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Want to improve your cascade 2-stage AO system?
Turn it into a high-performance woofer-tweeter!
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Abstract:

2-stage cascade AO (CAO) systems enable to improve wavefront correction for high-contrast
exoplanet imaging. However, 1% stage residuals entering the 2" stage exhibit see-saw
high-frequency oscillations. We propose a compensation procedure which turns the CAO into
a woofer-tweeter configuration, thus significantly improving overall performance.

OCIS codes: (010.1080) Active or adaptive Optics; (010.1330) Atmospheric turbulence

1. 2-stage XAO architecture for improved exoplanet imaging

High-contrast imaging (HCI) with adaptive optics (AO) provides direct images of extra-solar planets. For optical and
near-IR HCI, the AO-corrected residual halo stellar flux is the main source of noise. In order to obtain great contrast
sensitivity for exoplanet imaging at small angular separations, it is therefore crucial to minimize this residual halo
mainly due to AO loop delay. A straightforward approach to reduce this temporal delay would be to run these AO
systems faster. A candidate architecture for future ultra-fast Extreme-AO (XAO) systems for high-contrast imaging
is a cascade adaptive optics (CAO) system with two stages [1]. In a 2-stage CAO system a 1% stage running at a
sampling frequency F| corrects for the incoming turbulent phase, producing a residual phase that enters a faster 2"
stage running at a sampling frequency F, = nqsF1, where nqg is the CAO oversampling factor.

The residual entering the 2" stage is the sum of the oversampled version of the 1% stage residual ¢"! and of the
inter-sampling fluctuations of the incoming turbulence @, i.e. its averages over successive 1 stage sampling periods
1/F;. This correction plus upsampling procedure generates a 2" stage input signal which exhibits a distinctive pattern
of high-frequency see-saw fluctuations, even when the original incoming disturbance ¢ is a low-frequency signal.
Figure 1






