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X-ray weak QSO: With Broad Absorption Lines 

BAL-QSO show deep absorption troughs, mostly in C IV suggesting fast 
outflows seen in absorption  
 
They are typically X-ray weak and the X-ray weakness increases with the  
absorption EW            X-ray weaker sources launch more massive outflows 
                                    X-ray weakness prevents over-ionization and allows to  
                                    launch more effectively a line-driven outflow 
 
From there the idea of a X-ray shielding absorber 
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Observing the X-ray shielding gas in BAL quasar is a topic on its own … but there 
have been some positive detections (e.g. APM 08279+5255,  Chartas et al 02 and 09) 



A growing number of X-ray weak sources however do not show any BAL system 
 
Prototypical source: PHL 1811 (Leighly et al 2007) 
 
PHL 1811 appears to be intrinsically X-ray weak 
 
Its optical/UV emission lines are atypical and similar to that of some extreme NLS1  

X-ray weak QSO: With no Broad Absorption Lines 
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X-ray weak QSO: With no Broad Absorption Lines 

1H 0707-495 and IRAS 13224-3809 are two extreme NLS1 galaxies with 
remarkable similarities with PHL 1811 and PHL 1092 (the source we will discuss) 
 
Very strong Fe II emitters, no intrinsic absorption in the optical/UV, X-ray weak, 
highly variable in the X-rays 
 
The UV spectrum exhibits weak, broad, blueshifted high-ionization lines (C IV) 
                                          strong, narrow, rest-frame low-ionization lines (Mg II) 
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XMM-Newton 2008 

XMM-Newton 2003 



X-ray weak QSO: the remarkable case of PHL 1092 

PHL 1092 X-ray flux dropped by a factor ~260 in 2008 with respect to 2003 
 
If we define Δαox as the difference between the observed and expected slope, we 
can see that its variability is really extreme (reaching -1.0 in 2008, i.e. the quasar 
was a factor ~480 X-ray weaker than normal) 
 
 



X-ray weak QSO: the remarkable case of PHL 1092 

PHL 1092 Δαox  variability is entirely driven by X-ray flux changes 
 
This means it has little to do with accretion rate variations (which would mainly 
affect the UV) and that we have to look at the X-ray data to understand what is 
going on here 
 
…. So let us have a look at them in some more detail 
 
 



X-ray absorption 

Absorption can reproduce the data at all 
flux levels with a covering fraction variation 
 
The intrinsic X-ray flux is in fact always the 
same 
 
It corresponds to the X-ray flux expected 
for a quasar with the luminosity of  
PHL 1092 

X-ray weak QSO: the remarkable case of PHL 1092 



X-ray absorption 

Absorption can reproduce the data at all 
flux levels with a covering fraction variation 
 
The intrinsic X-ray flux is in fact always the 
same 
 
It corresponds to the X-ray flux expected 
for a quasar with the luminosity of  
PHL 1092 
 
          i.e.PHL 1092 is a standard QSO 
which appears as extremely X-ray weak at 
times because of intervening absorption 
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X-ray absorption 

The absorber must be compact and/or  
highly ionized not to significantly affect the 
UV 
 
In fact we find a ~cold solution (problem) 
 
The absorbing clouds, cannot survive at the 
~ neutral ionization state we infer if they 
have to lie within the UV-emitting disc 
 
Multi-layer absorber? 
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hit disc 

to the observer 
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X-ray reflection 
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X-ray absorption X-ray reflection 

Absorption: the X-ray flux is constant and PHL 1092 has standard X-ray output 
                   (with respect to that expected from its optical luminosity) 
                 
Reflection: the reflection flux varies by a factor ~10, i.e. so does the intrinsic flux 
 
In both cases, much less extreme X-ray variability than the observed factor ~260 
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1H 0707-495  
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IRAS 13224-3809 
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1H 0707-495  
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Fabian+ in prep 

Similar lag-frequency spectrum 



1H 0707-495  

IRAS 13224-3809 

PHL 1092 vs 1H 0707-495 and IRAS 13224-3809 
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Conclusions 

PHL 1092 has become one of the most extreme non-BAL X-ray weak quasar  
 
The sudden X-ray weakness is entirely due to dramatic X-ray variability 
 
X-ray weakness can be a transient phenomenon 
 
The observed factor 260 X-ray flux drop can be reduced by  
 
Absorption (no intrinsic variability required): 
         
         - the absorber must be compact and highly ionized (we don’t get that…) 
         - a multi/layer absorber where the outermost layers are highly ionized and  
           protect the inner cloud’s core may provide a solution 
          
Disc reflection (a factor ~10 of intrinsic variability required): 
 
         - the X-ray corona must be compact and confined within a few Rg 

              - light bending effects close to the BH play a crucial role 
         - the soft X-ray time delays in 1H0707-495 (and other sources) seem to  
           support a reflection interpretation   
          


