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AGN Outflows

The “classic” view of outflows: Fast winds/outflows/ejecta in AGNs
…known/seen in AGNs since >3 decades
Wide-angle winds in Sey gal. and QSOs
Jets in radio-loud AGNs
Sey2 NGC5252
M87 - Jet
OIII cones

Tadhunter & Tsvetanov,
Nature, ‘89;
Wilson & Tsvetanov, ‘94
Cappi et al. ’95
Morse et al. ‘98

+ Fischer+ ’10, ‘13, ‘15

Jet feedback relevant in LSSs
Fast (v up to ~ 50000 km/s)
winds in (B/N)AL QSOs
(~ 40-50% of all QSOs)

Taking into account the Cf,

àLikely ubiquitous
Weymann et al., ’91; Goodrich ‘97; Reichards et al., ’03; Ganguly & Brotherton ‘08; Hamann+’12

The “classic” X-ray view: Warm Absorbers in nearby Seyferts and QSOs
Seyfert galaxies: ASCA…

Many details from Chandra/XMM gratings
NGC3783 Exp=900 ks

Kaspi et al. '01;
Netzer et al. '02;
Georges et al. '03;
Krongold et al. ‘03

Fabian, et al. ’94
Otani, ’95, PhD
Reynolds et al. '97
Georges et al. '97

QSOs: XMM…

509 RGS:
600 ks
R.Mrk
G. Detmers
et al.: Multiwavelength
c

Porquet et al. 2004; Piconcelli et al. 2005

⇒

à Clear now that ~50% of all Seyferts and QSOs present multiple

et RGS
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al. 2011
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components (from Optical, UV and soft X) of outflows/winds with v~100-1000 km/s
⇒

à Typically energetically unimportant for feedback

SPEX 2.03.001 spectral fitting package to fit the spectrum. We

i.e. Blustin et al. 2005, butupdated
see Crenshaw
& Kraemer,
2012 transitions for our
the wavelengths
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Table 1

The “new” X-ray view:
NGC1365

Not (only) a static WA but also variable Ultra Fast Outflows (UFOs)

Absorbers variability on timescales 1000-10000s, and v up to ~0.2c

2011!

5×10−4

10−3

2007!

2013c!

2×10−4

2013a!

2013b!

10−4

νFν Flux (keV cm−2 s−1)

2×10−3

X-ray spectral variability of PDS 456!

1

2
Rest Energy (keV)

5

10

Long term spectral variability of PDS 456. Changes can be explained by
variable absorption in a putative
disk wind.!
Reeves
et al. ’10, ’13, ‘15

Risaliti et al. 2005
(See also Krongold et al. 2007 on NGC4051; Behar et al.
2010 on PDS456, Braito et al. 2007 on MCG5-23-16;
MC et al. 2009 on Mrk509 etc.)

N.B: Variability allows to place
robust limits on location, mass, etc.

The “new” (unifying) X-ray view of UFOs and non-UFOs (WAs)
log Nh (cm-2)	


Several Press releases
in ‘10, ‘12 and ‘13
(also NASA
and ESA in 2012)

log Vout (km/s)	


log ξ (erg s-1cm)	


log ξ (erg s-1cm)	


log ξ (erg s-1cm)	


Log D (pc)	


log Ėout	


log Vout (km/s)	


Tombesi, MC et al., ‘12b, ‘13

log Nh (cm-2)	


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

log Lbol	


The “new” X-ray view: Variability and complex absorption in (nearby) PG QSOs
Sample: 15 UV *AL QSOs with 32 XMM exposures
Δt=6 months

Δt=4 yrs

on time scales of months
on time scales of years

Δt=3 days

Δt=10 ks

on time scales of hours
on time scales of days

Giustini, MC, et al. 2012

Open issues (1/2): Astrophysics of
622 outflows
S. A. Sim et al.in AGN/QSO: Acceleration models?
Radiatively driven accretion disc winds

Sim et al., ’08, ’10ab

…and/or…

12. Sample spectra computed for different viewing angle bins (left- to right-hand side) for models with differing mass-loss rates (top to bo
Murray et al. ‘95,Figure
for Ṁ, all model parameters are fixed at those of the example model. The plotted spectra are all normalized to the input primary power-law spec

for these phenomena in non-spherical outflows require multidimensional radiative transfer and thus our methods are particularly well
suited to describing them.
To illustrate the types of line profile, Fig. 12 shows a montage of
spectra from models with relatively high mass-loss rates. There is a
wide range of Kα profile types in these models and their emission
EWs, measured relative to a power-law continuum fit, can be in
excess of 200 eV; this is comparable to the typical broad Kα EWs
measured in a sample of AGN by Nandra et al. (2007).
At low inclination angles, our model Fe Kα profiles have a nearEmmering,
Blandford &
P-Cygni character: they shows some blueshifted absorption and
Shlosman,
’92;
broad, redshifted emission, the strength of which grows with Ṁ.
Kato
al. ‘03
Such et
profiles
are qualitatively similar to those observed in some
Seyfert 1 galaxies (Done et al. 2007).
At intermediate angles, when the line of sight is close to looking
down the wind cone, the narrow absorption lines are strongest but
are accompanied by moderately strong, emission lines with fairly
extended red wings. We note that the narrow absorption lines beethigh
al.Ṁ,2010
comeFukumura,
less prominent at very
a consequence of the increased
contribution
of scattered
in the spectra. Proga et al.
Kazanas
etradiation
al. 2012
˙

Magnetically driven winds from accretion disk

These emission-line properties show that highly ioniz
may affect the Fe K region beyond imprinting narrow
absorption lines. This may have consequences for stu
K fluorescent emission which originates in AGN acc
(e.g. Fabian et al. 1989; Nandra et al. 1997; Fabian
Miller 2007; Nandra et al. 2007), since it may contami
emission and/or lead to an apparently multicompone
line (see e.g. O’Neill et al. 2007). In this context, th
predicted for the emission lines may be of particular
view of the potential for confusion with the effects of g
redshift – however, more sophisticated 3D models go
the smooth-flow assumption of our parametrized wind m
be examined before such a possibility can be conside
greater detail.

7.3 Spectral curvature

Absorption
’00;
‘10 by outflowing material has been discussed a

Open issues (2/2): AGN outflows and Feedback, i.e. SMBH/Gal co-evolution

QSO space density
Madau et al. ’96;

SFR space density
Wall et al. ‘05

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

AGN Feedback !
BUT HOW?
(Jet, Winds/UFOs, LAGN, mix?)

The Astrophysics
of AGN winds

Long and multiwavelength campaigns (e.g. Mrk509, NGC5548, NGC7469, ToOs, etc.)

Mrk509 (2009)

NGC5548 (2013/2014)

The 2013/14 Campaign
Chandra
INTEGRAL
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5548?
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Fig. 1: Proposed observing schedule. At time zero the core campaign
starts (40 days), with 12×50 ks XMM-Newton observations at days 0,
8, 16, 20, 24, 28, 30, 32, 34, 36, 38, 40 and 29×1.5 ks Swift observations on days that XMM-Newton does not observe. Two-orbit HST
visits are planned at days 0, 20, 32, 38 and 40. 12×1.5 ks Swift observations with 2 d spacing down to day -18 and 6 d spacing down to day
-36 precede the core of the campaign. Not shown but also requested:
2×50 ks XMM-Newton visits, one at the start and one at the end of
either the previous or following visibility window half a year before or
after the core, one of them simultaneous with a 2-orbit HST visit.

Key: XMM LP 10x50ks + 10 HST COS orbits
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Kaastra,
Kriss,
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is one
2. X-ray bright : in the 2–10 keV band, NGC 5548+8
papers
of the ten brightest Seyfert 1 galaxies and on average
only 20%
dimmer than MrkNuSTAR
509. Its RGS spectrum
Swift
XMM-Newton
HST/COS
will fully characterise the absorber components.
3. The continuum variability time scale is about 1–2
days (Fig. 3), with little power at shorter time scales,
-40
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10spectra20
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Figure
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observing
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On day
zero
the core
cam-(typically
that the resulting spectral changes can
paign of 18 orbits (=36 days) 60%
startsmax/min)
with 6×80
ks XMM-Newton obbe measured by XMM-Newton/pn (see Fig. 4).

Behar, et al., 2016, in preparation

MC, et al., 2014, Science

locity structure
of the outflowof
using
COS, and
the AMD
Key:
Swift monitoring
8 brigth
Sey1s
using the time-averaged 600 ks RGS spectrum of the 12
Trgger
if obscuration àXMM+HST+Nustar
core orbits, taken in the Multi-Pointing Mode to fill in
CCD gaps and to mitigate the effects of bad pixels (Paper II). Such a spectral quality allows us to distinguish
between a continuous and discrete AMD, to determine
the number of components and to characterise accurately
their properties (ξ, NH , v and σv ; paper III).

PI: Kaastra

Unexpected discovery in NGC5548: Absorber variability measured simultaneously in X-rays and UV!

Kaastra, Kriss, MC, et al., 2014, Science
+ 8 papers published
XMM-Newton Large Program (+ Nustar + Chandra)
XMM Observations of NGC5548

Simultaneous HST/COS

Fig. S1.

PN spectra

Archival Observations
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Best-fit emission model to the region surrounding the C IV emission line in the average
spectrum of NGC 5548 from summer 2013. The data (black) have been binned by four
pixels, as in Fig. 2A. The best-fit model (red) includes broad absorption (but excludes
narrow absorption and Galactic features). The dark blue solid line is the continuum. The
solid green line shows the emission model with the broad absorption removed. The
emission components comprising the emission lines are plotted separately below the data.

à Simultaneous appearance and best detailed measurements of
obscurer and (shadowed) warm absorber,
possible only with a massive multi-ni campaign!

A&A 549, A51 (2013)
Detailed IMAGING at multi-ni:
How WAs/UFOs compare/relate to colder molecular/gas outflows?

NGC6240

A&A 549, A51 (2013)

NGC4151

The Astrophysical Journal, 742:23 (18pp), 2011 November 20

The Astrophysical Journal, 742:23 (18pp), 2011 November 20
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Fig. 5. Hα map of NGC 6240 (color image). CO(1–0) emission at different velocities: −350 km s−1 (green contours), −100 km s−1 (magenta

Fig. 5. HαCO
mapinofNGC
NGC 6240 (color image). CO(1–0) emission at different velocities: −350 km s−1 (green contours), −100 km s−1 (magenta
Extended
contours), with6240
respect to the system velocity. Contours are calculated by merging D and A configuration data. Chandra 1.6–2 keV emission is

contours), with respect to the system velocity. Contours are calculated by merging D and A configuration data. Chandra 1.6–2 keV emission is
shown
by white contours.
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Figure 17. (a) Superposition of a continuum-subtracted Hα image (contours;
from Knapen et al. 2004) on the central 1! × 1! of the smoothed 0.3–1 keV
ACIS image. The box region is enlarged in panel b. (b) A composite image
showing the relative distribution of H i emission in red and Hα emission in
green. Overlaid white contours are the soft X-ray emission, and blue contours
the 12 CO emission.
(A color version of this figure is available in the online journal.)

4.

+ Fischer et al.’13; Genzel et
The scenario where part of the CO gas lane is photoionized by
AGN and produces the Hα arc seems plausible with a modal. ’14; Harrison et al. ’16; the
est covering factor of f ∼ 0.1%, implying that the arc has a
filamentary structure with a thickness of a few parsecs.
Brusa et al., 2015; Cresci et
On the other hand, we consider the possibility that the arc
could be a bow shock feature from interaction between the bial. 2015, etc.) and molecular
conical outflow and dense gas in the host disk piled in the CO
gas lanes by the large-scale stellar bar. Assuming that the X-ray
gas (Cicone et al.’15; Feruglio
emission is due to shock heating as the outflow encounters the
dense CO lane, and that the shock is strong and adiabatic, we estimate the shock velocity v , adopting a postshock temperature
et al. ’15, etc.)
T
= (3/16)(µv / k ) (Lehnert et al. 1999), where µ is the mass
c
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Wang
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Multi-ni obs. of nearby QSO: How WAs/UFOs compare/relate to colder molecular/gas outflows?
ULIRG F11119+3257 (z=0.19):

OH doublet at 1000 km/s Veilleux et al. 2013

UFO detection (v~0.3c) consistent with
energy-conserving outflow from
Inner X-rays to outer molecular outflow
Tombesi et al. 2015, Nature

Detailed X-ray spectra: Geometry and covering factor of UFOs?
P-Cygni profile gives direct measure of covering factor

PDS456 (z=0.18)
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Reeves
et al.,
Fig. 3. Adopting
the samesr
baseline continuum of Fig. 2 (redNardini,
curve), we fitted
the emission
and Science ‘15
Vout~0.3c
and Ω>2π
absorption residuals characterizing the Fe-K band by means of a self-consistent P-Cygni profile from

netic field) which is related to the accretion states. Irradiation only
occurs when the outer disc subtends a larger solid angle than the
inner flow. Thus, the formation of thermal winds might be prevented
if harder states are associated with thick discs that, even if optically

Detailed spectra of X-ray binaries in soft state: How WAs/UFOs
compare/relate to binaries winds and jets?
Ubiquitous equatorial accretion disc winds

L13

Figure 2. Left-hand panel: HLD of the high-inclination (dipping) LMXBs studied and of all the low-inclination (non-dipping) LMXBs. Right-hand panel:
high-inclination (dipping) sources show Fe XXVI absorption every time they are in the soft state and upper limits in the hard states. In low-inclination (nondipping) LMXBs, the Fe XXVI absorption line is never detected. We interpret these as due to a ubiquitous equatorial disc wind associated with soft states
only.
Figure
We note that high-inclination sources tend to show a more triangular HLD, while the low-inclination sources exhibit a boxy one.

1.2

2
Miller et al.
H1743-322
disk-wind detected in soft,J. M.
disc-dominated
state

3. Several physical mechanisms can explain the properties of the
observed
equatorial
disc winds. Here the thermal winds scenario is sketched.
3.
ANALYSIS
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fraction of 4π sr. Moreover, disc wind models and magnetohydrogeometrically
thick and optically
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Ionization,
Nh, variability
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toandUFOs
dynamic simulations predict a strong angular dependence of the
wind is observed. [Correction added after online publication 2012 April 4:
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etThe
al. 1991;
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Spectral
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et al. 1996; Proga et al. 2002; Luketic et al. 2010). In fact,
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Ponti et al., 2011

0.8

ratio

1

population of sources which are close to edge-on. Fig. 2 (left-hand
panel) shows the HLD of all the high-inclination LMXBs and
reports the measured Fe XXVI absorption-line EW. These sources
show clear evidence for a high-ionization disc wind (v out ∼
102.5−3.5 km s−1 ) during all 30 observations in the soft state.1
On the other hand, whenever these sources are observed in the
hard X-ray state, they show only upper limits. We, in fact, observe
stringent upper limits for 16 out of 17 observations and just one
detection of a weak wind quasi-contemporaneous with a weak jet
(Lee et al. 2002; Neilsen & Lee 2009). This demonstrates that for
this set of sources, the presence of the disc wind is deeply linked to
We fit
the combined
first-order Chandra/HEG and
the source state. In particular, the wind is present during spectrally
disc wind is produced by X-ray irradiation
(i.e. Compton
heating,
soft states, when the jet emission is strongly quenched.
line driving), it is expected to be RXTE/PCA
stronger in edge-onspectra
sources simply
of H 1743−322 jointly. The HEG specThe right-hand panel of Fig. 2 shows the HLD for the nonbecause once the material is lifted from the disc, it will experitrum was fit was limited to the 1.2–9.0 keV band, owing to
dipping LMXBs, GX 339-4, XTE J1817−330, 4U 1957+115, XTE
ence an asymmetric push from the radiation field of the central
calibration
uncertainties
J1650−500 and GRS 1758−258, which have accretion discs which
source. Flattened disc winds have
also been assumed
to explain the and poor signal on either side of this
are inclined more face-on to the observer. None of these source has
winds of broad absorption-line QSO
and other
outflows
(e.g.
range.
TheAGN
PCA
spectrum
was fit in the 3.0–30.0 keV band,
a detection of a highly ionized wind in any state. Several spectra
Emmering et al. 1992; Murray etagain
al. 1995;
Elvis 2000).
owing
to calibration uncertainties on either side. In the
have a signal-to-noise
ratio good
measure upper limits
5.5
6 enough to6.5
7
7.5
8
joint fits, a simple constant was allowed to float between the
as small as a few eV, even during the soft state.Energy
For this (keV)
reason, we
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to account for differences in the flux calibrations.
confidently state that these sources do not present the signatures of
2
F IG .Fe1.—
The figure above shows the line spectraThefrom
Chan- between winds
highly ionized
K winds.
strongtwo
connection
and with
source a
states
requiresabsorbed power-law model with Γ =
A fit
simple
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Miller et al., 2006, 2012

The (cosmological)
impact/feedback
of AGN outflows

The “classic” X-ray view: Warm Aborbers in nearby QSOs
1210

C. M. Harrison et al.

WAs present in ~50% of PG QSOs contrary to
older measurements of 5-10%
à Frequent, but low v (1000 km/s) and low Nh
make these winds energetically not very
important (fractions of Msol/year)
Porquet et al. 2004, Piconcelli et al. 2005

Figure 12. Top: histograms of the overall emission-line velocity-width,
W80,Hα , for the 32 z ≈ 0.6–1.1, Hα detected KASHz targets (hatched) and
the z ≈ 0.6–1.1 comparison sample of star-forming galaxies from KROSS
(filled; see Section 3.4). The AGN preferentially have higher emission-line
velocities than the star-forming galaxies. This is further demonstrated in the
bottom panel which shows the cumulative distributions. We also show the
KROSS sample after applying two stellar mass cuts, where the M" > 3 ×
1010 M# sub-sample is more comparable to the X-ray AGN host galaxies
(Section 4.3.3). We also show the cumulative distribution of the luminositymatched comparison sample of z < 0.4 AGN (see Section 3.4) and find that
the velocity distribution is very similar to that of our high-redshift AGN.

AGN/QSO-driven outflows
ubiquitous in QSOs?
Harrison et al. 2016
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on of good time-interval (GTI) tables and the removal of portions
flaring.
gies within the 0.2–10 keV band. The source counts and effective
btained with the EPIC PN instrument. See Section 2 for details on
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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.
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10
à Ubiquitous complex (i.e. ionized and/or partially
à Desperately need more and longer XMM observations on high-z QSOs

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
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2

The new X-ray view: UFOs or Extreme reflection measured in lensed high-z QSOs?

PG1115+080 (z=1.7)
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Fig. 1.—(a) Top plot: XMM-Newton pn spectrum of the combined images of PG 1115+080 for epoch 1, fit with Galactic absorption and a power-law model to events
with energies lying within the observed-frame ranges of 2Y2.5 and 5Y10 keV. The best-fit values of the power-law photon indices in these energy ranges for the three
epochs were almost identical with ! $ 1:9. Bottom plot: Residuals of the fit in units of 1 " deviations. Several absorption features within the observed-frame range of
1.5Y5.2 keV are noticeable in the residuals plot. (b) Same as (a), but for epoch 2. (c) Same as (a), but for epoch 3. For clarity we only show the higher S/ N ratio pn data;
however, all fits were performed simultaneously using the pn and MOS1+2 data unless mentioned otherwise. The vertical dashed lines indicate the best-fit energies of the

Chartas et al., ’07

20

Dadina et al., ’16, submitted

The new X-ray view: UFOs or Extreme reflection measured in lensed high-z QSOs?

RX J1131-1231 (z=0.6)

ad iron line, soft and hard excess in RX J1131-1231. The main panel shows the co-added Chandra
ochs for all 4 images. The data was fit in a phenomenological manner with a model consisting of an
-law with an index of Γ = 1.60 ± 0.04 for the continuum, a thermal disk component with a temperature
keV to account for the soft-excess, and a broad relativistic line with energy constrained to lie between
est-frame; the Baseline-simple model). The ratio is shown after setting the normalisation of the disk,
and narrow line component to zero in order to better highlights these features. The inset shows the
ata fit with a Γ = 1.83 powerlaw. The best fit, phenomenological model for the XMM-Newton data
sence of a soft excess which can again be characterised by a thermal disk component with a temperature
+0.5
keV, a powerlaw with an index Γ = 1.83+0.07
−0.03 up to a break at Ebreak = 5.5−2.2 keV, at which point it
+0.33
1.28−0.19 . This hardening is interpreted as the Compton reflection hump. Both co-added spectra shown
ime-averaged behaviour of RX J1131-1231. Quoted errors refers to the 90% confidence limit and the
σ.

Reis et al., ’14

The Einstein Cross (z=1.7)

Lanzuisi et al., ’16

Reynolds et al., ’14

à Ubiquitous complex (i.e. ionized and/or partially covering) absorption?
à Desperately need more and longer XMM observations on high-z QSOs

n adding an absorption Gaussian line, the C-stat is 20.3 for 3 additional parameters.
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keV, the line width
The
new
X-ray
view:TheUFOs
seen
in non-lensed
high-z QSOs
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el XSTAR
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and PID352
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Lanzuisi et al., ’12

XMM spectrum (2002)
ve 1 keV, and shows two features The 30 ks XMM observation of 2002 is affected by strong background
r two Gaussian lines, with EW1=- flares. The resulting net exposure is only ~10 ks for pn and MOS cameras Vignali et al., ’15
25±0.05c and 0.55±0.08c, has (~300 counts).
12
Fig 10, 11 show the confidence Despite the bad data
. From the XSTAR model results Quality, an hint of the
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of an absorption
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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
region, after fitting with a simple power law. The gray dashed lines mark the expected neutral Fe, FeXXV, and FeXXVI Kα em
4line energies. Symbols as in Fig. 6.
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…the best sample available to date….
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Top panel: covering fraction versus column density

à Ubiquitous complex (i.e. ionized and/or partially
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scenario. Bottom panel: ionisation state versus on
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density
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à Desperately need more and longer XMM observations
high-z
QSOs
to absorption
scenario. Errors
at 90% confidence
characterize the outflows in a representative sample
of high-z
QSOs level.

Super Winds & AGN Lbol

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

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) = 1-10% Lbol (molecular)

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

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

Fiore et al., ’15

Summary and personnel view:
Ø Science Case (outflows)
Ø
Ø

Recognized importance, and “pathfinder” to future
missions/observatories (from ground based Obs.
ALMA, MUSE, SINFONI to Athena).
Important implications for both astrophysics of
winds/outflows formation and acceleration, and the
cosmological impact/feedback of AGN winds.

Ø Astrophysics of AGN winds
Ø

Will need (to continue) massive campaigns of
spectra/imaging/timing often/mostly using a multini approach on low-z AGN

Ø Cosmological impact/feedback:
Ø Desperate need to have representative samples of
good quality X-ray spectra of high-z QSOs to
characterize and measure the frequency of
massive and energetic outflows in high-z QSOs.
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.
N.B1: Few high-z QSOs spectra available ALL show features in their X-ray spectra
N.B2: Reflection vs absorption uncertainties could be two facets of the same phenomenon

Thank you very much
for your attention

