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First unexpected “revolution” in extragal. astrophysics: not only most (all?)  

galaxies have SMBHs (MDOs) in their centers, these also correlate with bulge properties  

Kormendy & Richstone, 1995, ARA&A  

Framework: Co-evolution of galaxies 



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

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

Mbh~ б4 

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

Framework: Feedback in the co-evolution of galaxies 



! 

Lacc =" Macc( )
•

c 23C 273 

e.g. Ciotti & Ostriker 2001, Sazonov et al. 2005 

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-σ relation 

e.g., Ciotti et al. 2009 

 2. mechanical/kinetic feedback: mass outflows from  
collimated, radiatively bright, relativistic radio jets: 

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 

But jets involve only ~10% of AGN, and are highly collimated:  
low global impact for AGN with L/LEdd > 0.01  

e.g., Ciotti et al. 2009 

e.g., Silk & Rees 1998 
e.g., Begelman 2003 

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

3C 273 

3. mechanical/kinetic feedback: mass outflows from  
wide angle, radiatively dark, massive winds/outflows 

 1. radiative feedback: 



…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 BAL QSOs   

(~ 20-40% of all QSOs) 

Weymann et al., ’91; Reichards et al., ‘03 



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

50% of all Sey 1s exhibit WAs 

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 often multiple ionization & kinetic components 
(from Optical, UV and soft X): outflows with v~100-1000 km/s   

Blustin et al. 2004 

The “classic” X-ray view: Warm Absorbers in nearby AGNs  



Porquet et al. 2004 
Piconcelli et al. 2005  

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

WAs present in ~50% of PG QSOs contrary  
to older measurements of 5-10% 



iii) Magnetically driven winds from accretion disk 

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

Main interpretations: Three (main) AGN wind dynamical models 

i) Thermally driven winds from BLR or torus 

Balsara & Krolik, 93; Woods et al. ‘96 

i) ⇒ Large R, low v 
ii) and iii) ⇒ Low R and large v 

Murray et al. ‘95, Proga et al. ‘00 

ii) Radiative-driven wind from accretion disk 

…and/or… 



Observationally: most important (open) issues 

  Nw (cm-2) 

  Location (R, DeltaR) 

  Ionization state (ξ) 

  Velocity 

  Covering factor  

  Frequency in AGNs 

  Density 

WA seem to be energetically unimportant, even if current estimates have order of magnitude 
uncertainties, and go from: dM/dt (∝Lkin) few %  to several % dMacc/dt (∝Ledd) 

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?, 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,  #w "  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+) 

Kinetic energy: 
Filling & covering factors???? 

Location: Rmin; Rmax 



The “new” X-ray view: Blue-shifted absorption lines/edges – High-v, High-ξ  

PG1211+143 (z=0.08) v~0.1c  

      2         Energy (keV) 5            7           10                

New and unexpected results from Chandra and XMM-Newton observations 

Pounds et al. 2003a,b 

 massive, high velocity and highly ionized outflows in several RQ  AGNs/QSOs 
Mass outflow rate: comparable to Edd. Acc. rate (~M◉/yr); velocity ~0.1-0.2 c 

(If) interpreted as Kα resonant  

absorption by Fe XXV (6.70 keV)  

or FeXXVI (6.96 keV) 
Reeves et al. 2003 

PDS456 (z=0.18) v~0.1c 

     2        Energy (keV)  5          7         10                



•  Selection of all NLSy1, Sy1 and Sy2 in RXTE All-Sky Slew Survey 
Catalog (XSS; Revnivtsev et al. 2004) 

•  Cross-correlation with XMM-Newton Accepted Targets Catalog 

•  44 objects for 104 pointed XMM-Newton observations 

•  Local (z<0.1) 

•  X-ray bright (F4-10keV=10-11-10-10 erg s-1 cm-2) 

z distribution of sources 4-10 keV fluxes 

Large, ~complete, sample of the 44 sources  
(104 XMM obs.) among the X-ray brightest nearby RQAGNs 

Tombesi et al., ‘10, PhD Thesis 
Tombesi et al., ‘10a,b; ‘11a,b; ‘12 

The “new” X-ray view: Systematic sample analysis - searching for UFOs 



The “new” X-ray view: Systematic sample analysis - UFOs discovered in RQ AGN 

N4151 ic4329a n3783 ic4329a 

n3783 n3783 MCG8-11-11 n5548 

n3516 n3516 n3516 n4593 

“Scanning” 
technique 

+ 
Monte-Carlo 
significance 
for multiple 

trials 
+ 

Extensive 
studies of all 
systematics 



UFOs (Ultra-Fast Outflows) are confirmed and are quite common 

•  36 absorption lines detected in all 104 XMM 
observations 

•  Identified with FeXXV and FeXXVI K-shell 
resonant absorption 

•  19/44 objects with absorption lines (≈43%) 

•  17/44 objects with blue-shifted absorption 
lines (lower limit ≈39%, can reach a 
maximum of ≈60%) 

•  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 

Tombesi, MC, et al. 2010a 

(The UFO hunters’  
commander in chief) 

The “new” X-ray view: 



Data Interpretation: 

Sim et al., 2008 

Yes indeed…one expects (mostly/only) strong Fe line absorptions 
when accounting for proper wind geometries and physics 



Theoretical Interpretation(s): Still an open issue, but maybe not for long 

A “shield” of highly dense gas naturally arises in state-of-the-art 
hydrodynamical simulations of highly accreting AGN  

(Proga et al. 2000, 2004) 

UV Line Driving: effective if the wind is shielded against the 
central ionizing continuum (Murray et al. 1995)  

No need for shielding  
(e.g. Konigl & Kartje 1994, Everett 2005, Porth 

& Fendt 2009, Fukumura et al. 2010)  

Hybrid Models 

e.g. launched by magnetic pressure, accelerated 
by radiation pressure 

(Everett, Konigl & Kartje 2001)  

Magnetic driving 
Radiation driven 



L2 F. Tombesi et al.

In this Letter we will constrain the distance of UFOs from the
central supermassive black hole (SMBH), and we will also quan-
tify their energetics and mass content, which are crucial for the
understanding of their contribution to the overall energetic bud-
get of AGNs and possible feedback impact on the surrounding
environment. The analysis of the possible correlations among the
parameters and a comparison with the soft X-ray warm absorbers
is postponed to a successive Paper IV of this series.

2 LO C ATI O N A N D E N E R G E T I C S

We base our estimates using the outflow velocity, ionization param-
eter and column density of the Fe K absorbers reported in table 3
of Paper II. The sources and relative XMM–Newton observations
are reported in Table 1. There, we also list the estimated SMBH
masses and the absorption-corrected X-ray luminosities calculated
in the 2–10 keV and 1–1000 Rydberg (1 Rydberg = 13.6 eV; see
column 5).

An estimate of the maximum distance from the central source
can be derived from the definition of the ionization parame-
ter ξ = Lion/nr2 (Tarter et al. 1969). For compact absorbers
we obtain r ≤ rmax = Lion/ξNH. On the other hand, an esti-
mate of the minimum distance can be derived from the radius at
which the observed velocity corresponds to the escape velocity,
r ≥ rmin = 2 GMBH/v2

out. The derived values and errors are reported

Figure 1. Lower (filled circles) and upper limits (crosses) on the distance
of the Fe K absorbers from the central SMBH. The vertical line separates
the UFOs (left) and non-UFOs (right).

in Table 1 and Fig. 1. The average location of UFOs and non-UFOs
is between ∼0.0003 and 0.03 pc (∼ 102–104rs , rs = 2GMBH/c2)
and ∼0.03 and 0.3pc (∼104–105rs), respectively. Both of these
ranges are within, or comparable to, the typical location of the soft
X-ray warm absorbers, at ∼pc scales (Blustin et al. 2005; McKernan
et al. 2007). Therefore, this strongly suggests a direct identification

Table 1. Location and energetics of the Fe K absorbers.

Source logMBH XMM Obs logL a logrmin logrmax logṀmin
out logṀmax

out logĖmin
K logĖmax

K
(M$) (erg s−1) (cm) (cm) (g s−1) (g s−1) (erg s−1) (erg s−1)

UFOs

1 NGC 4151 7.1 ± 0.2b 0402660201 42.5/42.9 14.6 ± 0.2 <15.8 >23.2 24.4 ± 0.5 >41.9 43.1 ± 0.5
2 IC 4329A 8.1 ± 0.2c 0147440101 43.7/44.1 15.6 ± 0.2 <16.5 >24.2 25.0 ± 0.9 >42.8 43.6 ± 0.9
3 Mrk 509 8.1 ± 0.1b 0130720101 43.9/44.2 15.1 ± 0.1 <16.3 >24.4 25.7 ± 0.6 >43.5 44.8 ± 0.6
4 0306090201 44.0/44.4 15.3 ± 0.1 <16.6 >24.5 25.8 ± 1.0 >43.4 44.7 ± 1.0
5 0306090401 44.0/44.4 14.9 ± 0.1 <18.1 >23.5 26.8 ± 1.5 >42.8 46.1 ± 1.5
6 Ark 120 8.2 ± 0.1b 0147190101 44.0/44.5 14.8 ± 0.1 <17.9 >23.5 26.7 ± 1.3 >43.1 46.2 ± 1.3
7 Mrk 79 7.7 ± 0.1b 0400070201 43.4/43.9 15.3 ± 0.1 16.5 ± 0.4 24.7 ± 0.3 26.0 ± 0.2 43.3 ± 0.3 44.6 ± 0.2
8 NGC 4051 6.3 ± 0.4d 0109141401 41.5/42.3 14.7 ± 0.7 <15.9 >22.5 23.8 ± 1.6 >40.3 41.6 ± 1.7
9 0157560101 41.0/42.0 13.2 ± 0.2 16.2 ± 0.2 22.5 ± 0.2 25.5 ± 0.2 41.8 ± 0.2 44.8 ± 0.2

10 Mrk 766 6.1 ± 0.4d 0304030301 42.6/43.2 13.8 ± 0.4 17.2 ± 0.5 22.3 ± 0.4 25.7 ± 0.5 40.8 ± 0.4 44.2 ± 0.5
11 0304030501 42.8/43.4 13.7 ± 0.4 16.1 ± 0.2 22.9 ± 0.4 25.3 ± 0.1 41.4 ± 0.4 43.8 ± 0.1
12 Mrk 841 7.8 ± 0.5f 0205340401 43.5/43.9 15.8 ± 0.6 <18.0 >23.8 26.0 ± 1.2 >41.9 44.1 ± 1.2
13 1H0419−577 8.6 ± 0.5e 0148000201 44.3/44.6 16.3 ± 0.5 17.9 ± 0.7 25.5 ± 0.7 27.1 ± 0.5 43.9 ± 0.7 45.5 ± 0.5
14 Mrk 290 7.7 ± 0.5f 0400360601 43.2/43.6 14.8 ± 0.5 16.7 ± 1.3 24.3 ± 0.9 26.2 ± 1.2 43.4 ± 0.9 45.3 ± 1.2
15 Mrk 205 8.6 ± 1.0g 0124110101 43.8/44.2 16.1 ± 1.0 <16.2 >25.6 25.6 ± 0.6 >44.1 44.3 ± 0.6
16 PG 1211+143 8.2 ± 0.2b 0112610101 43.7/44.3 15.3 ± 0.2 18.5 ± 0.1 24.7 ± 0.2 27.9 ± 0.1 43.7 ± 0.2 46.9 ± 0.1
17 MCG−5-23-16 7.6 ± 1.0g 0302850201 43.1/43.5 15.0 ± 1.0 16.6 ± 0.1 23.9 ± 1.0 25.5 ± 0.1 42.7 ± 1.0 44.3 ± 0.2
18 NGC 4507 6.4 ± 0.5f 0006220201 43.1/43.4 13.3 ± 0.5 <16.9 >21.9 25.4 ± 1.1 >41.2 44.6 ± 1.1
19 NGC 7582 7.1 ± 1.0g 0112310201 41.6/42.0 13.7 ± 1.0 15.2 ± 0.3 23.8 ± 1.0 25.3 ± 0.1 43.4 ± 1.1 44.9 ± 0.1

non-UFOs

20 NGC 3783 7.5 ± 0.1b 0112210101 43.1/43.6 17.0 ± 0.4 19.1 ± 0.2 24.7 ± 0.4 26.7 ± 0.2 41.3 ± 0.5 43.4 ± 0.4
21 0112210201 43.0/43.4 >17.3 18.1 ± 0.1 >24.8 <25.7 >41.1 <42.0
22 0112210501 43.1/43.5 >17.3 18.1 ± 0.1 >24.8 <25.6 >41.1 <42.0
23 NGC 3516 7.2 ± 0.2h 0401210401 43.0/43.8 17.1 ± 0.3 17.1 ± 0.2 24.8 ± 0.4 24.8 ± 0.2 41.0 ± 0.5 41.0 ± 0.3
24 0401210501 43.0/43.7 16.8 ± 0.3 16.6 ± 0.1 24.9 ± 0.3 24.8 ± 0.1 41.3 ± 0.4 41.3 ± 0.2
25 0401210601 42.9/43.6 16.6 ± 0.2 16.7 ± 0.2 24.7 ± 0.3 24.9 ± 0.1 41.4 ± 0.3 41.6 ± 0.2
26 0401211001 43.0/43.7 16.4 ± 0.3 16.7 ± 0.2 24.6 ± 0.4 24.9 ± 0.1 41.4 ± 0.4 41.8 ± 0.2
27 Mrk 279 7.5 ± 0.2b 0302480501 43.7/44.1 >17.3 17.9 ± 0.7 >24.9 <25.5 >41.2 <41.8
28 ESO 323−G77 7.4 ± 0.5f 0300240501 43.0/44.0 16.7 ± 0.6 17.0 ± 0.5 25.3 ± 0.7 25.6 ± 0.4 42.1 ± 0.7 42.4 ± 0.5

a2–10 keV luminosity L2–10 over ionizing luminosity Lion; bPeterson et al. (2004); cMarkowitz et al. (2009); dBentz et al. (2009); eBian & Zhao (2003);
f Wang & Zhang (2007); gWandel & Mushotzky (1986); hOnken et al. (2003).
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In this Letter we will constrain the distance of UFOs from the
central supermassive black hole (SMBH), and we will also quan-
tify their energetics and mass content, which are crucial for the
understanding of their contribution to the overall energetic bud-
get of AGNs and possible feedback impact on the surrounding
environment. The analysis of the possible correlations among the
parameters and a comparison with the soft X-ray warm absorbers
is postponed to a successive Paper IV of this series.

2 LO C ATI O N A N D E N E R G E T I C S

We base our estimates using the outflow velocity, ionization param-
eter and column density of the Fe K absorbers reported in table 3
of Paper II. The sources and relative XMM–Newton observations
are reported in Table 1. There, we also list the estimated SMBH
masses and the absorption-corrected X-ray luminosities calculated
in the 2–10 keV and 1–1000 Rydberg (1 Rydberg = 13.6 eV; see
column 5).

An estimate of the maximum distance from the central source
can be derived from the definition of the ionization parame-
ter ξ = Lion/nr2 (Tarter et al. 1969). For compact absorbers
we obtain r ≤ rmax = Lion/ξNH. On the other hand, an esti-
mate of the minimum distance can be derived from the radius at
which the observed velocity corresponds to the escape velocity,
r ≥ rmin = 2 GMBH/v2

out. The derived values and errors are reported

Figure 1. Lower (filled circles) and upper limits (crosses) on the distance
of the Fe K absorbers from the central SMBH. The vertical line separates
the UFOs (left) and non-UFOs (right).

in Table 1 and Fig. 1. The average location of UFOs and non-UFOs
is between ∼0.0003 and 0.03 pc (∼ 102–104rs , rs = 2GMBH/c2)
and ∼0.03 and 0.3pc (∼104–105rs), respectively. Both of these
ranges are within, or comparable to, the typical location of the soft
X-ray warm absorbers, at ∼pc scales (Blustin et al. 2005; McKernan
et al. 2007). Therefore, this strongly suggests a direct identification

Table 1. Location and energetics of the Fe K absorbers.

Source logMBH XMM Obs logL a logrmin logrmax logṀmin
out logṀmax

out logĖmin
K logĖmax

K
(M$) (erg s−1) (cm) (cm) (g s−1) (g s−1) (erg s−1) (erg s−1)

UFOs

1 NGC 4151 7.1 ± 0.2b 0402660201 42.5/42.9 14.6 ± 0.2 <15.8 >23.2 24.4 ± 0.5 >41.9 43.1 ± 0.5
2 IC 4329A 8.1 ± 0.2c 0147440101 43.7/44.1 15.6 ± 0.2 <16.5 >24.2 25.0 ± 0.9 >42.8 43.6 ± 0.9
3 Mrk 509 8.1 ± 0.1b 0130720101 43.9/44.2 15.1 ± 0.1 <16.3 >24.4 25.7 ± 0.6 >43.5 44.8 ± 0.6
4 0306090201 44.0/44.4 15.3 ± 0.1 <16.6 >24.5 25.8 ± 1.0 >43.4 44.7 ± 1.0
5 0306090401 44.0/44.4 14.9 ± 0.1 <18.1 >23.5 26.8 ± 1.5 >42.8 46.1 ± 1.5
6 Ark 120 8.2 ± 0.1b 0147190101 44.0/44.5 14.8 ± 0.1 <17.9 >23.5 26.7 ± 1.3 >43.1 46.2 ± 1.3
7 Mrk 79 7.7 ± 0.1b 0400070201 43.4/43.9 15.3 ± 0.1 16.5 ± 0.4 24.7 ± 0.3 26.0 ± 0.2 43.3 ± 0.3 44.6 ± 0.2
8 NGC 4051 6.3 ± 0.4d 0109141401 41.5/42.3 14.7 ± 0.7 <15.9 >22.5 23.8 ± 1.6 >40.3 41.6 ± 1.7
9 0157560101 41.0/42.0 13.2 ± 0.2 16.2 ± 0.2 22.5 ± 0.2 25.5 ± 0.2 41.8 ± 0.2 44.8 ± 0.2

10 Mrk 766 6.1 ± 0.4d 0304030301 42.6/43.2 13.8 ± 0.4 17.2 ± 0.5 22.3 ± 0.4 25.7 ± 0.5 40.8 ± 0.4 44.2 ± 0.5
11 0304030501 42.8/43.4 13.7 ± 0.4 16.1 ± 0.2 22.9 ± 0.4 25.3 ± 0.1 41.4 ± 0.4 43.8 ± 0.1
12 Mrk 841 7.8 ± 0.5f 0205340401 43.5/43.9 15.8 ± 0.6 <18.0 >23.8 26.0 ± 1.2 >41.9 44.1 ± 1.2
13 1H0419−577 8.6 ± 0.5e 0148000201 44.3/44.6 16.3 ± 0.5 17.9 ± 0.7 25.5 ± 0.7 27.1 ± 0.5 43.9 ± 0.7 45.5 ± 0.5
14 Mrk 290 7.7 ± 0.5f 0400360601 43.2/43.6 14.8 ± 0.5 16.7 ± 1.3 24.3 ± 0.9 26.2 ± 1.2 43.4 ± 0.9 45.3 ± 1.2
15 Mrk 205 8.6 ± 1.0g 0124110101 43.8/44.2 16.1 ± 1.0 <16.2 >25.6 25.6 ± 0.6 >44.1 44.3 ± 0.6
16 PG 1211+143 8.2 ± 0.2b 0112610101 43.7/44.3 15.3 ± 0.2 18.5 ± 0.1 24.7 ± 0.2 27.9 ± 0.1 43.7 ± 0.2 46.9 ± 0.1
17 MCG−5-23-16 7.6 ± 1.0g 0302850201 43.1/43.5 15.0 ± 1.0 16.6 ± 0.1 23.9 ± 1.0 25.5 ± 0.1 42.7 ± 1.0 44.3 ± 0.2
18 NGC 4507 6.4 ± 0.5f 0006220201 43.1/43.4 13.3 ± 0.5 <16.9 >21.9 25.4 ± 1.1 >41.2 44.6 ± 1.1
19 NGC 7582 7.1 ± 1.0g 0112310201 41.6/42.0 13.7 ± 1.0 15.2 ± 0.3 23.8 ± 1.0 25.3 ± 0.1 43.4 ± 1.1 44.9 ± 0.1

non-UFOs

20 NGC 3783 7.5 ± 0.1b 0112210101 43.1/43.6 17.0 ± 0.4 19.1 ± 0.2 24.7 ± 0.4 26.7 ± 0.2 41.3 ± 0.5 43.4 ± 0.4
21 0112210201 43.0/43.4 >17.3 18.1 ± 0.1 >24.8 <25.7 >41.1 <42.0
22 0112210501 43.1/43.5 >17.3 18.1 ± 0.1 >24.8 <25.6 >41.1 <42.0
23 NGC 3516 7.2 ± 0.2h 0401210401 43.0/43.8 17.1 ± 0.3 17.1 ± 0.2 24.8 ± 0.4 24.8 ± 0.2 41.0 ± 0.5 41.0 ± 0.3
24 0401210501 43.0/43.7 16.8 ± 0.3 16.6 ± 0.1 24.9 ± 0.3 24.8 ± 0.1 41.3 ± 0.4 41.3 ± 0.2
25 0401210601 42.9/43.6 16.6 ± 0.2 16.7 ± 0.2 24.7 ± 0.3 24.9 ± 0.1 41.4 ± 0.3 41.6 ± 0.2
26 0401211001 43.0/43.7 16.4 ± 0.3 16.7 ± 0.2 24.6 ± 0.4 24.9 ± 0.1 41.4 ± 0.4 41.8 ± 0.2
27 Mrk 279 7.5 ± 0.2b 0302480501 43.7/44.1 >17.3 17.9 ± 0.7 >24.9 <25.5 >41.2 <41.8
28 ESO 323−G77 7.4 ± 0.5f 0300240501 43.0/44.0 16.7 ± 0.6 17.0 ± 0.5 25.3 ± 0.7 25.6 ± 0.4 42.1 ± 0.7 42.4 ± 0.5

a2–10 keV luminosity L2–10 over ionizing luminosity Lion; bPeterson et al. (2004); cMarkowitz et al. (2009); dBentz et al. (2009); eBian & Zhao (2003);
f Wang & Zhang (2007); gWandel & Mushotzky (1986); hOnken et al. (2003).
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tify their energetics and mass content, which are crucial for the
understanding of their contribution to the overall energetic bud-
get of AGNs and possible feedback impact on the surrounding
environment. The analysis of the possible correlations among the
parameters and a comparison with the soft X-ray warm absorbers
is postponed to a successive Paper IV of this series.
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eter and column density of the Fe K absorbers reported in table 3
of Paper II. The sources and relative XMM–Newton observations
are reported in Table 1. There, we also list the estimated SMBH
masses and the absorption-corrected X-ray luminosities calculated
in the 2–10 keV and 1–1000 Rydberg (1 Rydberg = 13.6 eV; see
column 5).

An estimate of the maximum distance from the central source
can be derived from the definition of the ionization parame-
ter ξ = Lion/nr2 (Tarter et al. 1969). For compact absorbers
we obtain r ≤ rmax = Lion/ξNH. On the other hand, an esti-
mate of the minimum distance can be derived from the radius at
which the observed velocity corresponds to the escape velocity,
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Figure 1. Lower (filled circles) and upper limits (crosses) on the distance
of the Fe K absorbers from the central SMBH. The vertical line separates
the UFOs (left) and non-UFOs (right).

in Table 1 and Fig. 1. The average location of UFOs and non-UFOs
is between ∼0.0003 and 0.03 pc (∼ 102–104rs , rs = 2GMBH/c2)
and ∼0.03 and 0.3pc (∼104–105rs), respectively. Both of these
ranges are within, or comparable to, the typical location of the soft
X-ray warm absorbers, at ∼pc scales (Blustin et al. 2005; McKernan
et al. 2007). Therefore, this strongly suggests a direct identification

Table 1. Location and energetics of the Fe K absorbers.

Source logMBH XMM Obs logL a logrmin logrmax logṀmin
out logṀmax

out logĖmin
K logĖmax

K
(M$) (erg s−1) (cm) (cm) (g s−1) (g s−1) (erg s−1) (erg s−1)

UFOs

1 NGC 4151 7.1 ± 0.2b 0402660201 42.5/42.9 14.6 ± 0.2 <15.8 >23.2 24.4 ± 0.5 >41.9 43.1 ± 0.5
2 IC 4329A 8.1 ± 0.2c 0147440101 43.7/44.1 15.6 ± 0.2 <16.5 >24.2 25.0 ± 0.9 >42.8 43.6 ± 0.9
3 Mrk 509 8.1 ± 0.1b 0130720101 43.9/44.2 15.1 ± 0.1 <16.3 >24.4 25.7 ± 0.6 >43.5 44.8 ± 0.6
4 0306090201 44.0/44.4 15.3 ± 0.1 <16.6 >24.5 25.8 ± 1.0 >43.4 44.7 ± 1.0
5 0306090401 44.0/44.4 14.9 ± 0.1 <18.1 >23.5 26.8 ± 1.5 >42.8 46.1 ± 1.5
6 Ark 120 8.2 ± 0.1b 0147190101 44.0/44.5 14.8 ± 0.1 <17.9 >23.5 26.7 ± 1.3 >43.1 46.2 ± 1.3
7 Mrk 79 7.7 ± 0.1b 0400070201 43.4/43.9 15.3 ± 0.1 16.5 ± 0.4 24.7 ± 0.3 26.0 ± 0.2 43.3 ± 0.3 44.6 ± 0.2
8 NGC 4051 6.3 ± 0.4d 0109141401 41.5/42.3 14.7 ± 0.7 <15.9 >22.5 23.8 ± 1.6 >40.3 41.6 ± 1.7
9 0157560101 41.0/42.0 13.2 ± 0.2 16.2 ± 0.2 22.5 ± 0.2 25.5 ± 0.2 41.8 ± 0.2 44.8 ± 0.2

10 Mrk 766 6.1 ± 0.4d 0304030301 42.6/43.2 13.8 ± 0.4 17.2 ± 0.5 22.3 ± 0.4 25.7 ± 0.5 40.8 ± 0.4 44.2 ± 0.5
11 0304030501 42.8/43.4 13.7 ± 0.4 16.1 ± 0.2 22.9 ± 0.4 25.3 ± 0.1 41.4 ± 0.4 43.8 ± 0.1
12 Mrk 841 7.8 ± 0.5f 0205340401 43.5/43.9 15.8 ± 0.6 <18.0 >23.8 26.0 ± 1.2 >41.9 44.1 ± 1.2
13 1H0419−577 8.6 ± 0.5e 0148000201 44.3/44.6 16.3 ± 0.5 17.9 ± 0.7 25.5 ± 0.7 27.1 ± 0.5 43.9 ± 0.7 45.5 ± 0.5
14 Mrk 290 7.7 ± 0.5f 0400360601 43.2/43.6 14.8 ± 0.5 16.7 ± 1.3 24.3 ± 0.9 26.2 ± 1.2 43.4 ± 0.9 45.3 ± 1.2
15 Mrk 205 8.6 ± 1.0g 0124110101 43.8/44.2 16.1 ± 1.0 <16.2 >25.6 25.6 ± 0.6 >44.1 44.3 ± 0.6
16 PG 1211+143 8.2 ± 0.2b 0112610101 43.7/44.3 15.3 ± 0.2 18.5 ± 0.1 24.7 ± 0.2 27.9 ± 0.1 43.7 ± 0.2 46.9 ± 0.1
17 MCG−5-23-16 7.6 ± 1.0g 0302850201 43.1/43.5 15.0 ± 1.0 16.6 ± 0.1 23.9 ± 1.0 25.5 ± 0.1 42.7 ± 1.0 44.3 ± 0.2
18 NGC 4507 6.4 ± 0.5f 0006220201 43.1/43.4 13.3 ± 0.5 <16.9 >21.9 25.4 ± 1.1 >41.2 44.6 ± 1.1
19 NGC 7582 7.1 ± 1.0g 0112310201 41.6/42.0 13.7 ± 1.0 15.2 ± 0.3 23.8 ± 1.0 25.3 ± 0.1 43.4 ± 1.1 44.9 ± 0.1

non-UFOs

20 NGC 3783 7.5 ± 0.1b 0112210101 43.1/43.6 17.0 ± 0.4 19.1 ± 0.2 24.7 ± 0.4 26.7 ± 0.2 41.3 ± 0.5 43.4 ± 0.4
21 0112210201 43.0/43.4 >17.3 18.1 ± 0.1 >24.8 <25.7 >41.1 <42.0
22 0112210501 43.1/43.5 >17.3 18.1 ± 0.1 >24.8 <25.6 >41.1 <42.0
23 NGC 3516 7.2 ± 0.2h 0401210401 43.0/43.8 17.1 ± 0.3 17.1 ± 0.2 24.8 ± 0.4 24.8 ± 0.2 41.0 ± 0.5 41.0 ± 0.3
24 0401210501 43.0/43.7 16.8 ± 0.3 16.6 ± 0.1 24.9 ± 0.3 24.8 ± 0.1 41.3 ± 0.4 41.3 ± 0.2
25 0401210601 42.9/43.6 16.6 ± 0.2 16.7 ± 0.2 24.7 ± 0.3 24.9 ± 0.1 41.4 ± 0.3 41.6 ± 0.2
26 0401211001 43.0/43.7 16.4 ± 0.3 16.7 ± 0.2 24.6 ± 0.4 24.9 ± 0.1 41.4 ± 0.4 41.8 ± 0.2
27 Mrk 279 7.5 ± 0.2b 0302480501 43.7/44.1 >17.3 17.9 ± 0.7 >24.9 <25.5 >41.2 <41.8
28 ESO 323−G77 7.4 ± 0.5f 0300240501 43.0/44.0 16.7 ± 0.6 17.0 ± 0.5 25.3 ± 0.7 25.6 ± 0.4 42.1 ± 0.7 42.4 ± 0.5

a2–10 keV luminosity L2–10 over ionizing luminosity Lion; bPeterson et al. (2004); cMarkowitz et al. (2009); dBentz et al. (2009); eBian & Zhao (2003);
f Wang & Zhang (2007); gWandel & Mushotzky (1986); hOnken et al. (2003).
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with accretion disc winds/outflows. It is also important to note that
there is a continuity between the two intervals, with the UFOs sys-
tematically closer in. The observed spectral variability, even on
time-scales of ∼days in some cases (e.g. Braito et al. 2007; Cappi
et al. 2009; Paper I; Tombesi et al. 2011b), is also consistent with
the assumption of compact absorbers and the location being close
to the SMBH. This also suggests that they are probably intermittent
and/or clumpy.

We use the expression for the mass outflow rate derived by
Krongold et al. (2007), which is more appropriate for a biconi-
cal wind-like geometry instead of a simple spherical one: Ṁout =
0.8 πmpNHvoutrf (δ, φ). f (δ,φ) is a function that depends on the
angle between the line of sight to the central source and the ac-
cretion disc plane, δ, and the angle formed by the wind with the
accretion disc, φ (see fig. 12 of Krongold et al. 2007). For a vertical
disc wind (φ = π/2) and an average line-of-sight angle δ = 30◦

for the Seyferts considered here, f (δ, φ) # 1.5. This mass outflow
rate formula has also the important advantage of not relying on the
estimate of the covering and filling factors. This is due to the fact
that it takes into account only the net observed thickness of the gas,
allowing for clumping in the flow. Thus, there is not the need to
include a linear (or volume) filling factor, since we are interested in
estimating the net flow of mass, starting from the observed column
density and velocity. Moreover, the covering factor is implicitly
taken into account by the function f (δ,φ) when calculating the
area filled by the gas, constrained between the inner and outer con-
ical surfaces. The assumptions are that the thickness of the wind
between the two conical surfaces is constant with δ and that this
is much smaller than the distance to the source. Full details on the
derivation of this formula can be found in appendix 2 of Krongold
et al. (2007). However, it is important to note that we obtain equiv-
alent results including a clumpiness factor of #R/R along the line
of sight in the spherical approximation case (Tombesi et al. 2010b,
2011b) and using a covering fraction C # 0.2f (δ, φ) # 0.4, which
is consistent with the value derived observationally from the detec-
tion fraction of UFOs in Paper I and Paper II. Using the lower/upper
limits on the distance we can thus estimate the lower/upper limits
on the mass outflow rate and relative errors (see Table 1 and Fig. 2).
The average values are in the range ∼0.01–1 M$ yr−1 for the UFOs
and ∼0.1–0.5 M$ yr−1 for the non-UFOs. They are consistent with
each other.

The kinetic or mechanical power of the outflows can be estimated
as ĖK = (1/2)Ṁoutv

2
out. The lower/upper limits and relative errors

are reported in Table 1 and Fig. 3. The average values for UFOs and
non-UFOs are logĖK # 42.6–44.6 and #41.3–42 erg s−1, respec-
tively. This is comparable to the X-ray ionizing luminosity Lion,
and, again, there is a continuity between the two intervals, with
UFOs having systematically higher values. Theoretical models and
simulations show that the mechanical power needed by accretion
disc winds/outflows in order to have a significant feedback impact
on the surrounding environment is typically about 5 per cent of the
bolometric luminosity (Di Matteo et al. 2005; King 2010; Ostriker
et al. 2010; DeBuhr et al. 2011). However, a recent work by
Hopkins & Elvis (2010) demonstrated that the minimum ratio re-
quired is actually only ∼0.5 per cent. Using the lower limits on the
mechanical power and the upper limit on the bolometric correction
of K2–10 < 100 (see Section 3), we can derive an average lower
limit of ĖK/Lbol > 0.3 per cent for the UFOs. We stress that this
is the minimum possible value. In fact, given the uncertainty on the
bolometric correction and using the average upper limits on ĖK, we
obtain a maximum value that can potentially be comparable to Lbol.
Therefore, despite the significant uncertainties, we find that this

Figure 2. Lower (filled circles) and upper limits (crosses) on the mass
outflow rate of the Fe K absorbers. The vertical line separates the UFOs
(left) and non-UFOs (right).

Figure 3. Lower (filled circles) and upper limits (crosses) on the mechanical
power of the Fe K absorbers. The vertical line separates the UFOs (left) and
non-UFOs (right).

ratio is comparable or higher than the minimum value required to
imprint a significant feedback. The relative value for the non-UFOs
is instead lower, ĖK/Lbol ∼ 0.02–0.8 per cent, but still possibly
capable to generate at least a weak feedback.

As previously derived, the mass outflow rate can be significant,
even of the order of ∼1 M$ yr−1 or higher. It is then interesting to
know how this compares to the accretion rate, Ṁacc = Lbol/ηc2. To
quantify this we need to know the radiative efficiency η. As dis-
cussed in Section 3, this is not well determined for each source and
the uncertainties on Ṁacc can be significant. Therefore, considering
an upper limit K2–10 < 100 and a lower limit η ! 0.05, we esti-
mate that Ṁout/Ṁacc ! 5–10 per cent for both UFOs and non-UFOs.
However, given the significant uncertainties, the mass outflow rate
could potentially exceed the accretion rate in some cases. Finally,
due to the large uncertainties on the parameters in Table 1, we can-
not significantly constrain any variability of the outflow properties
for the five sources with multiple observations.

3 ER RO R A NA LY S I S

In the calculation of the parameters reported in Table 1, we took
into account the propagation of errors on the ionization parameter,
column density, outflow velocity and SMBH mass. Here we discuss
in more detail the possible sources of systematic uncertainty.
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with accretion disc winds/outflows. It is also important to note that
there is a continuity between the two intervals, with the UFOs sys-
tematically closer in. The observed spectral variability, even on
time-scales of ∼days in some cases (e.g. Braito et al. 2007; Cappi
et al. 2009; Paper I; Tombesi et al. 2011b), is also consistent with
the assumption of compact absorbers and the location being close
to the SMBH. This also suggests that they are probably intermittent
and/or clumpy.

We use the expression for the mass outflow rate derived by
Krongold et al. (2007), which is more appropriate for a biconi-
cal wind-like geometry instead of a simple spherical one: Ṁout =
0.8 πmpNHvoutrf (δ, φ). f (δ,φ) is a function that depends on the
angle between the line of sight to the central source and the ac-
cretion disc plane, δ, and the angle formed by the wind with the
accretion disc, φ (see fig. 12 of Krongold et al. 2007). For a vertical
disc wind (φ = π/2) and an average line-of-sight angle δ = 30◦

for the Seyferts considered here, f (δ, φ) # 1.5. This mass outflow
rate formula has also the important advantage of not relying on the
estimate of the covering and filling factors. This is due to the fact
that it takes into account only the net observed thickness of the gas,
allowing for clumping in the flow. Thus, there is not the need to
include a linear (or volume) filling factor, since we are interested in
estimating the net flow of mass, starting from the observed column
density and velocity. Moreover, the covering factor is implicitly
taken into account by the function f (δ,φ) when calculating the
area filled by the gas, constrained between the inner and outer con-
ical surfaces. The assumptions are that the thickness of the wind
between the two conical surfaces is constant with δ and that this
is much smaller than the distance to the source. Full details on the
derivation of this formula can be found in appendix 2 of Krongold
et al. (2007). However, it is important to note that we obtain equiv-
alent results including a clumpiness factor of #R/R along the line
of sight in the spherical approximation case (Tombesi et al. 2010b,
2011b) and using a covering fraction C # 0.2f (δ, φ) # 0.4, which
is consistent with the value derived observationally from the detec-
tion fraction of UFOs in Paper I and Paper II. Using the lower/upper
limits on the distance we can thus estimate the lower/upper limits
on the mass outflow rate and relative errors (see Table 1 and Fig. 2).
The average values are in the range ∼0.01–1 M$ yr−1 for the UFOs
and ∼0.1–0.5 M$ yr−1 for the non-UFOs. They are consistent with
each other.

The kinetic or mechanical power of the outflows can be estimated
as ĖK = (1/2)Ṁoutv

2
out. The lower/upper limits and relative errors

are reported in Table 1 and Fig. 3. The average values for UFOs and
non-UFOs are logĖK # 42.6–44.6 and #41.3–42 erg s−1, respec-
tively. This is comparable to the X-ray ionizing luminosity Lion,
and, again, there is a continuity between the two intervals, with
UFOs having systematically higher values. Theoretical models and
simulations show that the mechanical power needed by accretion
disc winds/outflows in order to have a significant feedback impact
on the surrounding environment is typically about 5 per cent of the
bolometric luminosity (Di Matteo et al. 2005; King 2010; Ostriker
et al. 2010; DeBuhr et al. 2011). However, a recent work by
Hopkins & Elvis (2010) demonstrated that the minimum ratio re-
quired is actually only ∼0.5 per cent. Using the lower limits on the
mechanical power and the upper limit on the bolometric correction
of K2–10 < 100 (see Section 3), we can derive an average lower
limit of ĖK/Lbol > 0.3 per cent for the UFOs. We stress that this
is the minimum possible value. In fact, given the uncertainty on the
bolometric correction and using the average upper limits on ĖK, we
obtain a maximum value that can potentially be comparable to Lbol.
Therefore, despite the significant uncertainties, we find that this

Figure 2. Lower (filled circles) and upper limits (crosses) on the mass
outflow rate of the Fe K absorbers. The vertical line separates the UFOs
(left) and non-UFOs (right).

Figure 3. Lower (filled circles) and upper limits (crosses) on the mechanical
power of the Fe K absorbers. The vertical line separates the UFOs (left) and
non-UFOs (right).

ratio is comparable or higher than the minimum value required to
imprint a significant feedback. The relative value for the non-UFOs
is instead lower, ĖK/Lbol ∼ 0.02–0.8 per cent, but still possibly
capable to generate at least a weak feedback.

As previously derived, the mass outflow rate can be significant,
even of the order of ∼1 M$ yr−1 or higher. It is then interesting to
know how this compares to the accretion rate, Ṁacc = Lbol/ηc2. To
quantify this we need to know the radiative efficiency η. As dis-
cussed in Section 3, this is not well determined for each source and
the uncertainties on Ṁacc can be significant. Therefore, considering
an upper limit K2–10 < 100 and a lower limit η ! 0.05, we esti-
mate that Ṁout/Ṁacc ! 5–10 per cent for both UFOs and non-UFOs.
However, given the significant uncertainties, the mass outflow rate
could potentially exceed the accretion rate in some cases. Finally,
due to the large uncertainties on the parameters in Table 1, we can-
not significantly constrain any variability of the outflow properties
for the five sources with multiple observations.

3 ER RO R A NA LY S I S

In the calculation of the parameters reported in Table 1, we took
into account the propagation of errors on the ionization parameter,
column density, outflow velocity and SMBH mass. Here we discuss
in more detail the possible sources of systematic uncertainty.
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In this Letter we will constrain the distance of UFOs from the
central supermassive black hole (SMBH), and we will also quan-
tify their energetics and mass content, which are crucial for the
understanding of their contribution to the overall energetic bud-
get of AGNs and possible feedback impact on the surrounding
environment. The analysis of the possible correlations among the
parameters and a comparison with the soft X-ray warm absorbers
is postponed to a successive Paper IV of this series.

2 LO C ATI O N A N D E N E R G E T I C S

We base our estimates using the outflow velocity, ionization param-
eter and column density of the Fe K absorbers reported in table 3
of Paper II. The sources and relative XMM–Newton observations
are reported in Table 1. There, we also list the estimated SMBH
masses and the absorption-corrected X-ray luminosities calculated
in the 2–10 keV and 1–1000 Rydberg (1 Rydberg = 13.6 eV; see
column 5).

An estimate of the maximum distance from the central source
can be derived from the definition of the ionization parame-
ter ξ = Lion/nr2 (Tarter et al. 1969). For compact absorbers
we obtain r ≤ rmax = Lion/ξNH. On the other hand, an esti-
mate of the minimum distance can be derived from the radius at
which the observed velocity corresponds to the escape velocity,
r ≥ rmin = 2 GMBH/v2

out. The derived values and errors are reported

Figure 1. Lower (filled circles) and upper limits (crosses) on the distance
of the Fe K absorbers from the central SMBH. The vertical line separates
the UFOs (left) and non-UFOs (right).

in Table 1 and Fig. 1. The average location of UFOs and non-UFOs
is between ∼0.0003 and 0.03 pc (∼ 102–104rs , rs = 2GMBH/c2)
and ∼0.03 and 0.3pc (∼104–105rs), respectively. Both of these
ranges are within, or comparable to, the typical location of the soft
X-ray warm absorbers, at ∼pc scales (Blustin et al. 2005; McKernan
et al. 2007). Therefore, this strongly suggests a direct identification

Table 1. Location and energetics of the Fe K absorbers.

Source logMBH XMM Obs logL a logrmin logrmax logṀmin
out logṀmax

out logĖmin
K logĖmax

K
(M$) (erg s−1) (cm) (cm) (g s−1) (g s−1) (erg s−1) (erg s−1)

UFOs

1 NGC 4151 7.1 ± 0.2b 0402660201 42.5/42.9 14.6 ± 0.2 <15.8 >23.2 24.4 ± 0.5 >41.9 43.1 ± 0.5
2 IC 4329A 8.1 ± 0.2c 0147440101 43.7/44.1 15.6 ± 0.2 <16.5 >24.2 25.0 ± 0.9 >42.8 43.6 ± 0.9
3 Mrk 509 8.1 ± 0.1b 0130720101 43.9/44.2 15.1 ± 0.1 <16.3 >24.4 25.7 ± 0.6 >43.5 44.8 ± 0.6
4 0306090201 44.0/44.4 15.3 ± 0.1 <16.6 >24.5 25.8 ± 1.0 >43.4 44.7 ± 1.0
5 0306090401 44.0/44.4 14.9 ± 0.1 <18.1 >23.5 26.8 ± 1.5 >42.8 46.1 ± 1.5
6 Ark 120 8.2 ± 0.1b 0147190101 44.0/44.5 14.8 ± 0.1 <17.9 >23.5 26.7 ± 1.3 >43.1 46.2 ± 1.3
7 Mrk 79 7.7 ± 0.1b 0400070201 43.4/43.9 15.3 ± 0.1 16.5 ± 0.4 24.7 ± 0.3 26.0 ± 0.2 43.3 ± 0.3 44.6 ± 0.2
8 NGC 4051 6.3 ± 0.4d 0109141401 41.5/42.3 14.7 ± 0.7 <15.9 >22.5 23.8 ± 1.6 >40.3 41.6 ± 1.7
9 0157560101 41.0/42.0 13.2 ± 0.2 16.2 ± 0.2 22.5 ± 0.2 25.5 ± 0.2 41.8 ± 0.2 44.8 ± 0.2

10 Mrk 766 6.1 ± 0.4d 0304030301 42.6/43.2 13.8 ± 0.4 17.2 ± 0.5 22.3 ± 0.4 25.7 ± 0.5 40.8 ± 0.4 44.2 ± 0.5
11 0304030501 42.8/43.4 13.7 ± 0.4 16.1 ± 0.2 22.9 ± 0.4 25.3 ± 0.1 41.4 ± 0.4 43.8 ± 0.1
12 Mrk 841 7.8 ± 0.5f 0205340401 43.5/43.9 15.8 ± 0.6 <18.0 >23.8 26.0 ± 1.2 >41.9 44.1 ± 1.2
13 1H0419−577 8.6 ± 0.5e 0148000201 44.3/44.6 16.3 ± 0.5 17.9 ± 0.7 25.5 ± 0.7 27.1 ± 0.5 43.9 ± 0.7 45.5 ± 0.5
14 Mrk 290 7.7 ± 0.5f 0400360601 43.2/43.6 14.8 ± 0.5 16.7 ± 1.3 24.3 ± 0.9 26.2 ± 1.2 43.4 ± 0.9 45.3 ± 1.2
15 Mrk 205 8.6 ± 1.0g 0124110101 43.8/44.2 16.1 ± 1.0 <16.2 >25.6 25.6 ± 0.6 >44.1 44.3 ± 0.6
16 PG 1211+143 8.2 ± 0.2b 0112610101 43.7/44.3 15.3 ± 0.2 18.5 ± 0.1 24.7 ± 0.2 27.9 ± 0.1 43.7 ± 0.2 46.9 ± 0.1
17 MCG−5-23-16 7.6 ± 1.0g 0302850201 43.1/43.5 15.0 ± 1.0 16.6 ± 0.1 23.9 ± 1.0 25.5 ± 0.1 42.7 ± 1.0 44.3 ± 0.2
18 NGC 4507 6.4 ± 0.5f 0006220201 43.1/43.4 13.3 ± 0.5 <16.9 >21.9 25.4 ± 1.1 >41.2 44.6 ± 1.1
19 NGC 7582 7.1 ± 1.0g 0112310201 41.6/42.0 13.7 ± 1.0 15.2 ± 0.3 23.8 ± 1.0 25.3 ± 0.1 43.4 ± 1.1 44.9 ± 0.1

non-UFOs

20 NGC 3783 7.5 ± 0.1b 0112210101 43.1/43.6 17.0 ± 0.4 19.1 ± 0.2 24.7 ± 0.4 26.7 ± 0.2 41.3 ± 0.5 43.4 ± 0.4
21 0112210201 43.0/43.4 >17.3 18.1 ± 0.1 >24.8 <25.7 >41.1 <42.0
22 0112210501 43.1/43.5 >17.3 18.1 ± 0.1 >24.8 <25.6 >41.1 <42.0
23 NGC 3516 7.2 ± 0.2h 0401210401 43.0/43.8 17.1 ± 0.3 17.1 ± 0.2 24.8 ± 0.4 24.8 ± 0.2 41.0 ± 0.5 41.0 ± 0.3
24 0401210501 43.0/43.7 16.8 ± 0.3 16.6 ± 0.1 24.9 ± 0.3 24.8 ± 0.1 41.3 ± 0.4 41.3 ± 0.2
25 0401210601 42.9/43.6 16.6 ± 0.2 16.7 ± 0.2 24.7 ± 0.3 24.9 ± 0.1 41.4 ± 0.3 41.6 ± 0.2
26 0401211001 43.0/43.7 16.4 ± 0.3 16.7 ± 0.2 24.6 ± 0.4 24.9 ± 0.1 41.4 ± 0.4 41.8 ± 0.2
27 Mrk 279 7.5 ± 0.2b 0302480501 43.7/44.1 >17.3 17.9 ± 0.7 >24.9 <25.5 >41.2 <41.8
28 ESO 323−G77 7.4 ± 0.5f 0300240501 43.0/44.0 16.7 ± 0.6 17.0 ± 0.5 25.3 ± 0.7 25.6 ± 0.4 42.1 ± 0.7 42.4 ± 0.5

a2–10 keV luminosity L2–10 over ionizing luminosity Lion; bPeterson et al. (2004); cMarkowitz et al. (2009); dBentz et al. (2009); eBian & Zhao (2003);
f Wang & Zhang (2007); gWandel & Mushotzky (1986); hOnken et al. (2003).
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In this Letter we will constrain the distance of UFOs from the
central supermassive black hole (SMBH), and we will also quan-
tify their energetics and mass content, which are crucial for the
understanding of their contribution to the overall energetic bud-
get of AGNs and possible feedback impact on the surrounding
environment. The analysis of the possible correlations among the
parameters and a comparison with the soft X-ray warm absorbers
is postponed to a successive Paper IV of this series.

2 LO C ATI O N A N D E N E R G E T I C S

We base our estimates using the outflow velocity, ionization param-
eter and column density of the Fe K absorbers reported in table 3
of Paper II. The sources and relative XMM–Newton observations
are reported in Table 1. There, we also list the estimated SMBH
masses and the absorption-corrected X-ray luminosities calculated
in the 2–10 keV and 1–1000 Rydberg (1 Rydberg = 13.6 eV; see
column 5).

An estimate of the maximum distance from the central source
can be derived from the definition of the ionization parame-
ter ξ = Lion/nr2 (Tarter et al. 1969). For compact absorbers
we obtain r ≤ rmax = Lion/ξNH. On the other hand, an esti-
mate of the minimum distance can be derived from the radius at
which the observed velocity corresponds to the escape velocity,
r ≥ rmin = 2 GMBH/v2

out. The derived values and errors are reported

Figure 1. Lower (filled circles) and upper limits (crosses) on the distance
of the Fe K absorbers from the central SMBH. The vertical line separates
the UFOs (left) and non-UFOs (right).

in Table 1 and Fig. 1. The average location of UFOs and non-UFOs
is between ∼0.0003 and 0.03 pc (∼ 102–104rs , rs = 2GMBH/c2)
and ∼0.03 and 0.3pc (∼104–105rs), respectively. Both of these
ranges are within, or comparable to, the typical location of the soft
X-ray warm absorbers, at ∼pc scales (Blustin et al. 2005; McKernan
et al. 2007). Therefore, this strongly suggests a direct identification

Table 1. Location and energetics of the Fe K absorbers.

Source logMBH XMM Obs logL a logrmin logrmax logṀmin
out logṀmax

out logĖmin
K logĖmax

K
(M$) (erg s−1) (cm) (cm) (g s−1) (g s−1) (erg s−1) (erg s−1)

UFOs

1 NGC 4151 7.1 ± 0.2b 0402660201 42.5/42.9 14.6 ± 0.2 <15.8 >23.2 24.4 ± 0.5 >41.9 43.1 ± 0.5
2 IC 4329A 8.1 ± 0.2c 0147440101 43.7/44.1 15.6 ± 0.2 <16.5 >24.2 25.0 ± 0.9 >42.8 43.6 ± 0.9
3 Mrk 509 8.1 ± 0.1b 0130720101 43.9/44.2 15.1 ± 0.1 <16.3 >24.4 25.7 ± 0.6 >43.5 44.8 ± 0.6
4 0306090201 44.0/44.4 15.3 ± 0.1 <16.6 >24.5 25.8 ± 1.0 >43.4 44.7 ± 1.0
5 0306090401 44.0/44.4 14.9 ± 0.1 <18.1 >23.5 26.8 ± 1.5 >42.8 46.1 ± 1.5
6 Ark 120 8.2 ± 0.1b 0147190101 44.0/44.5 14.8 ± 0.1 <17.9 >23.5 26.7 ± 1.3 >43.1 46.2 ± 1.3
7 Mrk 79 7.7 ± 0.1b 0400070201 43.4/43.9 15.3 ± 0.1 16.5 ± 0.4 24.7 ± 0.3 26.0 ± 0.2 43.3 ± 0.3 44.6 ± 0.2
8 NGC 4051 6.3 ± 0.4d 0109141401 41.5/42.3 14.7 ± 0.7 <15.9 >22.5 23.8 ± 1.6 >40.3 41.6 ± 1.7
9 0157560101 41.0/42.0 13.2 ± 0.2 16.2 ± 0.2 22.5 ± 0.2 25.5 ± 0.2 41.8 ± 0.2 44.8 ± 0.2

10 Mrk 766 6.1 ± 0.4d 0304030301 42.6/43.2 13.8 ± 0.4 17.2 ± 0.5 22.3 ± 0.4 25.7 ± 0.5 40.8 ± 0.4 44.2 ± 0.5
11 0304030501 42.8/43.4 13.7 ± 0.4 16.1 ± 0.2 22.9 ± 0.4 25.3 ± 0.1 41.4 ± 0.4 43.8 ± 0.1
12 Mrk 841 7.8 ± 0.5f 0205340401 43.5/43.9 15.8 ± 0.6 <18.0 >23.8 26.0 ± 1.2 >41.9 44.1 ± 1.2
13 1H0419−577 8.6 ± 0.5e 0148000201 44.3/44.6 16.3 ± 0.5 17.9 ± 0.7 25.5 ± 0.7 27.1 ± 0.5 43.9 ± 0.7 45.5 ± 0.5
14 Mrk 290 7.7 ± 0.5f 0400360601 43.2/43.6 14.8 ± 0.5 16.7 ± 1.3 24.3 ± 0.9 26.2 ± 1.2 43.4 ± 0.9 45.3 ± 1.2
15 Mrk 205 8.6 ± 1.0g 0124110101 43.8/44.2 16.1 ± 1.0 <16.2 >25.6 25.6 ± 0.6 >44.1 44.3 ± 0.6
16 PG 1211+143 8.2 ± 0.2b 0112610101 43.7/44.3 15.3 ± 0.2 18.5 ± 0.1 24.7 ± 0.2 27.9 ± 0.1 43.7 ± 0.2 46.9 ± 0.1
17 MCG−5-23-16 7.6 ± 1.0g 0302850201 43.1/43.5 15.0 ± 1.0 16.6 ± 0.1 23.9 ± 1.0 25.5 ± 0.1 42.7 ± 1.0 44.3 ± 0.2
18 NGC 4507 6.4 ± 0.5f 0006220201 43.1/43.4 13.3 ± 0.5 <16.9 >21.9 25.4 ± 1.1 >41.2 44.6 ± 1.1
19 NGC 7582 7.1 ± 1.0g 0112310201 41.6/42.0 13.7 ± 1.0 15.2 ± 0.3 23.8 ± 1.0 25.3 ± 0.1 43.4 ± 1.1 44.9 ± 0.1

non-UFOs

20 NGC 3783 7.5 ± 0.1b 0112210101 43.1/43.6 17.0 ± 0.4 19.1 ± 0.2 24.7 ± 0.4 26.7 ± 0.2 41.3 ± 0.5 43.4 ± 0.4
21 0112210201 43.0/43.4 >17.3 18.1 ± 0.1 >24.8 <25.7 >41.1 <42.0
22 0112210501 43.1/43.5 >17.3 18.1 ± 0.1 >24.8 <25.6 >41.1 <42.0
23 NGC 3516 7.2 ± 0.2h 0401210401 43.0/43.8 17.1 ± 0.3 17.1 ± 0.2 24.8 ± 0.4 24.8 ± 0.2 41.0 ± 0.5 41.0 ± 0.3
24 0401210501 43.0/43.7 16.8 ± 0.3 16.6 ± 0.1 24.9 ± 0.3 24.8 ± 0.1 41.3 ± 0.4 41.3 ± 0.2
25 0401210601 42.9/43.6 16.6 ± 0.2 16.7 ± 0.2 24.7 ± 0.3 24.9 ± 0.1 41.4 ± 0.3 41.6 ± 0.2
26 0401211001 43.0/43.7 16.4 ± 0.3 16.7 ± 0.2 24.6 ± 0.4 24.9 ± 0.1 41.4 ± 0.4 41.8 ± 0.2
27 Mrk 279 7.5 ± 0.2b 0302480501 43.7/44.1 >17.3 17.9 ± 0.7 >24.9 <25.5 >41.2 <41.8
28 ESO 323−G77 7.4 ± 0.5f 0300240501 43.0/44.0 16.7 ± 0.6 17.0 ± 0.5 25.3 ± 0.7 25.6 ± 0.4 42.1 ± 0.7 42.4 ± 0.5

a2–10 keV luminosity L2–10 over ionizing luminosity Lion; bPeterson et al. (2004); cMarkowitz et al. (2009); dBentz et al. (2009); eBian & Zhao (2003);
f Wang & Zhang (2007); gWandel & Mushotzky (1986); hOnken et al. (2003).
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Location and energetics of ultrafast outflows L3

with accretion disc winds/outflows. It is also important to note that
there is a continuity between the two intervals, with the UFOs sys-
tematically closer in. The observed spectral variability, even on
time-scales of ∼days in some cases (e.g. Braito et al. 2007; Cappi
et al. 2009; Paper I; Tombesi et al. 2011b), is also consistent with
the assumption of compact absorbers and the location being close
to the SMBH. This also suggests that they are probably intermittent
and/or clumpy.

We use the expression for the mass outflow rate derived by
Krongold et al. (2007), which is more appropriate for a biconi-
cal wind-like geometry instead of a simple spherical one: Ṁout =
0.8 πmpNHvoutrf (δ, φ). f (δ,φ) is a function that depends on the
angle between the line of sight to the central source and the ac-
cretion disc plane, δ, and the angle formed by the wind with the
accretion disc, φ (see fig. 12 of Krongold et al. 2007). For a vertical
disc wind (φ = π/2) and an average line-of-sight angle δ = 30◦

for the Seyferts considered here, f (δ, φ) # 1.5. This mass outflow
rate formula has also the important advantage of not relying on the
estimate of the covering and filling factors. This is due to the fact
that it takes into account only the net observed thickness of the gas,
allowing for clumping in the flow. Thus, there is not the need to
include a linear (or volume) filling factor, since we are interested in
estimating the net flow of mass, starting from the observed column
density and velocity. Moreover, the covering factor is implicitly
taken into account by the function f (δ,φ) when calculating the
area filled by the gas, constrained between the inner and outer con-
ical surfaces. The assumptions are that the thickness of the wind
between the two conical surfaces is constant with δ and that this
is much smaller than the distance to the source. Full details on the
derivation of this formula can be found in appendix 2 of Krongold
et al. (2007). However, it is important to note that we obtain equiv-
alent results including a clumpiness factor of #R/R along the line
of sight in the spherical approximation case (Tombesi et al. 2010b,
2011b) and using a covering fraction C # 0.2f (δ, φ) # 0.4, which
is consistent with the value derived observationally from the detec-
tion fraction of UFOs in Paper I and Paper II. Using the lower/upper
limits on the distance we can thus estimate the lower/upper limits
on the mass outflow rate and relative errors (see Table 1 and Fig. 2).
The average values are in the range ∼0.01–1 M$ yr−1 for the UFOs
and ∼0.1–0.5 M$ yr−1 for the non-UFOs. They are consistent with
each other.

The kinetic or mechanical power of the outflows can be estimated
as ĖK = (1/2)Ṁoutv

2
out. The lower/upper limits and relative errors

are reported in Table 1 and Fig. 3. The average values for UFOs and
non-UFOs are logĖK # 42.6–44.6 and #41.3–42 erg s−1, respec-
tively. This is comparable to the X-ray ionizing luminosity Lion,
and, again, there is a continuity between the two intervals, with
UFOs having systematically higher values. Theoretical models and
simulations show that the mechanical power needed by accretion
disc winds/outflows in order to have a significant feedback impact
on the surrounding environment is typically about 5 per cent of the
bolometric luminosity (Di Matteo et al. 2005; King 2010; Ostriker
et al. 2010; DeBuhr et al. 2011). However, a recent work by
Hopkins & Elvis (2010) demonstrated that the minimum ratio re-
quired is actually only ∼0.5 per cent. Using the lower limits on the
mechanical power and the upper limit on the bolometric correction
of K2–10 < 100 (see Section 3), we can derive an average lower
limit of ĖK/Lbol > 0.3 per cent for the UFOs. We stress that this
is the minimum possible value. In fact, given the uncertainty on the
bolometric correction and using the average upper limits on ĖK, we
obtain a maximum value that can potentially be comparable to Lbol.
Therefore, despite the significant uncertainties, we find that this

Figure 2. Lower (filled circles) and upper limits (crosses) on the mass
outflow rate of the Fe K absorbers. The vertical line separates the UFOs
(left) and non-UFOs (right).

Figure 3. Lower (filled circles) and upper limits (crosses) on the mechanical
power of the Fe K absorbers. The vertical line separates the UFOs (left) and
non-UFOs (right).

ratio is comparable or higher than the minimum value required to
imprint a significant feedback. The relative value for the non-UFOs
is instead lower, ĖK/Lbol ∼ 0.02–0.8 per cent, but still possibly
capable to generate at least a weak feedback.

As previously derived, the mass outflow rate can be significant,
even of the order of ∼1 M$ yr−1 or higher. It is then interesting to
know how this compares to the accretion rate, Ṁacc = Lbol/ηc2. To
quantify this we need to know the radiative efficiency η. As dis-
cussed in Section 3, this is not well determined for each source and
the uncertainties on Ṁacc can be significant. Therefore, considering
an upper limit K2–10 < 100 and a lower limit η ! 0.05, we esti-
mate that Ṁout/Ṁacc ! 5–10 per cent for both UFOs and non-UFOs.
However, given the significant uncertainties, the mass outflow rate
could potentially exceed the accretion rate in some cases. Finally,
due to the large uncertainties on the parameters in Table 1, we can-
not significantly constrain any variability of the outflow properties
for the five sources with multiple observations.

3 ER RO R A NA LY S I S

In the calculation of the parameters reported in Table 1, we took
into account the propagation of errors on the ionization parameter,
column density, outflow velocity and SMBH mass. Here we discuss
in more detail the possible sources of systematic uncertainty.
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15 UV *AL QSOs with 32 XMM exposures 

Giustini et al. 2012, in prep. 

The “new” X-ray view: Sample of (nearby) PG QSOs 

Typical spectra 

PG1126-041 

UFOs (not only WA) clearly detected in several nearby QSOs,  
though fraction and covering factors still to be defined 



APM 08279+5255 (z=3.91)  v~0.2-0.4c  

2 high-z BAL QSOs 
Chartas et al. 2002,  
Hasinger, Schartel & Komossa 2002 

N.B.: Would have been undetected at z=0...  

Massive outflows…also (mostly?) at high redshift 

The “new” X-ray view: Blue-shifted absorption lines/edges – in High-z QSOs 

See also Wang et al. ’05 (v=0.8c in qso@z=2.6) Chartas, Brandt & Gallagher, 2003 

PG 1115+080 (z=1.72) v~0.1-0.3c 

MOS 

PN 
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Table 1
Log of Observations of APM 08279+5255

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

c f2−10
c

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

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

−0.1

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

−0.1

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

−0.1

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

−0.1

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

−0.2

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

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

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

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

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

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

To illustrate the presence of these low- and high-energy
absorption features, we fit the spectra from observed-frame
4.5–10 keV with a power-law model (modified by Galactic
absorption) and extrapolated this model to the energy ranges
not fit. The residuals of these fits are shown in Figures 1 and 2.
Significant low- and high-energy absorption are evident in all
observations.

0
-1

0
-5

0
-1

0
-5

Fe XXV
rest-energy

Fe XXV
rest-energy

Observed-Frame Energy (keV)
1 2 5 10

APM 08279+5255
ACIS Chandra
2002 Feb 24

APM 08279+5255
ACIS Chandra
2008 Jan 14 

Epoch 1

Epoch 5

∆χ
∆χ

Figure 1. ∆χ residuals between the best-fit Galactic absorption and power-law
model and the Chandra ACIS spectra of APM 08279+5255. This model is fit
to events with energies lying within the ranges 4.5–10 keV. The arrows indicate
the best-fit energies of the absorption lines of the first and second outflow
components for epoch 1 (top panel) and epoch 5 (lower panel) obtained in fits
that used model 6 of Table 2.

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

The results from fitting these models to the three XMM-
Newton and two Chandra spectra are presented in Tables 2
and 3. For spectral fits using models 3, 5, and 7, the low-energy
absorption is modeled using the photoionization model absori
contained in XSPEC (Done et al. 1992). We note that the absori
model is just a first approximation to what is likely a more
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Figure 3. 68%, 90%, and 99% confidence contours between the normalizations
of the absorption lines at Eabs1 and Eabs2 and the respective energies Eabs1
and Eabs2 for the Chandra 2002 (top panel) and Chandra 2008 (bottom
panel) observations of APM 08279+5255 assuming fit 6 of Table 2. The 99%
confidence contour of component abs2 for epoch 5 is not well constrained and
the 95% contour is shown instead.
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Figure 4. 68%, 90%, and 99% confidence contours between best-fit energies
Eabs1 and Eabs2 and energy widths σabs1 and σabs2 of the absorption lines for
the Chandra 2002 (epoch 1) and Chandra 2008 (epoch 5) observations of
APM 08279+5255 assuming fit 6 of Table 2. The 99% confidence contour of
component abs2 for epoch 5 is not well constrained and not shown in this plot.

2.9 and log ξ = 3.9 (model 8 of Table 3)8. The two strongest
iron lines for this highly ionized absorbing medium have rest

8 Throughout this paper, we adopt the definition of the ionization parameter
of Tarter et al. (1969) given by ξ = Lion

nH r2 = 4π
nH

∫ 1000Rdy
1Rdy Fνdν, where nH is

the hydrogen number density, and r is the source-cloud separation.
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Figure 5. 68%, 90%, and 95% χ2 confidence contours of Eabs vs. σabs of the
first absorption line in epoch 3 (dotted line) and epoch 4 (solid line) assuming
the APL + 2 AL model (see model 6 of Table 2). The 95% confidence contour
for epoch 3 is not well constrained and not shown in this plot.

(or laboratory) energies of 6.70 keV (Fe xxv 1s2–1s2p) and
6.97 keV (Fe xxvi 1s–2p). In general, the Fe xxv 1s2–1s2p
line will be stronger than the Fe xxvi 1s–2p line for a medium
with 2.75 ! log ξ ! 4.0 (see Figure 3 of Saez et al. 2009).

We emphasize that the photoionization models used in our
analysis (i.e., absori and XSTAR) do not consider possible ve-
locity gradients in the outflowing absorber and therefore can-
not provide realistic models of the X-ray BALs. We attempt
to mimic the velocity broadening of the lines by introduc-
ing in the XSTAR model large turbulent velocities of vturb =
10,000 km s−1 for epochs 1 and 5 and vturb = 30,000 km s−1

for epochs 3, 4, and 5.

3. DISCUSSION

3.1. Short- and Long-term Variability of APM 08279+5255

As we showed in Section 2, the 0.2–10 keV pn count rate of
APM 08279+5255 varied by ∼36.8% ± 0.3% between epochs
3 and 4. From a light-travel time argument, we estimate that the
observed short-term variability between epochs 3 and 4 implies a
size-scale of the X-ray emission region of the order of lvar = c∆t/
(1 + z) ∼ 7.4 × 1015 cm. We compare this emission-region size-
scale to the radius of the innermost stable circular orbit (rISCO)
which for Schwarzschild and Kerr (maximally spinning) black
holes are 6rg and rg, respectively, where rg = GM/c2 is the
gravitational radius. For APM 08279+5255, we assume MBH ∼
1012 M$ µ−1

L , where µL ∼ 100 (Egami et al. 2000).9 We find
that rISCO = 4.5 × 1015 cm for the case of a Schwarzschild black
hole, which is comparable to the size-scale of the X-ray emitting
region implied by our light-travel time argument. This result is
consistent with recent X-ray and UV (rest-frame) monitoring
observations of the z = 2.32 gravitationally lensed quasar HE
1104−1805 that have constrained the size of the X-ray emitting
region in this object to be smaller than 6rg and the size of the
UV emission region to be ∼30rg based on the analysis of the
microlensed light curves of the lensed images (Chartas et al.

9 See, however, Riechers et al. (2009), who find a magnification of µL ∼ 4.
Riechers et al. (2009) also use the observed width of the Civ line to obtain a
black hole mass of MBH ∼ 1011µ−1

L M$.

APM 08279+5255 (z=3.91): also absorption variability   

Chartas et al. 2009 

Vout~0.2-0.76 c  
Delta lines in Δt~3 days (rest) implying R~10 Rg (for both X-ray source and absorbers)  



and a Gaussian emission line. The saturated absorption line
model assumes absorption centered at energy Ec, and within the
energy range of Ec ! Ew /2 the normalized intensity is equal to
1" fc, where fc is the covering fraction.9 Fits to the spectra of
images C and D using model 3 in Table 2 resulted in a significant
improvement in fit quality compared to fits using model 2 in
Table 2. In particular, the F-test indicates that fits to the spectra of
images C and D using model 3 in Table 2 resulted in an improve-
ment of the fits compared to fits with model 2 in Table 2 at the
k95% and k94% confidence levels, respectively.

We also tried more sophisticated models (referred to as mod-
els 4 and 5 in Table 2) that consist of Galactic absorption, direct
emission from a power law modified by intrinsic neutral absorp-
tion, a saturated high-energy absorption line to account for the
X-ray BALs, scattered emission of a power law assuming sim-
ple Thomson scattering to account for possible scattering of the
central source emission from the outflowing wind, and a fluores-
cent Fe K! line from an accretion disk around the black hole.We

used Fe K! line models that consider accretion onto a nonspin-
ning (e.g., Fabian et al. 1989; model 4 of Table 2) and spinning
black hole (e.g., Laor 1991; model 5 of Table 2).

Fits to the spectrum of image C using model 4 in Table 2 did
not result in a significant improvement in fit quality compared to
fits using model 2 in Table 2 (see Fig. 4a). Specifically, the F-test
indicates a model that included an accretion-disk Fe K! line at
6.4 keV and a saturated absorption line centered at a rest-frame
energy of 8:5! 0:2 keV (68%) with rest-frame width of Ew ¼
0:5þ0:3

"0:5
keV (68%) resulted in a marginal improvement of the fit

compared to fits with model 2 in Table 2 at the 82% confidence
level. The best-fit parameters are listed in Table 2. Fits to the spec-
trum of image D using model 4 or model 5 that included an
accretion-disk Fe K! line at 6.4 keV and a saturated absorption
line centered at a rest-frame energy of 14! 0:2 keV (68%) with
rest-framewidth ofEw ¼ 2:3! 0:4 keV (68%) resulted in an im-
provement in fit quality at the 94% confidence level compared to
fits using model 2 (see Fig. 4b).

2.3. Spectral Analysis of the Combined Images
of the Chandra Observation of H 1413+117

The spectra of the combined images of the 38 ks (2000 April)
and 89 ks (2005 March) Chandra observations of H 1413+117
suggest the presence of emission line peaks redshifted with re-
spect to the 6.4 keV energy of Fe K! line and absorption blue-
ward of this energy. Our spectral analysis of the 89 ks Chandra
observations ofH 1413+117 indicated possible spectral differences
between images. In particular, we detected significant differences
between the maximum absorption energies in images C andD.We
therefore expect the combined spectrum of the images to average
out the high-energy absorption structure found in the spectra of the
individual image. With this caveat we fitted the combined spectra
with models that included a power law modified by intrinsic neu-
tral absorption, two redshiftedGaussian emission lines, and a broad
Gaussian absorption line. The spectra and best-fit models for the
38 and 89 ks observations are shown in Figures 3a and 3b, re-
spectively. These fits indicate the significant presence of emis-
sion line peaks at rest-frame energies of Eemis1 ¼ 4:9þ0:3

"0:4 keV
and Eemis2 ¼ 6:25! 0:25 keV for the 38 ks observation and
Eemis1 ¼ 5:35! 0:23 keVandEemis2 ¼ 6:3þ0:6

"0:3 keV for the 89 ks
observation. A conservative interpretation of these peaks based
on their energies and the observational fact that Fe K! emission
lines are common in quasars is that they arise from Fe K! emis-
sion; recent spectral analyses (e.g., Porquet et al. 2004; Jiménez-
Bailón et al. 2005; Schartel et al. 2005) find significant detections
of Fe K! emission lines in about half of the quasars in their sam-
ples, and there are indications of broadening of the lines in about
10% of the quasars.

In Figures 5a and 5b we show the confidence contours be-
tween the flux and rest-frame energy of the Fe K! emission line
peaks detected in the 38 and 89 ks observations of H 1413+117.
All emission line peaks are detected at >97% confidence level
with the exception of the peak at 4.9 keV, which is detected mar-
ginally at a confidence level of %85%. We notice a statistically
significant reduction in the flux of the blue Fe K! line peak be-
tween these two observations. The red Fe K! peak does not ap-
pear to vary within errors; however, the detection of this peak in
the 38 ks observation is marginal, with large error bars on the
profile parameters. This decrease in the strength of the blue
Fe K! line peak is consistent with the microlensing interpreta-
tion proposed to explain the anomalous flux ratios in the 38 ks ob-
servation of H 1413+117. In particular, as a microlensing caustic
traverses the Fe K! emission line region we predicted the mag-
nification of the Fe K! line to vary. The time separation between

Fig. 4.—Unfolded 2005 Chandra spectra of images (a) C and (b) D of
H 1413+117 plotted with the best-fit model that consists of the following com-
ponents: Galactic absorption, direct emission of a power lawmodified by intrinsic
neutral absorption (dashed lines), scattered emission of a power law assuming
simple Thomson scattering (dot-dashed lines), a fluorescent Fe line from an ac-
cretion disk around a black hole where the Fe line model is based on Laor’s (1991)
calculation applicable to a Kerr black hole (dotted lines), and saturated high-energy
absorption (see text for more details; model 5 of Table 2). We emphasize that the
present data cannot adequately constrain such a complex model; however, the
main purpose of these fits is to demonstrate that such a model is consistent with
the data (model 1 from Table 3).

9 The covering factor, fc, effectively represents the fraction of photons from
the background source(s) that pass through the absorber.
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locations were binned with a bin size of 0.024600 to sample the
PSF sufficiently (an ACIS pixel subtends 0.49100). The simulated
PSFs were fitted to the Chandra data by minimizing the C sta-
tistic formed between the observed and simulated images of
H1413+117. In Figures 1a and 1bwe show the Lucy-Richardson

deconvolved images in the 0.2Y8 keV bandpass of the 38 and
89 ks Chandra observations, respectively.
We find that the X-ray flux ratios in the full (0.2Y8 keV) band

for the 89 ks observation of H 1413+117 in 2005 March are
B/Að Þfull ¼ 1:02$0:12, C/Að Þfull ¼ 0:82$0:11, and D/Að Þfull ¼
0:71$ 0:09, and the number of detected X-ray events in images
A, B, C, and D were 160$ 13, 163$ 13, 131$ 12, and 114 $
11, respectively. The X-ray flux ratios in the full (0.2Y8 keV)
band for the 38 ks observation of H 1413+117 in 2000 April are
B/Að Þfull ¼ 0:49$0:08, C/Að Þfull¼ 0:35$0:07, and D/Að Þfull ¼
0:37$ 0:07, and the number of detected X-ray events in images
A, B, C, and D were 147$ 13, 72$ 10, 52$ 8, and 54$ 9,
respectively.
For comparison, the HST WFPC2 F702W-band flux ratios

are B/Að ÞF702W ¼ 0:87$ 0:02, C/Að ÞF702W ¼ 0:77$ 0:01, and
D/Að ÞF702W ¼ 0:72$ 0:01. The HSTWFPC2 F702W-band ob-
servations were taken in 1994 December (Turnshek et al. 1997).
The HST WFPC2 F702W band is centered at 6919 8 with a
bandwidth of 1385 8, and represents a wide R band.
We find that the X-ray flux ratios have varied significantly

between the two Chandra observations. The X-ray flux ratios
for the 2005 observation of H 1413+117 are consistent with the
F702W-band flux ratios. The 0.2Y8 keV count rate of image A
decreased by a factor of%2.1, while the 0.2Y8 keV count rates of
the other images remained the same within errors between the
2000 and 2005 Chandra observations.
The full-band flux fractions of image A, ½A/(Bþ Cþ D)(,

during the 38 and 89 ks Chandra observations are 0:83$ 0:10
and 0:39$ 0:04. For comparison, the flux fraction of image A in
the HST WFPC2 F702W band is 0:42$ 0:01.

2.2. Spectral Analysis of the Individual Images
of the Chandra Observation of H 1413+117

We performed fits to the spectra of individual images of
H1413+117with a variety ofmodels of increasing complexity.We
used events with observed-frame energies lying within the range
of 0.4Y8 keV. Due to the moderate S/N of the spectra we per-
formed these fits using the Cash statistic which does not require
binning of the data. For comparison, we also performed the spectral
fits using the !2 statistic and found similar results. Our first model
consisted of Galactic absorption and a simple power law. The best-
fit parameters of this model are presented in Table 2 (model 1).
These fits are unacceptable in a statistical sense and the fit resid-
uals show significant absorption at observed-frame energies of
%2Y5 keVand emission at observed-frame energies of%1Y2 keV.
To better illustrate the possible presence of broad absorption

features and emission lines, we fitted the spectra of the individual
images of H 1413+117 in the observed-frame energy bands of

Fig. 1.—Lucy-Richardson deconvolved images in the 0.2Y8 keV bandpass of
the (a) 38 ks and (b) 89 ks Chandra observations of H 1413+117. The brightness
scale of the images represents count rate. The significant decrease of the X-ray
flux of only imageA is interpreted as the result of amicrolensing event in imageA
that peaked near the 38 ks observation. The X-ray flux ratios of the images during
the 89 ks observation are consistent with the HST F702W-band flux ratios. The
images are displayed with a linear brightness scale. East is to the left and north is
up.

TABLE 1

Log of Observations of the LoBAL Quasar H 1413+117

Observation Date Observatory Observation ID

Effective Exposure Timea

(ks) Rsrc
b

2000 Apr 19..................... Chandra 930 38.2 (8.2 $ 0.5) ; 10)3

2001 Jul 29 ...................... XMM-Newton 0112250301 19.2 (1.1 $ 0.1) ; 10)2

2002 Aug 2...................... XMM-Newton 0112251301 23.5 (0.9 $ 0.1) ; 10)2

2005 Mar 30 .................... Chandra 5645 88.9 (5.6 $ 0.3) ; 10)3

a The effective exposure time is the time remaining after the application of good time interval tables to remove portions of the
observation that were severely contaminated by background flares.

b Background-subtracted source count rate including events with energies within the 0.2Y10 keV band. The source count rates
and effective exposure times for the XMM-Newton observations refer to those obtained with the EPIC PN instrument. See x 2 for
details on source and background extraction regions used for estimating Rsrc.
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Fig. 1.—Summed (source plus background) X-ray spectrum of CDFS 11
and the expected background (squares with dotted error bars). The spectra
were rebinned for display purposes.

TABLE 1
Spectral Fits to CDFS 11

Model
Parameters Value

Continuum:
G . . . . . . . . . . . . . . . . . . . . . 1.7! 0.1
NH . . . . . . . . . . . . . . . . . . . . # 1022 cm!2"1.00.1!0.1
C/dof . . . . . . . . . . . . . . . . 362/356

Edge:
Eedge . . . . . . . . . . . . . . . . . . keV"0.720.9!0.5
. . . . . . . . . . . . . . . . . . . . .t0

b"…3.5!1.2
C/dof . . . . . . . . . . . . . . . . 347/354

Notch:a . . . . . . . . . . . . . . . . .
Ec . . . . . . . . . . . . . . . . . . . . keV"0.522.5!0.3
Width . . . . . . . . . . . . . . . . keV"0.93.0!1.1
C/dof . . . . . . . . . . . . . . . . 345/354

Absori:
y . . . . . . . . . . . . . . . . . . . . . 19000
NH . . . . . . . . . . . . . . . . . . . . 1500 # 1022 cm!2

C/dof . . . . . . . . . . . . . . . . 344/353
a The covering factor of the notch model was

fixed to 0.99 to represent a heavily saturated
absorption.

b The upper limit of the absorption depth was
poorly constrained.

Fig. 2.—Spectral data (rebinned for display purposes), best-fit continuum
models, and the ratios of data to model for CDFS 11.

absorption column of (Dickey & Lockman 1990)19 !28# 10 cm
was also included. The results are presented in Table 1. The
spectrum was well fitted by a power law ( ) with weak"0.1G p 1.7!0.1
absorption ( cm!2). The intrinsic, rest-frame"1.0 22N p 0.1 # 10H !0.1
2.0–10.0 keV luminosity is ergs s!1 ( km444.3# 10 H p 70.00
s!1 Mpc!1, , ). The best-fit continuumQ p 0.27 Q p 0.73m L

model and the ratio of data to model are shown in Figure 2. In
both Figure 1 and Figure 2, we can see a strong absorption feature
at ∼6.3 keV in the observed frame. The absorption appears to
be optically thick, since the ratio of data to model reaches zero
at energies around 6.3 keV.
We add an absorption edge to our fit, which attenuates

the continuum above Eedge with the optical depth t p
. An absorption edge with keV and!3t (E/E ) E p 5.80 edge edge

significantly improves the fit ( with twot p 3.5 DC p !150
extra free parameters; see Table 1). We also tried to model the
absorption feature by a saturated absorption line model. The
model notch of XSPEC was used by fixing the covering fraction
at 0.99 to represent a blank absorption trough. The fitting is
slightly better than the edge model with for twoDC p !17
extra free parameters, which are located at keV andE p 6.3c

the line width of 0.9 keV (both in the observed frame). The
line width can also be taken as the equivalent width of the
absorption line, since the absorption is saturated. We also per-
form spectral fits to search for possible other absorption edges/
lines at lower energies. We try different energy entries from
0.5 to 6 keV, but we find that no further absorption edge/line
is statistically required ( ).DC ! 3
The X-ray spectrum of CDFS 11 was found to be variable

with high probability (13 j; Paolillo et al. 2004). However, due
to the limited number of X-ray photons over 5 keV, and the
fact that the absorption feature is optically thick with black
trough, we are unable to study the variability of the absorption
itself, based on our data. Sometimes, a broad emission line
might actually be mimicked by a strong absorption edge at
higher energy (e.g., Reeves et al. 2004) and vice versa, espe-
cially in X-ray spectra with low S/N or low-energy resolution.
To check if this is the case for CDFS 11, we fit the spectrum
with a power-law continuum and a broad emission line. We
tried different central values for the line energy from 4 to 6
keV, and found that an emission line can only improve the C-

statistics by . This indicates that the absorption featureDC ≤ !2
in CDFS 11 cannot be ascribed to the presence of a broad
emission line.

3. DISCUSSION

We discuss here the possible origin of the significant broad
absorption feature we detected in the X-ray spectrum of CDFS
11 with the 1 Ms Chandra ACIS exposure. The feature locates
at energies 120 keV in the rest frame, with a confidence level
of 99.98% according to F-test. We note that the confidence
level given by F-test for an absorption feature might not be
accurate (Protassov et al. 2002). Here we re-estimate the con-
fidence level of the absorption feature via a simple approach.
In the energy range 5.8–6.8 keV where the absorption feature
is located, we detected a total of 11 photons (source " back-
ground), while the continuum model " background predict

Wang et al. 2005 
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The final impact of UFOs: Further progress on QSOs much needed 

  Nw (cm-2)    ⇒ up to 1023-1024 

  Location (R, DeltaR)   ⇒ down to few Rs 

  Ionization state (ξ)    ⇒ up to log ξ ~ 4-5 

  Velocity     ⇒ up to z~0.3c (even more at high-z?) 

  Covering factor    ⇒ >40%, up to 60% in AGNs, in QSOS?? 

  Frequency in AGNs/QSOs   ⇒ ?? 

  Filling factor    ⇒ ?? 

UFOs in AGNs ⇒ kinetic energy 10-1000 x > Warm abosrbers 

UFOs in QSOs  ⇒ still large unkowns (Cov. Fact.), even more if at z~2  

But clearly, energetically, UFOs could have a significant impact on (energizing, 
momentum driving, and chemically enriching) their host galaxies.  

Future: need of higher X-ray throughput and energy resolution (in general) but check 
(today) spectra from current surveys/high-z QSOs too…(you never know) 



X-ray spectrum

NH~4!1023cm-2

Absorption line

Blueshift ~0.16c

PID352 @ z=1.7 (Iwasawa et al. in prep.) 



How UFOs relate to colder gas and molecular outflows?? 

2 Maiolino et al.

for a tiny fraction of the total gas in the host galaxy. So far, no ob-
servational evidence was found for the massive, quasar driven out-
flows at z>6 required by feedback models to explain the population
of old massive galaxies at z∼2.

Here we focus on one of the most distant quasars known,
SDSSJ114816.64+525150.3 (hereafter J1148+5251), at z=6.4189
(Fan et al. 2003). CO observations have revealed a large reser-
voir of molecular gas, MH2 ∼ 2 1010 M", in the quasar
host galaxy (Walter et al. 2003; Bertoldi et al. 2003b). The strong
far-IR thermal emission inferred from (sub-)millimeter observa-
tions reveals vigorous star formation in the host galaxy, with
SFR ∼ 3000 M" yr−1 (Bertoldi et al. 2003a; Beelen et al. 2006).
J1148+5251 is also the first high redshift galaxy in which the the
[CII]158µm line was discovered (Maiolino et al. 2005). High res-
olution mapping of the same line with the IRAM PdBI revealed
that most of the emission is confined within ∼ 1.5 kpc, indicating
that most of the star formation is occurring within a very compact
region (Walter et al. 2009).

Previous [CII] observations of J1148+5251 did not have a
bandwidth large enough to allow the investigation of broad wings
tracing outflows, as in local quasars. In this letter we present new
IRAM PdBI observations of J1148+5251 that, thanks to the wide
bandwidth offered by the new correlator, have allowed us to dis-
cover broad [CII] wings tracing a very massive and energetic out-
flow in the host galaxy of this early quasar. We show that the prop-
erties of this outflow are consistent with the expectations of quasar
feedback models.

We assume the concordance Λ-cosmology with H0 =

70.3 km s−1 Mpc−1, ΩΛ = 0.73 and Ωm = 0.27 (Komatsu et al.
2011).

2 OBSERVATIONS AND DATA REDUCTION

Observations with the IRAM PdBI were obtained mostly in April
2011 in D configuration (mostly with 1.5 < PWV < 3.5 mm),
while a few hours where also obtained in January 2011 in C+D
configuration (PWV < 1.5 mm). The resulting synthesized beam
is 2.2′′ × 1.8′′. The receivers were tuned to 256.172 GHz, which
is the rest frame frequency of [CII] at the redshift of the quasar,
z=6.4189 (Maiolino et al. 2005). The following flux calibrators
were used: 3C454.3, MWC349, 0923+392, 1150+497, 3C273,
3C345, 1144+542, J1208+546, J1041+525, 1055+018. Uncer-
tainties on the absolute flux calibration are 20%. The total on-
source integration time was 17.5 hours, resulting in a sensitivity
of 0.08 Jy km s−1 beam−1 in a channel with width 100 km s−1.

The data were reduced by using the CLIC and MAPPING
packages, within the GILDAS-IRAM software. Cleaning of the re-
sulting maps was run by selecting the clean components on an area
of ∼ 3” around the peak of the emission. For each map the resulting
residuals are below the 1σ error, ensuring that sidelobes are prop-
erly cleaned away. Anyhow, as discussed in the following, the size
determination has been investigated directly on the uv data, there-
fore independently of the cleaning.

3 RESULTS

3.1 Detection of broad wings

The continuum was subtracted from the uv data by estimating
its level from the channels at v < −1300 km s−1 and at v >
+1300 km s−1. The inferred continuum flux is 3.7 mJy, which is

a)

b)

Figure 1. IRAM PdBI continuum-subtracted spectrum of the [CII]158µm
line, redshifted to 256.172 GHz, in the host galaxy of the quasar
J1148+5152 extracted from an aperture with a diameter of 4′′, top, and
6′′, bottom. The spectrum has been resampled to a bin size of 85 km s−1.
The red lines show a double Gaussian fit (FWHM=345 km s−1 and
FWHM=2030 km s−1) to the line profile, while the blue line shows the
sum of the two Gaussian components.

fully consistent with the value expected (4 mJy) from the bolomet-
ric observations (Bertoldi et al. 2003a), once the frequency range
of the latter and the steep shape of the thermal spectrum are taken
into account.

Fig. 1a shows the continuum-subtracted spectrum, extracted
from an aperture of 4′′ (corresponding to a physical size of 11 kpc).
Fig. 1b shows the spectrum extracted from a larger aperture of 6′′
that, although noisier than the former spectrum, recovers residual
flux associated with the beam wings and with any extended com-
ponent.

The spectrum shows a clear narrow [CII]158µm emis-
sion line, which was already detected by previous observations
(Maiolino et al. 2005; Walter et al. 2009). However, thanks to the
much wider bandwidth relative to previous data, our new spectrum

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

Evidence of strong quasar feedback in the early Universe 3

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 struc-
ture 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 can-
not 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.

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,

Moutfl(atomic)
M"

= 0.77
(

0.7 L[CII]
L"

) (

1.4 10−4

XC+

)

1 + 2 e−91K/T + ncrit/n
2 e−91K/T

(1)

(Hailey-Dunsheath et al. 2010), where XC+ is the C+ abundance
per hydrogen atom, T is the gas temperature, n is the gas den-
sity 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 dif-
fuse, 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
a temperature of 200 K, however the dependence on the tempera-
ture is weak (going from 100 K to 1000 K the implied gas mass
is within 20% of the value obtained at 200 K). Furthermore, we
assume a C+ abundance typical of PDRs, i.e. XC+ = 1.4 × 10−4
(Savage & Sembach 1996), which is also conservative, since the
gas in the outflow is certainly, on average, at a higher state of
ionization. The luminosity of the [CII] broad component is in-
ferred from the flux of this component in the spectrum extracted
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-
flowing atomic gas mass of

Moutfl(atomic) > 7 × 109 M" (2)

We emphasize that this is a conservative lower limit on the total
mass of outflowing gas, not only because of the assumptions on the
physical properties of the outflowing atomic gas, but also because a
significant fraction of the outflowing gas is likely in the molecular
form.

1 Note that, although Fig. 1 shows the spectrum resampled in channels of
85 km s−1 for sake of clarity, the fit was performed on the unbinned spec-
trum to avoid any fitting artifact associated with the binning.

a)

b)

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.

3.3 Extension

Fig. 2(a) shows the map of the [CII] narrow component integrated
within2 −300 < v < +400 km s−1. Note that in this case we
have subtracted a pseudo-continuum defined by the flux observed
at 400 < |v| < 800 km s−1 (resulting in a level of 5.6 mJy), to mini-
mize the contribution of the broad component. Fig. 2(b) shows the
map of the [CII] broad wings, where we have combined the blue
(−1300 < v < −300 km s−1) and red (+500 < v < +1300 km s−1)
wings to improve the signal-to-noise.

2 The line core integration limits are asymmetric because the narrow com-
ponent is slightly skewed towards positive velocities.
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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 struc-
ture 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 can-
not 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.

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,
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(Hailey-Dunsheath et al. 2010), where XC+ is the C+ abundance
per hydrogen atom, T is the gas temperature, n is the gas den-
sity 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 dif-
fuse, 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
a temperature of 200 K, however the dependence on the tempera-
ture is weak (going from 100 K to 1000 K the implied gas mass
is within 20% of the value obtained at 200 K). Furthermore, we
assume a C+ abundance typical of PDRs, i.e. XC+ = 1.4 × 10−4
(Savage & Sembach 1996), which is also conservative, since the
gas in the outflow is certainly, on average, at a higher state of
ionization. The luminosity of the [CII] broad component is in-
ferred from the flux of this component in the spectrum extracted
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-
flowing atomic gas mass of

Moutfl(atomic) > 7 × 109 M" (2)

We emphasize that this is a conservative lower limit on the total
mass of outflowing gas, not only because of the assumptions on the
physical properties of the outflowing atomic gas, but also because a
significant fraction of the outflowing gas is likely in the molecular
form.

1 Note that, although Fig. 1 shows the spectrum resampled in channels of
85 km s−1 for sake of clarity, the fit was performed on the unbinned spec-
trum to avoid any fitting artifact associated with the binning.
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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.

3.3 Extension

Fig. 2(a) shows the map of the [CII] narrow component integrated
within2 −300 < v < +400 km s−1. Note that in this case we
have subtracted a pseudo-continuum defined by the flux observed
at 400 < |v| < 800 km s−1 (resulting in a level of 5.6 mJy), to mini-
mize the contribution of the broad component. Fig. 2(b) shows the
map of the [CII] broad wings, where we have combined the blue
(−1300 < v < −300 km s−1) and red (+500 < v < +1300 km s−1)
wings to improve the signal-to-noise.

2 The line core integration limits are asymmetric because the narrow com-
ponent is slightly skewed towards positive velocities.

•

M ! 3500 
Mout > 3500 M yr-1; and Quasar driven outflow (not SB) 

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

Mrk231 - CO (resolved) map  
FWHM~700 km/s, Mout ~ 250-2200 M yr-1 A&A 518, L155 (2010)

Morganti et al. (2010) reported evidence for AGN-induced mas-
sive and fast outflows of neutral H in powerful radio galaxies,
possibly driven by the AGN jets.

The bulk of the gas in QSO hosts, i.e. the molecular phase,
appears little affected by the presence of the AGN. Indeed, most
studies of the molecular gas in the host galaxies of QSOs and
Seyfert galaxies have found narrow CO lines (with a width
of a few 100 km s−1), generally tracing regular rotation pat-
terns, with no clear evidence for prominent molecular out-
flows (Downes & Solomon 1998; Wilson et al. 2008; Scoville
et al. 2003), even in the most powerful quasars at high redshift
(Solomon & Vanden Bout 2005; Omont 2007). Yet, most of the
past CO observations were obtained with relatively narrow band-
widths, which may have prevented the detection of broad wings
of the CO lines possibly associated with molecular outflows.
Even worse, many CO surveys were performed with single dish,
where broad CO wings may have been confused with baseline
instabilities and subtracted away along with the continuum.

We present new CO(1–0) observations of Mrk 231 obtained
with the IRAM Plateau de Bure Interferometer (PdBI). Mrk 231
is the nearest example of a quasar object and is the most lu-
minous Ultra-Luminous Infrared Galaxy (ULIRG) in the local
Universe (Sanders et al. 1988) with an infrared luminosity of
3.6 × 1012 L# (assuming a distance of 186 Mpc). A significant
fraction (∼70%) of its bolometric luminosity is ascribed to star-
burst activity (Lonsdale et al. 2003). Radio, millimeter, and near-
IR observations suggest that the starbursting disk is nearly face-
on (Downes & Solomon 1998; Carilli et al. 1998; Taylor et al.
1999). In particular, past CO(1−0) and (2−1) IRAM PdBI ob-
servations of Mrk 231 show evidence for a regular rotation pat-
tern and a relatively narrow profile (Downes & Solomon 1998),
as well as a molecular disk (Carilli et al. 1998). The existence
of a quasar-like nucleus in Mrk 231 has been unambiguously
demonstrated by observations carried out at different wave-
lengths, which have revealed the presence of a central compact
radio core plus pc-scale jets (Ulvestad et al. 1999), broad optical
emission lines (Lipari et al. 2009) in the nuclear spectrum, and a
hard X-ray (2−10 keV) luminosity of 1044 erg s−1 (Braito et al.
2004). In addition, both optical and X-ray data have revealed that
our line of sight to the active nucleus is heavily obscured, with
a measured hydrogen column as high as NH = 2 × 1024 cm−2

(Braito et al. 2004). The quasar Mrk 231 displays clear evidence
of powerful ionized outflows by the multiple broad absorption
lines (BAL) systems seen all over its UV and optical spectrum.
In particular, Mrk 231 is classified as a low-ionization BAL
QSOs, a very rare subclass (∼10% of the entire population) of
BAL QSOs characterized by weak [OIII] emission, in which the
covering factor of the absorbing outflowing material may be near
unity (Boroson & Meyers 1992). Furthermore, giant bubbles and
expanding shells on kpc-scale are visible in deep HST imag-
ing (Lipari et al. 2009). Recent observations with the Herschel
Space Observatory have revealed a molecular component of the
outflow, as traced by H2O and OH molecular absorption features
(Fischer et al. 2010), but the lack of spatial information has pre-
vented an assessment of the outflow rate.

2. Data

We exploited the wide bandwidth offered by the PdBI to observe
the CO(1−0) transition in Mrk 231. The observations were car-
ried out between June and November 2009 with the PdBI, using
five of the 15 m antennas of the array. We observed the CO(1−0)
rotational transition, whose rest frequency of 115.271 GHz is
redshifted to 110.607 GHz (z = 0.04217), by using using both

-1000 -500 0 500 1000

0

0.1

0.2

0.3

Velocity [Km/s]

-1000 -500 0 500 1000

0

0.01

0.02

0.03

Velocity [Km/s]

Fig. 1. Continuum-subtracted spectrum of the CO(1−0) transition in
Mrk 231. The spectrum was extracted from a region twice the beam size
(full width at half maximum, FWHM), and the level of the underlying
continuum emission was estimated from the region with v > 800 km s−1

and v < −800 km s−1. Left panel: full flux scale. Right panel: expanded
flux scale to highlight the broad wings. The line profile has been fitted
with a Gaussian narrow core (black dotted line) and a Gaussian broad
component (long-dashed line). The FWHM of the core component is
180 km s−1 while the FWHM of the broad component is 870 km s−1,
and reaches a Full Width Zero Intensity (FWZI) of 1500 km s−1.

the C and D antenna configurations. The spectral correlator was
configured to cover a bandwidth of about 1 GHz in dual po-
larization. The on-source integration time was ∼20 h. The data
were reduced, calibrated channel by channel, and analyzed by
using the CLIC and MAPPING packages of the GILDAS soft-
ware. The absolute flux was calibrated on MWC 349 (S (3 mm)=
1.27 Jy) and 1150+497 (S (3 mm) = 0.50 Jy). The absolute
flux calibration error is of the order ±10%. All maps and spec-
tra are continuum-subtracted, the continuum emission is esti-
mated in the spectral regions with velocity v > 800 km s−1 and
v < −800 km s−1.

3. Results

Figure 1 shows the spectrum of the CO(1−0) emission line,
dominated by a narrow component (FWHM ∼ 200 km s−1),
which was already detected in previous observations (Downes
& Solomon 1998; Bryant & Scoville 1997). However, our new
data reveal for the first time the presence of broad wings ex-
tending to about ±750 km s−1, which have been missed, or pos-
sibly confused with the underlying continuum, in previous nar-
rower bandwidth observations. Both the blue and red CO(1−0)
wings appear spatially resolved, as illustrated in their maps
(Fig. 2). The peak of the blue wing emission is not offset
with regard to the peak of the red wing, indicating that these
wings are not caused by to the rotation of an inclined disk,
which leaves outflowing molecular gas as the only viable ex-
planation. A Gaussian fit of the spatial profile of the blue and
red wings (by also accounting for the beam broadening) indi-
cates that the out-flowing medium extends over a region of about
0.6 kpc (0.7′′) in radius. To quantify the significance of the spa-
tial extension of the high-velocity outflowing gas, we fitted the
visibilities in the uv-plane. We averaged the visibilities of the
red and blue wings in the velocity ranges 500 ÷ 800 km s−1 and
−500 ÷ −700 km s−1, and we fitted a point source, a circular
Gaussian, and an inclined disk model. The results of the uv-
plane fitting are shown in Fig. 3 and summarized in Table 1. The
upper panels of Fig. 3 show the maps of the residuals after fit-
ting a point-source model. The residuals of the red wing are 5σ
above the average rms of the map and those of the blue wing 3σ
above the rms. The lower panels of Fig. 3 show the CO(1−0)
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High-resolution CO 
Observation of z=6.42 Quasar

• Spatial Distribution
– Radius ~ 2 kpc
– Two peaks separated by 1.7 kpc

• Velocity Distribution
– CO line width of 280 km/s
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Tombesi et al., 2012,  
In prep. 

The “new” X-ray view: UFOs compared with WAs… 



21

Fig. 5.— The above plot shows the power emitted either from the jet power (AGN:red and BHB:orange) or wind power (AGN:black and
BHB:blue) as a compared to the mass accretion rate, which is approximated by the bolometric luminosity on the x axis. A clear turnover
at Ṁacc ≈ 10−2ṀEdd indicates where the power emitted is becoming less efficient. Interesting is the dichotomy between where the jets lie
at lower mass accretion rates and where the winds lie at higher accretion rates. The thick black line denotes the output power by outflows,
where as the thin line is the power generated by radiation as described by Churazov et al. (2005)

King A. et al. 2012, submitted to ApJ (arxiv: 18 May 2012) 





15 UV *AL QSOs with 32 XMM exposures 

Giustini, MC, et al. 2012, in prep. 

on time scales of years 

Δt=4 yrs Δt=6 months 

Δt=3 days 

on time scales of months 

on time scales of days 

Δt=10 ks 

on time scales of hours 

The “new” X-ray view: Variability of a few PG QSOs  



The longest X-ray look ever at a mini-BAL QSO 
(PG1126-041) 

z=0.06 

  Variability over time scales of months:  
variable continuum and moderately 
ionized absorber 

  Variability over time scales of hours:  
variable continuum and highly 
ionized absorber 

  Highly ionized outflowing absorber 

NW ~ 8 x 1023 cm-2 , log ξ ~ 3.5 erg cm s-1 

υout(X) ~ 0.055 c ~ 3 vut(UV) 

  Moderately ionized absorber 

NW ~ 8 x 1022 cm-2 , log ξ ~ 1.5 erg cm s-1 

  Variable αox 

  Typical intrinsic continuum, Γ~2 

  Secondary soft component: Γ~2.5, fscatt~2-3% 
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START TO PROBE THE DYNAMICS 

OF THE INNER ACCRETION/

EJECTION FLOW! 

The “new” X-ray view: Variability of a mini-BAL QSO 

Giustini, MC et al., ’11 



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

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

Lapi, Cavaliere & Menci, ‘05 

Grav. scaling 

With SN  
preheating 

With AGN  
pre-heating 

With QSO  
ejection/outflows 

Perseus Cluster  
Fabian et al. ‘05 

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

Constraints on Cooling Flows 3
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Fig. 4.— Fluxed spectra of several hot (about 5 keV) clusters of
galaxies. The red line is an empirical fit allow the normalization
of the cooling flow model for several temperature ranges to be
adjusted. The green line is the standard cooling flow model with
no adjustments. The model fails most strongly from Fe XVII lines,
which implies that the lowest temperature emission is absent.

The cooling flow model deviates significantly from the
data in a similar manner to the Abell 1835 comparison
in Figure 2. The low temperature emission is not present
or significantly reduced in the cluster spectra. Full de-
tails of the model and analysis method can be found in
Peterson et al. (2003b).

Figure 7 shows the differential luminosity of each of
the four spectra (proportional to the total normalization
given by the fit) against the temperature. Each cluster
is shown in a different color and the actual detections
are connected by a line. If the cooling flow model were
correct, then the points should line close to the line y = 1.
Figure 8 shows the same plot but it is plotted against the
temperature relative to the maximum temperature. The
points appear roughly consistent with a power law in
fractional temperature where the index is near 1 to 2.

Figure 7 and 8 demonstrate several aspects of the fail-
ure of the cooling-flow model. First, it is clear that sig-
nificant quantities of plasma below the maximum tem-
perature always exists. Second, the model appears to fail
at a fraction of the maximum temperature rather than a
fixed value as shown by the luminosity distribution cross-
ing the line y = 1 near T = 1

3
in Figure 8. Furthermore,

the model fails in its shape (it is not horizontal) since it
is tilted towards higher temperatures and the normaliza-
tion at low temperatures is not the only discrepancy. The
overall normalization, however, is somewhat difficult to
interpret in the absence of a new theoretical model, since
a new model would probably add or subtract heat to the
system which affects the normalization. There is also
significant scatter in both plots. It is not clear whether
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Fig. 5.— The same plot as Figure 4 but with medium tempera-
ture (3 to 5 keV) clusters.
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Fig. 6.— The same plot as Figure 4 and 5 but with cool (less
than 3 keV) clusters and groups.

this is due to subtle fitting degeneracies or is a real dif-
ference between cooling flows. We also cannot be certain
if the empirical model, the power law in fractional tem-
perature, continues to arbitrarily low temperatures. It is
clear, however, that the model is off by as much as an or-
der of magnitude at the lowest temperatures. Finally, it
appears that the simple temperature cut-off model used
in Figure 2 might be oversimplified. The best-resolved

Peterson et al., ‘03 



Framework (iv/v): MBH vs SFR, which switched on/off first at z~2-3?  

Madau et al. ’96; Wall et al. ‘05  

QSO space density SFR space density 



…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 BAL QSOs   

(~ 20-40% of all QSOs) 

Weymann et al., ’91; Reichards et al., ‘03 



•  Most frequent detected line is FeXXVI Lyα 

•  Estimated global covering factor from fraction of sources 
with lines (C=Ω⁄4Π)≈0.4-0.6 (i.e. similar to WA) 

• estimated distances r<0.01-0.1pc (<102-105 rs) 

(accretion disk winds? e.g. Elvis ‘00; King & Pounds ‘03) 

•  Often vout > vesc, but not always, material shall fall back 
sometimes? (“aborted jet”? Ghisellini et al. ‘04, Dadina et al. ‘05) 

•  variability time scales t~1day – 1year 

•  Mout/Macc~0.1-1 

•  Ek~1044-1045 erg s-1 ~0.1 Lbol 

(last estimates depend on covering factor) 

Results on UFOs (location and energetics) The “new” X-ray view: 
Lines EW distribution 



Suzaku analysis confirms XMM results 
4 J. Gofford, J. N. Reeves, V. Braito and F. Tombesi
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Figure 1. Data/model residuals and energy-intensity contour plots for Mrk 766
(left) and PDS 456 (right). The data/model residuals are given to the best-fit con-
tinuum model of each source with reflection modelled using the PEXRAV model to
highlight the FeKα emission line. The continuous open contour corresponds to a
∆χ2 = +0.5 and is intended to indicate the level of the continuum. From outer to in-
ner, the closed contours correspond to F-test significances of 68%, 90%, 99%, 99.9%
and 99.99%, respectively. The dashed vertical lines indicate the expected rest-frame
energies of the FeKα, Fe xxv Heα and Fe xxvi Lyα lines.

pectrum. If a Gaussian profile in the real spectrum gives a ∆χ2real improvement, the MC
probability of this line is then PMC = 1 − (N/T ), where N is the number of simulated
spectra with ∆χ2noise > ∆χ

2
real, and T is the total simulated spectra.

3. Results

While work on the sample is ongoing we have fully analysed 45 AGNwith this method.
In these objects 16/45 (21/59 observations) show evidence for statistically significant
(PMC > 95%) highly-ionised absorption lines. This corresponds to ∼ 36% overall
detection rate and is very similar to the global detection fraction found by Tombesi et al.
(2010) in local radio-quiet Seyfert galaxies.

The observational signatures for the outflows falls into four categories: the most
frequently observed absorbers are those consisting of either a single Fe xxvi Lyα line
or both a Fe xxvHeα/Fe xxvi Lyα pair, which each accounting for 6/16 (∼ 38%) of the
detected outflows. A further 2/16 (∼ 13%) are most likely due to Fe xxv Heα blended
with lower ionisation species of iron, and the final 2/16 have more than one absorption
profile (i.e., PDS456 in fig. 1) which suggests the presence to a multi-velocity system.
The current distributions of XSTAR absorber parameters are shown in fig. 2. Overall,
the results are in good agreement with those of the Tombesi et al. (2010, 2011) XMM-
Newton sample. The NH values [panel (a)] in particular are very similar and, while
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Figure 2. Histograms showing the distribution of absorber parameters: (a)
column density in units of log(NH/1022); (b) ionisation parameter in units of
log(ξ/erg cm s−1); (c) outflow velocity in units of log(vout/c). In all panels the
shaded/coloured area corresponds to this work while the dashed line shows the re-
sults of Tombesi et al. (2010).

the measured column densities cover a wide range (i.e., 1021 ∼< NH/ cm−2 ∼< 10
24)

there is a peak at (3 − 10) × 1022 cm−2 and a mean value of NH,suzaku ≈ 1 × 1023 cm−2.
This is consistent with the analagous values found with XMM-Newton. The distribution
of ionisation parameter [panel (b)] covers the range range 3.1 ∼< log(ξ/erg cm s

−1) ∼<
5.5 and, with a peak and mean value at log(ξ/erg cm s−1) ≈ 4.0, is again consistent
with the results found by Tombesi et al. (2010). Despite this good agreement in terms
of intrinsic absorber properties the current distrubtion of outflow velocities appears to
differ somewhat, as is shown in panel (c). Whereas there is a sharp peak at ∼ 0.1 c
found with XMM-Newton, we find a smoother and more continuous range of velocities
with Suzaku, ranging from 0.004 ∼< vout/c ∼< 0.5, with very few at the expected peak
velocity of 0.1 c (e.g., see King 2010). However, given that analysis of the sample is
ongoing it is currently too soon to determine whether this is an intrinsic property of the
absorbers or a result of, for example, low number statistics or intrinsic detector biases.
The full Suzaku outflow sample and a thorough discussion regarding all of the work
outlined here will be given in Gofford et al. (2012; in preparation).
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~35%(16/35) sources with UFOs 



Absorbers variability on timescales 1000-10000s  

Risaliti et al. 2005 

NGC1365 Mrk 509 (long-look, 200ks) 

MC et al., 2009 
Dadina et al. ‘05 

Obs1 

Obs2 

Obs3 

Variability allows to place limits on location, mass, etc. 
(See also Krongold et al. 2007 on NGC4051) 

The “new” X-ray view: Variable absorption lines  



Gallagher 06 

Giustini 08 

Chartas 09 

Steffen 06 

  All X-ray bright 

  All X-ray detected 

  Very low measured neutral  
absorbing < NH > ~ < NH,GAL >  

  Typical continuum < Γ > ~ 1.9 

The “future” X-ray view: Spectra for samples of QSOs at high-z (~2-3) 



Conclusions 

  General framework/importance  
⇒  Need for AGN feedback mechanism 

  The “classic” X-ray view of winds/outflows  
 ⇒  Optical/UV/WAs in AGNs and QSOs 
 frequent but maybe insufficient to have significant  
 energetical impact 

  The “new” X-ray view of winds/outflows   
 ⇒ UFOs in AGNs likely frequent and significant 
 ⇒ UFOs in QSOs at z~2 **may** be frequent and 
significant too 

  Critical/remaining open Issues for UFOs/winds 
⇒  Filling factor in AGNs ? 
⇒  Covering & filling factor in high-z QSOs ? 

  Future 
Near-Future: Astro-H 
Far-future: ???? 



(near-) Future: ASTRO-H 

To be launched in <Feb 2014 
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(near-) Future: ASTRO-H 
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(near-)Future: ASTRO-H 

Most important is to: 

i)  Do detailed modeling and probe the outflow dynamics 

in brightest AGNs (to constrain geometry and location, 

hence energetics); 

ii)  Characterize the outflow properties (Nw, ξ, υout) in 

QSOs (ideally up to z=2). 

Final characterisation of outflows from AGNs & QSOs  
and their feedback impact on galaxies/groups/clusters: 



First probes of absorption line profiles (P-Cygni?) Probe of flow dynamics on short time-scales  

Important to probe unambiguously the geometry and location of 

the outflow, and therefore the total mass outflow and the kinetic 

power associated to AGN feedback. 

Absorption spectroscopy with calorimeter resolution (<5 eV)  
up to 8-10 keV will revolutionize the field 

(near-) Future: SXS absorption spectroscopy 
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Simulations by F. Tombesi 



Typical 2-10 keV fluxes of QSOs (to constrain (NW, ξ)) 

To quantify AGN feedback up to z~2 

   (Far-?) Future: Study UFOs/absorbers in QSOs up to z~2 (= the “smoking gun”) 

Will need 10-100 times more throughput  
between 2-10 keV than Astro-H 

High-z QSOs Low-z QSOs 



The ASTRO-H view of a mini-BAL QSO 

UNVEIL THE DYNAMICS OF THE INNER 
ACCRETION/EJECTION FLOW 

PN 5 ks  
XMS 5 ks  

(near-) Future: Individual detailed studies in nearby/bright QSOs 


