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1. Current framework

i. AGN feedback

ii. From low-v to high-v X-ray winds

2. Highlights on recent results

i. X-ray + UV (fast) absorber

ii. X-ray fast outflows linked to 

molecular outflows?

iii. Direct measurement of Cf

iv. High-z QSOs, none featureless….

v. Comparison with binaries states?

Outline

Main Collaborators:  F. Tombesi, M.Giustini, M. Dadina, J. Kaastra, J. Reeves, G. Chartas, M. 

Gaspari, C. Vignali, J. Gofford, G. Lanzuisi, B. DeMarco, J. Kriss, G. Ponti, V. Braito

Highlights on massive winds from AGNs



~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: Co-evolution of AGN and galaxies

AGN Feedback !Mbh-σ relation, AGN-gal coevolution,

L-Tx relations, Heating cooling flow 



   

Lacc = h Macc( )
·

c2

3C 273

e.g. Ciotti & Ostriker 2001

Able to quench the star formation and the cooling flow at the center of elliptical galaxies

But it is not enough to reproduce the MBH- relation

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

Ishibashi & Fabian 2015

e.g., Ciotti et al. 2009

2. mechanical/kinetic feedback:

i. mass outflows from collimated, radiatively bright, relativistic 

radio JETS:

i. mass outflows from wide angle, radiatively dark, massive 

WINDS/outflows

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

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

e.g., Silk & Rees 1998

e.g., Begelman 2003

Framework: Three major feedback mechanisms between the SMBH and its environment

3C 273

1. radiative feedback:

Light

Jets

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



…known/seen in AGNs since long ago

M87 - Jet

Jets in radio-loud AGNs

The “classic” view of winds/outflows: Fast winds/outflows/ejecta in AGNs 

Tadhunter & Tsvetanov, 

Nature, ‘89; 

Wilson & Tsvetanov, ‘94

Cappi et al. ’95

Morse et al. ‘98

Wide-angle winds & jets in Sey gal.
Sey2 NGC5252

OIII cones

Fast (v up to ~ 50000 km/s) 

winds in (B/N)AL QSOs

(~ 40-50% of all QSOs)

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

+ Fischer+ ’10, ‘13, ‘15



Fabian, et al. ’94

Otani, ’95, PhD

Reynolds et al. '97

Georges et al. '97

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

  Clear now that ~50% of all Seyferts and QSOs present multiple ionization & kinetic 

components (from Optical, UV and soft X) of outflows/winds with v~100-1000 km/s 

  Typically energetically unimportant for feedback i.e. Blustin et al. 2005, but see Crenshaw & Kraemer, 2012

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

Seyfert galaxies:

QSOs: XMM… R. G. Detmers et al.: Multiwavelength campaign on Mrk 509

Fig. 1. Fluxed stacked RGS spectrum in the 7–38 Å range. The strongest
lines are indicated and the O ISM edge can be clearly seen around

23 Å.

SPEX 2.03.001 spectral fitting package to fit the spectrum. We
updated the wavelengths of some important transitions for our
study (see Appendix A).

We constructed the spectral energy distribution (SED) for
Mrk 509, using the EPIC-pn and OM data to obtain the neces-
sary flux points for the XMM-Newton observations and extend-
ing it with other data. This SED is an average of the Mrk 509
SED during the time of observations (roughly two months time).
The full procedure on how the SED was derived can be found
in Kaastra et al. (2011b). The ionization balance calculations
needed for our spectral modeling (the xabs components, see
Sect. 3.2) were based on this SED and performed using version
C08.00 of Cloudy2 (Ferland et al. 1998) with Lodders & Palme
(2009) abundances.

2.3.Spectralmodels

The unprecedented quality of the spectrum requires a rather
complex spectral model to be described accurately. We describe
each component in more detail in separate sections, but we give
a short overview of the total model here.

We model the continuum with a spline (see Fig. 2). The main
reason for doing so is that a spline can accurately describe the
(complex) continuum shape without having to make any physi-
cal assumptions about the origin of the shape of the continuum
(powerlaw, blackbody, Comptonization, or reflection, for exam-
ple). We use a redshift z = 0.03450, which combines the cos-
mological redshift (Huchra et al. 1993) with the orbital veloc-
ity of the Earth around the Sun, which is not corrected for in
the standard XMM-Newton analysis (see Kaastra et al. 2011b).
Galactic absorption (NH = 4.44× 1024 m−2, Murphy et al. 1996)
is also taken into account. We use three distinct phases for the
Galactic ISM absorption, a neutral (kT = 0.5 eV) phase, a warm
(kT = 4.5 eV) slightly ionized phase, and a hot (kT = 140 eV)
highly ionized phase (Pinto et al. 2010). Additionally we model
the neutral oxygen and iron edges of the ISM by including a
dusty component. Details about the Galactic foreground absorp-
tion are given by Pinto et al. (in prep.).

1 See ht t p: / / www. sr on. nl / spex
2 ht t p: / / www. nubl ado. or g/

Fig. 2. Unabsorbed spline continuum model used for the Mrk 509 ob-
servations.

Table 1. Spline continuum parameters.

Wavelength Flux

(Å) (photons m−2 s−1 Å−1)

5.00 0
5.95 0.7 ± 0.6
7.07 13.95 ± 0.09
8.41 14.28 ± 0.06
10.00 15.10 ± 0.04
11.89 15.92 ± 0.09
14.14 17.27 ± 0.09
16.82 19.36 ± 0.16
20.00 21.31 ± 0.11
23.78 25.15 ± 0.08
28.28 27.83 ± 0.11
33.64 33.62 ± 0.19
40.00 9.80 ± 0.18

The ionized outflow is modeled with three different mod-
els, each with multiple (two or three) velocity components to
account for the separate outflow velocities observed. All mod-
els take a wide range of ionization states into account. These
models are described in more detail in Sect. 3.2. We also in-
cluded eleven broad and narrow emission lines, which are mod-
eled with a Gaussian line profile. Radiative recombination con-
tinua (RRCs) are also included using an ad-hoc model that takes
the characteristic shape of these features into account.

3. Spectral analysis

3.1.Continuum,localabsorption,andemissionfeatures

The continuum is modeled with a spline with a logarithmic spac-

ing of 0.075 between 5 and 40 Å. We show the spline model in
Fig. 2 and in Table 1. The continuum is smooth, so the spline
does not mimic any broad line emission features. The softening
of the spectrum at longer wavelengths can be seen clearly.

The neutral Galactic absorption is responsible for the narrow

O (23.5 Å) and N (31.3 Å) absorption lines. To fit the Galactic
O absorption line we add a slightly ionized component with a
temperature of 4.5 eV and with a column density that is 4% of
the cold, neutral gas (Pinto et al., in prep.). To properly model the
O edge, we take the effects of depletion into dust into account.

A38, page 3 of 17

Porquet et al. 2004; Piconcelli et al. 2005

Kaastra et al. 2011, Detmers et al. 2011

Mrk 509  RGS:  600 ks



Absorbers variability on timescales 1000-10000s 

Risaliti et al. 2005

NGC1365

N.B: Variability allows to place robust

limits on location, mass, etc.
(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.)

The “new” X-ray view: Not (only) a static WA but also variable Ultra Fast Outflows (UFOs)

Reeves et al. ’10, ’13, ‘15



•11/44 objects with outflow

velocity >0.1c (≈25%)

• Blue-shift velocity distribution

~0-0.3c, peak ~0.1c 

• Average outflow velocity

0.110±0.004 c

The “new” X-ray view: (Not only WAs but) UFOs in ~30-40% of AGN & QSOs

XMM-Newton sample of nearby AGNs (Seyferts)

Suzaku sample of AGNs (Sey+RGs+RQQs)

Tombesi, MC, et al. 2010, 2011 (A&A, 521, 57; ApJ, 742, 44)

Gofford et al. 2012

Blueshift (v/c)Log Nh (cm-2) Log ξ (erg s-1 cm)

Global parameters of  UFOs 

 UFO detected in >40% of  the sources, large covering fraction ~0.5 

 Spectral variability on time-scales even of  ~days, compact absorbers 

 Mildly-relativistic outflow velocities, distribution ~0.03-0.3c, with mean ~0.1c 

 Highly ionized, log ~2.5-6 erg s-1cm, with mean ~4.2 erg s-1cm 

 Large column densities, N
H

~1022-1024cm-2, with mean ~1023cm-2 

   

Outflow velocity Ionization Column density 

(Tombesi et al. 2011a) 

Velocity (v/c) Log( ) Log(NH) 
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Global parameters of  UFOs 

 UFO detected in >40% of  the sources, large covering fraction ~0.5 

 Spectral variability on time-scales even of  ~days, compact absorbers 

 Mildly-relativistic outflow velocities, distribution ~0.03-0.3c, with mean ~0.1c 

 Highly ionized, log ~2.5-6 erg s-1cm, with mean ~4.2 erg s-1cm 

 Large column densities, N
H

~1022-1024cm-2, with mean ~1023cm-2 

   

Outflow velocity Ionization Column density 

(Tombesi et al. 2011a) 

Velocity (v/c) Log( ) Log(NH) 

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)

Several Press releases 

in ‘10, ‘12 and ‘13

(also NASA 

and ESA in 2012)

 UFOs kinetic energy >1% of Lbol

 Feedback (potentially) effective!

Tombesi, MC et al., ‘12b, ‘13

Unifying X-ray winds in Seyfert galaxies 15

F igur e 6. Outflow kinet ic power with respect to the bolomet ric

luminosity. T he points correspond to the WAs (red open circles),

non-UFOs (green fi l led t r iangles) and UFOs (blue fi l led circles),

respect ively. T he error bars indicate the upper and lower limit s

and the points are the average between the two. T he t ransverse

lines indicate the rat ios between the outflow mechanical power

and bolomet r ic luminosity of 100% (solid), 5% (dashed) and 0.5%

(dot ted), respect ively.

evident from Fig. 6, the UFOs have indeed a mechanical

power clearly higher than 0.5% of the bolomet ric luminos-

ity, with the majority of the values around ∼5%. However,

we should note that , as recent ly reported by Crenshaw &

K raemer (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 part icular the

UFOs, are clearly the most promising candidates to signif-

icant ly cont ribute to the AGN feedback besides radio jets

(e.g., Fabian 2012).

Theoret ically, feedback from AGN outflows has been

demonst rated to clearly influence the bulge star format ion

and SMBH growth and possibly also to cont ribute to the

establishment of the observed SMBH-host galaxy relat ions,

such as the M B H –σ (e.g., K ing 2010a; Ost riker et al. 2010;

Power et al. 2011; Zubovas & K ing 2012; Faucher-Giguère

& Quataert 2012). Similar and possibly even more massive

and/ or energet ic outflows might have influenced also the for-

mat ion of st ructures and galaxy evolut ion through feedback

at higher redshift s, close to the peak of the quasar act ivity at

z ∼ 2 (Silk & Rees 1998; Scannapieco & Oh 2004; Hopkins

mass outflow rate at > 100pc (> 108 r s) scales, possibly sug-

gest ing some ent rainment 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

locat ions. These evidences are roughly consistent with the

relat ions reported in Fig. 4 of Faucher-Giguère & Quataert

(2012), who performed a detailed study of the interact ion

of AGN winds with the surrounding environment and the

different regimes of momentum/ energy conservat ion as the

result ing shocked material propagates to large distances.

Observat ionally, we note that evidences for AGN feed-

back act ivity driven by outflows/ jets improved significant ly

in recent years but there are st ill significant uncertain-

t ies, especially regarding the link between the observed

phenomenologies at small (∼pc) and large (∼kpc) scales.

Promising result s on this line have been recent ly reported

for a few Seyfert galaxies, with the detect ion of bubbles,

shocks and jet / cloud interact ion, some being also part of our

sample (e.g., Wang et al. 2010; Pounds & Vaughan 2011).

6 CON C L U SI ON S

In order to invest igate the possible relat ions between the

ult ra-fast outflows (UFOs), mainly detected in the Fe K

band through Fe XXV/ XXVI absorpt ion lines, and the soft

X-ray warm absorbers (WAs) we performed a literature

search for papers report ing 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 fract ion of sources with reported WAs is > 60%,

consistent with previousstudies. The fract ion of sources with

UFOs is > 34%, > 67% of which showing also WAs.

• We reported the main observed WA parameters, such

as ionizat ion, column density and outflow velocity. Then,

from these values, we est imated 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 t ime, to est imate significant correlat ions among them.

We find that the closer the absorber to the black hole, the

higher the ionizat ion, column density, velocity and therefore

the mechanical power. In part icular, in the innermost part

of the flow, at distances of log(r / r s) 1, we find that the

material can be mildly Compton-thick, NH ∼ 1024 cm− 2 ,
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Sample: 15 UV *AL QSOs with 32 XMM exposures

Giustini, MC, et al. 2012

on time scales of years

t=4 yrs
t=6 months

t=3 days

on time scales of months

on time scales of days

t=10 ks

on time scales of hours

The “new” X-ray view: Variability in (nearby) PG QSOs 



Sim et al., ’08, ’10ab

UFOs/outflows/winds in AGNs & QSOs: Possible models

Fukumura, et al. 2010

Kazanas et al. 2012

Murray et al. ‘95, 

Radiatively driven accretion disc winds

…and/or…

Magnetically driven winds from accretion disk

Emmering, Blandford & 
Shlosman, ’92;
Kato et al. ‘03

Proga et al. ’00; ‘10



Most important open issues: we need a better & complete census on:

 Nw (cm-2)

 Location (R, DeltaR)

 Ionization state ()

 Velocity

 Covering factor

 Frequency in AGNs

 Density

WAs seem to be energetically unimportant, unlike UFOs

Current estimates go from: dM/dt (Lkin) few %  to several % dMacc/dt (LeddLbol)
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

Fundamental to:

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! 

Outflow rate:

  

Mout » Macc, ew »  a few %

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+)

Kinetic energy:

Distance, Filling & covering factors often 

unknown in particular in high-z QSOs !!!



1st highlight: with a long and multiwavelength campaign on the Seyfert 1 galaxy NGC5548 

Kaastra, Kriss, MC, et al., 2014, Science

The 2013/14 Campaign

SWIFT

Chandra

INTEGRAL

NuSTAR

HST/COS

XMM

Why NGC 5548?

For a successful program several requirements need to be

met, and NGC 5548 is the only AGN that fulfils all re-

quirements:

1. Different from Mrk 509: MBH, L/ LEDD and L are

smaller compared to Mrk 509 by factors of 2, 5 and

10, respectively. It has a much weaker UV bump but

a much stronger soft X-ray excess.

2. X-ray bright : in the 2–10 keV band, NGC 5548 is one

of the ten brightest Seyfert 1 galaxies and on average

only 20% dimmer than Mrk 509. Its RGS spectrum

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,

giving excellent spectra in 50 ks exposures. NLS1s,

extensively studied by XMM-Newton, vary too fast

for time-resolved high-resolution spectroscopy.

4. Luminosity variations are large enough (typically

60% max/min) that the resulting spectral changes can

be measured by XMM-Newton/pn (see Fig. 4).

5. The column density of the outflow is 5× that of

Mrk 509, making detection of variability easier, but

no strong saturation, like in NGC 3783, occurs.

6. Long-term spectral variability (3–6 years) of the out-

flow has been observed both in UV (Crenshaw et al.

2009) and X-ray lines (Detmers et al. 2008).

7. Poorly observed by XMM-Newton due to low visi-

bility over the past several years, but increasing to

> 75ks per orbit in early 2013.

Observational strategy

NGC 5548 will be observed during 40 days using

12×50 ks XMM-Newton exposures with 2–8 days spac-

ing (Fig. 1), and 2×50 ks exposures half a year be-

fore or after. These observations are simultaneous with

HST/COS (this proposal, 12 orbits), Suzaku & IN-

TEGRAL (hard X-ray spectrum, to be proposed) and

ground-based optical observations. We request 41×1.5 ks

Swift observations (this proposal) allowing daily sam-

pling in X-ray and UV during the core 40 days, and addi-

tional monitoring starting 5 weeks before this core period.

Our observations are timely, because now simultaneous

XMM-Newton and HST/COS observations can be done,

flux monitoring on longer time scales is available (Swift),

and hard X-ray facilities are operational. We have already

an INTEGRAL proposal accepted on NGC 5548 for this

period. Finally, we developed methods (paper II & VIII)

showing that both RGS and pn can be used to trace even

very small variations in the outflow.

The outflow: structure and location

We follow the same strategy as for our successful Mrk 509

campaign. The first step is to determine accurately the ve-

−40 −20 0 20 40
time relative to first XMM−Newton observation (days)

Swift XMM−Newton HST/COS

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 obser-

vations 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 obser-

vations with 2 d spacing down to day -18and 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.

locity structure of the outflow using COS, and the AMD

using the time-averaged 600 ks RGS spectrum of the 12

core orbits, taken in the Multi-Pointing Mode to fill in

CCD gaps and to mitigate the effects of bad pixels (Pa-

per 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).

The contemporaneous OM photometry as well as

HST/COS are needed to get the SED for time-dependent

photoionisation modeling. Because the different contin-

uum components vary differently over time, we use dif-

ferent SEDs for each epoch. Using these SEDs, the cor-

responding ionising luminosities and the AMD shape de-

rived from RGS, we predict the expected spectral changes

in the pn band for a range of recombination time scales

(Fig. 4). From trec the density n and r = L/ nξ are

obtained directly (Fig. 5).

The Swift monitoring (UV, X-ray) starting five weeks

before yields the ionisation history to constrain trec on

time scales of a few months. Daily monitoring during the

core 40 d is needed to reconstruct the flux history accu-

rately (Fig. 3). The two isolated XMM-Newton obser-

vations ∼ 0.5 yr from the intense monitoring allow us to

measure the year-time scale. Variability on the longest

scales (up to 12 yr) is sampled by comparing with the

130 ks XMM-Newton observation of 2001 and the deep

(340 ks) Chandra/LETGS observation in 2002. Finally,

long archival X-ray lightcurves show we can expect in

20% of all 50 ks observations >20% flux differences be-

tween the 1st and 2nd half, enough to obtain some con-

straints on the ∼ 0.3 d time scale.

In the past, some attempts have been made to estimate

distances of the outflow in NGC 5548. Crenshaw et al.

(2009), from HST/STIS data, argue that most of the low-ξ

UV components have r>70 pc, but that part of the dom-

inant component (4a and 4b at −430 and −399 km s−1)

that is likely responsible for most of the X-ray absorption,

is at r<7 pc. We will use more sensitive (HST/COS) data

with a broad range of timescales (including archival data,

2



Kaastra, Kriss, MC, et al., 2014, Science
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XMM Observations of NGC5548 − PN spectra

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

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

Archival Observations

New Monitoring Campaign

BAL!

NAL

XMM-Newton Large Program (+ Nustar + Chandra) Simultaneous HST/COS

The “new” X-ray view: Absorber variability measured simultaneously in X-rays and UV!

 Best detailed measurements possible only with a multi-ni campaign



(One) Possible model: an accretion disc outflowing wind

 

Fig. 4. Cartoon of the central region of NGC 5548 (not to scale). The disk around the black hole 

(BH) emits X-ray, UV, optical and IR continuum and is surrounded by a dusty torus. The curved 

lines indicate the outflow of gas along the magnetic field lines of an accretion disk wind. The 

obscurer consists of a mixture of ionized gas with embedded colder, denser parts and is close to 

the inner UV broad emission line region (BLR). The narrow line region (NLR) and the persistent 

warm absorber (WA) are farther out. 

 

Absorber/obscurer velocity

(up to 5000 km/s)

+ variability

(within 2 days)

+ partial covering 

(30-80%)

+ long-lasting event 

(>2.5 years)

+ location

(n sensitive lines + Trec prop. 1/n)

+ poloidal

(inclination=30deg)

 Best consistent with origin in 

accretion disc wind (btw acting also 

as self-shielding gas)

(w.r.t distant torus or small BLR clouds)

N.B: Lkinetic (absorber+WA) still <0.5% Lbol in this source

Obscurer



Assassin’s Creed World Director Renaud Person

pdfcrowd.comopen in browser PRO version Are you a developer? Try out the HTML to PDF API

A nice cartoon movie to (strongly) support our press releases

https://www.youtube.com/watch?v=xzCEdSKMkdU
https://www.youtube.com/watch?v=xzCEdSKMkdU




2nd highlight: How WAs/UFOs compare/relate to (low-z) colder molecular/gas outflows?

Wang et al. 2012a,b,c

NGC4151
NGC6240

Feruglio et al. 2013

C. Feruglio et al.: Extended CO in NGC 6240

Fig. 6. The Chandra X-ray map of NGC 6240 in the energy range
0.3–4 keV. The circles indicate the regions where we extracted the X-ray
spectra. The region for the background extraction is outside the limits
of this map, at 2–5 arcmin from the nuclei.
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Fig. 7. Top panel: the top curve represents the background corrected
Chandra spectrum (uncorrected for the response of the instrument;
crosses denote spectral widths and amplitude uncertainties) extracted
at the position of Hα filaments (see Fig. 6), and fitted with a two-
temperature thermal equilibrium model (solid line). The lower curve
represents the background spectrum. Data, represented by crosses, have
been binned to give a signal-to-noise ratio >5 in each bin (for plotting
purposes only). Bottom panel: the data-to-model ratio (the green solid
line representing a ratio of unity), showing the residuals at about 1 keV,
1.4 keV, 1.8 keV, 2.2 keV, and 5 keV.

Based on this geometry, we can derive a mass loss rate by using
the relation:

Ṁ(H2) ∼ vΩ R2
of ρof = 3 v

Mof

Rof

where v is the terminal velocity of the outflow (∼400 km s−1).
This relation yields a mass loss rate of Ṁ ∼ 120 M /yr. The Hα,
H2, and CO(1–0) maps suggest that the outflow is most likely
conical. In this geometry, since the mass loss rate is independent
of Ω, the mass outflow rate would be equal to the spherical case
if there are no significant losses through the lateral sides of the
cone. As it is observed in other local massive outflows (Cicone
et al. 2012; Aalto et al. 2012), the outflowing gas is likely char-
acterized by a wide range of densities, ranging from low density
gas to dense clumps, which would increase the mass flow rate. In
addition, the mass flow rate would obviously be larger than our
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Thermal equilibrium plus shock model
NGC6240 extended X−ray emission

Fig. 8. The background-corrected Chandra spectrum (also corrected
for the response matrix of the instrument) extracted at the position
of the Hα filaments (see Fig. 6). Symbols are as in Fig. 7. Red dot-
ted histogram: thermal equilibrium model component; blue dashed his-
togram: shock model component.

previous estimates if α is significantly higher than 0.5. To date,
this is the lowest conversion factor measured in an extragalac-
tic object. This said, it is unlikely that the mass loss rate is less
than several tens M yr−1, and it is likely as big as a few hun-
dred M yr−1. The kinetic power of the outflowing gas is given
by the relation Pk = 0.5 v2 Ṁ = 6 × 1042 erg s−1. The age of the
outflow is >2× 107 years, since it is observed at about 7 kpc dis-
tance from the southern nucleus. The star formation rate at the
position of the eastern filament can be evaluated through both
the Hα luminosity and the X-ray luminosity (e.g. Kennicut 1998;
Ranalli et al. 2003). The 0.5–2 keV X-ray luminosity at the posi-
tion of the eastern filament is 0.5−1×1041 erg s−1, which accord-
ing to Ranalli et al. (2003) would imply a star formation rate of
10–20 M yr−1. This estimate is derived by assuming that all the
X-ray luminosity is due to star formation. In Sect. 4.2 we showed
that at least a fraction of the X-luminosity is due to a shock,
therefore the SFR derived from the X-ray is an upper limit.
This would suggest that the outflow is not pushed by SN winds.
Indeed, the power transferred to the ISM by a star formation-
driven wind is given by PSF = η× 7× 1041× S FR = 1042 erg s−1,
where η ∼ 0.1 is the standard mass-energy conversion (see e.g.
Lapi et al. 2005). We conclude that it is unlikely that the molec-
ular flow is powered by star formation. Instead, star formation in
this region is likely to be in the process of being quenched by the
outflow. However, we cannot exclude that star formation in this
area is induced by the compression caused by the propagating
shock.

We detected a redshifted component with velocity 400 to
800 km s−1 with respect to the systemic velocity (Fig. 2), cen-
tered on the two AGN nuclei. Interestingly this emitting region
is elongated in the same east-west direction as the blueshifted
emission discussed above, although on smaller scales (∼1.7 kpc
in diameter). We derive a CO luminosity for this component of
L (CO)= 3.0× 108 K km s−1 pc2, which converts into a gas mass
of M(H2) = 1.5 × 108 M , under the same assumptions as given
above for the CO-to-H2 conversion factor. The high velocity of
this component suggests that the AGN might contribute to the
dynamics of this gas (Sturm et al. 2011).

A51, page 7 of 8

+ Fischer et al.’13; Genzel et 

al. ’14; Harrison et al. ’15;

Brusa et al., 2015; Cresci et 

al. 2015, etc.) and molecular 

gas (Cicone et al.’15; Feruglio

et al. ’15, etc.)



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2nd highlight: 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

ULIRG F11119+3257 (z=0.19): 



See Nardini’s talk

3rd Highlight: Covering factor measured DIRECTLY from P-Cygni profile

Nardini, Reeves et al., Science ‘15

PDS456 (z=0.18)

Vout~0.3c and Ω>2π sr



4th Highlight: UFOs and/or FeK complex features seen also (no, always!) in lensed high-z QSOs 

Madau et al. ’96; Wall et al. ‘05 

QSO space density SFR space density

HS0810+554 (z=1.5)

Chartas et al. 2014

APM 08279+5255 (z=3.91) Chartas et al. 2009
Vout~0.2-0.76 c 



4th Highlight: UFOs seen also (actually always!?) in high-z QSOs 

Lanzuisi et al., ’12

(z=2.73) high-z RQ (NAL) QSO HS1700+6416

HS1700: The 4° high-z QSO to show variable, high-v, 

high-Xi absorbers, but the 1° non-lensed

N.B.: Would be very important also to confirm on other non-lensed, high-z QSOs

 Desperately need more and longer XMM observations on high-z QSOs

(z=2) PG1247+268

Another high-z UFO candidate?



Ponti et al., 2011

5th highlight: How WAs/UFOs compare/relate to binaries winds and jets?

H1743-322 disk-wind detected in soft, disc-dominated state

FeXXV and FeXXVI are variable, 

and have Vout~300-670 km/s

Miller et al., 2006, 2012

Ionization, Nh, variability similar to UFOs

Large velocities (wrt mass) too



5th highlight: How WAs/UFOs compare/relate to binaries winds and jets?

Fender and Gallo, arXiv:1407.3674v1



Summary

 General framework/importance 
 Recognized importance of  fast 
winds/outflows for both feedback and 
outflows physics

 Critical/remaining open Issues for 
UFOs/winds
 Acceleration mechanism?
 Covering & filling factor in high-z QSOs 

?
 How/how much/where energy released 

in ISM?

 5 highlights:
 X-ray + UV (deep) coverage
 X-ray fast outflows linked to molecular 

outflows?
 Direct measurement of Cf
 High-z QSOs, none featureless….
 Comparison with binaries states?



Thank you very much 

for your attention



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. UV absorption lines in the COS spectrum of NGC 5548. (A) The combined normalized 

spectra from summer 2013 have been binned for clarity. For the Si IV, C IV, and N V doublets, 

the red and blue profiles are registered relative to the respective red and blue wavelengths of the 

doublets. The smooth solid lines are fits to the broad absorption line profile with 1:1 ratio for the 

doublets. The dotted vertical lines show the locations of the narrow velocity components defined 

in (20), with an additional component 6 near 0 velocity. 

(B) Time variability of the equivalent width (EW) of the C IV and Si IV broad absorption 

troughs (including the 2014 measurement). Error bars are ±1 SD. 

(C) Equivalent widths of the C IV and Si IV broad absorption troughs, showing an anti-

correlation with the Swift soft X-ray flux (0.3−1.5 keV). Error bars are ±1 SD. 

  

UV HST (COS) XMM (EPIC)

Combining UV and X-ray spectral+timing information

Nh1

Cf1

AcompTT

Cf2

Nh2

Apow , !

MC+ ’15, to be sumittedKriss et al., ‘15, to be submitted


