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Observation of Mercury’s Potassium Exosphere using the Tohoku 60-cm Tele-

scope at Haleakala Observatory in Hawaii
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We report on observation of Mercury’s potassium exosphere using the Tohoku 60-cm telescope (T60) at the Haleakala
Observatory in Hawaii, equipped with a visible adaptive optics (AO) system and a high-dispersion two-dimensional spec-
trograph. Our current goal is to provide ground-based support observations for the ESA-JAXA joint Mercury mission,
BepiColombo, which will be in orbit around Mercury in 2026.

Mercury is known to have an exosphere consisting of alkali metals. The resonance scattering emissions of neutral sodium
(Na D2 589.0 nm, D1 589.6 nm) and potassium (K D1 769.9 nm) are bright enough to be observable from the ground with
high-dispersion spectroscopy, enabling studies of their spatial distribution and velocity fields. Sodium and potassium, both
alkali elements, are expected to share common release and transport processes from Mercury’s surface. However, previous
studies have shown that the Na/K abundance ratio exhibits very large spatiotemporal variability, ranging from 30 to 400, and
their emission distributions differ as well. Particularly, Na often shows enhancements at cusp regions, whereas K has been
reported to increase at low latitudes and small solar zenith angles (Lierle et al., 2022), drawing attention to the differences
in their source and transport processes. Nevertheless, because the potassium exosphere is about two orders of magnitude
fainter than that of sodium, observations are still very limited, and its variabilities remain unclear. Our study aims to monitor
the potassium exosphere continuously during daytime ground-based observations with AO, achieving unprecedented spatial
resolution.

The observations employed the T60 telescope at Haleakala, combining with the visible AO system and a high-dispersion
spectrograph (R = 60,000) equipped with a fiber integral-field unit (IFU, fov=15x18"). These instruments are operated re-
motely and in automated mode from Japan, contributing to long-term monitoring of solar system bodies.

Observations of Mercury’s potassium exosphere were conducted on May 1 and August 19, 2025. In May, the best AO
performance achieved a spatial resolution of FWHM = 1.2”, while in August the resolution was degraded to 2" due to poor
weather conditions, preventing the entire Mercury disk from fitting within the IFU field of view. Mercury was observed in
sets of 24 consecutive exposures (datasets) with 1-minute integration each. A total of six datasets were obtained in May, and
four in August. Background sky spectra and flat-field calibration source were also acquired for each dataset.

Preliminary analysis showed that the disk-averaged intensity of the K D1 line emission was derived to be 80 +/- 50 kR
in May. In contrast, no statistically significant emission was detected in August with an upper limit of 40 kR at S/N = 1.
Additionally, sodium exosphere observations conducted on May 3 show a disk-averaged Na D2 emission intensity of 5.0
MR. The disk-averaged abundance ratio Na/K = 90 was obtained from the observation in May. Those emission intensities
and the Na/K ratio fall within the variability ranges reported in previous studies. In this presentation, we will discuss the
spatial distributions of both potassium and sodium emissions in detail.
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