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Outline

1. Gravitational lensing principle and properties

2. Quasar microlensing principle and properties

3. UV / optical / X-ray observations of quasar microlensing

4. Microlensing sensitivity to accretion disc parameters



Gravitational lens model
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lens equation:



Images of a point source
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Images of an extended source

each point of the source imaged independently

angular magnification of images -> source flux amplification



Quasar 0957+561 (Walsh, Carswell, Weymann 1979)

http://www.astr.ua.edu/keel/agn/q0957.html

http://cfa-www.harvard.edu/castles/Individual/Q0957.html



Currently known gravitational (macro)lenses

http://masterlens.astro.utah.edu
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More realistic gravitational lenses
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continuous mass distribution (surface mass density Σ):
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point-source flux amplification

0 ( ) for source caustic, image criticalcurveA y y x   
  



Narayan & Bartelmann (1999)

Imaging by a lens with an ellipsoidal mass distribution

causticcritical curve

Source positionsImage positions



http://hubblesite.org/newscenter/newsdesk/archive/releases/1990/20/image



Narayan & Bartelmann (1999)

Effect of source position and size



Quasar microlensing
• angular size of quasar accretion disk comparable to Einstein radii 

of individual stars in the lens galaxy (micro-arcseconds)
• relative motion of quasar wrt caustic network formed by stars in 

lens galaxy on timescales of weeks / months

given image microlensed by 
the local stellar population

microimages cannot be 
resolved, but flux modulation 
due to microlensing 
amplification observable



∆t

Pijpers (1997)

Microlensing vs. intrinsic flux variations

• intrinsic flux variations identical in all 
macroimages (with time delays)

• microlensing variations are image-
specific (don’t appear in other images)

Microlensing lens equation
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depend on lens potential at macroimage position

masses and positions of microlensing stars

average stellar mass

amplification computed numerically using inverse ray shooting



Microlensing amplification map, microimages

J. Wambsganss



Quasar motion wrt caustic network: light curves

quasar tracks light curves for Gaussian source 
widths 0.03 (solid), 0.3 (dashed)

sensitive to quasar structure

Wambsganss (1998)



Resolving quasar accretion discs by microlensing

during caustic crossing emission from 
different parts of disc amplified differently

the caustic “scans” the disc surface

Advantages of observing in X-rays

• smaller emitting region implies stronger microlensing variation

• only local structure of amplification map important



2
0( ( )) ( ) ( ) dc obs c

disc

F y t I y A y y y   
    

Flux from quasar with intensity distribution            centered at ( )cy t( )obsI y

light curve traces the quasar intensity distribution



UV continuum region size in the Einstein Cross QSO 2237+0305 
(Eigenbrod et al. 2008)

macroimage A/B flux ratios sample light curves agreeing with data

log(size) vs. log(rest wavelength) dependence

3.02.1  R

- compatible with thin-disk prediction
34R



UV / optical continuum region size in 12 quadruply imaged QSOs     
(Blackburne et al. 2011)

log(size) vs. log(rest wavelength) plots

! Only 1 QSO compatible with thin-disk- predicted size and                scaling !34R



BLR size in the Einstein cross QSO 2237+0305 (Sluse et al. 2011)

macroimage A/D flux ratio in CIV[1549Å]
and in V-band [5500Å] continuum (OGLE)

sample A, D amplification maps agreeing 

with data

corresponding A, D light curves
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X‐ray monitoring of gravitational lenses with CHANDRA       
(Chen et al. 2012)

microlensing detected in all 6 systems

strong Fe Kα line detected in all 6















... soon, but not just yet



X‐ray microlensing in RX J1131‐1231 (Chartas et al. 2012)



X‐ray microlensing in RX J1131‐1231 (Chartas et al. 2012) – cont’d

Fe Kα changes during caustic crossing !


