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Exploring the roof of Jovian atmosphere by Subaru telescope including last day COMICS run
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Planet do not have their roofs. Their atmospheres are unstable area connected to outer space. This report introduces
the two recent Subaru observations around this region on Jupiter, including the last day observations of COMICS (mid-
IR imager and spectrometer) which open-use is terminated in July 2020.

(1) Emission from the thermosphere: Jupiter's intense magnetic field captures electrons and ions with orders of
magnitude and energy higher than Earth. These enter into the thermosphere (altitude: ~200-1000s km), hit and heat
the dilute atmosphere, producing strong aurora emissions. On the dayside seen from the earth, this emission is buried
in the cloud reflection light. However, in UV and near IR light, the reflection light is suppressed by the CH4 absorption
in the stratosphere (altitude: <~200 km), and thermospheric emission can be seen. In near IR, H3+ emission is evident.
This emission was discovered by T. Oka and is bright in interstellar molecular clouds with energetic particles. Jovian
thermosphere has a similar environment. The distribution of this emission was observed by Subaru/IRCS. Using
Galilean satellites for AO188, we achieved the spatial resolution of ~250 km (0.1"). The strong emission spreads in an
altitude of 500-1,000 km and the temperature reaches ~1,000 K or more. The atmosphere in higher altitude has a non-
equilibrium state and is easier for escape. The spatial distribution was slightly strange. The H3+ emission is maximum
in the UV aurora oval, which is consistent with H3+ molecule formations enhanced by energetic electrons. On the other
hand, H2 emission fills the polar cap. This region is not bright in UV, but is known for X-ray emission by higher energy
particles. This region is connected to the solar wind boundary region by a magnetic field, and the generation mechanism
of high-energy particles here is one of the main targets of NASA Juno mission.

(2) Variation of hydrocarbons in the stratosphere, the mezzanine of Jupiter: High-energy particles that produce H2
emission in the polar cap can penetrate into the stratosphere. Up to this region, CH4 rises from the lower layer, and
high-energy particles create more complex hydrocarbon molecules. These CxHy molecules have a lot of absorption and
emission in the mid IR. The distribution and variations of these molecular emission was observed by Subaru/COMICS.
Large sized aperture is important for the spatial decomposition. Other capability is only provided by the VLT. The stop
of COMICS operation in July 2020 is disappointing. (We will be the final observer of this instrument.) In Jan and May
2017, we observed the distribution and variation of CH4 emissions covering the entire polar region as well as near IR
H2 emission. It is shown that the precipitating high-energy particles can fluctuate the atmospheric temperature even
in a short time scale, about one day, and progress to the production of complex hydrocarbons. It was also found that
this fluctuation correlates with the solar wind pressure. It suggests that the influence of outer space can reach below
than the thermosphere.
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