
Active Galactic Nuclei
The discovery of BH - galaxy coevolution has changed our view of AGN

AGN are not only sources to study extreme physics but also key actors in 
galaxy evolution.

AGN studies are now located to the framework of galaxy formation and 
evolution.

AGN studies includes also studies on supermassive Black Holes even 
when they quiescent.
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Projects & Highlights



Absorp'on	
  Variability	
  in	
  AGNs
A	
  big	
  project,	
  based	
  on	
  long	
  X-­‐ray	
  observa'ons	
  (or	
  of	
  repeated	
  short	
  ones)	
  of	
  bright	
  	
  obscured	
  
AGN.	
  	
  

Data:	
  
~	
  10	
  acc.	
  proposals	
  with	
  with	
  Chandra,	
  
XMM,	
  	
  Suzaku	
  (~	
  1.5	
  Ms)
~15	
  publicaAons
Funds:	
   	
   70	
   keuro	
   (ASI)	
   (+	
   ~800	
   k$,	
  
NASA)

People:	
  Pietrini,	
  RisaliA,	
  SalvaA,	
  Torricelli,	
  Bianchi,	
  Maiolino,	
  MaP,	
  MiniuQ,	
  Elvis,	
  Fabbiano,
Marinucci,	
  Nardini,	
  Wang	
  	
  	
  

Results:	
  
-­‐ X-­‐ray	
  absorber	
  ==	
  BLR	
  clouds
-­‐ “cometary”	
  shape	
  of	
  BLR	
  clouds
-­‐ Size	
  of	
  the	
  X-­‐ray	
  source:	
  a	
  few	
  RG
-­‐ A	
  new	
  standard	
  technique	
  for	
  X-­‐ray	
  spectral	
  
analysis	
  of	
  AGN	
  



Absorp'on	
  Variability	
  in	
  AGNs:	
  future
1)	
   SystemaAc	
   analysis	
   of	
   X-­‐ray	
   variability	
  
of	
   ~40	
   nearby	
   bright	
   AGN:	
   towards	
   a	
  
complete	
   characterizaAon	
   of	
   the	
   the	
  
inner	
  structure	
  of	
  AGN.
Preliminary	
  results:
Eclipses	
   COMMON	
   in	
   AGNs;	
   Ame	
   scales	
  
suggest	
  BLR	
  clouds.

Pietrini,	
  Torricelli	
  et	
  al.,	
  in	
  prep.

2)	
  Probing	
  GR	
  effects	
  through	
  X-­‐ray	
  eclipses.
Approved	
  Large	
  XMM	
  +	
  NuSTAR	
  program	
  (500	
  
ks)	
  

RisaliA	
  et	
  al.	
  2011



AGN/SB	
  Quan'ta've	
  Devoconvolu'on	
  in	
  ULIRGs	
  and	
  nearby	
  AGN
Marconi,	
  RisaliA,	
  SalvaA,	
  Sani,	
  Nardini

Spitzer	
  –	
  ULIRGs	
  (Nardini	
  et	
  al,	
  09,10,11)

NLS1:	
  excess	
  of	
  SF	
  with	
  respect	
  to	
  BLS1

Sani	
  et	
  al.	
  2010

X-­‐rays:
DetecAon	
  of	
  
hidden	
  
QSO2	
  in	
  
ULIRGs

(Sani	
  et	
  al	
  in	
  
prep.)



Properties of Radio Sources in CDFS and COSMOS

People: P. Tozzi et al.

Optical data:
GOODS /ACS (i)
UDF/ACS
GEMS/ACS
VLT/FORS R-I
EIS/WFI

Radio data:
VLA+EVLA
240 h @ 20cm 
rms 6.4 μJy 

IR data:
GOODS/ISAAC Ks
EIS/SOFI Ks (wider)
GOODS/IRAC
GOODS/MIPS

Sub mmJy radio sources in 
CDFS divided in AGN radio 
loud/quiet and SF galaxies
(Kellerman et al. 2008; Tozzi et 
al. 2009; Miller et al. 2008; 
Mainieri et al. 2010; Padovani et 
al. 2009/2011)

X-ray properties of FRI in COSMOS
(Tundo, Tozzi & Chiaberge 2012)



Resolving	
  the	
  AGN	
  –	
  host	
  galaxy	
  interac'on	
  in	
  X-­‐rays
(RisaliA	
  +	
  CfA	
  collaborators)

AGN	
  feedback	
  in	
  ac'on:

The	
   hot	
   gas	
   ionized	
  by	
   the	
  AGN	
  
(blue,	
   X-­‐rays)	
   forms	
   a	
   cavity	
   in	
  
the	
   HI	
   gas	
   (red)	
   in	
   the	
   acAve	
  
galaxy	
  NGC	
  4151

(Wang	
  et	
  al.,	
  ApJ,	
  2010)

Resolving	
  the	
  torus:

The	
  circumnuclear	
  torus	
  (green)	
  
is	
  spaAally	
  resolved	
  for	
  the	
  first	
  
Ame	
  in	
  the	
  obscured	
  AGN	
  in	
  
NGC	
  4945

(Marinucci	
  et	
  al.,	
  MNRAS,	
  	
  
2012)

Resolving	
  a	
  BH	
  merger:

The	
  nearest	
  known	
  pair	
  of	
  
acAve	
  BHs	
  in	
  the	
  regular	
  spiral	
  
galaxy	
  NGC	
  3393

	
  (Fabbiano	
  	
  et	
  al.,	
  Nature,2011)



Molecular gas kinematic in Seyfert nuclei
HCN observations probe dense >3x104cm-3 gas
<1” resolution from PdBI–NGC 3227, 2273, 4051, 6951
Directly observable constraints:
1. major & minor axis size, & PA
2. separation & PA of red/blue 
channels
3. integrated line width

Sani et al. 2011



AGN fueling and AGN feedback:
Insights from molecular gas (NUGA)

People: L. Hunt et al.

A 5-yr survey of 12 galaxies in two CO transitions with IRAM-Plateau de Bure Inferometer 
requiring ~300 hrs of telescope time (PI s Combes, Garcia-Burillo, Hunt among coIs): Nuclei of 
Galaxies (NUGA) with 15 publications to date; the statistical analysis in progress.    One 
example shown here. NUGA-South underway with ALMA Cycle 0 (Combes et al.). 

NGC 2782, interacting 
Seyfert 1: red CO 

contours over HST 
extinction map. 

Molecular gas follows 
dust.

Inflow currently occurring 
in NGC 2782. 

With stellar potential from a near-infrared image, and gas response 
from CO image, derive the azimuthally averaged gravitational torque 
exerted by  stars on the gas. Look for negative torques= inflow 
(fueling) and positive torques=outflow (starving, possible feedback). 

To
rq

ue
 

Radius 



Black Hole Masses and Relations with Host galaxies
People: Marconi, Hunt  Pietrini, Risaliti, Salvati, Sani, Sirigu, Torricelli, Axon, Robinson, 
Peterson, Vestergaard, Netzer

10 E. Sani et al.

Figure 2. Scaling relations. The MBH as a function of 3.6 µm luminosity. The linear regressions are shown as dot dashed blue, dashed
green and red continuous lines respectively for the BCES, FITEXY and LINMIX ERR methods and are obtained from classical bulges
only (47 sources). Pseudobulges are open red squares.

b)a)

Figure 3. Scaling relations. The MBH as a function of bulge dynamical mass (panel a) and bulge stellar mass (panel b). Pseudobulges are
highlighted as red open squares. In panel (b) the M/L is from equation 6. See Section 3.2 and Fig. 4 for details on the M/L calibrations.
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MBH-bulge scaling relations at 3.6 µm 13

Figure 5. Scaling relations. The MBH is plotted as a function of velocity dispersion. The linear regressions and symbols are as in Fig. 2.

Figure 6. Scaling relations. The MBH is plotted as a function of the bulge e�ective radius Re. The linear regressions and symbols are
as in Fig. 2.

c� 2010 RAS, MNRAS 000, 1–??

MBH vs Bulge L, 
σ, M from 
Spitzer 
photometry at 
3.6μm

Sani, Marconi, Hunt & Risaliti 2011

σ 0.25 dexσ 0.45 dex

W/O Rad Press W/ Rad Press

The effect of radiation pressure on virial BH 
masses (Marconi et al. 2008, 2009, 2012)

The origin of the Radius-Luminosity 
relation (Sirigu et al. 2012)

On the physical origin of the radius-luminosity relation 5

Figure 6. Histogram plots of the mean emissivity radii distributions, all

rescaled to log[⇧L⇧(1350 Å)/(erg s�1)]=43.81, obtained for HI⇧4861 (in

dusty – in gray filled – and dust-free – in blue – sources), CIV⇧1549 (in ma-
genta) and MgII⇧2798 (in brown), by assuming ⇥ and � gaussian distributed

around the values -1.1 and -1.6 respectively and both with an intrinsic dis-

persion of 0.3 dex. The red line shows the prediction of the R � L relation

by Bentz et al. (2009)

respectively. We also notice that, again, MgII⇧2798 confirms to be

the line with the minimum dispersion and thus the best line to get

BH mass estimates. Moreover, if we compare the median of the

HI⇧4861 distribution in dusty sources with the prediction of the

R � L relation by Bentz (2009) we get a di⌅erence of  0.3 dex.

If we assume that this discrepancy is mainly due to the incorrect

⇧L⇧(5100 Å)/Lion adopted for our SED, we can correct for this ef-

fect by shifting all the mean emissivity radii down by the same

factor for all the lines HI⇧4861, MgII⇧2798 and CIV⇧1549.

In Figure 7 we show our simulated correlation for the two cases of

dusty and dust-free AGN. It is straightforward to notice how a dust-

free relation would have a much larger scatter, making the correla-

tion almost useless for black hole mass estimations. For compari-

son we also plot in Figure 8 our simulated R-L relation for dusty

sources observed in CIV⇧1549 and MgII⇧2798.

MgII⇧2798 appears to produce the minimum intrinsic scatter, thus

confirming to be one of the best lines for SE mass estimates, while

higher ionization lines such as CIV⇧1549 would result in an R-L

relation with a huge dispersion, as already anticipated in Section

2.3. The asymmetry in the radii distribution for a fixed value of the

bolometric luminiosity can also be explained by the upper limit im-

posed by the dusty wall to the distance of the clouds.

It should be pointed out that the large dispersion in CIV⇧1549 sizes

compared to HI⇧4861 and MgII⇧2798, would naturally imply that a

large dispersion between black hole mass estimates based on CIV

compared to those base on H⇥ and MgII, which might suggest that

they are unreliable. For instance, the model standard deviations of

H⇥ and MgII radii for the distributions in Figure 6 (0.22 dex both)

imply a scatter of  0.16 dex only from the uncertainties on BLR

sizes. The same scatter increases to  0.3 dex when comparing

MgII with CIV (0.55 dex scatter on size for given luminosity).

4 LINE PROFILES

We also computed emission line profiles to explain how the lack of

an external dusty belt deeply a⌅ects the measured line widths and

SE black hole mass measures.

To derive line profiles we assumed a dynamic model for the clouds.

Figure 7. Example of simulated R � L relations, in the two cases of dusty

(upper panel) and a dust-free AGN (lower panel). Gray points are our pre-

dictions for BLRs with values for ⇥ and � both gaussian distributed around

-1.1 and -1.6 respectively, with an intrinsic dispersion of 0.3 dex in each

case. All the estimates are shifted by a factor of -0.3 dex to correct for the

systematic deviation, as explained in the text. Red points and line show the

observations and the radius-luminosity relation by Bentz et al. (2009). The

black line is our R-L relation predicted for ⇥ = �1.1 and � = �1.6 and

shifted by -0.3 dex.

Each cloud will follow, on first approximation, a circular orbit

around the central supermassive black hole, with a maximum in-

clination of �/2 with respect to the plane of the accretion disk (see

Figure 1). The gravitational interactions and the viscosity between

the clouds have been modeled with a weak additional turbolence.

Outflows and inflows are in this simple case excluded.

Each line emitted by a cloud is assumed to have a gaussian profile

due to its thermal velocity distribution and is Doppler-shifted by a

wavelength ⇥⇧ depending on the projection of the total velocity of

the cloud along the line of sight. The total line profile is then given

by the superposition of the many contributions by the single clouds.

The profiles obviously depend on the assumed values for ⇥, � and ⇤,
on the mass of the black hole and on the ionizing luminosity. They

also depend on the aperture of the nest, on the line of sight and

on the relevance of the turbulent motion. A full analysis will soon

be published in a forthcoming article, while in this contribution we

only remark the e⌅ects of line quenching by the presence of grains.

If, for example, we assume to have a black hole of mass 109 M⇧,

with standard values for the indices ⇥ = �1.1 and � = �1.6,

an aperture of the nest of � = 40 ⌥ and a turbolence of about

c⌃ 2002 RAS, MNRAS 000, ??–7

+ observed
• models



SMBH-host relations in QSOs and their z 
evolution from imaging stacking of the SDSS
Stefano Zibetti (INAF-OAA, DARK) & Roberto Decarli (MPIA-Heidelberg)

• Disentangling the light of QSOs from their host 
galaxy is extremely challenging, normally requiring 
high spatial resolution (HST,  AO) and SNR: only 
relatively small samples available so far.

• The statistical work-around: stacking a large 
number of SDSS images allows to perform 
extremely accurate PSF subtraction and limit 
systematics.

• SED for hosts in 0.3<z<1, 7.5<Log M(BH)<10
• Stellar masses
• Evolution of the scaling relations
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BLR geometry and black hole masses in NLS1 R. Decarli

Figure 3: Left panel: stacked “net” images of quasars at 0.3 < z < 0.4 in various MBH bins. The RGB
images are created as a RGC composite of the SDSS zir stacks. Net images are obtained by subtracting from
the quasar image the image of a bright field star, scaled to match the cental brightness of the target. The
extended emission of the host galaxies is clearly detected after the stacking analysis. Right panel: the (Lline,
FWHM) plane for SDSS quasars at 0.3< z< 0.4 (grey crosses). Data are taken from [37]. We rebinned the
sample in blocks of comparable FWHM and Lline (thick black lines), and computed the averageMBH in each
bin (values in red). As expected, MBH increases towards to top-right corner of the plot. We then performed
our stacking analysis on each bin. The resulting host galaxy luminosity is shown in blue. While the FWHM
increases by a factor ∼ 5 from bottom to top (MBH increases by a factor ∼ 20), only a small increase in
terms of Lhost is reported (a factor ∼ 2), suggesting that the line width, taken without any correction for the
f–FWHM dependence, is not a good tracer ofMBH.

ies are rarely resolved in typical SDSS data, individual net images are noise-dominated. However,
once we stack few hundred of sources, the extended light from the host galaxy is apparent.

We performed our stacking analysis on SDSS quasars ranging between z = 0.3 and z = 1.3
(in order to have significant host galaxy emission in the SDSS filters), and binning as a function of
spectral properties of the quasars, e.g., MBH, FWHM or luminosity of some broad line, etc. Then
we modeled the stacked image of the quasars using a Sersic profile for the host galaxy and the PSF
model derived from the stacked image of field stars. The resulting magnitudes in 4 bands (SDSS
griz) are then compared to get color information and to give constraints on the stellar population
of the host galaxies. This allows us to probe the dependence of the average Lhost and Mhost in each
bin as a function of the quasar properties and the redshift. Details will be presented in [36].

In Figure 3, right we plot the 0.3< z< 0.4 quasars from [37] in the (Lline, FWHM) plane. We
binned the plane in terms of line width and luminosity, and computed the average virialMBH in each
bin. Then, we perfomed our stacking analysis, and evaluated the average host galaxy luminosity.
Surprisingly, while the FWHM increases by a factor ∼ 5 from the bottom to the top of the plot, and
the average MBH increases by a factor ∼ 20, the host galaxy luminosity changes only by a factor
∼ 2 from the bottom to the top of the diagram. This result is in disagreement with the observed
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Fig. 4.— Spectral Energy Distributions of the nuclear and host galaxy emission in two MBH bins at low-z, z03bh1 and z03bh7. Blue
squares and red circles show the galfit best-fit magnitudes of the nucleus and of the galaxy respectively. For a comparison, we plot the
quasar template by Decarli et al. (2010a) and two galaxy templates by Kinney et al. (1996) (Elliptical) and Calzetti et al. (1994) (Star
forming), redshifted to z = 0.35 and normalized to the observed z-band magnitudes of the QSO and the host respectively. Throughput
curves of SDSS filters are also plotted in the bottom panel for reference. The host galaxy fluxes obtained in our stacking analysis smoothly
increase from low to high MBH bins. The colors of the stellar populations are blue yet not extreme, and becomes redder as we move towards
bins with larger MBH. The black segments mark the lower limits to the host galaxy flux (see the text for details).

Kim M., Ho L.C., Peng C.Y., Barth A.J., Im M., 2008, ApJ Suppl.,
179., 283

King A., 2005, ApJ Letters, 635, 121
Kinney A.L., Calzetti D., Bohlin R.C., McQuade K., Storchi-

Bergmann T., Schmitt H.R., 1996, ApJ, 467, 38
Kormendy J. & Richstone D., 1995, ARA&A, 33, 581
Kotilainen J.K., Falomo R., Decarli R., Treves A., Uslenghi M.,

Scarpa R., 2009, ApJ, 703, 1663
Kukula M.J., Dunlop J.S., McLure R.J., et al., 2001, MNRAS, 326,

1533
Lehnert M.D., Heckman T.M., Chambers K.C., Miley G.K., 1992,

ApJ, 393, 68
Letawe Y., Letawe G., Magain P., 2010, 403, 2088
Lilly S.J., Le Fevre O., Hammer F., Crampton D., 1996, ApJ, 460,

L1
Madau P., Pozzetti L., Dickinson M., 1998, ApJ, 498, 106
Malbon R.K., Baugh C.M., Frenk C.S., Lacey C.G., 2007, MNRAS,

382, 1394
Peng C.Y., Ho L.C., Impey C.D., Rix H.-W., 2002, AJ, 124, 266
Peng C.Y., Impey C.D., Ho L.C., Barton E.J., Rix H.-W., 2006a,

ApJ, 640, 114
Peng C.Y., Ho L.C., Impey C.D., Rix H.-W., 2010, AJ, 139, 2097
Richards G.T., Myers A.D., Gray A.G., Riegel R.N., Nichol R.C.,

Brunner R.J., Szalay A.S., Schneider D.P., Anderson S.F., 2009,
ApJ Suppl., 180, 67

Ridgway S., Heckman T., Calzetti D., Lehnert M., 2001, ApJ, 550,
122

Robertson B., Hernquist L., Cox T.J., Di Matteo T., Hopkins P.H.,
Martini P., Springel V., 2006, ApJ, 641, 90

Shen Y., Richards G.T., Strauss M.A., Hall P.B., Schneider D.P.,
Snedden S., Bizyaev D., Brewington H., et al., 2011, ApJ Suppl.,
194, 45

Schneider D.P. Richards G.T., Hall P.B., Strauss M.A., Anderson
S.F., Boroson T.A., Ross N.P., Shen Y., et al., 2010, AJ, 139,
2360

Silk J., Rees M.J., 1998, A&A Letter, 331, 1
Targett T.A., Dunlop J.S., McLure R.J., MNRAS submitted

(arXiv:1107.2397)
Villforth C., Heidt J., Nilsson K., 2008, A&A, 488, 133
Wyithe J.S.B., Loeb A., ApJ, 634, 910

York D.G., Adelman J., Anderson J.E.Jr., Anderson S.F., Annis J.,
Bahcall N.A., Bakken J.A., Barkhouser R., Bastian S., Berman
E., et al., 2000, AJ, 120, 1579

Zibetti S., White S.D.M., Schneider D.P., Brinkmann J., 2005,
MNRAS, 358, 949

Zibetti S., Ménard B., Nestor D.B., Quider A.M., Rao S.M.,
Turnshek D.A., 2007, ApJ, 658, 161

8 Zibetti & Decarli

Fig. 6.— Color-magnitude diagram in the observed bands of
10 000 galaxies in the SDSS Galaxy sample (grey crosses) with
photometric redshift 0.3 < z < 0.4, and of our QSO host galaxies
in the same redshift bin (red circles). Symbol size of the latter
increases with increasing MBH.

CMD for hosts at 
z~0.35 compared to 

galaxies
Zibetti & Decarli, 
Decarli & Zibetti  

in prep.



AGN Feedback
People: Marconi, Cresci, Salvati, Sirigu, Risaliti, Cano, Maiolino, Netzer, Axon, Robinson 

z~2.4 quasar with outflow in [OIII] of ~300 
km/s, associated with a velocity dispersion 
of ~700 km/s (FWHM ~ 1500 km/s!).
Hα from star formation is suppressed from 
outflow (Cano Diaz+11)

Cano-Dı́az et al.: Quasar feedback quenching star formation at high redshift

(a) (b)

Fig. 4: Map of the narrow component of H� with countours tracing the [OIII] velocity shift (a) and velocity dispersion (b), as in Fig. 2. Note star
formation, traced by H�, is heavily suppressed in the SE region where the strongest outflow is traced by [OIII].

H� components to those fitted in the [OIII] profile in the H-band
map, both because the PSF is not exactly the same and because
the H� may trace di�erent regions (star formation versus NLR)
relative to [OIII]. Each of these two H� components has been
associated with a [NII]6584,6548 doublet, whose velocity shift
and width are linked to the corresponding H� component, but
whose intesity is left free (while fixing F[NII]6584 = 3 F[NII]6548).
The intermediate width H� component is set to zero by the auto-
matic fit, implying that its flux is less than 1/4 of the flux of the
“broad” [OIII] component. This is still consistent with the pos-
sible range of [OIII]/H� ratios observed in the NLR of AGNs.
However, this intermediate component of H� is di⇥cult to dis-
entangle from the BLR component, hence di⇥cult to constrain.

More interestingly is that the fit does require the pres-
ence of a weak, but significant narrow component of H�
(FWHM⌅2.23⇥10�3 µm). There is no room for associated [NII]
emission, at a level of F[NII]6584 < 0.3FH�(narrow), indicating that
this narrow H� emission is mostly due to star formation. The in-
tensity of the narrow H� emission is comparable to the intensity
of the [OIII] narrow component, suggesting that a fraction of the
latter is probably also associated with star formation (typically
in star forming galaxies 0.1 < F[OIII]5007/FH� < 1, depending
on the metallicity), but probably also contributed by some AGN
ionization (NLR).

The map of the narrow H� is shown in Fig.4, which re-
veals star formation extending over a few kpc from the nu-
cleus. However, the star formation is not distributed symmet-
rically around the nucleus, but preferentially towards the North
and West. In particular, the region within a few kpc South-Est
of the nucleus is nearly free of any narrow H� tracing star for-
mation. To show that the detection of narrow H� and that the
asymmetric distribution is not an artifact of the fitting procedure,
we have extracted a spectrum by integrating over the NW region
containg star formation according to the H� map and another
spectrum in the SE region devoid of star formation. After scal-
ing the two spectra so that the intensity of the broad H� wings
(associated with the BLR) are the same, we have obtained the
di�erence of the two spectra, which is shown in the bottom panel
of Fig. 3. The di�erential spectrum clearly shows the presence of

the narrow H�. The line slightly broadened profile (which also
makes the detection slightly noiser than expected ) is due to the
fact that we are integrating over di�erent regions of the veloc-
ity field. The di�erential spectrum also confirms that no [NII] is
detected in association with the narrow H�, confirming that the
latter is associated to star formation and not to the quasar NLR.

We also mention that the map of the [OIII] narrow compo-
nent (not shown here) is also characterized by a similar asymme-
try towards the NE, further suggesting that part of the [OIII] nar-
row line is associated with star formation; however, the asymme-
try is less clean than the H� narrow component, likely because
of NLR contribution to [OIII] and because of the blending with
the “broad” [OIII] component.

The integrated emission of the narrow H� yields a total star
formation rate in the host galaxy of about 1000 M⇤ yr�1 (by us-
ing the conversion factor given in (Kennicutt, 1998), which is
not unusual in high-z quasars (e.g. Omont et al., 2003; Lutz et
al., 2008). However, the most interesting result is that the star
formation is heavily suppressed in the SE region, which is char-
acterized by the excess of outflow with high velocity dispersion.
In Fig. 4a the white contours identify the strongest gas outflow
traced by the highly blueshifted [OIII] line, as in Fig. 2a, while
in Fig. 4b the white contours identify the highest velocity dis-
persion region as in Fig. 2b, whichi is likely the region where
the strong outflow interacts with the host galaxy disk. We sug-
gest that the heavy suppression of star formation in the region
of strongest quasar-driven outflow seen in our data is one of the
first direct observational evidences of quasar feedback onto the
host galaxy quenching star formation, at an epoch (z⌅2) when
this phenomenon is expected by models to be most pronounced
and most relevant for the evolution of massive galaxies.

Currently the strong outflow is quenching star formation
only in one region of the galaxy. If in the subsequent phases the
strong quasar wind also invest the other parts of the galaxy, then
this will e�ectively quit most of the star formation in the host
galaxy. Instead, if the strong quasar outflow remains confined in
a conical region, then this will prevent the quasar feedback to ef-
fectively quench most of the star formation over the host galaxy.
This issue can only be investigated with a statistical approach

4

Hα Flux

[OIII] V contour
5. Attachments (Figures)

Fig. 1: Kinematical maps of the 4 quasars (out of 5 observed) for which [OIII]emission is spatially resolved. Axes
are in pixels (scale is 0.00125/pix) and colors represent the average velocity from the line profile (km/s). Contours
denote the flux of the broad H� and therefore represent a point source centered on the AGN position (levels
are 90, 50 and 30% of peak). Magnitudes of the targets in H band from Shemmer et al 2004 (ApJ,614,547) are
HB89-03: 15.6, HB89-05: 16.5, He-0109: 14.9 and LBQS-0109: 15.3
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Fig. 2: Left panel: First moment (velocity shift) map of the [OIII]5007 line. Note the prominent excess of blueshifted gas with a bow-like
morphology SE of the nucleus. White contours are at 330, 360 and 390 km/s (TBC). Rigth panel: Second moment (velocity dispersion) map
of the [OIII]5007 line. Note the excess of dispersion in the SE region, confirming that the strong blueshift in this region is associated with outflow
and not disk rotation. White contours are at 680 and 700 km/s (TBC). In both maps the black contours trace the continuum.

mass. If we scale by the same molecular/neutral-to-ionized frac-
tion as in Mrk231 (ref?), the total outflow rate is likely an order
of magnitude higher (TBC).

Fig. 3: Upper pannel: 2QZ20028-28 K band spectrum fitting extracted
from the central 2.5 arcsec, along with the various components used
for the fit. Vertical dashed lines shows the expected wavelength for the
[NII] lines. Intermediate pannel: Residuals of the fit. Lower pannel:
Result of the substraction between the spectrum extracted from the re-
gion with narrow H� emission NW of the nucleus (Fig. 4) and the spec-
trum extracted from the region without narrow H� emission SE of the
nucleus, after scaling to match the intensity of the broad line. A clear
narrow H� component is detected, illustrating that the detection of this
component and its distribution is not an artifact of the fit.

3.2. H�+[NII] analysis: evidence for quenched star formation

The addopted fitting for the H� line was with two broad gaus-
sians. But more interestingly is that the fit does require the
presence of a weak, but significant narrow component of H�
(FWHM� 699.3815km/s). The abscence of [NII] indicates that
this narrow H� emission is mostly due to star formation (For

the details of the spectral fitting see Appendix A). The intensity
of the narrow H� emission is comparable to the intensity of the
[OIII] narrow component, suggesting that a fraction of the lat-
ter is probably associated with star formation (typically in star
forming galaxies 0.1 < F[OIII]5007/FH� < 1, depending on the
metallicity), but probably also contributed by some AGN ion-
ization (NLR).

The map of the narrow H� is shown in Fig.4, which re-
veals star formation extending over a few kpc from the nu-
cleus. However, the star formation is not distributed symmet-
rically around the nucleus, but preferentially towards the North
and West. In particular, the region within a few kpc South-Est
of the nucleus is nearly free of any narrow H� tracing star for-
mation. To show that the detection of narrow H� and that the
asymmetric distribution is not an artifact of the fitting procedure,
we have extracted a spectrum by integrating over the NW region
containg star formation according to the H� map and another
spectrum in the SE region devoid of star formation. After scal-
ing the two spectra so that the intensity of the broad H� wings
(associated with the BLR) are the same, we have obtained the
di�erence of the two spectra, which is shown in the bottom panel
of Fig. 3. The di�erential spectrum clearly shows the presence of
the narrow H�. The line slightly broadened profile (which also
makes the detection slightly noiser than expected ) is due to the
fact that we are integrating over di�erent regions of the veloc-
ity field. The di�erential spectrum also confirms that no [NII] is
detected in association with the narrow H�, confirming that the
latter is associated to star formation and not to the quasar NLR.

We also mention that the map of the [OIII] narrow compo-
nent (not shown here) is also characterized by a similar asymme-
try towards the NE, further suggesting that part of the [OIII] nar-
row line is associated with star formation; however, the asymme-
try is less clean than the H� narrow component, likely because
of NLR contribution to [OIII] and because of the blending with
the “broad” [OIII] component.

The integrated emission of the narrow H� yields a total star
formation rate in the host galaxy of about 1000 M� yr�1 (by us-
ing the conversion factor given in (Kennicutt, 1998), which is
not unusual in high-z quasars (e.g. Omont et al., 2003; Lutz et
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Fig. 4: Map of the narrow component of H� with countours tracing the [OIII] velocity shift (Left panel) and velocity dispersion (Rigth panel), as
in Fig. 2. Note star formation, traced by H�, is heavily suppressed in the SE region where the strongest outflow is traced by [OIII].

al., 2008). However, the most interesting result is that the star
formation is heavily suppressed in the SE region, which is char-
acterized by the excess of outflow with high velocity dispersion.
In Fig. 4a the white contours identify the strongest gas outflow
traced by the highly blueshifted [OIII] line, as in Fig. 2a, while
in Fig. 4b the white contours identify the highest velocity dis-
persion region as in Fig. 2b, which is likely the region where
the strong outflow interacts with the host galaxy disk. We sug-
gest that the heavy suppression of star formation in the region
of strongest quasar-driven outflow seen in our data is one of the
first direct observational evidences of quasar feedback onto the
host galaxy quenching star formation, at an epoch (z�2) when
this phenomenon is expected by models to be most pronounced
and most relevant for the evolution of massive galaxies.

Currently the strong outflow is quenching star formation
only in one region of the galaxy. If in the subsequent phases the
strong quasar wind also invest the other parts of the galaxy, then
this will e�ectively quit most of the star formation in the host
galaxy. Instead, if the strong quasar outflow remains confined in
a conical region, then this will prevent the quasar feedback to ef-
fectively quench most of the star formation over the host galaxy.
This issue can only be investigated with a statistical approach
by obtaining data on a large number of high-z quasars through
observations like the ones presented in this paper.

4. Conclusions

By using near-IR integral field spectroscopic observations we
have revealed a powerful outflow in the host galaxy of the
quasar 2QZ20028-28 at z=2.4, one of the most luminous quasars
known. The outflow is revealed by the profile and spatial distri-
bution of the [OIII]5007 line, redshifted into the H-band. We es-
timated that the outflow rate of ionized gas is about 500 M� yr�1;
however, this is a lower limit of the total gas (neutral+molecular)
outflow rate, which is likely an order of magnitude higher. Both
the high outflow velocity (> 1000 km/s) and the fact that the
wind is mostly traced by the [OIII] line (produced primarily in
the NLR) strongly favor a quasar origing of the outflow. The out-
flow is not symmetric, the highest velocities and highest velocity
dispersion are found in the region South-West of the nucleus.

In the K-band our data clearly reveal the presence of narrow
H� tracing star formation in the host galaxy, on scales of several

kpc, with a rate of about 1000 M� yr�1. However, star formation
is not distributed uniformly in the host galaxy, it is mostly found
in the regions not directly invested by the strong outflow. Instead,
star formation is heavily suppressed in the South-West region
where the strongest outflow is detected. This can be regarded
as one of the very first evidences of star formation quenched
by quasar feedback, at the epoch of maximum quasar activity,
expected by most theoretical models.
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Fig. 2. Top panels: kinematical maps of 2QZ20028-28 with H=14.3 (Cano-Diaz et al 2011) representing average
velocity (left) and velocity dispersion (right) using color coding and white contours. Bottom panels: fluxes of
narrow H↵ emission with velocity (left) and velocity dispersion contours superimposed. The highest blueshifted
velocities and the largest velocity dispersions correspond to regions where narrow H↵ emission is strongly
suppressed. The [OIII]/H↵ ratio and upper limit on [NII]/H↵ indicate that in these regions H↵ is powered by
star formation, revealing the e↵ect of AGN feedback.
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Other examples of fast conical 
outflows in z~2.4 quasars
(Marconi et al. 2012, 
Cano Diaz et al. 2012)


