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PDS	
  456:	
  the	
  Rose/a	
  Stone	
  of	
  AGN	
  disk	
  winds	
  

2013/14	
  campaign:	
  5	
  simultaneous	
  XMM	
  +	
  NuSTAR	
  observa:ons	
  

Rest-­‐frame	
  energy	
  (keV)	
  

Most	
  luminous	
  radio-­‐quiet	
  AGN	
  in	
  the	
  local	
  Universe	
  

Reeves+03	
  

Systema:c	
  detec:on	
  of	
  a	
  deep	
  
trough	
  above	
  7	
  keV	
  rest-­‐frame:	
  

evidence	
  for	
  a	
  large	
  column	
  of	
  highly	
  
ionised	
  maMer	
  ouNlowing	
  at	
  about	
  

one	
  third	
  of	
  the	
  speed	
  of	
  light	
  

Ideal	
  target	
  for	
  studying	
  BH	
  winds	
  
in	
  the	
  Eddington-­‐limited	
  regime	
  

MB ∼ −27 Lbol ∼ 1047 erg s−1 MBH ∼ 109 M#

Ra
:o
	
  



Revealing	
  the	
  Broad	
  P-­‐Cygni	
  Iron	
  line	
  profile	
  

Nardini+15,	
  	
  
Science	
  



A	
  persistent,	
  wide-­‐angle	
  wind	
  

 Apparent	
  response	
  to	
  con:nuum	
  
changes	
  over	
  7-­‐10	
  days	
  

P-­‐Cygni-­‐like	
  profile	
  resolved	
  at	
  any	
  epoch	
  
(aperture	
  >	
  50°	
  from	
  FWHM)	
  

Nardini+15	
  



Constraints	
  on	
  the	
  Disk	
  Wind	
  ProperPes	
  

All	
  the	
  informa:on	
  can	
  now	
  be	
  determined	
  from	
  the	
  data	
  	
  
The	
  solid	
  angle	
  is	
  obtained	
  from	
  the	
  emiMed/absorbed	
  luminosity	
  

ra:o,	
  and	
  the	
  launch	
  radius	
  from	
  the	
  variability	
  :mescale	
  

The	
  deposi:on	
  of	
  a	
  few	
  %	
  of	
  the	
  total	
  radiated	
  energy	
  is	
  enough	
  
to	
  prompt	
  significant	
  feedback	
  on	
  the	
  host	
  galaxy	
  (Hopkins	
  &	
  Elvis	
  10).	
  

Over	
  a	
  life:me	
  of	
  107	
  yr	
  the	
  energy	
  released	
  through	
  the	
  
accre:on	
  disk	
  wind	
  likely	
  exceeds	
  the	
  binding	
  energy	
  of	
  the	
  bulge	
  



Signatures of fast (0.15c) “BAL” like profiles in soft X-rays with 
XMM-Newton/RGS. Velocity widths σ≈10000 km/s. 

Broad Soft X-ray Absorption Profiles in PDS 456  
(Reeves et al. 2016, ApJ, in press) 
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Soa	
  X-­‐ray	
  absorbing	
  gas	
  the	
  likely	
  signature	
  of	
  an	
  inhomogeneous	
  wind,	
  par:ally	
  
obscuring	
  the	
  AGN.	
  Veloci:es	
  of	
  up	
  to	
  0.1c.	
  
Absorp:on	
  primarily	
  due	
  to	
  highly	
  ionized	
  Fe	
  (Fe	
  XX-­‐XXIV)	
  as	
  well	
  as	
  NeIX/X	
  

Broad Soft X-ray Absorption Lines 
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One year in the life of PDS 456 	
  
Spectral	
  variability	
  of	
  PDS	
  456,	
  
from	
  March	
  2013	
  (Suzaku)	
  to	
  
August	
  2013	
  (XMM	
  OBS	
  A/B)	
  to	
  
March	
  2014	
  (XMM	
  OBS	
  E).	
  
	
  
10x	
  flux	
  increase	
  at	
  1	
  keV	
  from	
  
Mar	
  2013	
  to	
  Aug	
  2013.	
  
Column	
  decreases	
  by	
  ΔNH	
  >	
  1023	
  
cm-­‐2	
  	
  	
  
	
  
Factor	
  x2	
  decrease	
  in	
  flux	
  from	
  
Sept	
  2013	
  to	
  Feb	
  2014.	
  
Soa	
  X-­‐ray	
  absorp:on	
  profiles	
  
emerge	
  as	
  flux	
  drops	
  
	
  
	
  Dras:c	
  (x10)	
  absorp:on	
  variability	
  over	
  months	
  :mescales.	
  	
  

Increase	
  in	
  absorp:on	
  opacity	
  likely	
  linked	
  to	
  emergence	
  of	
  soa	
  X-­‐ray	
  broad	
  
absorp:on	
  profiles	
  –	
  par:al	
  covering	
  in	
  clumpy	
  wind?	
  
Iron	
  K	
  absorber	
  also	
  stronger	
  during	
  low	
  flux	
  episodes.	
  



Rapid Absorption Line Variability (Matzeu et al. 2016) 
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Short term X-ray variability of PDS 456 17

Figure 8. Top panels: Fluxed spectra of the slices A (black), B (red), C (green), D (blue), E (cyan), F (magenta), G (orange) and H (violet). What
is noticeable is the absence of a clear Fe K absorption feature in the first three spectra, and its possible onset in slice D (corresponding to the flare).
The dotted rectangular areas represent the XIS Si edge calibration uncertainty range between 1.7-2.1 keV, ignored during fitting. The depth of the
Fe K absorption feature (⇠ 7.4 keV in the observed frame, ⇠ 8.7 keV in the quasar rest frame) gradually increases after the flare between slice
E and slice G, when the absorption trough becomes very prominent. The fluxed spectra have been plotted against a simple power-law with � = 2

with minimum 50 cts per bin. Bottom Panels: Ratio spectra of the the slices in the Fe K band obtained as in Fig. 2.

curve and softness ratio (between the 0.5 � 1 and 2 � 5 keV bands), the spectra were divided

into a total of eight slices (see panel 1 in Fig. 7); this was done by taking into consideration the

width of each slice and the number of counts in it. Note that for PDS 456, with MBH ⇠ 10

9 M�,

a variability timescale of ⇠ 100 ks corresponds to a light-crossing distance of ⇠ 20 Rg. A slice of

at least 100 ks in duration was usually required for the 2013 spectra whilst, on the other hand, we

had enough counts to isolate the much brighter flare between 400 � 450 ks into the observation.

The plots of the fluxed ⌫F
⌫

spectra and the Fe K band data to model ratios (obtained as in Fig. 2)

of the eight slices are shown in the top and bottom panels of Fig. 8. The first four spectra (A - D),

correspond to 2013a sequence, tracing the decline of an initial flare (A) followed by a quiescent

period (B) together with the initial onset of the large flare (C) and the subsequent flare itself (D).

In the remaining four spectra (E - H), corresponding to the 2013b and 2013c sequences, the Fe

K absorption feature becomes very noticeable (E), progressing in strength (F) to reach maximum

depth in slice G and tentatively recovering in slice H. The timing periods for each of the slices are

noted in Table 4.

In section 3.2 we used the optxagnf model to account for the optical/UV to hard X-ray SED of

PDS 456. However, in order to describe the lower S/N time-sliced spectra over the 0.6 � 10 keV

band, we used a simpler two-component model to provide a more convenient parameterisation

c� ? RAS, MNRAS 000, 1–??
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c� ? RAS, MNRAS 000, 1–??

Suzaku 2013 (2 week baseline) 
Rapid increase in Fe K 

absorption following flare:-  
NH<1023 cm-2 (pre-flare) to  
NH =1024 cm-2 (post-flare). 

Fe K profile 

NH < 1023 cm-2 NH = 5x1023 cm-2 NH = 1024 cm-2 



The Wind Structure 

1016 1017 1018 102 103 104 

R (cm) R (Rg) 

Innermost	
  highly	
  ionized	
  wind	
  launched	
  from	
  within	
  100	
  Rg	
  of	
  black	
  hole	
  –	
  
ultra	
  fast	
  iron	
  K	
  absorp:on	
  (0.3c).	
  
Inhomogeneous	
  soa	
  X-­‐ray	
  absorber	
  R≈1017-­‐1018	
  cm,	
  ne≈107-­‐108	
  cm-­‐3,	
  with	
  
thickness	
  ΔR≈1015	
  cm.	
  Filling	
  factor	
  f≈10-­‐3.	
  
UV	
  BLR	
  emission	
  (absorp:on)	
  profiles	
  R≈1018	
  cm	
  



An extreme disk wind in the NLS1, 1H 0707-495? 
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Current Theoretical Model

Thin Wind, Rmax=1.5Rmin, Mdot=0.33

Thick Wind, Rmax=3Rmin, Mdot=1.0

Extension	
  of	
  disk-­‐wind	
  model	
  (Sim	
  et	
  al.	
  2008,	
  2010)	
  to	
  the	
  extreme	
  NLS1,1H	
  0707-­‐495.	
  	
  
Can	
  account	
  for	
  strong	
  (tau>1)	
  drop	
  at	
  iron	
  K	
  with	
  a	
  fast,	
  Eddington	
  limited	
  wind	
  
profile.	
  No	
  need	
  for	
  highly	
  rela:vis:c	
  iron	
  K	
  reflec:on.	
  Solar	
  abundances	
  of	
  Fe	
  only.	
  	
  
See	
  also	
  Hagino	
  talk!	
  

Wind model 
(Sim et al.2008, 

2010) 



Summary	
  	
  
★ 	
  PDS	
  456	
  is	
  an	
  excep:onally	
  luminous	
  QSO	
  in	
  the	
  local	
  Universe,	
  yet	
  
representa:ve	
  of	
  an	
  accre:ng	
  SMBH	
  during	
  the	
  peak	
  of	
  the	
  quasar	
  era.	
  

★ 	
  The	
  new	
  XMM	
  +	
  NuSTAR	
  campaign	
  revealed	
  a	
  broad	
  P	
  Cygni	
  profile	
  at	
  
iron	
  K	
  and	
  allowed	
  a	
  direct	
  measure	
  of	
  the	
  mass-­‐loss	
  rate	
  and	
  	
  
energe:cs	
  of	
  an	
  accre:on	
  disk	
  wind,	
  whose	
  mechanical	
  power	
  is	
  largely	
  
consistent	
  with	
  the	
  requirements	
  of	
  feedback	
  models. 
	
  
★ 	
  A	
  fast	
  component	
  of	
  the	
  soa	
  X-­‐ray	
  absorber	
  has	
  now	
  been	
  
discovered,	
  with	
  BAL	
  like	
  absorp:on	
  profiles	
  emerging	
  in	
  the	
  RGS	
  data,	
  
with	
  typical	
  veloci:es	
  of	
  0.1-­‐0.2c	
  

★ 	
  The	
  data	
  point	
  to	
  a	
  clumpy,	
  inhomogeneous	
  ouNlow,	
  with	
  the	
  soa	
  X-­‐
ray	
  absorber	
  represen:ng	
  filaments	
  which	
  form	
  further	
  out	
  along	
  the	
  
wind,	
  on	
  scale	
  that	
  are	
  consistent	
  with	
  the	
  inner	
  BLR.	
  	
  

★ 	
  Is	
  PDS	
  456	
  an	
  X-­‐ray	
  equivalent	
  of	
  a	
  BAL	
  quasar?	
  

    


