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An atmospheric mirage is an optical 
illusion … 

… whose cause is real! 
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- Determination of the Hubble parameter H0 

- Gravitational lens inversion 

- Micro-lensing effects to study the AGN structure 

- etc. 



Determination of the 
Hubble parameter H0 

Wertz, Pelgrims & Surdej 
(MNRAS, June 2012) 



Image  Source  1’’ 1’’ 

Seyfert I AGN (spiral galaxy host + 
various sites of star formation; 
Claeskens et al. 2006)) 



         Image            Source  1’’ 1’’ 



For 0.01Msol< ML<104 Msol scan the spatial structure of AGN:  

1 pc 10 –3 pc 



•  The angular Einstein ring of a point mass lens (PML) is: 

• The angular separation between the lensed images is 
(zl=0.5; zs=2): 

•  The typical time for crossing the Einstein ring is 
(v=1000 km/s): 
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In order to produce multiple image of a background source, 
a PML must reside within an effective volume between the 
source and the observer  
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PGL α Veff(z, Ωo, λo,...)	




PGL  α  nLVeff(z, Ωo, λo,ML,...)	


and:  nL  α  ΩL/ML PGL  α  ΩL/MLVeff(z, Ωo, λo,ML,...)	




PGL  α  ΩL/MLVeff(z, Ωo, λo,ML,ASF)	
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           PGL  α  ΩL/MLVeff(z, Ωo, λo,ML,ASF) Bias(bq,LF) 

PGL maximum (~1%) for distant and bright AGN: 

       Observe Highly Luminous QSOs (HLQs) 





Caustics and critical curves for the SIS case with γ = 0.2, 0.4, 0.6, 0.8. The radial 
critical curve is degenerated to the origin point in the deflector plane and the radial  
caustic is independent of the shear value 









Differential source counts from the COSMOS and XMM-LSS fields in the soft 
band 





Luminosity function in the soft band 



- S > 3 10-15 erg cm-2 s-1 (soft band, 
10 Ksec.) 
-  606 sources over 2 deg2 
(COSMOS) 

-  H0=72, Ωm=0.27, Ωλ=0.73 
- 50 deg2 

- 15 000 X-ray sources 



Comparison between the differential source counts from the real  
and simulated catalogs 









Gravitational lensing statistics of multiply imaged  
X-ray selected AGN may help in constraining the  
cosmological parameters Ωλ, Ωm . Furthermore, 
micro-lensing effects provide a unique tool to study  
the AGN source structure at micro-arcsec in the X-rays 
and other wavelengths. 
These  systems could also turn out to be useful for an 
independent  determination of  H0 ... and to retrieve the  
real shape of the lensed AGN based upon GL inversion.   

PGLens = 0.0058 x 0.7 x 0.7 = 0.0028 (soft) 
PGLens = 0.0075 x 0.7 x 0.7 = 0.0037 (hard) 

Expected number of  multiply imaged AGN 
in XXL: 

NGLens = 15 000 x 0.0028 =  43 (soft) 
NGLens =    2600 x 0.0037 = 10 (hard) 



SIS + γ	



