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Transmittance measurement of mid-infrared Hollow core fiber at cryogenic temperature
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We aim at the long-term spectroscopic observation of the planetary atmosphere in the mid-infrared wavelength region for the
purpose of clarifying various phenomena of atmosphere physics and atmospheric chemistry of solar system planets and sat
lites by 1.8m off-axis telescope PLANETS (Polarized Light from Atmospheres of Nearby Extra-Terrestrial Systems), which
is planned to be constructed at Mt. Haleakala of Maui. The PLANETS will be equipped with high dispersion cooled echelle
spectrograph GIGMICS (Germanium Immersion Grating Mid-Infrared Cryogenic Spectrograph), which can observe N-band
(wavelength 8-13um) with R"40,000. In this research we report the development of the new cooled fiber system for optical
guiding to GIGMICS from PLANETS. By using the mid infrared HCW (hollow core waveguide) developed in recent years, we
can realize simultaneous observation with other observing instruments such asMILAHI, and improvement of optical throughput
by abbreviation of a large number of guide mirrors.

In the present study, we report on the development of a new hollow core waveguide (HCW) fiber for installing and operat-
ing GIGMICS on PLANETS. There are commercially available single mode optical fibers for communication band for short
wavelength infrared region up to 2.5 um wavelength, and it is used on the European Mars Lander ExoMars Mission 2020, bu
transmission efficiency is low in the wavelength longer than 3 um waveleng@®% / m) AgS polycrystalline fiber only. Mid-
infrared hollow fiber developed in Tohoku University Graduate School of Medical Science and Technology in recent years has
a metal and dielectric double-layer thin film with high reflectivity near a wavelength of 10 um is embedded inside the tube with
an inner diameter of about 1 mm. It is being applied to high efficiency transmission of carbon dioxide gas laser light and in vivo
spectroscopy. We are working on the evaluation of the permeability of hollow fiber in low temperature and vacuum environment
with the aim of developing a new astronomical observation device utilizing the characteristics of this hollow fiber and the devel-
opment of future planetary exploration equipment.

We adopted a HCW with an inner diameter of 0.8 mm, in which a thin glass material on the inner surface of a polyimide pipe
was clad with a metal (Ag) coated with Agl. Since the reflective layer is metal, it is expected that the loss can be reduced as th
resistivity decreases in cryogenic temperature region. Therefore, we developed a Wilson seal to keep the vacuum shield, and t
fiber cooling mechanism that satisfies three conditions for (1) holding the vacuum inside of the hollow fiber, (2) cooling with
liquid nitrogen, and (3) keeping the low temperature by vacuum insulation. The small Pt-100 temperature sensors were attache
to several places where the fiber was introduced, and a cooling test using a liquid nitrogen pump system was carried out. As
result, within 10 minutes after the start of cooling, reached 78K within the distance of 2m uniformly. In addition, we developed
a flow rate controller of liquid nitrogen in order to keep cooling for a long time with 20L liquid nitrogen container. For the
measurement of the HCW transmittance at cryogenic temperature, we constructed an optical system for measurement that usi
a 1mm x 1mm detector (Vigo Systems PVMI-4TE Photoelectric MCT), and a 10.4um QC laser (Daylight Unicorn 1l, 100mW
CW). The QC laser have a fluctuation of about 5% of the beam intensity in the long time measurement. In the future, we will
construct a double-beam optical system with a Ge half mirror, to sequential intensity calibration of incident infrared light, and
measure the transmittance of the hollow fiber with high accuracy.
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