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1. Some reasons: way magnification may be 
chromatic?

2. A method (Popovic & Chartas 2004)

3. Some examples (Q0957+561,Q1115+080, 
PG 1413+273)



QSOs (AGN) emit radiation at a range of   
wavelengths from the  radio to the x-ray (gamma-

ray)



A strong emission of radiation at radio wavelengths



A variability of the continuum and spectral lines
(dimensions of emitting regions)



Structure of  a QSO - Elvis 2000, ApJ, 545, 63



The typical spectra of QSOs in the UV spectral range 
(Reichard et al. 2003, AJ, 126, 2594)



Starting points

1. A  lensed QSO has different dimension in 
different spectral band

2. Kinematics of emitting regions affects the lensed
QSO spectra (the continuum and lines)

3. The lens galaxy might have additional 
gravitational potential (a small galaxy, globular 
clusters, etc.)

4. è influence of GL  on QSO spectra very 
important for investigations of unresolved QSO 
central structure



Different dimension of emitting regions:Observations e.g. 
QSO 2237+0305 : Mediavilla et al. 1998, Metcalf et al. 2004, 

Motta et al. 2004 (below Fig 2:Map of the integrated flux between 11305.1 

and 13613.7 Å (or 4203 to 5061 Å in the QSO's rest frame)); CIII] line and 
continuum  (Motta et al. 2004)



Kinematics of an emission region; e.g.  the Fe K-alpha line



The X-ray accretion disk – Popovic
et al. 2003, A&A, 398, 975



Kerr metric



Complex gravitational  potential of a lensed galaxy: Mrk 1040



Method - Popovic & Chartas
2004, MNRAS – accepted; 

astro-ph/0411287



The 4 cases



The case of Q0957+561: intrinsic variation seen on Jan 26 1995



a) 1995; Oct. & Dec. b) 1995; Jan.& Dec.



PG 1115+080 – probably millilensing, confirmed results of Impey et al. 
1998; but long-term microlensing may produce a similar effect 

[Observations: 1995, July and 1996 January]



What is with the UV line amplification?



Q1413+117 – Cloverleaf : 
temporal variation in the 
continuum of image C –
microlensing may be present 
during observations



Conclusions:

• Magnification may be chromatic (e.g. Wambsganss & 
Paczynski 1991)

• Influence of GL on QSOs spectra è complex QSO 
emitting region geometry + complex potential of a lensing
galaxy

• MLE è wavelength dependent magnification

• The proposed method can infer the presence of 
microlensing, millilensing, and intrinsic variability

• OBSERVATIONS: from several periods (time delay = 
period between observations); 3D spectrophotormetry that 
can provide simultaneous spectra of all images


