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Presentation Overview

= Background

= Focal plane wavefront sensing

= Coronagraphy with a vector apodizing phase plate (VAPP)
* Linear dark field control (LDFC)

= Theory

= Operation

= Results on the Subaru Coronagraphic Extreme AO instrument
(SCExAO)



Background

What is focal plane wavefront sensing?
Why do we use it?

How is it implemented with a VAPP coronagraph?



Focal Plane Wavefront Sensing
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Focal Plane Wavefront Sensing
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Focal Plane Wavefront Sensing
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Focal Plane Wavefront Sensing
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Focal Plane Wavefront Sensing
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Vector Apodizing Phase Plate
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Vector Apodizing Phase Plate
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Vector Apodizing Phase Plate
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Vector Apodizing Phase Plate
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Vector Apodizing Phase Plate
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Vector Apodizing Phase Plate

Iog10 scale contrast
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Half-wave retarder pupil plane optic with a spatially varying fast-axis orientation. The
varying fast-axis orientation induces a geometric phase on the circular polarization states,
each of which receives the opposite phase. This creates two coronagraphic PSFs with dark
holes on opposite sides. The two PSFs are separated by adding a ramp function to the

phase pattern. (Bos et al 2019) (Image courtesy of D. Doelman)




Linear Dark Field Control

How does it work?
How do we implement it with a vAPP?



Linear Dark Field Control

Purpose:
To sense and correct high-order, non-common
path aberrations that degrade the deep
contrast within the dark hole




Linear Dark Field Control
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Linear Dark Field Control

(Miller et al 2017)
Dark Hole Response in By % Ey + Eppe
Intensity to Pupil Plane Poke: =B LS B Boul® + 200, Eo)
Quadratic

D a rk H O I es log, , scale contrast

5 107 Dark Hole Pixel

AD
pixel response

<2 L L L L L L L
4 -200 -150 -100 -50 O 50 100 150 200
Poke amplitude [nm]

-33 -22 -11 0 11 22 33
A/D




Linear Dark Field Control

) ) (Miller et al 2017)
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Linear Dark Field Control

(Miller et al 2017)
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Linear Dark Field Control

Deriving a reference image
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Results of the non-linear WFS algorithm (Bos et al 2019) used to remove static,
low-order instrumental NCPA and derive a clean reference image for LDFC

(Miller et al 2020, In-prep)




Linear Dark Field Control

Building the
control matrix
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Linear Dark Field Control

Building the
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Linear Dark Field Control
Apply Hadamard modes in pupil
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Linear Dark Field Control
Apply Hadamard modes in pupil
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Linear Dark Field Control

Apply Hadamard modes in pupil

Building the
control matrix @m
P
Bright Field :

SVD {bright field response}

l

Eigenmodes

Mode 29 Mode 44 Mode 70 Mode 110 Mode 205




Linear Dark Field Control

Selecting Eigenmodes
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the derivation of the control matrix and applying modal gain to give greater
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LDFC with a vAPP on SCExXAO




LDFC with a vVAPP on SCExXAO
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LDFC with a vVAPP on SCExXAO
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LDFC with a vVAPP on SCExXAO

(Miller et al 2020, In-prep)
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LDFC with a vVAPP on SCExXAO
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LDFC with a vVAPP on SCExXAO
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LDFC with a vVAPP on SCExXAO

Lower Dark Hole: 6 - 7)\/D
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LDFC with a vVAPP on SCExXAO

Lower Dark Hole: 8 - 9)\/D
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asymmetric pupil vector-apodizing phase plate coronagraph

Steven Bos, SPIE Astronomical Telescopes and Instrumentation 2020
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