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AQO for high-contrast imaging is often limited by non-
common-path aberrations (NCPAs) seen only in the science
plane. These can be sensed by focal-plane wavefront
sensors (WFSs) like the photonic lantern (PL). We installed a
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non-dispersed PL on the Shane 3m telescope at Lick ShaneAO DMs
Observatory as a second-stage WFS and demonstrated % T T
. load in
closed-loop control of residual wavetront errors. PLs enable o Python
e software pipeling o | YO
|mprovements to existing AO systems via minor retrofits! N T T Y
| ShaneAO SHWFS |« - Reconsgruc’tc:ed < PL measurement |« - — PL image
offsets to : wavelron aperture photometry

On-sky experiment: open loop spiral search in tip/tilt to
optimize coupling (no tip/tilt control access), vary exposure
time/stacking to avoid saturation, check reconstruction stays
stable over time, close loop (integrator, g = 0.3, | = 0.95).

Integratlon at ShaneAO we pick oft I|ght going into the j ;
science camera ShARCS; split across targeting, PSF, and e 2
lantern input. The lantern stretches over and across the SO :
ShARCS dewar. At output, reimaging and narrow-band B T S O T
(1550+30 nm) filter, to Goldeye short-wave IR camera, to my Open loop PSF Closed loop PSF PSF quality and our
personal laptop for image reduction and SSH DM interface. measured PL error
Improvement — 15.05%

Why undispersed PL spots + narrow band? NCPAs have I =Eoww
low spatial orders, which is well matched to the PL; showing | N Sdedin]  We su.cces?;full): closed the
one wavelength is sufficient for second-stage control frees ®| B L loop nine times! We observe
up other wavelengths for simultaneous science imaging! S o} L | LT Image qual.lty improvement

. L o < i over the size scale of the
Off-sky setup: joint optimization of PSF shape and PL 1= s s

, , , U L Le . lantern’s input, as expected.

throughput (total flux and uniformity), port identification and T A T
creating image masks for aperture photometry, interaction e connt on the PO fmase
and command matrices on the ShaneAO calibration source.  Facilitizing photonic lantern wavefront sensing is feasible!

- Injection/alignment was very suboptimal — next-gen testbed APALO got ~3x our
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10% cutoff for if a Identified 3-8 usable control throughput at first light! Better stability would help iterate on WFS performance

mode’s well seen : over time (e.g. couldn't reuse interaction matrix over multiple days due to drift)
modes dependmg on - Better integration with real-time control to bring down DM latency, to catch the
alignment + poke amp|itude. evolution timescale of first-stage atmospheric residuals as well as NCPAs

- Nonlinear wavefront reconstruction, simultaneous WFS and imaging, noise

Low orders with edge features sensitivity: tests ongoing in the lab at UCSC (see this summer’s SPIE!)
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(sharp cutoff at PL entrance?) o WESe: better than one

Faster two-stage one-DM control . onewrs: ynen more NGPAS
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