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1.

Framework
Brief recall on context: AGN feedback/winds
Key to several TPs of SWG2: from studies of
SMBH formation/evolution to studies of
accretion/ejection physics

2.

From the classic X-ray view of winds/outflows to
a “new” X-ray view
“Static” Warm Absorbers ”Variable” Ultra-Fast
Outflows (UFOs)
Impact of UFOs

3.

Open issues, analogies and differences?
comparison/link with WAs?
comparison/link with molecular outflows?
comparison with binaries/microquasars?

4. Future studies?
now, next years, and in 2028?
Tombesi F., MC, et al. ’10a+b;’11a;’12, ’13, ’14
Kaastra et al., ‘14, Mehdipour et al. +15
Chartas et al. ‘14, ‘15

Main Collaborators: F. Tombesi, M.Giustini, M. Dadina,
V. Braito, J. Kaastra, J. Reeves, G. Chartas, M. Gaspari,
C. Vignali, J. Gofford, G. Lanzuisi, B. DeRosa, J. Kriss,
G. Ponti, J. Kaastra

Framework: Co-evolution of AGN and galaxies
~20 years ago, a somewhat unexpected revolution in extragal. astrophysics: not only most (all?)
galaxies have SMBHs in their centers, these also correlate with host bulge properties

Kormendy & Richstone, 1995, ARA&A

Framework: Feedback in the co-evolution of galaxies
! evidence for feedback mechanism between SMBH(AGN) and its host galaxy

Mbh~ б

4

Magorrian et al. '98
Tremaine '02; Gebhardt '02, Ho & Kim ‘14...etc
(see e.g. King and Pounds '03, Crenshaw, Kraemer & George '03, ARA&A)

Framework: MBH vs SFR, most (important) “action” is at z~2-3
QSO space density

SFR space density

e.g. Madau et al. ‘96; Wall et al. ’05; Hopkins et al. ‘08

Mbh-σ relation, AGN-gal coevolution,
L-Tx relations, Heating cooling flow

AGN Feedback !

Framework: Three major feedback mechanisms between the SMBH and its environment
•
3C 273

1. radiative feedback:

Lacc = η ( M acc ) c 2

Able to quench the star formation and the cooling flow at the center of elliptical galaxies
e.g. Ciotti & Ostriker 2001, Sazonov et al. 2005

But it is not enough to reproduce the MBH-σ relation

e.g., Ciotti et al. 2009

€

Light

How much radiation on dust is relevant in high-luminosity sources/quasars?

3C 273

2. mechanical/kinetic feedback:
i.

mass outflows from collimated, radiatively bright, relativistic
radio JETS:

Heat the IGM and the ICM, quench the cooling flow in rich Clusters of Galaxies
Jets

e.g. Fabian et al. 2009, Sanders et al. 2009

ii.

mass outflows from wide angle, radiatively dark, massive
WINDS/outflows
e.g., Silk & Rees 1998
e.g., Begelman 2003

Winds

See reviews by Crenshaw, Kraemer & George, 2003 and more recently by Fabian ‘12, ARAA

The new X-ray view:
NGC1365

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

Absorbers variability on timescales 1000-10000s
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X-ray spectral variability of PDS 456!
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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.

ionised, iron lines. Moreover, the detection of a small fraction
of absorbers with log ⇠ > 5 in both this work and in the
T10A sample raises the possibility that material may be
present in some sources which is so highly ionised that even
iron is not
detectable AGNs
through spectroscopy.
XMM-Newton sample
of nearby
(Seyferts)If this is the case
then the fraction of sources with Fe K absorption (⇠ 40%)
Column density
velocity
Ionization
may represent a lower
limit on the number Outflow
of sources
with
intrinsic nuclear outflows along the line-of-sight.
The log vout distribution (bottom panel) appears to
be relatively continuous over a broad range of velocities;
ranging from as low as vout ⇡ 0 km s 1 up to vout ⇡
100, 000 km s 1 . 90% of the detected outflows have vout >
1000 km s 1 which makes the absorption detected at Fe K
almost systematically faster than the traditional soft X-ray
warm absorber. Only NGC 3227, NGC 4395 and NGC 3783
have Fe K outflows which are consistent with having no outflow velocity. From Table 5 the broadly binned distributions of outflow velocity appear
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Log Nh (cm-2) both the Suzaku
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The new X-ray view: (Not only WAs but) UFOs in ~30-40% of AGN & QSOs
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Not only WAs in AGN
and QSOs, but UFOs
(Ultra-Fast Outflows)
have been found and
are quite common

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)!

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

log Lbol!

The new X-ray view: Absorber variability measured simultaneously in X-rays and UV!
Kaastra, Kriss, MC, et al., 2014, Science
XMM-Newton Large Program (+ Nustar + Chandra)
XMM Observations of NGC5548

Simultaneous HST/COS

Fig. S1.

PN spectra

Archival Observations
10

1) 24/12/2000
2) 09/07/2001
3) 12/07/2001

NAL

1
0.1

New Monitoring Campaign

0.01

normalized counts s 1 keV

1

BAL!

4) 22/06/2013
5) 30/06/2013
6) 07/07/2013
7) 11/07/2013
8) 15/07/2013
9) 19/07/2013
10) 21/07/2013

11) 23/07/2013
12) 25/07/2013
13) 27/07/2013
14) 29/07/2013
15) 31/07/2013
16) 20/12/2013
17) 04/02/2014
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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.

! Best detailed measurements possible only with multi-ni campaigns

The new X-ray view: Variability 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

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.

UFOs and/or FeK structured lines seen also (no, always!) in lensed high-z QSOs

HS0810+554 (z=1.5)

2.2. Chandra and XMM-Newton Spectral Analysis of
Chartas et APM
al. 2014
08279+5255
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oth approaches resulted in values for the fitted parameters
at were consistent within the errors, however, the fits to the
gher quality pn data alone provided higher quality fits as
dicated by the reduced χ 2 values of these fits. We therefore
nsider the results from the fits to the pn data alone more
liable especially for characterizing the properties of the X-ray
sorption features.
For the reduction of the Chandra observations we used
andard CXC threads to screen the data for status, grade, and
me intervals of acceptable aspect solution and background
vels. The pointings placed APM 08279+5255 on the backuminated S3 chip of ACIS. To improve the spatial resolution,
e removed a ± 0"".25 randomization applied to the event
sitions in the CXC processing and employed a sub-pixel
solution technique developed by Tsunemi et al. (2001).
In both the XMM-Newton and Chandra analyses, we tested the
nsitivity of our results to the selected background and sourcetraction regions by varying the locations of the background
space density
SFR space density
gions QSO
and varying
the sizes of the source-extraction
regions.
e did not find any significant change in the backgroundbtracted spectra.
Foretall
of APM
08279+5255,
we
Madau
al. models
’96;
Wall et
al. ‘05
cluded Galactic absorption due to neutral gas with a column
nsity of NH = 3.9 × 1020 cm−2 (Stark et al. 1992). All
oted errors are at the 90% confidence level unless mentioned
herwise.
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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
Vout~0.2-0.76
c 1 (top panel) and epoch 5 (lower panel) obtained in fits
components
for epoch
that used model 6 of Table 2.

APM 08279+5255 (z=3.91)

Chartas et al. 2009

Einstein Cross (z=1.71), Reynolds et al. 2009, ApJ
proceed
by fitting the spectra of APM 08279+5255
We first fitted the Chandra and XMM-Newton spectra of APM
21 We
Chandra
obs.
The Astrophysical Journal Letters, 792:L19 (5pp), 2014 September 1
Reynolds et al.
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with the following models: (1) APL; (2) APL with a notch
279+5255 with a simple model consisting of a power law with
Eabs1(APL+No); (3) ionized-APL with a notch (IAPL+No); (4)
(b)
utral intrinsic absorption at z = 3.91 (model(a)
1 of Table
2).
10−4
0.01
APL with anEemis1
absorption
edge (APL+Ed); (5) ionized-APL with
= 6.8 keV
10
hese fits are not acceptable in a statistical sense as indicated
an absorption edge (IAPL+Ed); (6) APL with two absorption
the reduced χ 2 . The residuals between the fitted simple
5×10
Eabs2
lines (APL+2AL);
(7) ionized-APL with two absorption lines
sorbed power-law (APL) model and the data show significant
−3
−5
10
10
(IAPL+2AL); (8) APL with two intrinsic ionized absorbers
sorption for energies in the observed-frame band of <0.6 keV
2×10
5σ
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eferred to henceforth
as low-energy absorption) and 2–5 keV
100 ks Chandra
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ionized
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Imagesmodels are given in the notes of Tables 2 and 3.
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The results from fitting these models to the three XMMsorption features,
we fit the spectra from observed-frame
4
Newton and two Chandra spectra are presented in Tables 2
5–10 keV with a power-law model P-Cygni
(modified by Galactic2
3σ
and 3. For spectral fits using models 3, 5, and 7, the low-energy
sorption)
2 and extrapolated this model to the energy ranges
2
0
absorption is modeled using the photoionization model absori
t fit. The residuals of these fits are shown in Figures 1 and 2.
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Figure 3. Left: final best-fit solar abundance self-consistent relativistic reflection model (pha(zpha(zpo+zgauss+relconv∗reflionx))) to the summed Chandra
spectrum of Q 2237+305 with residuals. The illuminating power law is indicated (d)
in green, the reflected emission in blue, and the narrow Fe K line in cyan, with the
+0.05

n adding an absorption Gaussian line, the C-stat is 20.3 for 3 additional parameters.
UFOsMonte-Carlo
seen simulations.
also (no,
always!)
inishigh-z
QSOs
ed with extensive
The rest
frame line energy
E_line=10.26±0.75
keV, the line width
=-0.83 keV (rest frame). Fig 7, 8 show the 68, 90, 99% confidence contours of E_line vs.  and E_line vs.
eature is due Fe XXV or Fe XXVI K, the observed E_line translates in an outflowing velocity v_out=0.38±0.10
(z=2.73)
high-z
RQ (NAL)
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HS1700+6416
el XSTAR
(Kallman
& Bautista
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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

5

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
Another
high-z
UFO
candidate?
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
XMM
spectrum
(2002) which shows evidence for an absorption feature at E⇠2.6 keV (i.e. ⇠7.6 keV at the
Lanzuisi
et al., ’12
PG1247+268
(pn only,
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of net exposure)
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The 30 of
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Fig 10, 11 show the confidence Despite the bad data
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. From the XSTAR model results Quality, an hint ofTypical(UFO(
0.01
ionization parameters (Log>3.2)
Typical( presence of an absorption
WA+UFO(
feature
around  2 keV
es have
E_edge1=8.14±0.52
N.B.:
Would beand
very
important
also to confirm on10other non-lensed,
tent with a Fe XXVI edge with can be seen in the
! Desperately need
more and longer XMM observations
residuals (fig. 12). The
10
C is 15.7 and the
1.4
10
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−3

−4

high-z QSOs

UFOs/outflows/winds in AGNs622
& QSOs:
Possible models
S. A. Sim et al.
Radiatively driven accretion disc winds

Sim et al., ’08, ’10ab

…and/or…

computedet
for different
Murray etFigure
al.12. Sample
95,spectra
Proga
al. viewing
00 angle bins (left- to right-hand side) for models with differing mass-loss rates (top to bo

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
et
al.
03qualitatively similar to those observed in some
Such profiles are
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.
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 by outflowing material has been discussed a

Most important open issues: need a complete census on:
" Nw (cm-2)

Fundamental to:

" Location (R, DeltaR)

i)

PHYSICS of accelerated and accreted flows (winds?, blobs?,
acceleration mechanism? etc.)

ii)

COSMOLOGY: i.e. estimate the mass outflow rate, thus the impact
of AGN outflows on ISM and IGM enrichment and heating!

" Ionization state (ξ)
" Velocity
" Covering factor
" Frequency in AGNs
" Density

WA Location and feedback budget:
NGC3783: ~25pc (Gabel+05); NGC4151: ~0.1 pc (Crenshaw & Kraemer 09); NGC5548 <
7pc (Kraemer+09); Mrk279 < 29 pc (Ebrero, EC+10); NGC3516: 0.2 pc (Netzer+02);
NGC 4051 0.5-3 l.d. 1-3pc (Krongold+07, Steenbrugge+09); Mrk 509: >0.04 pc (Ebrero
+11; Detmers+11; Kaastra,+11)
UFOs:
Sample of AGN and QSOs: few 100s to 1000s Rs (Tombesi+11,
Reeves+, Chartas+, Gofford+)

Distance, Filling & covering factors often
unknown in particular in high-z QSOs !!!

Outflow rate:

M out ≈ M acc , εw ≈ a few %

Kinetic energy:

WAs seem to be energetically unimportant, unlike UFOs
Current estimates go from: dM/dt (∝Lkin) few % to several % dMacc/dt (∝Ledd∝Lbol)

€

This is a fundamental (and still open) issue

Elvis et al. ‘00, Creenshaw et al. ’03, King et al. ‘03, Chartas et al. ‘03, Yaqoob et al. ‘05, Blustin et al. ‘05, Risaliti et al. ’05, Krongold et al. ‘07

A&A 549, A51 (2013)
How WAs/UFOs compare/relate
to (low-z) 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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CO(1–0) emission at different velocities: −350 km s−1 (green contours), −100 km s−1 (magenta
C.
Feruglio Fig.
et al.:
NGC
6240
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
contours), with 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.
NGC6240 extended X−ray emission
shown by white
contours.
Thermal equilibrium plus shock model
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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.

The scenario where part of the CO gas lane is photoionized by

AGN and produces the Hα arc seems plausible with a mod+ see talks by the
est covering factor of f ∼ 0.1%, implying that the arc has a
filamentary structure with a thickness of a few parsecs.
On the other hand, we consider the possibility that the arc
Andy Ptak andcould
be a bow shock feature from interaction between the biconical outflow and dense gas in the host disk piled in the CO
Francoise Combes
gas lanes by the large-scale stellar bar. Assuming that the X-ray
c

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 vs , adopting a postshock temperature
Tps = (3/16)(µvs2 / kB ) (Lehnert et al. 1999), where µ is the mass
per particle (CO and HI) and kB the Boltzmann constant. For
the kT Figure
∼ 0.3
X-ray
temperature
measuredenvironment
at the arc,
18.keV
Schematic
drawing
of the complex circumnuclear
of the
−1
requiredNGC
vs 4151.
is ∼150
, which
is radius
much
higher
the local
(a) The km
inner s
few hundred
parsec
region;
(b) Thethan
3 kpc across
−1

Wang
et al. 2012a,b,c5.
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 co-formation of SBH and
young galaxies
How WAs/UFOs compare/relate to (high-z) colder molecular & ionized
gas outflows?
is required at a confidence level higher than 99.9%.
Theoretical models predict that starburst-driven winds cannot reach velocities higher than 600 km s−1 (Martin 2005;
Thacker et al. 2006), therefore the high velocities observed in the
[CII] wings of J1148+5251 strongly favor radiation pressure from
the quasar nucleus as the main driving mechanism of the outflow.
Quasar radiation pressure is favored, relative to SN-driven winds,
also based on energetics arguments, as discussed later on.

b)

ULIRG SDSSJ1 14816.64+525150.3 (z=6.42) – IRAM PdBI

Evidence of strong quasar feedback in the early Universe
reveals broad [CII] wings extending to about ±1300 km s−1 . These
are indicative of a powerful outflow, in analogy with the broad
wings that have been observed in the molecular and fine structure lines of local quasar host galaxies. The spectrum is fit1 with
a narrow (FWHM=345 km s−1 ) and a broad (FWHM=2030 km
s−1 ) Gaussian, as shown in Fig. 1, resulting into χ2red = 1.11. By
removing the broad component the χ2 increases from 195 to 229
(with 175 degrees of freedom), implying that the broad component
is required at a confidence level higher than 99.9%.
Theoretical models predict that starburst-driven winds cannot reach velocities higher than 600 km s−1 (Martin 2005;
Thacker et al. 2006), therefore the high velocities observed in the
[CII] wings of J1148+5251 strongly favor radiation pressure from
the quasar nucleus as the main driving mechanism of the outflow.
Quasar radiation pressure is favored, relative to SN-driven winds,
also based on energetics arguments, as discussed later on.
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3.2

Outflowing gas mass

The luminosity of the broad [CII] component allows us to infer a
lower limit of the outflowing atomic gas mass, using,
"!
"
!
0.7 L[CII] 1.4 10−4 1 + 2 e−91K/T + ncrit /n
Moutfl (atomic)
= 0.77
(1)
M"
L"
XC+
2 e−91K/T

(Hailey-Dunsheath et al. 2010), where XC+ is the C+ abundance
per hydrogen atom, T is the gas temperature, n is the gas density and ncrit is the critical density of the [CII]158µm transition
(∼ 3 × 103 cm−3 ). By assuming a density much higher than the
critical density, Eq. 1 gives a lower limit on the mass of atomic
gas. The quasar-driven outflows observed locally are characterized
by a wide range of densities, including both dense clumps and diffuse, low density gas (Aalto et al. 2012; Fischer et al. 2010, Cicone
et al. submit.), therefore our assumption on the gas density gives
a conservative lower limit on the outflowing gas mass. We assume
Figure 1. IRAM PdBI continuum-subtracted spectrum of the [CII]158µm a temperature of 200 K, however the dependence on the temperaline, redshifted to 256.172 GHz, in the host galaxy of the quasar ture
b) is weak (going from 100 K to 1000 K the implied gas mass
J1148+5152
extracted from
an aperture with a diameter of 4$$ , top, and is within 20% of the value obtained
3.2 Outflowing
gas mass
• at 200 K). Furthermore, we
6$$ , bottom. The spectrum has been resampled to a bin size of 85 km s−1 . assume a C+ abundance typical of PDRs,
i.e. XC+ = 1.4 × 10−4
≥ 3500
The luminosity of the broad [CII] component allows us to infer
−1 a
The red lines show a double Gaussian fit (FWHM=345 km s and (Savage & Sembach 1996), which is also conservative, since the
lower limit of the outflowing atomic gas mass, using,
FWHM=2030 km s−1 ) to the line profile, while the blue line shows the gas in the outflow is certainly, on average, at a higher state of
"!
"
!
ionization. The luminosity of the [CII] broad component is insum ofMthe
two Gaussian components.
0.7 L[CII] 1.4 10−4 1 + 2 e−91K/T + ncrit /n
outfl (atomic)
= 0.77
(1) ferred from the flux of this component in the spectrum extracted
M"
L"
XC+
2 e−91K/T
from an aperture of 6%% (F[CII] (broad) = 6.8 Jy km s−1 ), yielding
L[CII] (broad) = 7.3 ± 0.9 L" . We obtain a lower limit on the out(Hailey-Dunsheath et al. 2010), where XC+ is the C+ abundance
fully consistent
with
theTvalue
(4 mJy)nfrom
flowing atomic gas mass of
per hydrogen
atom,
is theexpected
gas temperature,
is thethe
gasbolometdensity and ncrit (Bertoldi
is the critical
of the
[CII]158µm
transition
ric observations
et al.density
2003a),
once
the frequency
range
Moutfl (atomic) -1
> 7 × 109 M"
(2)
(∼ 3 × 103 cm−3 ). By assuming a density much higher than the
L155 (2010)

[CII] 158 µm broad wings (FWHM~2000 km/s) + extension !

Maiolino et al. 2012

#
M
-1
Mout > 3500 M$ yr ; and Quasar driven outflow (not SB)
Figure 2. Map of the continuum-subtracted [CII] line narrow component
(a), −300 < v < +400 km s−1 , and of the [CII] line wings (b), −1300 <
v < −300 km s−1 and +500 < v < +1300 km s−1 . See text for details
on the continuum subtraction of the narrow component. The dashed circles
indicate the extraction apertures of the two spectra shown in Fig. 1. Levels
are in steps of 0.64 Jy km s−1 beam−1 (i.e. 3σ) in the narrow component
map (a) and in steps of 0.36 Jy km s−1 beam−1 (i.e. 1σ) in the broad wings
map (b). The beam of the observation is shown in the bottom-left corner. At
the redshift of the source 1%% corresponds to 5.5 kpc.

High-resolution CO
ULIRG Mrk231 - CO (resolved) mapObservation of z=6.42 Quasar
M

@>F&8G+B

~ 250-2200 M yr

3.3 Extension
of FWHM~700
the latter and the steep
shape of the thermal spectrum are taken
km/s,
out
$
critical
density,
Eq.
1
gives
a
lower
limit
on
the
mass
of
atomic
Fig. 2(a) shows the map of the [CII] narrow component integrated
into account.
We emphasize that this is a conservative lower limit on the total
gas. The quasar-driven outflows observed locally are characterized
within2 −300 < v < +400 km s−1 . Note that in this case we
Fig.
1a
shows
the
continuum-subtracted
spectrum,
extracted
mass of outflowing gas, not only because of the assumptions on the
by a wide range of$$ densities, including both dense clumps and difhave
subtracted a pseudo-continuum defined by the flux observed
from an
aperture of 4 (corresponding to a physical
11 kpc). physical properties of the outflowing atomic gas, but also because a
al. size
2010,ofCicone
at 400 < |v| < 800 km s−1 (resulting in a level of 5.6 mJy), to mini0.3fuse, low density gas (Aalto et al. 2012; Fischer et0.03
$$ significant fraction of the outflowing gas is likely in the molecular
Fig. 1b
shows
the spectrum
extracted
from
larger
aperture
of 6
et al.
submit.),
therefore our
assumption
onathe
gas density
gives
mize the contribution of the broad component. Fig. 2(b) shows the
that, although
noisier
spectrum,
recovers
residual form.
a conservative
lowerthan
limitthe
on former
the outflowing
gas mass.
We assume
map of the [CII] broad wings, where we have combined the blue
a temperature
of 200
however
theand
dependence
on extended
the temperaflux associated
with
the K,
beam
wings
with any
comZ=6.42
quasar
(−1300 < v < −300 km s−1 ) and red (+500 < v < +1300 km s−1 )
0.02
0.2ture is weak (going from 100 K to 1000 K the implied gas mass
wings to improve the signal-to-noise.
ponent.
Figure 2. Map of the continuum-subtracted [CII] line narrow
component
CO (resolved) map
is within 20% of the value obtained at 200 K). Furthermore, we
The
spectrum shows a clear narrow [CII]158µm emis- (a), −300 < v < +400 km s−1 , and of the [CII] line wings (b), −1300 <
assume a C+ abundance typical of PDRs, i.e. XC+ = 1.4 × 10−4
−1
−1
< −300
km s and
< vthe<spectrum
+1300 km
s . See
for details
V~250
that, although
Fig.+500
1 shows
resampled
intext
channels
ofkm/s
sion line,
which was already detected by previous
0.01 observations 1 vNote
0.1(Savage & Sembach 1996), which is also conservative, since the
2 The line core integration limits are asymmetric because the narrow comcontinuum
subtraction
offit
thewas
narrow
component.
dashedspeccircles
85on
kmthes−1
for sake of
clarity, the
performed
on theThe
unbinned
(Maiolino
et
al.
2005;
Walter
et
al.
2009).
However,
thanks
to
the
gas in the outflow is certainly, on average, at a higher state of
indicate
the any
extraction
apertures
of the two
spectra
shown in Fig. 1. Levels
trum
to avoid
fitting artifact
associated
with
the binning.
ponent is 10
slightly skewed towards positive velocities.
muchionization.
wider bandwidth
relativeoftothe
previous
data,component
our new spectrum
The luminosity
[CII] broad
is inare in steps of 0.64 Jy km s−1 beam−1 (i.e. 3σ) in the narrow component

•

Spatial Distribution
– Radius ~ 2 kpc
– Two peaks separated by 1.7 kpc
• Velocity Distribution
– CO line width of 280 km/s
– Dynamical mass within central
2 kpc:
~ 10
et al. 2003
0 extracted
map (a) and in steps of 0.36 Jy km s beam (i.e. 1σ)Bertoldi
in the broad wings
ferred from the flux of this component in the spectrum
0
map (b). The beam of the observation is shown in the bottom-left corner. At
from an aperture of 6 (F (broad) = 6.8 Jy km s ), yielding M_sun
Walter et al. 2004
the redshift of the source 1 corresponds to 5.5 kpc.
L (broad) = 7.3 ± 0.9 L . We obtain a lower limit on the out-1000 -500
0
500 1000
-1000 -500
0
500 1000
11
flowing atomic gas mass of
–Velocity
Total
bulge mass ~ 10 M_sun
Velocity [Km/s]
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3.3 Extension
M (atomic) > 7 × 10 M
(2)
M-sigma
prediction
Fig. 1. Continuum-subtracted spectrum of the <
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transition
in
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Feruglio et al. 2010

We emphasize that this is a conservative lower limit on the total
231.
spectrum
extracted
from a region
mass The
of outflowing
gas, notwas
only because
of the assumptions
on the

Fig. 2(a) shows the map of the [CII] narrow component integrated
2
withinthe
−300
< v size
< +400 km s−1 . Note that in this case we
twice
beam
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ULIRG F11119+3257 (z=0.19): Molecular outflow could have been energized by UFO

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

inner flow. Thus, the formation of thermal winds might be prevented

How WAs/UFOs compare/relate to binaries
winds
andwithjets?
if harder states
are associated
thick discs that, even if optically
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.

3. Several physical mechanisms can explain the properties of the
observed equatorial disc winds. Here the thermal winds scenario is sketched.
2
J. M. Miller et al.
H1743-322
disk-wind detectedpresence
in soft,
disc-dominated state
population of sources which are close to edge-on. Fig. 2 (left-hand
of the wind through the detection of weak ionized emission
In soft states, associated with geometrically thin discs, the central source
panel) shows the HLD of all the high-inclination LMXBs and
lines.
3.
ANALYSIS
RESULTS
does
probablyAND
illuminate
the outer disc and thus it might heat it, increasing
reports the measured Fe XXVI absorption-line EW. These sources
Is it theoretically plausible for the disc winds to have a strong
the thermal
pressure
that
thenestimates
drives away
wind, which is flattened above
Theforcentral
in this
paper
require
of athe
show clear evidence for a high-ionization disc wind (v out ∼
angular dependence? IndirectFeXXV
evidence
an angular
dependence
andquestions
FeXXVI
are
variable,
102.5−3.5 km s−1 ) during all 30 observations in the soft state.1
of the wind in GBH was alreadyionizing
inferred fromflux
the lack
of emission
and
column
densityonly
in each
observation ofsources
H
the
disc. Thus,
in high-inclination
our line of sight to the
On the other hand, whenever these sources are observed in the
lines associated with the X-ray
absorption
lines (Lee
et al.~300-670
2002;
and
have
Vout
km/s
1743−322.
This
can
be
done
through
photoionization
modelhard X-ray state, they show only upper limits. We, in fact, observe
Miller et al. 2006b). This suggests that the wind subtendscentral
a small source crosses the wind, allowing us to detect it. In hard states, a
a simpler
and
more direct
approach
is tothin
measure
stringent upper limits for 16 out of 17 observations and just one
fraction of 4π sr. Moreover, discing,
wind but
models
and magnetohydrogeometrically
thick
and optically
coronathe
and the jet are present, while no
detection of a weak wind quasi-contemporaneous with a weak jet
dynamic simulations predict a equivalent
strong angular dependence
ofabsorption
the
width of
lines
since
EW
∝
N
when
the publication 2012 April 4:
wind
is
observed.
[Correction
added
after
online
(Lee et al. 2002; Neilsen & Lee 2009). This demonstrates that for
wind (Begelman et al. 1983a,b;absorbing
Melia et al. 1991;
gas 1992;
is onWoods
the linear part of the curve of growth.
variability
similar to UFOs
figure
colours
fixed]
this set of sources, the presence of the disc wind is deeply linked to
et al. 1996; Proga et al. 2002; Luketic Ionization,
et al. 2010). In fact,
if theNh,
ratio

1

1.2

Ponti et al., 2011

the source state. In particular, the wind is present during spectrally
disc wind is produced by X-ray irradiation (i.e. Compton heating,
3.1. inThe
Spectral
Continuum in the 2010 Low/Hard State
soft states, when the jet emission is strongly quenched.
line driving), it is expected to be stronger
edge-on
sources simply
The right-hand panel of Fig. 2 shows the HLD for the nonbecause once the material is lifted from the disc, it will experiWe fit the combined first-order Chandra/HEG and
dipping LMXBs, GX 339-4, XTE J1817−330, 4U 1957+115, XTE
ence an asymmetric push from the radiation field of the central
RXTE/PCA
spectra
J1650−500 and GRS 1758−258, which have accretion discs which
source. Flattened disc winds have also been assumed
to explainof
the H 1743−322 jointly. The HEG spectrum
was
fit
was
limited
are inclined more face-on to the observer. None of these source has
winds of broad absorption-line QSO and other AGN outflows (e.g. to the 1.2–9.0 keV band, owing to
a detection of a highly ionized wind in any state. Several spectra
Emmering et al. 1992; Murray etcalibration
al. 1995; Elvis 2000).
uncertainties and poor signal on either side of this
have a signal-to-noise ratio good enough to measure upper limits
range.
The
PCA spectrum was fit in the 3.0–30.0 keV band,
as small as a few eV, even during the soft state. For this reason, we
4
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AT
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N
E
F
F
E
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T
S
again
owing
to calibration uncertainties on either side. In the
confidently state that these sources do not present the signatures of
5.5
6.5
7
7.5
8
highly ionized
Fe K winds.2 6
a simple
constant was allowed to float between the
The strong connection betweenjoint
winds fits,
and source
states requires
Energy (keV)
This difference in behaviour can be easily understood
if both the
an explanation. Ueda et al. (2010),
during oscillating
X-rayfor
states
spectra
to account
differences in the flux calibrations.
high- and Flow-inclination
sources
have
the
same
wind
present
in
of
GRS
1915+105,
observe
the
ionization
parameter
of
the
wind
IG . 1.— The figure above shows the line spectra from two ChanA
fit
with
a
simple
absorbed power-law model with Γ =
soft states and absent in the hard states, but the wind is concentrated

0.8

Large velocities (wrt mass) too

0.6

Miller et al., 2006, 2012

See talk
by Ponti

In Figure 2 we show the observed 5 ks spectrum of HS 0810+2554 with the detected high-energy
absorption lines. We also show simulated spectra of the proposed 100 ks Chandra, and a 40 ks flarefree portion of the XMM-Newton observations of HS 0810+2554. The proposed observations will
result in robust detections of the X-ray absorption lines in both missions. Because of the ∼120
lensing magnification of HS 0810+2554, the proposed observations will provide the
largest
S/N X-ray
of any
observedon
quasar
showing
X-ray HS0810
BALs at a(z=1.5)
redshift
Chandra
(+XMM)
AO15spectra
approved
proposal
lensed
QSO/Sey
near the peak of the galaxy merger number density and cosmic AGN activity.

Future: i) Longer exposures with existing instruments
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Figure 2: (a) Observed 5 ks Chandra spectrum, (b) simulated 100 ks Chandra ACIS-S3 spectrum,
and (c) simulated 40 ks EPIC pn, and MOS1,2 spectra of HS 0810+2554 with best-fit models.

Chartas et al., 2013

10

(c) Study the short and long-term variability of the X-ray outflow and the correlation of X-ray wind properties to the X-ray and rest-frame UV spectral properties.
The black hole mass of HS 0810+2554 is found to be 4.2 × 108 M" based on the widths of the
Hα and Hβ lines (Assef et al. 2011). Based on this black hole mass estimate we expect variability
3
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Fig. 7. Best-fit equivalent width of an iron 1s–2p absorption line for the
resent spectrum taken with the HEG. The lower x-axis corresponds to
et an
al,Fe2013
heKaastra
blueshift of
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ny evidence for ultra-fast outflows in the Fe-K band (Ponti et al.
2013).
We have tested the presence of absorption lines from highly
onised iron ions in the present HETGS data by adding to
our best-fit continuum model discussed before absorption from
Fe xxv at various redshifts. We have frozen the velocity broadning to 1000 km s−1 for this exercise, to avoid line saturation
al. 2012 narrow compared to the instrumenwhileLanzuisi
still beingetmoderately
al resolution of the HEG grating at these energies. Our nominal
Figure
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Future: ii) Longer exposures and multiwavelength campaigns with existing instruments
Kaastra, Kriss, MC, et al., 2014, Science

The 2013/14 Campaign
Chandra
INTEGRAL
NuSTAR
SWIFT
HST/COS
XMM

uirements need to be
N that fulfils all re-

L/LEDD and L are

Swift
−40

XMM−Newton

HST/COS

−20
0
20
time relative to first XMM−Newton observation (days)

40

Fig. 1: Proposed observing schedule. At time zero the core campaign
starts (40 days), with 12×50 ks XMM-Newton observations at days 0,

Future: ii) Longer exposures and multiwavelength campaigns with existing instruments

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

Simultaneous HST/COS

Fig. S1.

PN spectra

Archival Observations
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1) 24/12/2000
2) 09/07/2001
3) 12/07/2001
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New Monitoring Campaign
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BAL!

4) 22/06/2013
5) 30/06/2013
6) 07/07/2013
7) 11/07/2013
8) 15/07/2013
9) 19/07/2013
10) 21/07/2013

11) 23/07/2013
12) 25/07/2013
13) 27/07/2013
14) 29/07/2013
15) 31/07/2013
16) 20/12/2013
17) 04/02/2014
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10
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.

! Best detailed measurements possible only with multi-ni campaigns

Future: ii) Longer exposures and multiwavelength campaigns with existing instruments
Location
(n sensitive lines + Trec prop. 1/n)
+ velocity
(up to 5000 km/s)
+ partial covering
(30-80%)
+ variability
(within 2 days)
+ long-lasting event
(>2.5 years)
! Best consistent with origin in
accretion disc wind
(w.r.t distant clumpy torus or small
BLR clouds)

Fig. 4. Cartoon of the central region of NGC 5548 (not to scale). Thel.o.s
disk around the black
(BH) emits X-ray, UV, optical and IR continuum and is surrounded by a dusty torus. The c
lines indicate the outflow of gas along the magnetic field lines of an accretion disk wind. T
obscurer consists of a mixture of ionized gas with embedded colder, denser parts and is clo
the inner UV broad emission line region (BLR). The narrow line region (NLR) and the pers
warm absorber (WA) are farther out.

! Our new “vision”:

Future: iii) ASTRO-H
Measure amount/characterisation of absorption in winds/outflows
SXS ! Detect absorption features/lines
SXS ! Direct measure of partial covering, and line profiles?
First probes of absorption line profiles (P-Cygni?)

Probe of flow dynamics on short time-scales
3C 120 Astro−H 100ks (v_turb=1000km/s, Feb 2006)
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3C 111 Astro−H 100ks (v_turb=1000km/s, Sep 2010)
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Simulations by F. Tombesi

Future: iv) Athena: 1. accretion disc wind characterization/formation

See talk by
Ponti

Quasar PDS456 (z=0.18)
Warm and hot
fast outflow (vout~0.2c)
ΔT<50 ks
Based on simulations by V. Braito
and J. Reeves
Only X-rays probe the highest energy outflows, need X-IFU with high effective area to probe fast
outflows on the wind launching regions (few tens ks)

MC et al., ‘13, Athena+ SP, ArXiv

Future: iv) Athena: 2. Impact of winds, radiation and SF into host galaxy
Fig. 2.— Same as Fig 1, but for a two-phase ISM with spherically distributed clouds (Run B).

Fig. 3.— Same as Fig 1, but for a two-phase ISM with clouds distributed in a quasi-Keplerian dis (Run C).

Wagner et al. 2013

galactic plane and central BH by the turbulent, rampressure dominated back-flow in the bubble. The results
of this run are similar to those of the simulations by SB07
and Gaibler et al. (2012) for AGN jets interacting with
a dense galactic disc.
Runs B and C demonstrate that the feedback on the
warm phase of the ISM depends strongly on the spatial distribution of clouds. In all runs, however, the
UFO-blown bubble remains in the energy-driven regime,
despite radiative cooling in the clouds. This is consistent with the predictions of recent analytic models by
Faucher-Giguère & Quataert (2012), which also justify
our neglect of inverse-Compton cooling.
In the following, we use the four quantities to measure
the efficiency of feedback by the UFO: the mean radial
velocity, the velocity dispersion, the mechanical advantage, and the kinetic energy of the clouds.
We define the density-weighted mean
P radial outflow
P velocity of the warm phase, hvr,w i =
w ⇢w v ·r̂/
w ⇢w
(Wagner & Bicknell 2011). The evolution of this quantity
and its outward only (positive) component are plotted

together with the total velocity dispersion, tot , and the
(45 ) line-of-sight velocity dispersion, los,45 , as a function of time in Fig. 4 a). We see that for the case of a
bulge-like cloud distribution (run B), the velocities of the
warm phase reach several 100 km s 1 , and keep increasing for the duration of the simulation. At late stages of
the evolution, the clouds are predominantly accelerated
outward (hvr,w i ⇡ hvr,w,out i), although their radial speed
never quite reaches the escape velocity of this system,
which is ⇠ 450 km s 1 at 0.5 kpc. The velocity dispersions, however, reach values beyond those predicted by
the M – relation, which for the simulated galaxy using
the relations by Graham (2012) and a black hole mass of
6 ⇥ 107 M is ⇠ 170 km s 1 . The values of hvr,w i and
are comparable to those found in analogous simulations
of AGN jet feedback (c.f. WBU12).
In run C, the feedback in terms of radially outward directed cloud acceleration and cloud velocity dispersions
is noticeably less efficient. The radial outflow velocity
peaks early (after 50 kyr) as bulk cloud material is pushed
out of the galactic disc and then drops throughout the

See talk by
A. Ptak
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1
Energy (keV)

10

10

0.5

0.5

1

2
Energy (keV)

5

Fig. 3 shows that Athena+/WFI has the capacity to identify evidence for outflows in the spectra of AGN and provide
rough
estimatesiv)
of their
properties (e.g.
density, ionisation
and even
velocities
winds
at the extremes of
Future:
Athena:
3. column
Will detect
WAsstate
and
UFOs
upforto
z~2-3
the parameter space, Fig. 3-right). Follow-up spectroscopy with Athena+/X-IFU of targets selected in Athena+/WFI
surveys will set tight constraints on the outflow velocities of material over a range of ionisation states and column
densities. A dedicated follow-up program of 5Ms with X-IFU will estimate the wind parameters of hundreds of AGN
close to the knee (L*) of the X-ray luminosity function, which dominate the growth of black holes at z~1-4. These
where the cosmic peak of AGN/SF is
observations, combined with knowledge accumulated from nearby systems (Cappi, Done et al., 2013, Athena+
Support Paper), will determine the incidence, nature and energetics of AGN outflows for large AGN samples out to
z~4. This is key to test AGN/galaxy co-evolution scenarios that postulate AGN winds for regulating star-formation.

See talks by
Carrera+Aird

Fig. 3: Power of Athena+/WFI for the identification of AGN outflows: LEFT: AGN LX-z plane over which Athena+/WFI
spectroscopy can identify and measure mildly ionized outflows (warm absorbers). A warm absorber model with ionisation
logξ=2.5, hydrogen column density NH=5×1022cm-2 and AGN power-law index Γ=1.9 is simulated at different redshifts and 210keV X-ray luminosities assuming a 100ks Athena+/WFI exposure. For simulated AGN spectra in the green-shaded region the
Georgakakis et al., ‘13, Athena+ SP, ArXiv
ionised (warm) absorption is preferred (30 times more likely) over cold absorption as the model that describes the observed
spectrum. The cyan shaded region shows the LX-z plane over which Athena+/WFI 100ks spectra will in addition measure the
parameters of the mildly ionised material (ξ, NH) with accuracy better than 30%. These objects can then be targeted by
Athena+/X-IFU to measure the velocities and energetics of the outflows. The dashed curve plots the knee (L*) of the X-ray
luminosity function (PLE model of Aird et al. 2010). AGN of that luminosity produce most of the accretion density at any given

Summary
" General framework/importance
⇒ Recognized importance of UFOs
(to AGN feedback AND wind/outflows/
jets physics)
" Critical/remaining open Issues for UFOs/
winds
⇒
⇒
⇒

Acceleration mechanism?
Covering & filling factor in high-z
QSOs ?
How/where energy released in ISM?

" How they relate/compare to
⇒
⇒
⇒

WAs?
Cold molecular outflows in QSOs,
ULIRGs, high-z QSOs?
Accretion/state/jet formation/wind
quenching?

" Future?
⇒

Multi-freq. massive campaigns, Astro-H,
Athena

Thank you very much
for your attention

