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First light of a near-infrared imager TOPICS at the Nayoro Observatory
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We are developing a near-infrared imager TOPICS (Tohoku Planetary near-Infrared Camera System) for continuous
monitoring of planetary atmospheric emission in the near-infrared range, such as Jupiter’s H3+ aurora and Io volcanic
eruption. In this presentation, we report on the recent development and validation of TOPICS, and the results of the first light
at the 1.6m Pirka telescope of Hokkaido University.

For the development of TOPICS, we fabricated the driving electrics and improved the vacuum cooling system for safe
operation of the infrared detector and for remote operation from Japan during future observation at Haleakala, Hawaii
(Kambara, 2020, Nagata, 2022). Details are as follows. (1) Current measurement circuit: We developed the current
measurement circuit for each of the bias and clock voltages driving the detector. This enabled the remote monitoring of
nominal operation of the detector. (2) Power-on voltage control circuit: We developed a power-on voltage control circuit
with a logic IC and an analog switch for each of bias and clock lines. As a result of an electrical test, we found an unexpected
undershoot when the bias voltage was turned on. Thus, we improved the feedback section of the voltage follower circuit. (3)
Vacuum cooling system: In the previous experiment, the detector temperature was about 20K higher than the optimum value
(30-35K). We succeeded to cool the detector temperature down to 29.8 K by improving the thermal path, and obtained the
small thermal noise (1.9 e/s/pix). (4) Calibration using a blackbody: We verified the fullwell (161800 e/pix) and the quantum
efficiency (0.89), as expected, by experiments with a blackbody. On the other hand, the readout noise was found to be about
870 e-rms, indicating that further improvement of electronics is necessary to obtain a better S/N.

Since the performance of TOPICS was verified from the indoor experiment, we visited Nayoro Observatory from February
14 to 27, 2023, installed TOPICS at the Nasmyth focus of the 1.6-m Pirka Telescope of Hokkaido University to observe
Jupiter and Venus. During this period, Jupiter and Venus were limited to low elevations of the western sky in the evening
time, and the weather was not stable. However, we carried out first light of TOPICS by observing the Moon on February
23, and succeeded to obtain 883 images on consecutive four nights until February 26. On the evening of February 26, the
K-band (2.2 4 mand 2.3 ¢ m) and L-band (3.4 ¢ m and 3.9 p m) images of Venus (Vmag = -3.9) and Jupiter (Vmag =
-2.0) were observed. As a result, Jupiter and Europa were imaged in the K-band, and the counts of Venus were saturated,
as estimated, at the shortest exposure time (0.6s) of TOPICS. On the other hand, sky background emission was high in the
L-band (about 6,000 counts with a 10-second exposure of TOPICS 3.4 1 m narrow-band filter observation). Therefore,
although Betelgeuse imaging (exposure time of 0.7-1 s) was successful, we could not obtain Jupiter’s H3+ auroral emission
from the image data integrating for 10 minutes. In addition, oblique noise in the image, which was not seen in the Tohoku
University laboratory, appeared, suggesting that noise countermeasures are necessary.

We now plan to conduct observation using TOPICS with the Pirka telescope in the summer of 2023 to observe Jupiter’s
infrared aurora, and install it on the T60 telescope in Haleakala, Hawaii, in the winter of 2023. In parallel, we develop a
near-infrared spectrograph ESPRIT (R™20,000) which adopts a common detector and driving electronics. We expect new
results from combined infrared and visible observations with the Haleakala telescope dedicated to monitoring of planetary
atmosphere, such as Jupiter’s H3+ aurora, Io volcanic activity and gasses originated from Io.
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