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A. Marconi AGN Outflows, EWASS 2017

Open questions
Outflows of ionised and molecular gas are ubiquitous in AGN

What are the origin and physical properties of outflows? 


Accelerating mechanism ?

Clumpy vs continuous? 

Physical conditions of gas in outflows (very hot vs ionized vs molecular)?

How can molecular gas be accelerated to >1000 km/s without being destroyed?

Momentum vs energy driven winds?


Are Outflows galaxy “killers”?

Do we really need AGN feedback? 

Are there viable alternative and/or complementary physical processes?

Do observed massive outflows really affect star formation up to quenching?

Do they last long enough to expel all the gas from a galaxy?

Do outflowing material really escape not to be recycled any more?
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➙search for AGN feedback in massive active 

galaxies (both unobscured and obscured) at 

peak of cosmic star formation history

THIS TALK, talk by G. Cresci, 

WISHH SURVEY (G. Vietri, F. Fiore tomorrow)  

SUPER SURVEY (C. Circosta tomorrow)

➙ studies of AGN feedback in nearby “laboratories”

MAGNUM SURVEY (see talk by G. Venturi tomorrow)



Sample: ~100 luminous unobscured quasars from SDSS DR7 and DR 10 
with z < 1 observed by Herschel: SFRs & [OIII] Line widths 
Mean SFR in four z bins: outflow-dominated and unperturbed galaxies. 

Balmaverde & Marconi: Ionized gas outflow and SFR
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Fig. 6. Histogram of the distribution of the three parameters characterizing the outflow. From left to right: blue wing velocity, wings velocity
offset and σ [O III] excess.
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Fig. 7. Star formation rate plotted in bins of redshift for outflow dominated galaxies (orange points) and unperturbed galaxies (green point).
In the three panel we compare the behavior of the two groups in the plots adopting different criteria for define outflow-dominated galaxies. First
panel: (vel2-vel50) < -800 km s−1; second panel vo f f sett < -150 km s−1; third panel σ([O III] )-σ([O II]) > 150 km s−1. The star formation rate
increase with redshift. Outflow dominated galaxies have a comparable or even higher star formation rate than unperturbed galaxies.

(LS B/Ltot >0.5) and the second group is composed by AGN com-
ponent dominated objects (LS B/Ltot <0.5). In this Section we
explore the properties of these two groups.

In Fig.4.3 we investigate the relation between the AGN
[O III] luminosity and the star formation rate of the host galaxy
of the two groups. In particular we check if objects SB-
dominated are more star forming that AGN-dominated quasars
and, analogously, if objects AGN-dominated have higher [OIII]
luminosity than SB-dominated objects. This is partially true.
The quasars with higher SB and AGN luminosities show re-
spectively higher and lower LS B/Ltot ratios, but the two groups
overlap considerably especially in [OIII] luminosity (mean lu-
minosity value is 42.0±0.5 and 42.5±0.6) but the distribution in
SFR appear separated (1.0±0.5 and 1.0±0.6). We would like
to stress that the threshold Lsb/Ltot=0.5 does not imply neces-
sarily that we separate the brightest star burst luminosity galaxy
(higher SFR) from galaxy hosting more powerful AGN (higher
L([OIII])). In fact many AGN luminous host galaxies are form-
ing stars. From e.g. Netzer (2009) and it is known that ex-
ist a tight correlation between the AGN bolometric luminosity
and the star formation rate of the galaxy. This relation is usu-
ally interpreted as a probe of the coupling between AGN growth
and host star formation by an evolutionary mechanism, e.g. the

merging. In dashed we report the correlation found by Netzer
(2009) LAGN ∝ L0.8

S FR that links the AGN luminosity to the Star
formation rate. The correlation is significantly better if we con-
sider separately the two groups, and surprisingly both groups
follow the correlation with a very small scatter. The blue points
(quasars SB-dominated) show an excess in the star formation
rate for a same range of [O III] AGN luminosity respect to the
AGN-dominated quasars.

We have measured the star formation rate from SED fitting
in the infrared band, however, also the [OII]3727 emission line
corrected for dust extinction is frequently used as an indicator of
SFR despite its complex dependence on metallicity and excita-
tion conditions. Unfortunately, only about half of our spectra (z
! 0.4) cover the Balmer decrement (Hα /Hβ ) typically used to
correct the [O II]luminosity for absorption. In Fig.4.3, left panel
we compare the [O II]luminosity not corrected for absorption to
the infrared luminosity in the 8-1000 µm derived from sed fit-
ting. As expected the dispersion is larger if we consider all the
quasars, but it is significantly reduced if we consider the two
groups independently. The points that are AGN dominated may
be significantly contaminated by the AGN and in fact they show
an excess of [O II]luminosity respect to the SB-dominated. In
the right panel of Fig.4.3 we compare instead the 8-1000 mc lu-
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Fig. 6. Histogram of the distribution of the three parameters characterizing the outflow. From left to right: blue wing velocity, wings velocity
offset and σ [O III] excess.
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rate for a same range of [O III] AGN luminosity respect to the
AGN-dominated quasars.
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corrected for dust extinction is frequently used as an indicator of
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Fig. 6. Histogram of the distribution of the three parameters characterizing the outflow. From left to right: blue wing velocity, wings velocity
offset and σ [O III] excess.
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Fig. 7. Star formation rate plotted in bins of redshift for outflow dominated galaxies (orange points) and unperturbed galaxies (green point).
In the three panel we compare the behavior of the two groups in the plots adopting different criteria for define outflow-dominated galaxies. First
panel: (vel2-vel50) < -800 km s−1; second panel vo f f sett < -150 km s−1; third panel σ([O III] )-σ([O II]) > 150 km s−1. The star formation rate
increase with redshift. Outflow dominated galaxies have a comparable or even higher star formation rate than unperturbed galaxies.

(LS B/Ltot >0.5) and the second group is composed by AGN com-
ponent dominated objects (LS B/Ltot <0.5). In this Section we
explore the properties of these two groups.

In Fig.4.3 we investigate the relation between the AGN
[O III] luminosity and the star formation rate of the host galaxy
of the two groups. In particular we check if objects SB-
dominated are more star forming that AGN-dominated quasars
and, analogously, if objects AGN-dominated have higher [OIII]
luminosity than SB-dominated objects. This is partially true.
The quasars with higher SB and AGN luminosities show re-
spectively higher and lower LS B/Ltot ratios, but the two groups
overlap considerably especially in [OIII] luminosity (mean lu-
minosity value is 42.0±0.5 and 42.5±0.6) but the distribution in
SFR appear separated (1.0±0.5 and 1.0±0.6). We would like
to stress that the threshold Lsb/Ltot=0.5 does not imply neces-
sarily that we separate the brightest star burst luminosity galaxy
(higher SFR) from galaxy hosting more powerful AGN (higher
L([OIII])). In fact many AGN luminous host galaxies are form-
ing stars. From e.g. Netzer (2009) and it is known that ex-
ist a tight correlation between the AGN bolometric luminosity
and the star formation rate of the galaxy. This relation is usu-
ally interpreted as a probe of the coupling between AGN growth
and host star formation by an evolutionary mechanism, e.g. the

merging. In dashed we report the correlation found by Netzer
(2009) LAGN ∝ L0.8

S FR that links the AGN luminosity to the Star
formation rate. The correlation is significantly better if we con-
sider separately the two groups, and surprisingly both groups
follow the correlation with a very small scatter. The blue points
(quasars SB-dominated) show an excess in the star formation
rate for a same range of [O III] AGN luminosity respect to the
AGN-dominated quasars.

We have measured the star formation rate from SED fitting
in the infrared band, however, also the [OII]3727 emission line
corrected for dust extinction is frequently used as an indicator of
SFR despite its complex dependence on metallicity and excita-
tion conditions. Unfortunately, only about half of our spectra (z
! 0.4) cover the Balmer decrement (Hα /Hβ ) typically used to
correct the [O II]luminosity for absorption. In Fig.4.3, left panel
we compare the [O II]luminosity not corrected for absorption to
the infrared luminosity in the 8-1000 µm derived from sed fit-
ting. As expected the dispersion is larger if we consider all the
quasars, but it is significantly reduced if we consider the two
groups independently. The points that are AGN dominated may
be significantly contaminated by the AGN and in fact they show
an excess of [O II]luminosity respect to the SB-dominated. In
the right panel of Fig.4.3 we compare instead the 8-1000 mc lu-
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Sample: ~100 luminous unobscured quasars from SDSS DR7 and DR 10 
with z < 1 observed by Herschel: SFRs & [OIII] Line widths 
Mean SFR in four z bins: outflow-dominated and unperturbed galaxies. 
Results are clearly in contrast with the negative AGN modelBalmaverde & Marconi: Ionized gas outflow and SFR
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(LS B/Ltot >0.5) and the second group is composed by AGN com-
ponent dominated objects (LS B/Ltot <0.5). In this Section we
explore the properties of these two groups.

In Fig.4.3 we investigate the relation between the AGN
[O III] luminosity and the star formation rate of the host galaxy
of the two groups. In particular we check if objects SB-
dominated are more star forming that AGN-dominated quasars
and, analogously, if objects AGN-dominated have higher [OIII]
luminosity than SB-dominated objects. This is partially true.
The quasars with higher SB and AGN luminosities show re-
spectively higher and lower LS B/Ltot ratios, but the two groups
overlap considerably especially in [OIII] luminosity (mean lu-
minosity value is 42.0±0.5 and 42.5±0.6) but the distribution in
SFR appear separated (1.0±0.5 and 1.0±0.6). We would like
to stress that the threshold Lsb/Ltot=0.5 does not imply neces-
sarily that we separate the brightest star burst luminosity galaxy
(higher SFR) from galaxy hosting more powerful AGN (higher
L([OIII])). In fact many AGN luminous host galaxies are form-
ing stars. From e.g. Netzer (2009) and it is known that ex-
ist a tight correlation between the AGN bolometric luminosity
and the star formation rate of the galaxy. This relation is usu-
ally interpreted as a probe of the coupling between AGN growth
and host star formation by an evolutionary mechanism, e.g. the

merging. In dashed we report the correlation found by Netzer
(2009) LAGN ∝ L0.8

S FR that links the AGN luminosity to the Star
formation rate. The correlation is significantly better if we con-
sider separately the two groups, and surprisingly both groups
follow the correlation with a very small scatter. The blue points
(quasars SB-dominated) show an excess in the star formation
rate for a same range of [O III] AGN luminosity respect to the
AGN-dominated quasars.

We have measured the star formation rate from SED fitting
in the infrared band, however, also the [OII]3727 emission line
corrected for dust extinction is frequently used as an indicator of
SFR despite its complex dependence on metallicity and excita-
tion conditions. Unfortunately, only about half of our spectra (z
! 0.4) cover the Balmer decrement (Hα /Hβ ) typically used to
correct the [O II]luminosity for absorption. In Fig.4.3, left panel
we compare the [O II]luminosity not corrected for absorption to
the infrared luminosity in the 8-1000 µm derived from sed fit-
ting. As expected the dispersion is larger if we consider all the
quasars, but it is significantly reduced if we consider the two
groups independently. The points that are AGN dominated may
be significantly contaminated by the AGN and in fact they show
an excess of [O II]luminosity respect to the SB-dominated. In
the right panel of Fig.4.3 we compare instead the 8-1000 mc lu-
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Fig. 6. Histogram of the distribution of the three parameters characterizing the outflow. From left to right: blue wing velocity, wings velocity
offset and σ [O III] excess.
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Fig. 7. Star formation rate plotted in bins of redshift for outflow dominated galaxies (orange points) and unperturbed galaxies (green point).
In the three panel we compare the behavior of the two groups in the plots adopting different criteria for define outflow-dominated galaxies. First
panel: (vel2-vel50) < -800 km s−1; second panel vo f f sett < -150 km s−1; third panel σ([O III] )-σ([O II]) > 150 km s−1. The star formation rate
increase with redshift. Outflow dominated galaxies have a comparable or even higher star formation rate than unperturbed galaxies.

(LS B/Ltot >0.5) and the second group is composed by AGN com-
ponent dominated objects (LS B/Ltot <0.5). In this Section we
explore the properties of these two groups.

In Fig.4.3 we investigate the relation between the AGN
[O III] luminosity and the star formation rate of the host galaxy
of the two groups. In particular we check if objects SB-
dominated are more star forming that AGN-dominated quasars
and, analogously, if objects AGN-dominated have higher [OIII]
luminosity than SB-dominated objects. This is partially true.
The quasars with higher SB and AGN luminosities show re-
spectively higher and lower LS B/Ltot ratios, but the two groups
overlap considerably especially in [OIII] luminosity (mean lu-
minosity value is 42.0±0.5 and 42.5±0.6) but the distribution in
SFR appear separated (1.0±0.5 and 1.0±0.6). We would like
to stress that the threshold Lsb/Ltot=0.5 does not imply neces-
sarily that we separate the brightest star burst luminosity galaxy
(higher SFR) from galaxy hosting more powerful AGN (higher
L([OIII])). In fact many AGN luminous host galaxies are form-
ing stars. From e.g. Netzer (2009) and it is known that ex-
ist a tight correlation between the AGN bolometric luminosity
and the star formation rate of the galaxy. This relation is usu-
ally interpreted as a probe of the coupling between AGN growth
and host star formation by an evolutionary mechanism, e.g. the

merging. In dashed we report the correlation found by Netzer
(2009) LAGN ∝ L0.8

S FR that links the AGN luminosity to the Star
formation rate. The correlation is significantly better if we con-
sider separately the two groups, and surprisingly both groups
follow the correlation with a very small scatter. The blue points
(quasars SB-dominated) show an excess in the star formation
rate for a same range of [O III] AGN luminosity respect to the
AGN-dominated quasars.

We have measured the star formation rate from SED fitting
in the infrared band, however, also the [OII]3727 emission line
corrected for dust extinction is frequently used as an indicator of
SFR despite its complex dependence on metallicity and excita-
tion conditions. Unfortunately, only about half of our spectra (z
! 0.4) cover the Balmer decrement (Hα /Hβ ) typically used to
correct the [O II]luminosity for absorption. In Fig.4.3, left panel
we compare the [O II]luminosity not corrected for absorption to
the infrared luminosity in the 8-1000 µm derived from sed fit-
ting. As expected the dispersion is larger if we consider all the
quasars, but it is significantly reduced if we consider the two
groups independently. The points that are AGN dominated may
be significantly contaminated by the AGN and in fact they show
an excess of [O II]luminosity respect to the SB-dominated. In
the right panel of Fig.4.3 we compare instead the 8-1000 mc lu-
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Sample: ~100 luminous unobscured quasars from SDSS DR7 and DR 10 
with z < 1 observed by Herschel: SFRs & [OIII] Line widths 
Mean SFR in four z bins: outflow-dominated and unperturbed galaxies. 
Results are clearly in contrast with the negative AGN modelBalmaverde & Marconi: Ionized gas outflow and SFR
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Fig. 6. Histogram of the distribution of the three parameters characterizing the outflow. From left to right: blue wing velocity, wings velocity
offset and σ [O III] excess.
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(LS B/Ltot >0.5) and the second group is composed by AGN com-
ponent dominated objects (LS B/Ltot <0.5). In this Section we
explore the properties of these two groups.

In Fig.4.3 we investigate the relation between the AGN
[O III] luminosity and the star formation rate of the host galaxy
of the two groups. In particular we check if objects SB-
dominated are more star forming that AGN-dominated quasars
and, analogously, if objects AGN-dominated have higher [OIII]
luminosity than SB-dominated objects. This is partially true.
The quasars with higher SB and AGN luminosities show re-
spectively higher and lower LS B/Ltot ratios, but the two groups
overlap considerably especially in [OIII] luminosity (mean lu-
minosity value is 42.0±0.5 and 42.5±0.6) but the distribution in
SFR appear separated (1.0±0.5 and 1.0±0.6). We would like
to stress that the threshold Lsb/Ltot=0.5 does not imply neces-
sarily that we separate the brightest star burst luminosity galaxy
(higher SFR) from galaxy hosting more powerful AGN (higher
L([OIII])). In fact many AGN luminous host galaxies are form-
ing stars. From e.g. Netzer (2009) and it is known that ex-
ist a tight correlation between the AGN bolometric luminosity
and the star formation rate of the galaxy. This relation is usu-
ally interpreted as a probe of the coupling between AGN growth
and host star formation by an evolutionary mechanism, e.g. the

merging. In dashed we report the correlation found by Netzer
(2009) LAGN ∝ L0.8

S FR that links the AGN luminosity to the Star
formation rate. The correlation is significantly better if we con-
sider separately the two groups, and surprisingly both groups
follow the correlation with a very small scatter. The blue points
(quasars SB-dominated) show an excess in the star formation
rate for a same range of [O III] AGN luminosity respect to the
AGN-dominated quasars.

We have measured the star formation rate from SED fitting
in the infrared band, however, also the [OII]3727 emission line
corrected for dust extinction is frequently used as an indicator of
SFR despite its complex dependence on metallicity and excita-
tion conditions. Unfortunately, only about half of our spectra (z
! 0.4) cover the Balmer decrement (Hα /Hβ ) typically used to
correct the [O II]luminosity for absorption. In Fig.4.3, left panel
we compare the [O II]luminosity not corrected for absorption to
the infrared luminosity in the 8-1000 µm derived from sed fit-
ting. As expected the dispersion is larger if we consider all the
quasars, but it is significantly reduced if we consider the two
groups independently. The points that are AGN dominated may
be significantly contaminated by the AGN and in fact they show
an excess of [O II]luminosity respect to the SB-dominated. In
the right panel of Fig.4.3 we compare instead the 8-1000 mc lu-
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Fig. 6. Histogram of the distribution of the three parameters characterizing the outflow. From left to right: blue wing velocity, wings velocity
offset and σ [O III] excess.

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.2 0.4 0.6 0.8 1.0
Redshift

0.0

0.5

1.0

1.5

2.0

2.5

lo
g 

SF
R 

[M
su

n y
r−1

]

abs(vel2[OIII]−vel50[OIII]) < 800 km s−1

abs(vel2[OIII]−vel50[OIII]) > 800 km s−1

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.2 0.4 0.6 0.8 1.0
Redshift

0.0

0.5

1.0

1.5

2.0

2.5

lo
g 

SF
R

 [M
su

n y
r−1

]

abs(voffset) < 150 km s−1

abs(voffset) > 150 km s−1

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.2 0.4 0.6 0.8 1.0
Redshift

0.0

0.5

1.0

1.5

2.0

2.5

lo
g 

SF
R 

[M
su

n y
r−1

]

SIG[OIII]−SIG[OII] < 150 km s−1

SIG[OIII]−SIG[OII] > 150 km s−1

Fig. 7. Star formation rate plotted in bins of redshift for outflow dominated galaxies (orange points) and unperturbed galaxies (green point).
In the three panel we compare the behavior of the two groups in the plots adopting different criteria for define outflow-dominated galaxies. First
panel: (vel2-vel50) < -800 km s−1; second panel vo f f sett < -150 km s−1; third panel σ([O III] )-σ([O II]) > 150 km s−1. The star formation rate
increase with redshift. Outflow dominated galaxies have a comparable or even higher star formation rate than unperturbed galaxies.

(LS B/Ltot >0.5) and the second group is composed by AGN com-
ponent dominated objects (LS B/Ltot <0.5). In this Section we
explore the properties of these two groups.

In Fig.4.3 we investigate the relation between the AGN
[O III] luminosity and the star formation rate of the host galaxy
of the two groups. In particular we check if objects SB-
dominated are more star forming that AGN-dominated quasars
and, analogously, if objects AGN-dominated have higher [OIII]
luminosity than SB-dominated objects. This is partially true.
The quasars with higher SB and AGN luminosities show re-
spectively higher and lower LS B/Ltot ratios, but the two groups
overlap considerably especially in [OIII] luminosity (mean lu-
minosity value is 42.0±0.5 and 42.5±0.6) but the distribution in
SFR appear separated (1.0±0.5 and 1.0±0.6). We would like
to stress that the threshold Lsb/Ltot=0.5 does not imply neces-
sarily that we separate the brightest star burst luminosity galaxy
(higher SFR) from galaxy hosting more powerful AGN (higher
L([OIII])). In fact many AGN luminous host galaxies are form-
ing stars. From e.g. Netzer (2009) and it is known that ex-
ist a tight correlation between the AGN bolometric luminosity
and the star formation rate of the galaxy. This relation is usu-
ally interpreted as a probe of the coupling between AGN growth
and host star formation by an evolutionary mechanism, e.g. the

merging. In dashed we report the correlation found by Netzer
(2009) LAGN ∝ L0.8

S FR that links the AGN luminosity to the Star
formation rate. The correlation is significantly better if we con-
sider separately the two groups, and surprisingly both groups
follow the correlation with a very small scatter. The blue points
(quasars SB-dominated) show an excess in the star formation
rate for a same range of [O III] AGN luminosity respect to the
AGN-dominated quasars.

We have measured the star formation rate from SED fitting
in the infrared band, however, also the [OII]3727 emission line
corrected for dust extinction is frequently used as an indicator of
SFR despite its complex dependence on metallicity and excita-
tion conditions. Unfortunately, only about half of our spectra (z
! 0.4) cover the Balmer decrement (Hα /Hβ ) typically used to
correct the [O II]luminosity for absorption. In Fig.4.3, left panel
we compare the [O II]luminosity not corrected for absorption to
the infrared luminosity in the 8-1000 µm derived from sed fit-
ting. As expected the dispersion is larger if we consider all the
quasars, but it is significantly reduced if we consider the two
groups independently. The points that are AGN dominated may
be significantly contaminated by the AGN and in fact they show
an excess of [O II]luminosity respect to the SB-dominated. In
the right panel of Fig.4.3 we compare instead the 8-1000 mc lu-
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No relation between ionised outflows and star formation in 
luminous quasars. Why? 

AGN feedback only affects central regions of galaxy  
(BH growth self regulated, galaxy wide feedback made by 
stars)


Mixture of positive and negative feedback which washes 
away any correlation


QSO lifetime much shorter than timescale needed for 
feedback effects to manifest 
    Balmaverde et al. 2016 (also Wylezalek & Zakamska 2016)
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Figure 8. FWHM (broad component) of the 5007Å line against
the AGN bolometric luminosity for our targets and other 2 com-
parison samples for which AGN bolometric luminosities from SED
fitting are available, as labeled (see text for details).

systems, we plot in Figure 7 the average FWHM (⇠ 4.2Å
corresponding to ⇠ 250 km s�1 in the velocity space)
as a function of the uncorrected [OIII] luminosity mea-
sured on the stacked spectrum of a sample of 30 massive
(logM*=10.76-11.35) star forming galaxies selected to be on
the MS at z⇠ 1.6 and observed with FMOS in the COSMOS
survey (Kashino et al. 2013, black cross). In this case, the
stacked spectrum has been constructed by carefully exclud-
ing AGN from the sample. All our targets have measured
FWHM of the broad (and shifted) component well above the
average value of star forming galaxies at the same redshift
(see also Newman et al. 2012). If outflows driven from SF
winds were common in MS galaxies at z⇠ 1.6, these would
translate in a broadened FWHM in the stacked spectrum,
which instead is not observed.

The only source above the MS in our sample with prop-
erties comparable to the SMG/ULIRGs presented in H12
and for which we have the [OIII] spectrum is XID60053
(SFR⇠ 900 M� yr�1). This object shows only narrow (“S”)
components in the combined fit of the H↵ and [OIII] lines.
The possible CT nature for this source, coupled with the
other observed properties (high SFR, high extinction, ir-
regular morphology, and accretion rate at the Eddington
level; see Sections 2.3 and 4.3) point towards the interpreta-
tion that XID60053 may be caught in the “dust-enshrouded”
phase of rapid black hole growth which should occur before
the feedback phase. This would naturally explain the non de-
tection of strong broad components (as observed in XID5321
and XID2028) despite the similar intrinsic AGN luminosity
(see next Section).

5.2 Type 2 AGN samples

We now compare our results with those reported in the lit-
erature for objects selected on the basis of a purely AGN
classification.

Mullaney et al. (2013) presented the analysis from a
multicomponent (allowing for the presence of a broad com-
ponent) line fit of the [OIII]5007 line in the SDSS popu-
lation. In the lower panel of Fig. 7 we report the contour
levels extracted for the Type 2 AGN only, at observed total
[OIII] luminosities larger than 1040 erg s�1. The pinkish-
grey squares represent the average values of the “broad”
FWHM in two luminosities ranges (L[OIII]⇠ 1040.5 erg s�1

and L[OIII]⇠ 1042 erg s�1). All but two of our X-shooter
targets have FWHM > 716 km s�1, which represents the av-
erage FWHM of the broadest component in the SDSS Type
2 AGN sample at L[OIII]⇠ 1041.5�42.5 erg s�1. We note
that objects with FWHM > 900 km s�1 at L[OIII]>⇠1042

erg s�1 are rare in the SDSS sample (⇠2%, see Harrison
2013) while all of our 5 targets with observed L[OIII] larger
than this luminosity threshold revealed a broad component
with FWHM larger than the SDSS average. We also do not
find a clear trend of the broad FWHM with the L[OIII] in
our sample, as already pointed out in Harrison (2013).

In order to verify the efficiency of selection criteria
applied to X-ray sources in detecting objects with large
FWHM, we constructed the stacked spectrum of all XMM-
COSMOS Type 2 AGN at z=0.5-0.9 for which [OIII] is vis-
ible in the zCOSMOS spectra and without imposing any
preselection on their optical/IR colors (⇠ 110 objects). We
measured the FWHM in the average spectrum and the fit is
consistent with a single and symmetric line component with
FWHM⇠ 540 km s�1 (magenta square in Fig. 7). This value
is consistent with the average value of the broadest compo-
nent observed in the SDSS sample at comparable observed
[OIII] luminosities (L[OIII]=1040�41 erg s�1, FWHM⇠ 450
km s�1; see also Heckman et al. 1981). We note that both
the SDSS Type 2 and the XMM-COSMOS Type 2 samples
may contain also objects in the feedback phase (which occur
at different L and redshift due to the downsizing) and there-
fore with individual large FWHM associated to blueshifted
(or redshifted) [OIII] lines, but they are washed out in the
average stacking.

The higher average FWHM measured in our sample
with respect to the z⇠ 0.7 XMM-COSMOS Type 2 AGN
may be due to the larger luminosity of our sample, and
may be in principle simply ascribed to the fact that more
luminous systems are on average larger and therefore the
NLR extends at larger radii (e.g. Netzer et al. 2004; see
also R-Z13, Greene et al. 2011; Hainline et al. 2013; see also
the higher average FWHM in SDSS Type 2 AGN at high
L[OIII]). In the lower panel of Fig. 7 we also plot the re-
sults for 15 Type 2 QSOs from the SDSS studied in Greene
et al. (2009,2011), with total observed L[OIII]>⇠1042 erg s�1

(green triangles), therefore more directly comparable to our
targets. In this case no further selection in addition to line
ratio diagnostic has been applied. Although the authors indi-
cate outflows on scales extending from few up to 10 kpc as a
possible origin for the observed broad widths, we notice that
on average their values (average FWHM⇠ 525 km s�1) are
consistent with those observed in the SDSS Seyfert 2 sample,
and a factor of ⇠ 2 lower than the average observed in our

c� 2002 RAS, MNRAS 000, 1–??

Brusa+15
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Å]

1.62 1.64 1.66 1.68 1.70 1.72 1.74
Wavelength [µm]

�0.10

�0.05

0.00

0.05

0.10

Ionized outflows in luminous quasars
The “sequel”: sample of 6 
luminous “normal” 
quasars at z~2.3-2.5


Lbol~ 1047 - 1048  erg sec-1


SINFONI@VLT 
spectroscopy in H band


seeing limited resolution 
(~0.5” → ~4 kpc @ z=2.4)


broad [OIII], FWHM 
~ 1000-2000 km/s

4

6

8

10

12

14

16

Fl
ux

[1
0�

17
er

g/
s/

cm
2 /

Å]
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Figure 8. FWHM (broad component) of the 5007Å line against
the AGN bolometric luminosity for our targets and other 2 com-
parison samples for which AGN bolometric luminosities from SED
fitting are available, as labeled (see text for details).

systems, we plot in Figure 7 the average FWHM (⇠ 4.2Å
corresponding to ⇠ 250 km s�1 in the velocity space)
as a function of the uncorrected [OIII] luminosity mea-
sured on the stacked spectrum of a sample of 30 massive
(logM*=10.76-11.35) star forming galaxies selected to be on
the MS at z⇠ 1.6 and observed with FMOS in the COSMOS
survey (Kashino et al. 2013, black cross). In this case, the
stacked spectrum has been constructed by carefully exclud-
ing AGN from the sample. All our targets have measured
FWHM of the broad (and shifted) component well above the
average value of star forming galaxies at the same redshift
(see also Newman et al. 2012). If outflows driven from SF
winds were common in MS galaxies at z⇠ 1.6, these would
translate in a broadened FWHM in the stacked spectrum,
which instead is not observed.

The only source above the MS in our sample with prop-
erties comparable to the SMG/ULIRGs presented in H12
and for which we have the [OIII] spectrum is XID60053
(SFR⇠ 900 M� yr�1). This object shows only narrow (“S”)
components in the combined fit of the H↵ and [OIII] lines.
The possible CT nature for this source, coupled with the
other observed properties (high SFR, high extinction, ir-
regular morphology, and accretion rate at the Eddington
level; see Sections 2.3 and 4.3) point towards the interpreta-
tion that XID60053 may be caught in the “dust-enshrouded”
phase of rapid black hole growth which should occur before
the feedback phase. This would naturally explain the non de-
tection of strong broad components (as observed in XID5321
and XID2028) despite the similar intrinsic AGN luminosity
(see next Section).

5.2 Type 2 AGN samples

We now compare our results with those reported in the lit-
erature for objects selected on the basis of a purely AGN
classification.

Mullaney et al. (2013) presented the analysis from a
multicomponent (allowing for the presence of a broad com-
ponent) line fit of the [OIII]5007 line in the SDSS popu-
lation. In the lower panel of Fig. 7 we report the contour
levels extracted for the Type 2 AGN only, at observed total
[OIII] luminosities larger than 1040 erg s�1. The pinkish-
grey squares represent the average values of the “broad”
FWHM in two luminosities ranges (L[OIII]⇠ 1040.5 erg s�1

and L[OIII]⇠ 1042 erg s�1). All but two of our X-shooter
targets have FWHM > 716 km s�1, which represents the av-
erage FWHM of the broadest component in the SDSS Type
2 AGN sample at L[OIII]⇠ 1041.5�42.5 erg s�1. We note
that objects with FWHM > 900 km s�1 at L[OIII]>⇠1042

erg s�1 are rare in the SDSS sample (⇠2%, see Harrison
2013) while all of our 5 targets with observed L[OIII] larger
than this luminosity threshold revealed a broad component
with FWHM larger than the SDSS average. We also do not
find a clear trend of the broad FWHM with the L[OIII] in
our sample, as already pointed out in Harrison (2013).

In order to verify the efficiency of selection criteria
applied to X-ray sources in detecting objects with large
FWHM, we constructed the stacked spectrum of all XMM-
COSMOS Type 2 AGN at z=0.5-0.9 for which [OIII] is vis-
ible in the zCOSMOS spectra and without imposing any
preselection on their optical/IR colors (⇠ 110 objects). We
measured the FWHM in the average spectrum and the fit is
consistent with a single and symmetric line component with
FWHM⇠ 540 km s�1 (magenta square in Fig. 7). This value
is consistent with the average value of the broadest compo-
nent observed in the SDSS sample at comparable observed
[OIII] luminosities (L[OIII]=1040�41 erg s�1, FWHM⇠ 450
km s�1; see also Heckman et al. 1981). We note that both
the SDSS Type 2 and the XMM-COSMOS Type 2 samples
may contain also objects in the feedback phase (which occur
at different L and redshift due to the downsizing) and there-
fore with individual large FWHM associated to blueshifted
(or redshifted) [OIII] lines, but they are washed out in the
average stacking.

The higher average FWHM measured in our sample
with respect to the z⇠ 0.7 XMM-COSMOS Type 2 AGN
may be due to the larger luminosity of our sample, and
may be in principle simply ascribed to the fact that more
luminous systems are on average larger and therefore the
NLR extends at larger radii (e.g. Netzer et al. 2004; see
also R-Z13, Greene et al. 2011; Hainline et al. 2013; see also
the higher average FWHM in SDSS Type 2 AGN at high
L[OIII]). In the lower panel of Fig. 7 we also plot the re-
sults for 15 Type 2 QSOs from the SDSS studied in Greene
et al. (2009,2011), with total observed L[OIII]>⇠1042 erg s�1

(green triangles), therefore more directly comparable to our
targets. In this case no further selection in addition to line
ratio diagnostic has been applied. Although the authors indi-
cate outflows on scales extending from few up to 10 kpc as a
possible origin for the observed broad widths, we notice that
on average their values (average FWHM⇠ 525 km s�1) are
consistent with those observed in the SDSS Seyfert 2 sample,
and a factor of ⇠ 2 lower than the average observed in our

c� 2002 RAS, MNRAS 000, 1–??

Brusa+15

Our sample



[OIII] Kinematic Analysis

Spatially resolved 
[OIII] kinematical 

maps for 5 objects 

Velocity dispersion 
up to 900 km/s 

Outflow velocities  
> 500 km/s

     Flux         v50          v10         W80



Ionized outflows in luminous quasars
Physical properties of ionised outflows: uncertainty on outflow mass, only 
ionised gas is traced !
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Ionized outflows in luminous quasars
Subtract “broad” (~1000-1500 km/s) [OIII] ➙ outflow




Ionized outflows in luminous quasars
Subtract “broad” (~1000-1500 km/s) [OIII] ➙ outflow


Residual faint “narrow” (~100-200 km/s) [OIII] ➙ host galaxy, star formation?
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Ionized outflows in luminous quasars
Origin of “narrow” [OIII] emission?  AGN or Star Formation excited?

K band observations targeting H𝛼 … subtract broad H𝛼 and outflow 
component … narrow H𝛼 residual 
no [NII], upper limit on [NII]/H𝛼 excludes AGN excitation → star formation!

K band: broad H𝛼 subtracted[OIII] velocity Narrow H𝛼 flux
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ALMA Cycle 2&3  
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GOAL: CO(3-2) emission 
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ALMA observations 
texp ~1 h per target  

 CO(3-2) emission has been detected only in one out of the three QSOs

CO(3-2) flux map

Same velocity as  
[OIII]/H𝛽 narrow component! 

FWHM = 400 km/s 
Mmol = 0.5- 4.0 1010  M☉

Carniani+17



ALMA observations: LBQS0109

CO(3-2) flux map  ≈ narrow [OIII] and Ha flux maps

 CO emission faint/absent in the outflow region Carniani+17

700, 715, 730 km/s 

Carniani+17
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2QZJ0028: Molecular Outflow?
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2QZJ0028: Molecular Outflow?
The peak of the CO(3-2) emission is spatially offset by  

~0.2′′  (1.3 kpc) toward the South relative to the QSO centre 

Carniani+17

molecular gas in the outflow region may be more highly excited 
than the rest of molecular gas in the host galaxy. 
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2QZJ0028: Molecular Outflow?
CO(3-2) emission blueshifted by  

2000 km/s and spatially coincident with 
the ionised outflow emission:  

molecular outflow?? 

CO(3-2) Carniani+17

[OIII]



SFR~100 M⊙/yr

Local quasars at z < 1: the presence of ionized outflows does not appear 
to significantly affect star formation (problem of time scales?)

Obscured AGN at 1.5 and quasars at z~2.5 with detailed Integral Field 
Spectroscopy: ionized gas outflows (partially) sweep away gas in quasar 
host galaxies and prevent star formation 
ALMA observations detect (1) CO emission of the host galaxy, anti-
correlated with fast outflows (LBQS0109), (2) fast molecular outflow but 
no host galaxy emission (2QZJ0028)

One possibility which reconciles both results is that feedback from a 
single episode of quasar activity does not significantly affect SF on the 
whole galaxy; the “feedback” observed in the z~2.5 quasars does not 
significantly depress SF over the whole galaxy. Is feedback important? 
Brusa+ 2015, 2017  
Cresci+ 2015 
Balmaverde+, 2015 
Carniani+, 2015, 2016, 2017  

Conclusions


