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Quasar Winds 



AGN Winds	

z > 1 AGN with reported relativistic winds over small scales (10-100rg):	

    Object                    Type                    z               v/c                                    Reference	
APM 08279+5255    BALQSO           3.91           0.2-0.75              (Chartas et al. 2002, ApJ, 579, 169)	
HS1700+6416          NALQSO           2.735         0.12-0.59            (Lanzuisi et al. 2012, A&A, 544, A2) 	
H 1413+117             BALQSO            2.56           0.23 and 0.67     (Chartas et al. 2007, ApJ, 661, 678)	
PG 1115+080           miniBALQSO    1.72            0.1 and 0.4        (Chartas et al. 2003, ApJ, 595, 85)	
SDSS J1353+1138  miniBALQSO     1.63            0.43                   (Chartas et al. 2016 in prep)	
PID352                     FRII                    1.6             0.05                   (Vignali et al. 2015, A&A, 583, A141) 	
HS0810+2554          NALQSO           1.51            0.1 and 0.4        (Chartas et al. 2016, ApJ, in press)	

Observations of ultraluminous infrared galaxies have revealed large-scale molecular outflows traced in OH and 
CO extending over kpc scales with velocities exceeding ~ 1000 km s−1 and with massive outflow rates (up to 
~1200 M⊙ yr−1)  AGN with reported massive outflows over large scales (~kpc) :	

    Object                    Type                    z                    v                                    Reference	
SDSS J1148+5251     QSO               6.4189          1400 km/s           (Maiolino et al. 2012, Cicone et al. 2014) 
XID5395                    QSO                1.5                1300km/s          (Brusa et al. 2016) 
SDSS J1356+1026     QSO               0.123             500km/s             (Sun et al. 2014) 
 
 



Several Properties of the z >1 Quasars with Relativistic Winds 
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Table 6: Properties of Sample

Object z log(MBH) LBol/LEdd vout/c Ṁ ĖK/Lbol ṗ/(Lbol/c)

(M�) M� yr�1

APM08279 3.91 10. 3.6 0.2–0.75 220+145
�150 0.4+0.3

�0.3 1.5

HS1700 2.735 10.4 0.63 0.12–0.59 4–6 0.01–0.18 0.1

H1413 2.55 9.39 0.10 0.23–0.67 — — —

PG1115 1.72 8.96 0.12 0.1–0.4 15+13
�10 5.3+2.5

�3.5 26

SDSS1353 1.63 9.13 0.40 0.43 60+50
�40 5+4

�3 22

PID352 1.6 8.7 0.16 0.14 1.7+5.1
�1.4 0.1+0.1

�0.07 1.3

HS0810 1.51 8.6 0.04 0.1–0.4 3.4+2.7
�2.1 9+8

�6 45

Note. — MBH and RE are the black hole mass and Einstein radius (hMi = 0.3M�) with rg = GMBH/c2.
RE/ve and rg/ve are the crossing times given the e↵ective velocity ve (see Mosquera & Kochanek 2011).

The ACIS count-rates apply for of the combined images and represent average values based on available

observations. µ is the total flux magnification of the background quasar. For the estimate of the Eddington

ratios we assumed a 2–10 keV bolometric correction factor of 2�10keV ⇠ 30 .



0.5 arcsec

z = 3.91 APM 08279+5255 

Quasar Outflows Observed in a BAL Quasar	



z = 1.72 PG 1115+080 

Quasar Outflows Observed in a mini-BAL Quasar	

optical depth are Eedge ¼ 7:07þ0:20
#0:23 keV and !edge ¼ 0:31$

0:12. An inspection of this fit shows that significant residuals
are present from 2–5 keV. The fit with two absorption edges
is comparable in quality to the fit that included two
Gaussian absorption lines and yields a reduced "2 ¼ 1:16
for 204 dof. The best-fit energies and optical depths of the
two absorption edges are Eedge1 ¼ 7:03þ0:19

#0:32 keV, !edge1 ¼
0:31$ 0:11 and Eedge2 ¼ 9:63þ0:77

#0:43 keV, !edge2 ¼ 0:22$
0:14. The best-fit values for the edge energies would imply
that the first edge arises from nearly neutral Fe with a 2 #
confidence range from Fe I to Fe vii, whereas the second
edge energy lies 1 # above the threshold energy of the high-
est ionization level of Fe xxvi (9.278 keV). While the fit that
incorporates two absorption edges is acceptable in a statisti-
cal sense, the inferred energies and optical depths are diffi-
cult to explain with a physically acceptable model (see x 3.1).
The multiple-edge model would imply that the detected
high-energy absorption is produced by two distinct absorb-
ers, one nearly neutral and the other highly ionized. The
optical depths of the edges imply hydrogen column densities
of %2:7& 1023 cm#2 for the edge at 7.03 keV and
%6:9& 1023 cm#2 for the edge at 9.63 keV (for solar abun-

dances and adopting the threshold cross sections of Verner
& Yakovlev 1995). In x 3.1, we investigate whether spectral
models that incorporate direct and scattered radiation from
the central source can provide acceptable fits to the low- and
high-energy absorption features in the XMM-Newton
spectrum of PG 1115+080.

3. DISCUSSION

Our XMM-Newton observation of PG 1115+080 has
revealed a BALQSOwith two absorption features very simi-
lar in rest-frame energy to the ones recently identified in
Chandra observations of the BALQSO APM 08279+5255.
In x 3.1, we investigate three spectral models to explain these
high-energy absorption features, provide constraints on
their kinematic and ionization properties, and examine a
possible connection between the low- and high-energy
absorbers. In x 3.2, we investigate possible variability of
these absorption features by comparing the Chandra and
XMM-Newton observations of PG 1115+080 separated by
19 weeks (proper time). We also briefly discuss the variabil-
ity of similar absorption features detected in Chandra
and XMM-Newton observations of APM 08279+5255

Fig. 2.—D" residuals between the best-fit Galactic absorption and
power-law model and (a) the MOS1+2 spectrum of PG 1115+080 and (b)
the PN spectrum PG 1115+080. This model is fit to events with energies
lying within the ranges 1–2.6 and 5.2–10 keV. Eabs1 and Eabs2 indicate
the best-fit energies of the Gaussian absorption lines obtained in fit 5 of
Table 1.

Fig. 1.—(a) Upper panel: XMM-Newton PN spectrum of the combined
images of PG 1115+080 fit with Galactic absorption and a power-law
model to events with energies lying within the ranges of 1–2.6 and 5.2–10
keV. Lower panel: Residuals of the fit in units of 1 # deviations. Two
absorption features from 2.6–5.2 keV are noticeable in the residuals plot.
(b) Upper panel: PN spectrum fit with Galactic absorption, ionized absorp-
tion at the source, a power-law model, and two Gaussian absorption lines.
Lower panel: Residuals indicate that this model can account for most of the
spectral features of PG 1115+080.
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Wide-Angle Outflow of HS 0810	

χ2 confidence contour of the covering factor of the wind. The  best-fit value 
of the covering factor is fC = 0.6(-0.2,+0.3) (68%)  
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Relativistic Outflows in NAL Quasar HS 0810	

(a) 46 ks XMM-Newton spectrum of all images of HS 0810+2554.  
 
(b) shows the data shown in panel (a) overplotted with the unfolded best-fit 
model comprised of a photoionizaton (XSTAR) and reflection model 
(PEXMON).  
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Relativistic Outflows in NAL Quasar HS 0810	

Fits to the XMM-Newton spectrum of HS 0810 constrain the inclination angle of 
the accretion disk. The best-fit value of about ~ 30◦ is consistent with models that 
posit NALQSOs as objects observed at relative low inclination angles.  
 

21
6

21
8

22
0

22
2

Inclination angle (deg)
0 20 40 60 80

χ2
St
at
ist
ic
:

90% ∆χ2 = 2.71

68% ∆χ2 = 1.00



−2
0
2

10−4

10−3

0.01
Ra

te 
(cn

ts 
s−1

 ke
V−

1 )
Δ
χ

0.5
Observed−Frame Energy (keV)

1 2 5 10

100 ks Chandra 
Combined Images
A+B

 P-Cygni 

(a)

3640 3642 3644 3646 3648 3650

No
rm

ali
ze

d F
lux

0.0

0.5

1.0

1.5

Velocity Shift (km s-1 )

C IV Doublet

Observed Wavelength (A)

–2.00×104 –1.98×104 –1.96×104 –1.94×104

(b)

10mas 1 “ 1 “ 1 “

(a) (b) (c) (d)

Small scale outflow in HS0810 may be driving a larger scale outflow 	

8.4GHz VLA (Jackson et al. 2015) 	

VLT/UVES 	Chandra	



Winds in Lensed mini-BAL Quasars	

(a) Investigate whether relativistic outflows of X-ray 
absorbing material are a common property of mini-BAL 
quasars.  
 
(b) Infer the range of outflow properties in a sample of mini-
BAL quasars.  

We have recently initiated a mini X-ray survey of 
gravitationally lensed z = 1.63 − 3.6 SDSS mini-BAL 
quasars with XMM-Newton. The main goals are: 
 



Winds in Lensed mini-BAL Quasar SDSS J1353	
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Figure B26. Galfit/Hostlens modelling for SDSS J1353+1138. North is up and East is to the left. Top left : complete FOV (62′′ × 62′′),
top centre: original frame (9′′ × 9′′); the possible component C is marked with a cross. Top right : residuals after modelling with 2 Sersic
profiles and a hybrid PSF; the lens galaxy is not subtracted. Middle left : residuals after modelling with a 1 Sersic profile. Middle centre:
residuals after modelling with 2 Sersic profiles and subtracting all components. Middle right : residuals after accounting for component
C. A colour version of this figure is available in the online version of the paper.

Figure B27. Galfit/Hostlens modelling for SDSS J1400+3134. North is up and East is to the left. Left : 62′′ × 62′′ FOV. centre left :
original frame (10′′×10′′), centre right : residuals after modelling with Sersic index 4 and an analytical PSF; lens galaxy is not subtracted.
Right : residuals after subtracting all components.

B21 SDSS J1455+1447

The system was reported in Kayo et al. (2010) as a dou-
ble at zs = 1.424, with image separation 1.73′′. The AO
data is suitable to construct a hybrid PSF from image A.
Simulations were performed with the separate PSF star
from SDSS J0832+0404. The inferred relative astrometry
is severely incompatible with the discovery paper, with all
components being clearly resolved in the AO data. This also
translates to large discrepancies in the inferred mass models.
The orientation of the shear in the SIS+γ model is close to
both the orientation of the luminous profile of the lensing
galaxy (at ∼ 7 deg) and the direction to the nearby com-
ponent G2 (at ∼ 17 deg; Figure B29), and an even better

agreement (at ∼ 1 deg) is obtained with the light orientation
if G2 is explicitly accounted for in the mass model.

B22 SDSS J1515+1511

The discovery of this object is reported in Inada et al.
(2014). It is a small-separation (∼ 2.0′′) double at zs =
2.054, with spectroscopically determined lens redshift zl =
0.742.

This is the only object for which a suitable star to use
as PSF exists in the FOV. The LGS was centred between
the system and the nearby bright star, to insure as much
as possible the same AO correction. To discard pixels that
might be unreliable due to Poisson noise, the 2×2 pixels at
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The Large Synoptic Survey Telescope(LSST) will discover ~ 4000 gravitationally lensed quasars 
that will allow:	

•    Statistical studies of black hole accretion disk sizes as a function of black hole mass	

•    Studies of  the evolution of black hole disk sizes with redshift	

•    Studies of the evolution of the dark matter fraction of the lens galaxies with redshift	

•    Studies of the mean stellar mass in cosmologically distant galaxies. 	

Looking Ahead	



0

2

4

6

N
um

be
r o

f D
et

ec
te

d 
Fe

 K
α 

lin
es

 A+B+C+D
> 99% Confidence

gmin = 0.61 gmax = 1.15 

1

3

5

Fe Kα line Rest-Frame Energy (keV)
2 4 6 8 10

0

4

8

12

N
um

be
r o

f D
et

ec
te

d 
Fe

 K
α 

lin
es

 A+B+C+D
> 90% Confidence

12 14

gmin = 0.53 gmax = 1.29 

2

6

10

(a)

(b)

g-distribution method (see poster F13 by Lukas Zalesky) 

The g-distribution method provides a 
new and independent technique of 
constraining the ISCO, black hole 
spin, and inclination angle in high 
redshift quasars by measuring 
energy shifted iron lines.  

Fold Caustic 

Krawczynski et al. 2016, in prep 



Looking Ahead	

•  Increase the sample size of z > 1 quasars with high S/N spectra to infer 
the frequency of winds in quasars near the peak of AGN activity.  

 
•  Observe more z >1 lensed quasars as they become available (ie LSST) 
 
•  Linking the energetics of small scale relativistic outflows to those of 

larger scale molecular outflows. 
 
•  Search for correlations of outflow properties of z >1 quasars with   
     LBol/LEdd, MBH, SED  
 
•  Compare simulations and observations to better understand the driving 

mechanism of relativistic winds. 
 
•  Obtain high-spectral resolution  P-Cygni profiles detected in quasar 

winds to infer their geometry. 


