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An adaptive optics system of Tohoku 60cm telescope at Haleakala observatory for
daytime monitoring of Mercury’s sodium exosphere
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We report on the development of a visible adaptive optics (AO) instrument for Tohoku 60cm telescope (T60) at Haleakala
Observatory in Hawaii. The current goal is to join the ground-based support observation for the ESA-JAXA joint Mercury
mission BepiColombo on the orbit in 202572028.

The summit of Haleakala on Maui island (3,040 m) is one of the suitable site for monitoring the variable solar-system bodies
due to clear sky and good seeing. T60 is equipped with a fiber-field-integrating instrument and a visible high-dispersion
spectrograph with a wavelength resolution of 50,000, and contributes to continuous observations of solar-system objects
mainly by remote control. Mercury, one of the targets of this development, has an exospheric atmosphere due to alkali metals.
The resonant scattering emission of sodium D-lines (589.0 nm and 589.6 nm) is particularly bright and its distribution and
velocity field can be observed from the ground by high dispersion spectroscopy. In the Mercury’s magnetosphere the typical
time scale of the variability expected from the interaction with the solar wind is as short as a few minutes. Ground-based
observations have shown that the north-south ratio of the Na exospheric emission has a time scale of several tens of minutes,
which is consistent with the time scale of the emission response due to the sputtering of magnetospheric particles, one of the
factors that generate the Na exospheric atmosphere. There are also several global-scale emission patterns in the Na exosphere,
but with previous observations using a slit scanning technique, it takes about an hour of scan data is required to create a global
Mercury emission distribution. Therefore, observations that capture spatial variations on the scale of several tens of minutes
have not been performed. Therefore, we are aiming to obtain global areal spectroscopic data with an integration time of about
5 minutes by using the high-resolution spectrograph (R=50,000) with an integral fiber unit installed on T60. However, for
Mercury, which is an inner most planet with a maximum separation angle of only about 20 degrees from the Sum, we can
only observe Mercury from the ground after sunset or before sunrise for a maximum of about one hour. In order to capture
spatial-temporal variations of a few tens of minute time-scale, we need stable continuous observations that can resolve the disk
not only at low altitudes just after sunset and just before sunrise, but also during the daytime when atmospheric fluctuations
near the ground surface are large (seeing 2”75”) due to surface heating caused by solar radiation, although at high altitude.
Continuous observation is needed to enable disk decomposition even during the daytime.

Our visible AO system for T60 consists of a 12x12 140-element MEMS deformable mirror (Boston Micromachine) and a
Shack-Hartmann wavefront sensor (TIS DMK33UX287 and Thorlabs MLLA300-7AR). The size of each AO element is 12 cm
on the primary mirror, which divide the primary mirror into 5x5. The test system has been installed at the Cassegrain focus of
T60 in March 2022, and we developed and evaluated the AO control software remotely from Japan. The method for wavefront
compensation calculation is mode-specific control by expanding the wavefront into Zernike modes. In this method, stable
closed-loop AO control at 900 Hz was achieved for natural stars up to 4.4 mag. In a nighttime test observation of a 1.0-mag
star, an FWHM of 1.4 “ was achieved under natural seeing of 2.9 “. In a daytime test observation of a 1.0-mag star, an FWHM
of 3.2 “ was achieved under natural seeing of 4.3 “. In order to achieve a spatial resolution of 1, the wavefront sensor will
be refurbished to increase the number of specular divisions for the purpose of sensing wavefront errors on a smaller spatial
scale in June 2023.

In this presentation, we will report on the results, evaluation, and prospects of these test observations, including those after
the refurbishment.
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