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Development of the infrared echelle spectrograph ESPRIT and initial results of
the first light of TOPICS
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We report on the first light of the near-infrared imaging system TOPICS (Tohoku Planetary near-Infrared Camera
System) using the Pirka telescope at Astronomical Observatory, Faculty of Science, Hokkaido University, and the current
status of development of the near-infrared echelle spectrograph ESPRIT (Echelle Spectrometer for Planetary Research In
Tohoku University). TOPICS and ESPRIT are being developed to be installed on the telescopes dedicated to planetary
observation at the Haleakala summit(3055m), Hawaii. Concerning Jupiter, the largest giant planet in the solar system, plasma
originating from Io volcanoes is dominant and accelerated in the co-rotating magnetosphere which causes auroral emission
at high-latitudes through ionosphere-thermosphere coupling processes. Therefore, understanding the relationship between
Jupiter’s aurora, plasma supplied from Io, and plasma transport in the magnetosphere is essential for understanding Jupiter’s
magnetospheric variability.

TOPICS is a monochromatic imager with an InSb 256 x 256 array detector sensitive to 1-5 |1 m, and its development was
almost completed at the end of FY2022. The first-light observation was carried out from February 14 to 27, 2023 (Sakanoi et
al., see presentation at this conference). On the evening of 26th, K-band (2.2 4 m and 2.3 p m) and L-band (3.4 1 m and
3.9 1 m) observations of Venus (Vmag=-3.9) and Jupiter (Vmag=-2.0) were successfully made, and Jupiter and Europa were
imaged in K-band, indicating that they can be observed well even in Japan. On the other hand, in the L-band, the TOPICS 3.4
K m narrow-band filter observation had a strong background sky emission of about 6,000 counts in a 10-second exposure.
Therefore, the Jupiter’s H3+ aurora was not detected from the data analysis of images with an exposure of about 10 minutes.
In addition, oblique noise pattern in the image, which was not seen in the laboratory tests, was confirmed, suggesting that
noise countermeasures for the driving circuit system are necessary. We plan to perform another observation with TOPICS
and the Pirka telescope in the summer of 2023, and we will install TOPICS on the T60 telescope at Haleakala in the winter
of 2023. Since the sky background is low at Haleakala even in the L-band, observations of Jupiter’s H3+ aurora and thermal
radiation from Io volcano are expected to be obtained. We also make simultaneous visible observations (S+673nm and
Na589nm) to monitor the gas transport in the vicinity of Io to the magnetosphere.

In parallel, we are developing the near-infrared spectrograph ESPRIT (R™20,000) covering a wide wavelength range
of 1-4 p m. This adopts a common detector and driver circuit system with TOPICS. Mounting on the Haleakala T60
telescope (F12), the plate scale is 0.3”/pixel and the slit length is 50”. With this long slit and wavelength resolution, the
entire Jupiter will be captured to derive the Doppler velocity of the H3+ auroral emission lines simultaneously in the
northern and southern hemispheres. The echelle grating is Newport #53%453 (braze angle 71 degrees, groove 31.6/mm,
effective size W=130mm x D=23mm). The vacuum chamber consists of an InSb detector (30-35 K), collimator-camera
mirrors, and several mechanisms, such as, a two-stage filter turret mechanism (16 positions, including order sorters), a slit
exchange mechanism, an image-spectral exchange mechanism, and a grating angle adjustment mechanism. The picomotor
of grating angle adjustment mechanism is installed outside the radiation shield because of its specifications. This adjustment
mechanism can change the angle of echelle grating with respect to the incident light from 60 to 75 degrees. The required
accuracy is an absolute repeatability of less than 0.4 degrees and a stability of less than 1 arcsec/5 minutes (the physical
length in the push/pull direction is 0.65 © m, corresponding to a plate scale of 1/10 pixel, and the Doppler shift of the mission
line is 0.5 km/s). A slit viewer camera, a gas lamp for wavelength calibration, and a blackbody for intensity calibration will
be mounted outside the vacuum chamber. The dimensions are “800x500x400 mm and it weighs about 150 kg.

Currently, the optical system of ESPRIT has been completed and its performance has been demonstrated using visible laser
light. The cooling system has also been completed by Kambara (2020) et al. using oxygen-free copper mesh (wire diameter
¢ 0.23 mm, density 50 mesh/inch), and both the radiation shield (90 K) and detector box (30 K) have been confirmed to be
sufficiently cooled. We will carry out tests to verify the operation of the mechanisms mentioned above in the air and cooled
vacuum conditions. Further, we plan to perform electrical tests with the InSb detector, and then transfer it to the Haleakala
telescope.
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