Sterrewacht
Leiden

Non-linear low-order wavefront control with a physics-based digital twin:
On-sky results from MagAO-X
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4. Lab digital twin calibration 5. Phase reconstruction accuracy
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6. On-sky real-time control at 8 kHz ./‘/‘/ ol ==
%0 20 40 60 0 20 40 60

0 ms 25 ms 248 ms

.

FLOWEFS images

2475 ms

Input RMS (nm)

Lab reconstructions of input aberrations using our digital twins

allows to get accurate phase estimates and easy switching between
different coronagraphic masks and filters. And because it is fully physical,
it transfers to on-sky data with minimal changes.
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On-sky demonstration of closing the low-order wavefront control loop at 8 kHz using the

model-based linear reconstructor. The top row shows the FLOWFS images, and the bottom row shows the

coronagraphic science images as well as the leakage in the 3 to 10 A/ D region of interest.
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7. Conclusions
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We have developed and deployed a fully physical and fully differentiable
digital twin of the FLOWFS system on MagAO-X for low-order wavefront
sensing and control. Key advantages of this approach are:

Fast real-time low-order wavefront control at kHz speeds using a
model-based linear reconstructor

Fast model-based calibration (<1 minute) enables quick on-sky
setup

Easy switching between different coronagraphs, filters, and
observing setups

Accurate non-linear wavefront reconstruction for quasi-static
NCPA tracking and coronagraphic post-processing through forward
modelling

Performance predictions and optimisation
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