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Microlensing Light Curves Can Constrain
Source Size
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Large Source Size Smooth the Magnification Map

and Have Smaller ML Variability

9/7/21

13th SCSLSA Meeting by Xinyu Dai

* Applied to ~10
targets

* Three Chandra
LP programs (540
ks, 810 ks, and
885 ks)

* Ground-based
Optical
Monitoring with
e.g., SMARTS,
USNO, and other
telescopes



What Can Quasar Microlensing Measure?
* Everything within Einstein Ring
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Measuring Quasar Microlensing Light Curves
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Shift and divide light curves —> Microlensing
Variability
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We observe this in almost all the systems we monitor
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Analysis Methods

* Light curve fitting (Kochanek
2004 and later papers) [

* Based on mean microlensing |
signal (e.g. Jiménez-Vicente+15, '
Guerras+17)

* Based on second moment of uL
light curve (RMS or modified
RMS, e.g. Guerras+18)
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X-ray Corona and Reflection Component
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Chandra Band
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X-ray Data (Chandra X-ray Observatory)
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Example Optical and X-ray Microlensing
Variability
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A Solution in RXJ1131-1231
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X-ray and Optical Emission Sizes (Joint Optical-X-
ray Analysis, Light Curve Fitting, Kochanek 2004)
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Optical bands: Challenge Thin Disk Models

Microlensing
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The classic thin disk model
(Shakura & Sunyaev 1973) predicts

T o R34

2-3 times smaller than
microlensing sizes (Dai+10,
Morgan+10).
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Mapping method
Thin Disk Prediction S
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AGN Wind Comes to Rescue (Li,
Yuan, Dai 2019, also Sun+2019)

Image Credit:
Gallagher & Everett 2007
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Wind Model for gL Disk Size
Discrepancy (Li, Yuan, Dai 2019,
Sun+2019)
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X-ray (~10-20 Rg, smallest 6Rg) and

Scales wit
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Relativistic Reflection Region



Reflection Region: Microlensing of Iron Lines (Chen et
al. 2012, Chartas et al. 2017, Dai et al. 2019)
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* Fe Lines are observed in almost all
case.

* Sometime we see split of the line.




UL Line Shift Simulations Papers

Popovic¢, Mediavilla, Jovanovi¢, Munoz, J. A. 2003
Popovic+2006

Chartas+2017

Ledvina, Heyrovsky, Dovciak 2018

Krawczynski & Chartas 2018

Krawczynski, Chartas, Kislat2019



Microlensing Analysis of the Iron Lines

Source plane Lens plane

Source / /
— (Kerr image)
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Y
/ D,
rohs M
DS
Kerr Space-time FLRW Space-time

Ray Tracing Model for Kerr Space-time
Macro lens model
Micro model



KErr Ray-Tracing And Polarization (KERTAP, Chen et al.
2015)

Python/Cython Code
Parallel Code (support Mpirun or OpenMpl)

Public Code
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Equivalent Width (ev)

Excess of Iron Line Equivalent Width in Lensed
Quasars (Microlensing Effect |)
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* Iron line EWs in lensed quasars are larger than those of
normal AGN of same luminosities.

* |ron line size is even smaller than X-ray continuum.
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Microlening Analysis of Excess of Iron Line EQW

r "image profiles 16k x 16k microlensing maps
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Convolved Differential Microlensing Histograms
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Linear Probability

Constraints on Black Hole Spins
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Spin-Emissivity index Confidence Contour

Emissivity Index
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g-Distribution of Line Centroids of RXJ1131
(Microlensing Effect 11
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g-Distribution of Line Centroids of RXJ1131
(Microlensing Eftect II)
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X-ray Emission of Radio-Loud Quasar
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Distinguishing Jet vs.
Corona emission for RL
Quasars.

Constrain emission size

Dogruel et al. (2020),
Ap), 894, 153
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Microlensing Fits to RL Quasars

B1422+231
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X-ray emission size is constrained to 6-12 Rg.
A compact emission size just like radio-quiet quasars.
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RL lens
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X-ray emission Size of RL Quasars
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New observations of MG0414, PKS1830-211, and B1152+199 are
approved to improve the radio-loud sample.

Dogruel et al. (2020),
ApJ, 894, 153



Measurement of Gravitational Faraday
Rotation (Future Polarization Missions)
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Model of AGN Accretion Disk

Hard X-ray
Soft X-ray
Iron line 6-8 Rg

=—————————

= o
\ UV Accretion Disk 100 Rg
% Black Hole, large spins
Corona 10-20 Rg
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Lens Population
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