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Ultraviolet observation is a powerful tool of remotely monitoring planetary upper atmospheres, exospheres, and plasma
environments. The Spectroscopic Planet Observatory Satellite “Hisaki” (SPRINT-A) is the world’s first space telescope
mission dedicated to planetary observation and it has successfully captured the spatial and temporal variations in Jupiter’s Io
plasma torus and the upper atmospheres of Mars and Venus. However, due to limitations in sensitivity and spatial resolution,
it has been difficult to observe the spatial structure of the atmospheres of Mars and Venus, small bodies such as moons of
Jupiter, and exoplanet atmospheres.

As a next-generation mission, the Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly
(LAPYUTA) aims to explore habitable environments and investigate the origin of matter and space in the universe, which
were not achieved by Hisaki. Ultraviolet mission instruments consist of a Cassegrain telescope with a 60 cm primary mirror
(F =2.5), two ultraviolet spectrographs (a medium-resolution spectrograph MRS and a high-resolution spectrograph HRS),
and an ultraviolet slit imager UVSI. To achieve LAPYUTA’s scientific objectives, the MRS must have an effective area
of 350 cm?® , a wavelength range of 110 — 190 nm, a wavelength resolution of 0.02 nm, and a spatial resolution of 0.1
arcseconds.

The detector is a particularly key component for the MRS instrument. To satisfy the required specifications, a large and
high-sensitivity detector with an effective area of 120 mm X 30 mm is needed while maintaining the conventional position
resolution (15 p m). The detector consists of microchannel plates (MCP) with a Csl photocathode, a fiber optics plate
(FOP) with a phosphor screen, and a CMOS sensor readout. In order to increase quantum efficiency, funnel-type MCP has
been developed in recent years. Since funnel-type MCP has a tapered shape for the channel input, the aperture ratio can be
increased from approximately 60% in standard type to around 90%, achieving higher quantum efficiency. While funnel-type
MCPs with diameters of 18 mm or 53 mm X 53 mm have been developed, the large size of 120 mm required for MRS
has not been achieved yet. This scaling up process raises concerns about mechanical issues such as reduced strength and
bending, as well as performance issues like non-uniformity in quantum efficiency and gain within the effective area.

Therefore, this study aims to manufacture a prototype of a funnel-type MCP detector with the maximum size (80 mm
X 80 mm) that can be achieved using current equipment and to verify its functionality and evaluate its performance. The
prototyped detector consists of funnel-type MCPs (3 stages) with a CsI photocathode and a FOP with a phosphor screen,
assembled on a vacuum flange. After verifying the functionality of the prototype, we varied the high voltage applied to
the MCP and measured the voltage dependence of the pulse height distribution. Additionally, monochromatic light was
irradiated at different positions within the effective area to measure the in-plane uniformity of quantum efficiency and gain at
each wavelength.

The large and high-sensitivity detector being developed in this study is not useful only for LAPYUTA. It is one of key
technologies that can be applied to NASA’s flagship mission, Habitable Worlds Observatory (HWO), which is scheduled to
be launched in the 2040s.
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