (∼kpc) scales.
Promising results on this line have been recently reported
for a few Seyfert galaxies, with the detection of bubbles,
shocks and jet/cloud interaction, some being also part of our
sample (e.g., Wang et al. 2010; Pounds & Vaughan 2011).

6 CONCLUSIONS

In order to investigate the possible relations between the
ultra-fast outflows (UFOs), mainly detected in the Fe K
band through Fe XXV/XXVI absorption lines, and the soft
X-ray warm absorbers (WAs) we performed a literature
search for papers reporting the analysis of the WAs in the 35
type 1 Seyferts of the sample defined in Paper I. The main
results of our study are:

• The fraction of sources with reported WAs is >60%,
consistent with previous studies. The fraction of sources with
UFOs is >34%, > 67% of which showing also WAs.

• We reported the main observed WA parameters, such
as ionization, column density and outflow velocity. Then,
from these values, we estimated also the mass outflow rate,
momentum rate and mechanical power.

• The large dynamic range obtained when considering all
the parameters of these absorbers together allows us, for the
first time, to estimate significant correlations among them.
We find that the closer the absorber to the black hole, the
higher the ionization, column density, velocity and therefore
the mechanical power. In particular, in the innermost part
of the flow, at distances of log(r/rs)≃1, we find that the
material can be mildly Compton-thick, NH ∼ 1024 cm−2,
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Table 1
Log of Observations of APM 08279+5255

Observation Date Observatory Observation Timea Nsc
b f0.2−2

c f2−10
c

ID (ks) net counts (erg s−1 cm−2) (erg s−1 cm−2)

2002 Feb 24 (epoch 1) Chandra 2979 88.82 5,627 ± 75 1.8+0.1
−0.1 4.3+0.1

−0.1

2002 Apr 28 (epoch 2) XMM-Newton 0092800201 83.46 12,820 ± 139 1.9+0.1
−0.1 4.1+0.1

−0.1

2007 Oct 06 (epoch 3) XMM-Newton 0502220201 56.38 11,400 ± 114 2.5+0.1
−0.1 3.9+0.1

−0.1

2007 Oct 22 (epoch 4) XMM-Newton 0502220301 60.37 16,698 ± 133 3.5+0.1
−0.1 5.0+0.1

−0.1

2008 Jan 14 (epoch 5) Chandra 7684 88.06 6,938 ± 83 1.9+0.2
−0.2 4.5+0.2

−0.2

Notes.
a Time is the effective exposure time remaining after the application of good time-interval (GTI) tables and the removal of portions
of the observation that were severely contaminated by background flaring.
b Background-subtracted source counts including events with energies within the 0.2–10 keV band. The source counts and effective
exposure times for the XMM-Newton observations refer to those obtained with the EPIC PN instrument. See Section 2 for details on
source and background extraction regions used for measuring Nsc.
c The absorbed fluxes (in units of 10−13 ergs cm−2 s−1) in the 0.2–2 keV and 2–10 keV observed-frame band are obtained using the
model APL+2AL (model 6; Section 3). The errors are at the 68% confidence level.

Both approaches resulted in values for the fitted parameters
that were consistent within the errors, however, the fits to the
higher quality pn data alone provided higher quality fits as
indicated by the reduced χ2 values of these fits. We therefore
consider the results from the fits to the pn data alone more
reliable especially for characterizing the properties of the X-ray
absorption features.

For the reduction of the Chandra observations we used
standard CXC threads to screen the data for status, grade, and
time intervals of acceptable aspect solution and background
levels. The pointings placed APM 08279+5255 on the back-
illuminated S3 chip of ACIS. To improve the spatial resolution,
we removed a ± 0′′.25 randomization applied to the event
positions in the CXC processing and employed a sub-pixel
resolution technique developed by Tsunemi et al. (2001).

In both the XMM-Newton and Chandra analyses, we tested the
sensitivity of our results to the selected background and source-
extraction regions by varying the locations of the background
regions and varying the sizes of the source-extraction regions.
We did not find any significant change in the background-
subtracted spectra. For all models of APM 08279+5255, we
included Galactic absorption due to neutral gas with a column
density of NH = 3.9 × 1020 cm−2 (Stark et al. 1992). All
quoted errors are at the 90% confidence level unless mentioned
otherwise.

2.2. Chandra and XMM-Newton Spectral Analysis of
APM 08279+5255

We first fitted the Chandra and XMM-Newton spectra of APM
08279+5255 with a simple model consisting of a power law with
neutral intrinsic absorption at z = 3.91 (model 1 of Table 2).
These fits are not acceptable in a statistical sense as indicated
by the reduced χ2. The residuals between the fitted simple
absorbed power-law (APL) model and the data show significant
absorption for energies in the observed-frame band of <0.6 keV
(referred to henceforth as low-energy absorption) and 2–5 keV
(referred to henceforth as high-energy absorption).

To illustrate the presence of these low- and high-energy
absorption features, we fit the spectra from observed-frame
4.5–10 keV with a power-law model (modified by Galactic
absorption) and extrapolated this model to the energy ranges
not fit. The residuals of these fits are shown in Figures 1 and 2.
Significant low- and high-energy absorption are evident in all
observations.
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Figure 1. ∆χ residuals between the best-fit Galactic absorption and power-law
model and the Chandra ACIS spectra of APM 08279+5255. This model is fit
to events with energies lying within the ranges 4.5–10 keV. The arrows indicate
the best-fit energies of the absorption lines of the first and second outflow
components for epoch 1 (top panel) and epoch 5 (lower panel) obtained in fits
that used model 6 of Table 2.

We proceed by fitting the spectra of APM 08279+5255
with the following models: (1) APL; (2) APL with a notch
(APL+No); (3) ionized-APL with a notch (IAPL+No); (4)
APL with an absorption edge (APL+Ed); (5) ionized-APL with
an absorption edge (IAPL+Ed); (6) APL with two absorption
lines (APL+2AL); (7) ionized-APL with two absorption lines
(IAPL+2AL); (8) APL with two intrinsic ionized absorbers
(APL + 2IA); and 9) APL with two partially covered intrinsic
ionized absorbers (APL+PC*(2IA)). The XSPEC notations for
these models are given in the notes of Tables 2 and 3.

The results from fitting these models to the three XMM-
Newton and two Chandra spectra are presented in Tables 2
and 3. For spectral fits using models 3, 5, and 7, the low-energy
absorption is modeled using the photoionization model absori
contained in XSPEC (Done et al. 1992). We note that the absori
model is just a first approximation to what is likely a more

HS0810+554 (z=1.5)
Vout~0.1-0.4 c 
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Figure 1: (a) Observed 100 ks Chandra spectrum of combined images A+B of HS 0810+2554 fit
with Galactic absorption and a power-law model. Notice significant residuals and P-Cygni profile.
(b) shows the data shown in panel (a) overplotted with the unfolded best-fit model comprising
photoionizaton (XSTAR) and emission line components. The arrows indicate the best-fit energies
of the absorption and emission lines. (c) Observed 100 ks Chandra spectrum of image C fit as in
panel (a). (d) Shows the data shown in panel (c) overplotted with the unfolded best-fit model.
Notice that the energy of the emission line has shifted from 6.8 keV to 5.9 keV (rest-frame). Two
narrow emission lines are marginally detected at 1.8 keV and 8.5 keV (rest-frame).

Why Chandra and NuSTAR? The proposed 100 ks Chandra observation will provide the
spatially resolved and time-resolved spectra of images (A+B) and C with a large effective area
below ∼ 3 keV, where the P-Cygni profile was detected. The Chandra observation, however, can-
not constrain the reflection components originating from the accretion disk and/or the outflowing
wind. As we show in the feasibility analysis the proposed 120 ks NuSTAR observation is crucial
in constraining the reflection component. The shape of the reflection component depends on the
inclination angle and fits to the joint Chandra+NuSTAR observations will provide constraints on
both the opening angle of the outflow (P-Cygni profile modeling) and the inclination angle of the
disk. With a magnification factor of ∼120, HS 0810+2554 is one of the X-ray brightest distant
AGN with a detected relativistic outflow of X-ray absorbing material. The proposed observation
provides us with the rare opportunity to spectroscopically study in detail the relativistic outflow of
a low-luminosity NAL AGN (unlensed L2−10 keV ∼ 5 × 1043 erg s−1) near the peak of the galaxy
merger number density and cosmic AGN activity and address many important science questions
related to the nature of ultrafast AGN outflows and their importance for feedback.

A Magnified View of a Distant Borderline Seyfert/Quasar

To achieve our scientific goals listed in detail below we propose to re-observe HS 0810+2554 for
100 ks with the ACIS-S3 and near simultaneously for 120 ks with NuSTAR. With the proposed
observation we will reach the following goals:

(a) Study the kinematic and ionization properties of the outflow of HS 0810+2554
The proposed near simultaneous NuSTAR observation will provide tight constrains (please see fea-
sibility section) of the parameters of the accretion-disk reflection component. Fits to the 0.3–80 keV
spectrum of HS 0810+2554 from the joint Chandra and NuSTAR observations will provide impor-
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APM 08279+5255 (z=3.91)

Chartas et al. 2002, 2009

Vout~0.2-0.76 c 

Chartas, MC, et al. 2014, 2015

à Ubiquitous complex (i.e. ionized and/or partially covering), and massive  
absorption in high-z QSOs?



Chartas et al., ’07

B1422+231 (z=3.6)
Ionized absorber, Vout=? 

Dadina, MC, et al., ’16

PG1115+080 (z=1.7)
Vout~0.1-0.34 c 
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At high-z: UFOs and complex absorbers measured in lensed high-z QSOs 

Relativistic X-ray BALs from PG 1115+080 9

Fig. 1.— (a) The top panel shows the XMM-Newton PN spectrum of the combined images of PG 1115+080 fit with Galactic
absorption and a power-law model to events with energies lying within the ranges of 1–2.6 keV and 5.2–10 keV. The lower panel
shows the residuals of the fit in units of 1σ deviations. Two absorption features from 2.6–5.2 keV are noticeable in the residuals
plot. (b) The top panel shows the PN spectrum fit with Galactic absorption, ionized absorption at the source, a power-law model,
and two Gaussian absorption lines. In the lower panel the residuals indicate that this model can account for most of the spectral
features of PG 1115+080.



MG0414+0534 (z=2.6)
Vout~0.32 c

Dadina, MC, et al.,see poster

The new X-ray view: UFOs and complex absorbers measured in lensed high-z QSOs 
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ABSTRACT: The discovery of the ``M
SMBH

-σ relation'' (Kormedy & Richostone 1995) 

indicated that a connection between the central black-hole and the hosting galaxies 
acted during the cosmic time. With the discovery in X-rays of the ultra-fast outflows 
in QSO (Chartas et al. 2002) and nearby AGN (Pounds et al. 2003, Tombesi et al. 
2010A, 2010b), we have most probably probed one of the ingredients that are needed 
to build-up this mechanism (King $ Pounds 2015). At high-z, however, such 
measurements were possible only in an handful of objects many of which were 
gravitationally lensed (Chartas et al. 2003, 2007a, 2007b, 2009, but see also Lanzuisi 
et al. 2012 for a non lensed QSO). Following this, we proposed a program to use 
XMM-Newton and the gravitational lenses as a further lens of the telescope to point 
distant QSO< the scope was to characterize in detail their X-ray spectrum and, 
possibly, to detect blushifted absorption lines at E~7-10 keV (rest frame). Here we 
present the preliminary results obtained for the z=2.64 QSO MG J0414+0534. 

 MG J0414+0534 I. c.

1) Quadruple lensed RL QSO at z=2.64

2) μ~45-60 (Minezaki et al. 2009)

3) Lx,tot~0.6-1e-12 c.g.s. (Ref.)

4) Previously known X-ray spectrum:

Γ~1.7 
N

H
~5x1022 cm-2 (Chartas et al. 2002)

XMM-Newton observation: XMM-Newton pointed MG0414+0534 on March 11, 2017. The data reduction has been performed using the package SAS-15 The original duration of 

the pointing was of ~78 and ~76 ks for EPIC-pn and EPIC-MOS instruments respectively.  The observation, however, was affected by soft-p+ flares. High backgrounds periods 

were removed applying a filter on the count-rates.  After the cleaning, we obtained exposures of ~ 48 and 66 ks allowing to collect  ~5 and ~2 source-plus-background kcounts with 

pn and MOS1/MOS2 respectively. 

Figure 1) The X-ray spectrum measured by XMM-Newton

Expressed in terms of standard deviations (observer frame

panel a). It  displays clear evidences of complexities. The 

low energy cut-of  is well modeled with a cold absorber 

(panel b) while there are some hints of an emission line at

E~6.4 (rest frame) keV that, when modeled with a Gaussian

is detected at more than ~99%  (panel c). The strongest 

narrow features is a narrow drop at E~2.5 keV (observer 

frame). A siomple Gaussian in absorption is found to be 

significant at more than 99% (see panel d). The same is

true when for EPIC-pn and EPIC-MOS2 when the data of the

EPIC instruments are fitted singularly (panel e). EPIC-MOS1 

detect the Line only at ~68% significativity (panel e).  

a)

b)

c) d)

e)

Г

Tab.1: XMM-Newton data are well modeled by a simple power-law

plus two absorption lines, one in emission consistent with the presence

of cold iron (see models #1 and #2), and one in absortion at E~9.2 keV

(rest-frame, model #2 and #3). The values of the spectral index

and absorbing column are well in agreement with what previously 

measured (Chartas et al. ). We further test a more complex modeling of the

continuum adding a reflection component (Pexmon, Nandra et al., 2007)

finding that, statistically speaking, it's not required by the data although able

to well modeling them (model #3). It Is worth noting that if the absorption line is

due to resonant absorption by H-like Iron, the registered energy correspond to

an outflow velocity of v
out

~0.31c.  

Outflowing gas: to self-consitently model the data we used a warm absorber model, 

namely warmabs within Xstar (Ref. ) that allowed to obtain a good description of the 

data (Χ2/d.o.f.=299.2/344, see figure below. We let the redshift of the obsorber free to 

vary finding that it is consistent with an outflow velocity of the warm absorber of 

v
out

~0.32c. The column of the absorber is N
H
~5x1022 cm-2, the ionization parameter 

Log(ξ)~3.6, while the turbulence  velocity was fixed to 3000 km/s.

Results : MG J0414+0543 is the second target pointed by XMM-Newton for
an exploratory program aimed to use the magnification due gravitational lenses 
so as to obtain good quality X-ray spectra of distant and otherwise weak QSOs. 
As previously observed for B1422+231 (Dadina et al. 2016), this strategy proved 
again to be successful in finding X-ray spectral complexity in such objects. 
In particular, we obtained strong evidences of the presence of an UFO due to highly 
ionized matter in the X-ray spectrum of the z=2.64 QSO MG J0414+0534, thus obtaining 
a further direct evidence that AGN driven winds were present in epochs during which 
QSO and Starburst activities were at their most.    

References: Chartas G. et al. 2002, ApJ, 568, 509, Chartas et al. 2003, 
ApJ, 595, 85; Chartas G. et al. 2007a, ApJ, 661, 678; Chartas G. et al. 
2007b, AJ, 133, 1849; Chartas et al. 2009; Dadina et al. 2016, A&A, 592, 
A104; King & Pounds 2015, ARA&A, 33, 581; Kormendy & Richstone 
1995, ARA&A, 33, 581; Lanzuisi G. et al. 2012, A&A, 544, A2, Pounds 
et al., 2003, MNRAS 345, 705;  Tombesi F. et al. 2010a, A&A, 521, A57; 
Tombesi F. et al. 2010b, ApJ, 719, 700
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due to resonant absorption by H-like Iron, the registered energy correspond to

an outflow velocity of v
out

~0.31c.  

Outflowing gas: to self-consitently model the data we used a warm absorber model, 

namely warmabs within Xstar (Ref. ) that allowed to obtain a good description of the 

data (Χ2/d.o.f.=299.2/344, see figure below. We let the redshift of the obsorber free to 

vary finding that it is consistent with an outflow velocity of the warm absorber of 

v
out

~0.32c. The column of the absorber is N
H
~5x1022 cm-2, the ionization parameter 

Log(ξ)~3.6, while the turbulence  velocity was fixed to 3000 km/s.

Results : MG J0414+0543 is the second target pointed by XMM-Newton for
an exploratory program aimed to use the magnification due gravitational lenses 
so as to obtain good quality X-ray spectra of distant and otherwise weak QSOs. 
As previously observed for B1422+231 (Dadina et al. 2016), this strategy proved 
again to be successful in finding X-ray spectral complexity in such objects. 
In particular, we obtained strong evidences of the presence of an UFO due to highly 
ionized matter in the X-ray spectrum of the z=2.64 QSO MG J0414+0534, thus obtaining 
a further direct evidence that AGN driven winds were present in epochs during which 
QSO and Starburst activities were at their most.    
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-σ relation'' (Kormedy & Richostone 1995) 

indicated that a connection between the central black-hole and the hosting galaxies 
acted during the cosmic time. With the discovery in X-rays of the ultra-fast outflows 
in QSO (Chartas et al. 2002) and nearby AGN (Pounds et al. 2003, Tombesi et al. 
2010A, 2010b), we have most probably probed one of the ingredients that are needed 
to build-up this mechanism (King $ Pounds 2015). At high-z, however, such 
measurements were possible only in an handful of objects many of which were 
gravitationally lensed (Chartas et al. 2003, 2007a, 2007b, 2009, but see also Lanzuisi 
et al. 2012 for a non lensed QSO). Following this, we proposed a program to use 
XMM-Newton and the gravitational lenses as a further lens of the telescope to point 
distant QSO< the scope was to characterize in detail their X-ray spectrum and, 
possibly, to detect blushifted absorption lines at E~7-10 keV (rest frame). Here we 
present the preliminary results obtained for the z=2.64 QSO MG J0414+0534. 
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4) Previously known X-ray spectrum:
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~5x1022 cm-2 (Chartas et al. 2002)

XMM-Newton observation: XMM-Newton pointed MG0414+0534 on March 11, 2017. The data reduction has been performed using the package SAS-15 The original duration of 

the pointing was of ~78 and ~76 ks for EPIC-pn and EPIC-MOS instruments respectively.  The observation, however, was affected by soft-p+ flares. High backgrounds periods 

were removed applying a filter on the count-rates.  After the cleaning, we obtained exposures of ~ 48 and 66 ks allowing to collect  ~5 and ~2 source-plus-background kcounts with 

pn and MOS1/MOS2 respectively. 
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low energy cut-of  is well modeled with a cold absorber 

(panel b) while there are some hints of an emission line at

E~6.4 (rest frame) keV that, when modeled with a Gaussian

is detected at more than ~99%  (panel c). The strongest 

narrow features is a narrow drop at E~2.5 keV (observer 

frame). A siomple Gaussian in absorption is found to be 

significant at more than 99% (see panel d). The same is

true when for EPIC-pn and EPIC-MOS2 when the data of the

EPIC instruments are fitted singularly (panel e). EPIC-MOS1 
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finding that, statistically speaking, it's not required by the data although able

to well modeling them (model #3). It Is worth noting that if the absorption line is
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Outflowing gas: to self-consitently model the data we used a warm absorber model, 

namely warmabs within Xstar (Ref. ) that allowed to obtain a good description of the 

data (Χ2/d.o.f.=299.2/344, see figure below. We let the redshift of the obsorber free to 

vary finding that it is consistent with an outflow velocity of the warm absorber of 

v
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~0.32c. The column of the absorber is N
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~5x1022 cm-2, the ionization parameter 

Log(ξ)~3.6, while the turbulence  velocity was fixed to 3000 km/s.

Results : MG J0414+0543 is the second target pointed by XMM-Newton for
an exploratory program aimed to use the magnification due gravitational lenses 
so as to obtain good quality X-ray spectra of distant and otherwise weak QSOs. 
As previously observed for B1422+231 (Dadina et al. 2016), this strategy proved 
again to be successful in finding X-ray spectral complexity in such objects. 
In particular, we obtained strong evidences of the presence of an UFO due to highly 
ionized matter in the X-ray spectrum of the z=2.64 QSO MG J0414+0534, thus obtaining 
a further direct evidence that AGN driven winds were present in epochs during which 
QSO and Starburst activities were at their most.    

References: Chartas G. et al. 2002, ApJ, 568, 509, Chartas et al. 2003, 
ApJ, 595, 85; Chartas G. et al. 2007a, ApJ, 661, 678; Chartas G. et al. 
2007b, AJ, 133, 1849; Chartas et al. 2009; Dadina et al. 2016, A&A, 592, 
A104; King & Pounds 2015, ARA&A, 33, 581; Kormendy & Richstone 
1995, ARA&A, 33, 581; Lanzuisi G. et al. 2012, A&A, 544, A2, Pounds 
et al., 2003, MNRAS 345, 705;  Tombesi F. et al. 2010a, A&A, 521, A57; 
Tombesi F. et al. 2010b, ApJ, 719, 700

Model

  

A new detection of an UFO in the X-ray spectrum of a lensed QSOA new detection of an UFO in the X-ray spectrum of a lensed QSO

M.DadinaM.Dadina11, C. Vignali, C. Vignali22, M. Cappi, M. Cappi11, G. Chartas, G. Chartas33, B. De Marco, B. De Marco44, G. Lanzuisi, G. Lanzuisi22, M. Giustini, M. Giustini55, E. Torresi, E. Torresi11

1) INAF/IASF Bologna; 2) DIFA Universita' degli Studi di Bologna; 3) Department of Physics and Astronomy, College of Charleston; 4) Nicolaus 1) INAF/IASF Bologna; 2) DIFA Universita' degli Studi di Bologna; 3) Department of Physics and Astronomy, College of Charleston; 4) Nicolaus 

Copernicus Astronomical Center, Warsaw; 5) SRON, Utrecht Copernicus Astronomical Center, Warsaw; 5) SRON, Utrecht   

ABSTRACT: The discovery of the ``M
SMBH

-σ relation'' (Kormedy & Richostone 1995) 

indicated that a connection between the central black-hole and the hosting galaxies 
acted during the cosmic time. With the discovery in X-rays of the ultra-fast outflows 
in QSO (Chartas et al. 2002) and nearby AGN (Pounds et al. 2003, Tombesi et al. 
2010A, 2010b), we have most probably probed one of the ingredients that are needed 
to build-up this mechanism (King $ Pounds 2015). At high-z, however, such 
measurements were possible only in an handful of objects many of which were 
gravitationally lensed (Chartas et al. 2003, 2007a, 2007b, 2009, but see also Lanzuisi 
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namely warmabs within Xstar (Ref. ) that allowed to obtain a good description of the 

data (Χ2/d.o.f.=299.2/344, see figure below. We let the redshift of the obsorber free to 

vary finding that it is consistent with an outflow velocity of the warm absorber of 
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~0.32c. The column of the absorber is N
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~5x1022 cm-2, the ionization parameter 

Log(ξ)~3.6, while the turbulence  velocity was fixed to 3000 km/s.
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an exploratory program aimed to use the magnification due gravitational lenses 
so as to obtain good quality X-ray spectra of distant and otherwise weak QSOs. 
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again to be successful in finding X-ray spectral complexity in such objects. 
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Relativistic outflow or absorption edge in the z=2.73 QSO HS 1700+6416?
G. Lanzuisi1 ; M. Giustini1; M. Cappi1; M. Dadina1; G. Malaguti1; C. Vignali2

1 INAF/IASF-BO; 2 Universit‡ di Bologna  

Abstract We present the detection of broad absorption features in the X-ray spectrum of the quasar HS 1700+6416, indicating either the presence of high 

velocity out-flowing gas or a huge absorption edge from Fe. HS 1700+6416 is a high-z (z=2.735), high luminosity quasar, classified as a Narrow Absorption 

Line (NAL) QSO. One broad absorption feature is clearly visible in the 50ks Chandra observation taken in 2000, while two similar features, at different 

energies, are visible when the 8 contiguous Chandra observations carried out in 2007 are merged together. The XMM-Newton observation taken in 2002, 

despite strong background flares, shows an hint of such a feature at lower energies.

50 ks Chandra spectrum (2000)

Fig. 6 shows the spectrum of HS1700+6416 obtained from the 50 ks Chandra observation. The counts are binned to a minimum significant detection of 3, 

for plotting purpose (we applied the Cash statistic). The fit to a simple absorbed power-law model shows significant residuals around ~3 keV, suggesting the 

presence of a strong absorption feature. When adding an absorption Gaussian line, the C-stat is  20.3 for 3 additional parameters. 

The significance is >4 with F-test, confirmed with extensive Monte-Carlo simulations. The rest frame line energy is E_line=10.26±0.75 keV, the line width 

=1.6 ±0.5 keV and the equivalent width EW=-0.83 keV (rest frame).  Fig 7, 8 show the 68, 90, 99% confidence contours of E_line vs.  and E_line vs. 

Normalization, respectively. If the absorption feature is due Fe XXV or Fe XXVI K , the observed E_line translates in an outflowing velocity   v_out=0.38±0.10 

c. If modeled with the ionized absorber model XSTAR (Kallman & Bautista 2001), we have to add two ionized gas shells, with slightly different v_out, and 

both with high Nh and  

(Nh>4x1023 cm-2, Log >3.3 ) and 

turbulence velocity v_turb=5000 km/s, to 

reproduce the huge width of the feature. 

If modeled with an absorption edge, the rest 

frame edge energy  is E_edge=8.95±0.30 keV 

and the absorption depth is =1.85±0.83. 

E_edge is consistent with K shell ionization 

thresholds of Fe XVI-FeXXVI with 0 v_out 

(Hasinger et al. 2002).

For all the 3 models, the C-stat is similar,

i.e. the quality of the data do not allow to 

distinguish between the different scenarios.

 

XMM spectrum (2002)

The 30 ks XMM observation of 2002 is affected by strong background 

flares. The resulting net exposure is only ~10 ks for pn and MOS cameras 

(~300 counts).

Despite the bad data 

Quality, an hint of the 

presence of an absorption 

feature around  2 keV 

can be seen in the 

residuals (fig. 12). The 

C is 15.7 and the 

confidence level is

~2.5. The E_line=8.05

±0.30 KeV, implies 

v_out~0.14c.

Short and long term X-ray variability

Given the exposure times, and the flux level of the source, the study of short term variability is feasible only for the long, 50 ks Chandra observation.

Fig. 2 shows the 0.5-8 keV light-curve of HS 1700+6416 with a bin size of 3 ks (at least 20 net counts per bin). When fitted with a constant, the resulting 

count rate is 6.8x10-3. The source results to be marginally variable on time scales of few ks (P(2/)=0.25). We also studied the long term variability of the 

continuum parameters (F(2-10),  and NH, fig 3,4,5). A long term variability is clearly detected in the 2-10 keV flux, that varies of a factor 3, from  9x10-14 to  

3.5x10-14 erg s-1 cm-2, and in the 

amount of neutral absorption, that is <1022 

cm-2 in 2000 and 2002 data, and become 

consistent with 4-8x1022 cm-2 in 2007.

For the photon index the error bars are

 too large to draw any firm conclusion.

  In the 8 observations of 2007, the source 

spectral parameters remain almost 

constant, thus we added together these 

spectra to increase the statistics.

Merged Chandra Spectrum (2007)

The merged spectrum has ~1000 counts above 1 keV, and shows two features 

at ~2.2 and ~3.2 keV (fig. 9). The detection for two Gaussian lines, with EW1=-

0.14 and EW2=-0.50 keV, and v_out 0.25±0.05c and 0.55±0.08c, has 

significance of ~2 and >3, respectively. Fig 10, 11 show the confidence 

contours for the absorption lines parameters. From the XSTAR model results 

column densities Nh=3-5x1023 cm-2, and high ionization parameters (Log>3.2) 

in both cases. In the edge model the two edges have E_edge1=8.14±0.52 and 

E_edge2=11.20±0.60 keV, the latter consistent with a Fe XXVI edge with 

v_out of 0.18c.

Conclusions: We clearly detected 'at least'  2 strong absorption features, 

at variable energies, in different X-ray spectra of NAL QSO HS 

1700+6416. They can be due to highly ionized (Log >3.2) nearly Compton 

thick gas with nearly-relativistic outflowing velocities (v_out = ~0.4-0.5c), or 

to absorption edges at energies consistent with mildly ionized Fe at lower 

velocities. The source may be one of the few known X-ray BAL QSO with 

nearly-relativistic v_out. The quality of present data do not allow to draw 

stronger conclusions, and a long look observation is needed to better 

constrain the absorption features, and check for variability of their 

properties on short time scales (few ks).
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HS 1700+6416 (z=2.735) is one of the most luminous quasar in the SDSS. It is classified as a NAL-QSO, 

showing narrow CII, CIV, SiIII and Si IV absorption lines in the SDSS spectrum (Fig. 1, from SDSS_DR3), 

blueshifted at mildly (~0.1c) relativistic velocities (Misawa et al. 2007).

X-ray coverage

The source lies in the same field of 2 clusters (Abell 2246 z=0.225;  V1701+6414, z =0.45) and a 

proto-cluster at z=2.3 (Digby-North et al 2010) and therefore have very good X-ray coverage available. In 

particular: One 50 ks Chandra observation in 2000;  one 30 ks XMM observation in 2002 and 

8 x 15-30 ks Chandra observations in 2007.
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(z=2.73) high-z RQ (NAL) QSO HS1700+6416, 
Vout~0.12-0.6c

PID352 (z=1.6)
Vout~0.15c

Vignali et al., ’15

à Ubiquitous complex (i.e. ionized and/or partially covering) absorption?



UFOs seen also in non-lensed high-z QSOs 

Lanzuisi et al., ’16

(z=2) PG1247+268
Vout~0.15c

Another high-z UFO candidate…
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Figure 1: (Left panel): Simulated (100 ks) pn spectrum for a source at z=2 with fX(0.5-10 keV)=5⇥10�13 erg s�1 cm�2, a narrow
(� = 10 eV) Gaussian absorption line at E=6.97 keV and EW=-50eV (rest-frame) on top of a (background-subtracted) power-law
spectrum with photon index of �=1.7. The line was deleted to show the residuals left. (Insert) Confidence contours (at the 68%,
90% and 99% confidence level) for the absorption line energy vs. intensity. (Right panel): XMM-Newton archival spectrum of
PG1247+268 (pn only, 21 ks of net exposure) which shows evidence for an absorption feature at E⇠2.6 keV (i.e. ⇠7.6 keV at the
source rest-frame) indicative of a possible massive and highly ionized absorber in this source. (Insert): Confidence contours for
the absorption line energy vs. intensity. N.B: Spectra were plotted using a S/N>3 per energy bin.
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Figure 2: (Left panel): Model (top) and simulated best-fit (pn+MOS) spectrum (bottom) using a WA plus a UFO absorber (see
text for additional details). Note that the WA contributes mostly to curve the continuum while most of the strong absorption
features at low and high energies are due to the UFO absorber. (Right panel): Same spectrum as in left panel but with WA
and UFO components sets to zero. N.B: These simulations were calculated assuming fX(0.5-10 keV)=5⇥10�13 erg s�1 cm�2 and
exposure=100 ks, therefore they apply to all targets proposed (all exposure times are scaled by flux).
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Fig. 8: Left: Contour plot of the column density vs. covering fraction for model 3. Right: Rest-frame residuals in the Fe Kα line
region, after fitting with a simple power law. The gray dashed lines mark the expected neutral Fe, FeXXV, and FeXXVI Kα emission
line energies. Symbols as in Fig. 6.

like hard X-ray source (the corona) above the black hole that is
irradiating the accretion disk (e.g., Matt et al. 1991, Dauser et
al. 2013) and computes both the expected emissivity profile and
the strength of the reflection self-consistently (model 4, Fig. 5
bottom right).

The free parameters, in addition to the primary power-law
photon index, high-energy cutoff, and normalizations, are the
height of the primary source (h), the BH spin (a), the inclination
angle of the disk (i), and the ionization parameter (ξ), defined
as the ionization parameter of the accretion disk. The inner ra-
dius of the accretion disk is fixed to the innermost stable circular
orbit, which depends on the BH spin, while the outer radius is
frozen to 400 rG.

Interestingly the high-energy cutoff seems to be uncon-
strained for this model. This is not entirely due to the limited
spectral quality of PG1247 and the larger number of free pa-
rameters for this model, but also to the fact that – for a given
primary power-law cutoff – the reflection component computed
by RELXILL always has a sharper decline at high energies than
the value computed by PEXRAV (see, e.g., Dauser et al. 2016).
This means that the relativistic reflection model is able to repro-
duce the shape of the high-energy spectrum without the need of
a cutoff. Therefore, we fixed it to Ecut= 100 keV, in order to be
consistent with the measurements of the other parameters per-
formed from the models discussed above. The goodness of this
fit is comparable with the fits obtained for the previous three
models (χ2/d.o.f.= 333.8/365). The photon index is very soft
(Γ = 2.26 ± 0.04) also for this model.

The interesting aspect of this model is that the reflection frac-
tion in this configuration is not a free parameter, but instead the
reflection contribution is computed self-consistently as the re-
sult of the geometry, size, and ionization state of the emitting
corona. The height of the corona, the BH spin, and the reflection
fraction are indeed correlated in this model, in the sense that in
order to produce a strong reflection fraction, both a low value of
h (i.e., the corona is close to the BH and hence to the disk) and
a high value of the BH spin (i.e., the disk has a small inner ra-
dius) are required (see Dauser et al. 2014). Fig. 9 (left) shows the
inclination angle vs. BH spin parameter confidence contours: to
produce the strong reflection we see in the spectrum of PG1247,
a nearly maximally rotating BH is required (a > 0.68), observed
at a small inclination angle (cos(i) > 0.83). Fig. 9 (right) shows
the confidence contours between the coronal height h (in units of
rG) and the spin parameter. The height of the emitting region is

constrained to be h ≤ 3.5 rG. Finally, the ionization parameter is
constrained to be log(ξ) = 1.8±0.5 erg cm s−1; i.e., the disk must
be moderately ionized in order to produce the strong Compton
hump, while a more ionized reflecting medium would produce
a steeper reflection continuum. We note that a small height of
the corona (h < 10 rG) for a maximally rotating BH (a > 0.9),
observed at small inclination angles (i < 30◦), has also been es-
timated in a few local Seyferts through spectral-timing analysis
and reverberation techniques (e.g., Cackett et al. 2014; see Uttley
et al. 2014 for a review), while evidence is mounting that maxi-
mally rotating SMBHs may be common among AGN at low and
high redshift (Walton et al. 2013; Reis et al. 2014; Reynolds et
al. 2014), with the caveat that high spin means high accretion
efficiency (Vasudevan et al. 2015) so the brightest objects (for
which measuring the BH spin is feasible) in a population of ob-
jects with similar accretion properties will be those with high
spin.

6. Discussion
Several aspects of the X-ray broad-band spectrum of PG1247
are in agreement with the possibility that this high-redshift QSO
is accreting close to or above the Eddington limit, independent
of the model adopted to reproduce the overall spectral shape:

– The photon index is very soft: Γ ∼ 2.3 − 2.4 for all models.
These values are consistent with those expected for a nearly
Eddington accreting SMBH, given the relation observed in
individual, variable, local AGN (e.g., Perola et al. 1986,
Vaughan & Edelson 2001, Vignali et al. 2008, Puccetti et
al. 2014), and in samples of low- and high-redshift AGN
(Shemmer et al. 2008, Risaliti et al. 2009, Brightman et
al. 2013). The caveat is that the parameter space above
the Eddington limit is currently unexplored. Unfortunately,
owing to the limited data quality and the lack of simul-
taneity between the XMM–Newton and NuSTAR data, we
cannot test whether PG1247 shows the softer when brighter
behavior within the flux variation observed between the
XMM–Newton and NuSTAR data.

– The Fe emission line is most likely produced by ionized
gas in the accretion disk (the rest-frame energy of 6.4
keV is ruled out at 90% c.l.), as observed in the stacked
spectrum of large samples of AGN accreting close to the
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Fig. 8: Left: Contour plot of the column density vs. covering fraction for model 3. Right: Rest-frame residuals in the Fe Kα line
region, after fitting with a simple power law. The gray dashed lines mark the expected neutral Fe, FeXXV, and FeXXVI Kα emission
line energies. Symbols as in Fig. 6.
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angle of the disk (i), and the ionization parameter (ξ), defined
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dius of the accretion disk is fixed to the innermost stable circular
orbit, which depends on the BH spin, while the outer radius is
frozen to 400 rG.
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formed from the models discussed above. The goodness of this
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sult of the geometry, size, and ionization state of the emitting
corona. The height of the corona, the BH spin, and the reflection
fraction are indeed correlated in this model, in the sense that in
order to produce a strong reflection fraction, both a low value of
h (i.e., the corona is close to the BH and hence to the disk) and
a high value of the BH spin (i.e., the disk has a small inner ra-
dius) are required (see Dauser et al. 2014). Fig. 9 (left) shows the
inclination angle vs. BH spin parameter confidence contours: to
produce the strong reflection we see in the spectrum of PG1247,
a nearly maximally rotating BH is required (a > 0.68), observed
at a small inclination angle (cos(i) > 0.83). Fig. 9 (right) shows
the confidence contours between the coronal height h (in units of
rG) and the spin parameter. The height of the emitting region is
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constrained to be log(ξ) = 1.8±0.5 erg cm s−1; i.e., the disk must
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hump, while a more ionized reflecting medium would produce
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efficiency (Vasudevan et al. 2015) so the brightest objects (for
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jects with similar accretion properties will be those with high
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Several aspects of the X-ray broad-band spectrum of PG1247
are in agreement with the possibility that this high-redshift QSO
is accreting close to or above the Eddington limit, independent
of the model adopted to reproduce the overall spectral shape:
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à Ubiquitous complex (i.e. ionized and/or partially covering) absorption?
à Desperately need more and longer XMM observations on high-z QSOs

Just were approved a ~450 ks of XMM time to observe 4 non-lensed QSOs at z~2  (PI: MC)



Super Winds & AGN Lbol

Molecular 
small=nucl 
large=gal. 

Ionized 

BAL 

X-ray

Remarkable correlation between wind mass outflow rate and AGN bolometric 
luminosity: Mout~Lbol0.5 for molecular winds Mout~Lbol for ionized winds

 Ekin(out)=0.1-10% Lbol (UFOs, BALs)Ekin(out) = 1-10% Lbol (molecular) 

Ekin(out) = 0.1-1% (ionized low Lbol)  = 1-10 % (ionized high Lbol)

Need X-ray and multi-ni coverage of a representative sample of high-z QSOs.

Fiore et al., ’15



Summary:

Ø Science Case (outflows)
Ø Recognized importance, and “pathfinder” to future 

missions/observatories (from ground based Obs. 
ALMA, MUSE, SINFONI to Athena).

Ø Important implications for both astrophysics of 
winds/outflows formation and acceleration, and the 
cosmological impact/feedback of AGN winds.

Ø Cosmological impact/feedback:

Ø Few decent high-z QSOs spectra available, ALL 
show UFO-like features in their X-ray spectra

Ø Need to have good quality (>10000 cts) X-ray 
spectra for a representative sample of (30-40) 
high-z QSOs to characterize and measure the 
frequency of massive and energetic outflows in 
high-z QSOs (for z~0-2, L~0.1-Ledd). Need multi-
ni coverage to obtain full outflow  energetics. Multi-
ni would also “guarantee” more publications per 
XMM-ks, like experience in low-z AGNs.

Ø The future: from XMM (LPs and VLPs) to Athena 
(core science)



Thank you very much 
for your attention


