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Abstract
change its orbital inclination, enabling the spacecraft to leave the ecliptic plane and conduct direct imag-

The Solar Polar-orbit Observatory (SPO) mission will employ a gravity assist of Jupiter to

ing observations of the Sun’s poles. Before performing the gravity assist maneuver at Jupiter, SPO will
orbit the Sun near the ecliptic plane, during which it will have the opportunity to observe the transit of
the Earth across the solar disk in visible and Extreme-ultraviolet (EUV) bands. This paper focuses on
the prospective Earth’s transit observations by SPO in the future and presents a preliminary assessment
of the potential scientific investigations that could be carried out. First, the absorption of EUV radia-
tion by the Earth’s atmosphere during transit can be used to retrieve the atomic oxygen number density
in the thermosphere and its variation with altitude, thereby obtaining the vertical distribution of oxygen
atoms. Using an empirical atmospheric model of Earth, we perform forward modeling of the absorption
of EUV radiation by the Earth’s atmosphere. Inversion tests demonstrate that the absorption in these
EUV wavelengths can be used to infer the distribution of atomic oxygen number density in the thermo-
sphere within an altitude range of 250-600 km. Second, based on the characteristics of light curves in
both the EUV and visible bands, obtained during the Earth’s transit, we can investigate the typical tran-
sit photometric signatures that may arise in future exoplanet transit detections in EUV bands. We simu-
late the light-curve characteristics during planetary transits in the EUV band. Due to the significant ab-
sorption of EUV radiation by planetary atmospheres, the resulting light curves exhibit characteristics
that differ from those observed in the visible band. These results will provide important guidance and

theoretical support for future EUV-based exoplanet detection missions.
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Fig. 1

Transit of Venus observed by SDO/AIA in the 171 A band. (a) Image of the Venus transit. (b) Normalized

intensity curve along the white dashed line in panel (a)
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Fig. 3

Vertical profiles from the NRLMSIS2.1 empirical atmosphere model for equatorial regions at 06:00 LT in

winter. (a)(c) show the number-density profiles of atomic oxygen, molecular nitrogen, molecular oxygen, atomic

hydrogen, atomic helium, and nitric oxide. (b)(d) present the corresponding number mixing ratios. (a)(b) correspond

to low solar activity (Fjg7 = 80 sfu), while (¢)(d) correspond to high solar activity (Fjo7 = 200 sfu)
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Forward modeling of EUV transmittance of the Earth’s atmosphere and the retrieved column densities of

atomic oxygen. (a)(b) show the synthesized transmittance at 171 A, 193 A, and 304 A for the cases of Fjg; = 80 sfu

and 200 sfu, respectively. (c)(d) present the inverted column densities of atomic oxygen derived from the

synthesized transmittance
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Simulation of the Earth’s transit observed by SPO. (a) Projected position and radius of Earth on the solar

disk during the transit, calculated based on the orbit of SPO. (b) Light curves in the EUV 171, 193 and 304 A and

visible bands. (c¢) Light curves obtained by increasing the exposure time to 50 minutes
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