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ms exposures are the only thing 
that can find planets within 
≈ 3 λ/D of the star because 
differential imaging does not.



SELEX and MKIDS 
near-IR detectors!

Capable of kHz readout rates and have sub-electron 
read noise.   Need to explore how they can be applied.

Least controversial motivation to study millisecond 
focal plane sensing: 



What happens on ms time-scales?
• At the center of a planet’s Airy disk, the AO system 

holds its intensity nearly constant
• At the center of a planet’s Airy disk, the stellar 

intensity is fluctuating wildly.
• The ms fluctuations of the speckle light encode 

information about the aberrations, carrying a 
tremendous amount of information about them

• This information is readily available since the residual 
phase is measured by the WFS.



Illustration of Available Info: Vibration 
Detection with FP Sensing

• Turbulent modulation of speckle caused high 
frequency vibrations.  Red: 10 Hz  Black: 100 Hz.
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My Coronagraph Simulations
• I started with a series of 4000 measured wavefronts

from the AEOS AO system (thanks to  Lewis Roberts at 
JPL)

• Then I simulated how a simple stellar coronagraph 
would respond to these wavefronts

• I included “unknown” aberration in the optical 
system, including a sinusoidal term with a spatial 
frequency that placed a speckle exactly over the 
simulated planet.



Movie: No Coronagraph
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Coronagraph (Companion 1%)
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Red: stellar speckle intensity (normalized at planet position.  Black: 
Planet intensity (normalized) at same position.

I demonstrated this effect analytically using physical optics 
arguments in my 2013 ApJ. 

Coronagraph Simulations



Q: How do you use the ms
information?

A: large-scale regression



Comprehensive Solution: 
Statistical Inference
• I showed mathematically that the wavefront sensor data stream and 

millisecond exposures can be used to simultaneously determine the 
aberrations and the planetary image self-consistently.

• Later, I demonstrated that this approach can take into account subtle 
effects of polarizing elements (e.g., mirrors) in the telescope



Statistical Inference
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