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In ground-based astronomy in optical and near-infrared wavelength, turbulence in the Earth's
atmosphere causes wavefront distortion, which results in poorer angular resolution or worse
sensitivity compared to the intrinsic performance of large telescopes. One of the solutions is using
an adaptive optics (AO) system, which controls the wavefront distortion with a loop speed faster
than the atmosphere changes. Recently, AO using multiple laser guide stars (LGS) and atmospheric
tomography techniques have been developed and demonstrated for AO working with a wider field of
view, at shorter wavelength, and over larger sky coverage, compared to the classical AO. The AO
with multiple LGS is also important in terms of the technique being a standard observation mode in
the era of extremely large telescopes.

This thesis focuses on two topics related to the development of AO with multiple LGS in the
context of the ULTIMATE project at the Subaru telescope. The first topic, measuring atmospheric
turbulence profiles at the Subaru telescope, is crucial for designing AO parameters, optimizing the
tomographic wavefront reconstruction matrix, and evaluating AO performance. In order to
investigate free atmospheric turbulence with a high altitude range and ground layer turbulence
with a fine altitude resolution at the same time, we develop a novel atmospheric turbulence profiler
comprising two Shack-Hartmann (SH) sensors with a fine pupil sampling of 2 cm. Through several
engineering observations at the Subaru telescope, we obtain free atmospheric turbulence profiles
with a range of 1-20 km and a resolution of a few km and ground layer turbulence profiles with a
range of up to 400 m and a resolution of 10-20 m, which is applicable to tomography and
performance simulation for the ULTIMATE AO systems. Besides, we measure total seeing and wind
speed/direction profile based on the slope and scintillation measurements by a single SH sensor.

The second topic, evaluating the performance of detectors with rolling shutter mode as AO
wavefront sensors, is important considering that recent commercially-available CMOS detectors
have many attractive features such as faster frame rate, lower readout noise, and larger format size,
compared to conventional CCD detectors. In this study, we model the behaviors of wavefront
sensors with rolling shutter mode and perform AO simulations to evaluate their performance. The
result suggests that additional wavefront error induced by the rolling shutter is sufficiently small
for GLAO, though not negligible for LTAO.
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