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Motivation 
• Nuclear / galactic outflows at z=0     

• Galactic outflows at high z: only a few known  

• RX J0911+0550 at z=2.8 (Weiss+12) 

• Eyelash at z=2.7  OH absorption (George+14) 

• J1148 z~6.4 : [CII] outflow   

(Maiolino+12, Cicone+14)

Fiore, Feruglio+17



Why APM 08279 
•  High redshift  z=3.912 
• Bright, gravitationally lensed: Lbol = 7e15  m-1 Lo 

• CIV BAL , variable (Saturni et al. 2014, 2016, Trevese et al. 2013) 

• Persistent, well studied, UFO  
(Chartas+09, Saez&Chartas11,Hagino+16) 

Ideal to probe QSO feedback at high z



APM 08279 UFO(s) 

Two main scenarios:  
• Saez & Chartas 2011 
Lensing magn. m=100 
v(UFO)=0.16-0.36c 
dM/dt(UFO)=21 Mo/yr 

• Hagino+16 
No/little magnification 
v(UFO)=0.22c 

Feruglio et al.: Molecular outflow in APM 08279+5255

Fig. 5. Position-velocity diagrams cut along a East-West (left panel) and South-North direction (right panel) through the CO emission peak. First
contour is at 3�, increasing in steps of 1� up to 6�, then the contours are spaced by 10�, the visibility noise is � = 0.096 mJy/beam for 40 MHz.
The colour scale is in mJy.

Table 3. Molecular outflow parameters.

Model µ R M(H2) vmax ṀOF ṖOF Refs.a
[kpc] [M�] [km/s] [M�/yr] [dyn]

model1 20 0.270 1.98 ⇥ 108 �1340 3.0 ⇥ 103 2.5 ⇥ 1037 (1)
model2 4 0.550 9.9 ⇥ 108 �1340 7.4 ⇥ 103 6.3 ⇥ 1037 (2)
model3 1 7.9 3.96 ⇥ 109 �1340 2.1 ⇥ 103 1.8 ⇥ 1037 (3)

Notes. a References for the magnification factor and the size of the molecular disk (here assumed equal to the size of the molecular outflow). are:
(1) Downes et al. 1999, (2) Riechers et al. 2009, (3) this work.

Table 4. X-ray nuclear wind parameters

Model µ vUFO ṀUFO ṖUFO Refs.
[km/s] [M�/yr] [dyn]

model1 100 0.16-0.36c 8 � 12 1.0 ⇥ 1037 1
model2 - 0.22c 7.7 � 38(a) 3.2 � 16 ⇥ 1036 2

Notes. (a) for a black hole mass of 2 ⇥ 109 � 1010 M�. References: (1)
Saez & Chartas (2011), (2) Hagino et al. (2016).

Dasyra et al. (2016), which according to them yields a factor of
about 10 smaller masses.

The molecular gas outflow rate is computed as follows:

Ṁo f = 3 ⇥ vmax,o f ⇥ M(H2)o f

Ro f
(1)

where Ro f is the radius of the region reached by the outflow.
The data do not allow to measure the sizes of the emitting re-
gions, therefore we must make some assumptions. Three scenar-
ios are discussed in the following, their main parameters being
resumed in Table 4. In the first scenario (model1) we assume that
the fast moving gas has the same size as the molecular disk, as
measured by Downes et al. (1999). They found a radius of the
molecular disk of 270 pc for a µ ⇠ 20. We derive in this case
a outflow rate of 3.0 ⇥ 103 M�/yr. The second model (model2)
adopts a disk size of 550 pc and a µ = 4 (Riechers et al. 2009),
from which we estimate a outflow rate of 7.4⇥103 M�/yr. From
the PV diagram (Fig.5) and from Table 2 we can estimate a max-
imum size occupied by the fast molecular gas, based on the posi-
tion o↵set between the peak of the systemic emission and that of

the fast gas emission, which is 1.1”. According to most lensing
models, the emission arising from physical scales larger than a
few hundred pc should be little a↵ected by gravitational magni-
fication, so for this emission we can safely assume µ = 1. Model
3 is our fiducial model and in this approximation the measured
size 1.1” corresponds to a physical size of 7.9 kpc. In this sce-
nario we derive a lower limit outflow rate of 2.1 ⇥ 103 M�/yr.
The corresponding momentum fluxes, Ṗ = vmax ⇥ Ṁ, are also
reported in Table 4.

Interestingly, we do not find evidence for fast, redshifted gas.
This may suggest a asymmetric outflow with only a blueshifted
blob of outflowing material. Alternatively, we note that the blue
and redshifted components are not necessarily symmetric (for
example in Mrk 231 there is a factor of ⇠ 2 in brightness be-
tween the red and blue wings), therefore the non detection of the
redshifted component may be a sensitivity e↵ect.

We discuss in the following the wind momentum boost.
About the nuclear UFOs, two main scenarios have been pro-
posed. That proposed by Saez & Chartas (2011), displays a large
magnification factor (about 100), two outflow components with
velocities 0.16 and 0.36c, and a total outflow rate of Ṁu f o =
21 M�/yr. The second scenario, recently proposed by Hagino et
al. (2016) is based on a physical model where the outflow rate
scales as

ṀUFO = 10.5
M(BH)
2 ⇥ 109

vUFO

0.3c
M�/yr

For a UFO velocity of 0.22c, and a black hole mass in the
range 2 ⇥ 109 � 1010 M� (Hagino et al. 2016 and references
therein), we estimated a outflow rate of 7.7-38 M�/yr. The main
parameters of the UFO are reported in Table 5.

The momentum boost, defined as ṖOF/ṖAGN =
ṖOF/(LAGN/c), is plotted in Figure 6. The bolometric lu-
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APM 08279 Host galaxy           
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APM lensing models
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Two main scenarios for the lensing model  



APM 08279 Molecular Outflow                   

CO(4-3)

N2H+(5-4)

Blueshifted component with: 
vmax = v95%= -1300 km/s

34 hour integration with NOEMA
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Outflow max size 
1.1” = 7.9 kpc 
—> no lensing magnification 
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APM 08279 outflows energy 
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Momentum conserving

Energy conserving

Loading factor                       >>1
SFR = 25-200 Mo/yr (Weiss+07, Riechers+09)

Momentum conserving flow

Energy conserving for largest 
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• Massive, ~8 kpc wide molecular  
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• Hard to discriminate between  
momentum/energy conservig flow  
with current data 
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Thank you 


