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Direct imaging of accretion disks requires  ~ nano-arcsec (at z ~ 1).

Indirect methods of mapping the emission regions of AGN are :

(a) Light travel time arguments

(b) Reverberation mapping of the broad line region and Fe Ka emission

regions

(c) Microlensing of the optical and X-ray continuum regions

Our study focuses on method (c).

The different changes in the image flux ratios with wavelength will constrain the

relative sizes of the optical and X-ray emission regions

Dissecting AGN Accretion Disks
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    The magnification patterns

have a characteristic size scale of

E called the Einstein radius (for

Q1131-1231 (zs = 0.658, zl=0.295) ):
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cm Caustic of a single star plus shear. Three

tracks are shown of sources crossing fold

and cusp caustics.

    Crossing time scales:

tE ~ E/vt

tHME ~ rs/vt
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    We have initiated a multiwavelength monitoring campaign of the quasar

Q1131-1231 (zs = 0.658, zl=0.295) with the main scientific goal of measuring

the AGN structure in the optical and X-ray bands in order to test disk

models.

   X-ray monitoring observations were performed with the Chandra X-ray

Observatory

   B, R and I band observations were made with the Smarts Consortium

1.2m telescope in Chile.
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An optical image of quasar

RX J1131-1231 (zs = 0.658, zl=0.295)

taken with HST in the H-band.Deconvolved images in the

0.2 - 10 keV bandpass of

the Chandra observations

of RXJ 1131-1231.
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TABLE 2 Results from fits of simple power-law + Galactic absorption models to the 
Chandra image-spectra of  RX J1131-1231.
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The brightness of the images in RXJ 1131-1231 will vary for two main reasons:

(a) Intrinsic variability of the quasar will appear shifted in time in each of the

lensed images due to the different light travel times associated with each

image. The time delays between images are (from Morgan et al. 2006) :

                              A-B = 12.0 (-1.3,+1.5) days

                              A-C = 9.6 (-1.6,+2.0) days

                              A-D = -87 +/- 8 days.

(b)   Microlensing by stars in the lensing galaxy will produce uncorrelated

variability between images. The strength of this variability will in part
depend on the relative size of the source to the Einstein radius size E.
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We show the X-ray and optical flux ratios between the images of RX J1131-1231.
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Rest-Frame Time (days)

Light curve in the rest-frame of RX J1131-1231. The count-rate of each image is 

normalized to the mean count-rate of the image for the six observations.
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The probability distributions for the size of the X-ray (top) and R-band (400 nm in the rest

frame) optical (bottom) emission regions for the log (solid) and linear (dashed) size priors.

The vertical lines mark the gravitational radius rg for a RXJ1131 black hole, the Einstein

radius for <M> = Msolar  and the accretion disk size estimates based on either the I-band flux

or thin disk theory.



Clusters of galaxies in the vicinity of Q1131-1231

250 arcsec
Spatial Analysis

Model : 2D-  + background

Results :
 = 0.4 +/- 0.2

r0 = 4.2 +/- 0.3 arcsec

= 0.10 +/- 0.03

Spectral Analysis

Model : wabs*mekal

Results :

Te = 1.3 +/- 0.08 keV

A = 0.6 +/- 0.3

z = 0.1

L(2 - 10 keV) = 3 x 1043 erg/s

(consistent with Morgan et al. 2006)



Clusters of galaxies in the vicinity of Q1131-1231

3  upper limits on possible cluster

at z = 0.295 located at cross.

F(2 - 10 keV)  = 6 x 10-15 erg s-1 cm-2

L(2 - 10 keV) = 2.6 x 1042 erg s-1



CONCLUSIONS

1.  X-ray monitoring observations of RX J1131-1231 show significant uncorrelated

variability between images. This is strong evidence for the presence of

microlensing in this system. The significant tenfold rise in the X-ray flux of image A

during the last two observation epochs is most likely caused by a microlensing

event.

2. Modeling of the X-ray and optical light curves of RX J1131-1231 indicates that

the X-ray and optical emission regions have sizes of 6 rg and 100 rg, respectively..

Additional X-ray and optical observations will confirm these results and reduce the

uncertainties (factors of 2 and 1.6, respectively) in these estimates.


