Common Spatial Pattern Filtering for Imaging of Circumstellar Discs
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Introduction

Direct Imaging Is the search for exoplanets and
circumstellar discs by observing their star with a
coronagraph. Unfortunately, the astrophysical
target signal i1s a similar order of magnitude to
that of the noise sources.

Recently, work has been done to show that a
new method, Common Spatial Pattern Filtering,
can be used to extract exoplanets from the data.
The research presented here Is an early attempt
at using the same method to gather information
about circumstellar discs and dust clouds.

Common Spatial Pattern
Filtering!t! Overview
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Objective: argmax

Solution:

Find the each covariance matrix:
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Whiten the matrices:
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As || XTw| increases, then || X2 w||” must decrease.
Thus w also satisfies:
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Reduce to an eigenvalue problem:
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CSP In Direct Imaging

Design datasets such that the target signal is a component of the difference between them:

Objective: After developing the
eigenvalue problem, project the data
iInto the difference modes that
highlight the circumstellar disk. Build
a projection matrix Z:
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X, Dataset: semi-static speckles, rotating signal
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X, Dataset: derotated speckles, stationary signal
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P = pure diagonal matrix of
eigenvalues of C;

W = eigenvector matrix of C;
P = whitening matrix of C_

X1 = dataset listed right

The modes from projecting original
Images into Z that contain the target
signal are final K rows of Z; K Is
typically less than 10.

Data: HR 4796al4l

CSP Exoplanet Detection!3l

Forward Model Matched Filter: Assume the projection matrix is a sum of speckle effects (Zs) and target signal
perturbations (e)7Z).
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The forward model results compared to the CSP results in one example mode. Top row: horizontal cut. Bottom
row: vertical cut. Left column: CSP result. Middle column: forward model result. Right column: pixel comparison.
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Results
pyKLIPP! Result

CSP Result:

Conclusions

« CSP filtering has been developed for direct imaging
reduction, specifically for discs.

* No forward model can be created for circumstellar
discs

« CSP can detect discs, but at a currently lower SNR
than KLIP

 CSP is better suited for point source detection
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