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Abstract As a quintessential gas giant within the solar system, Jupiter possesses an atmospheric
composition that carries critical information regarding the early formation and evolution of the solar
system environment. Based on the principle of X-ray occultation detection, this paper utilizes the
celestial X-ray source Scorpius X-1 as the primary background radiation emitter to systematically
investigate the extinction processes of X-rays as they propagate through Jupiter’s atmosphere. To
achieve this, we established a 1-D forward radiative transfer model. By combining atmospheric
density profiles generated by the Photochem model with absorption cross-sections sourced from the
XCOM database, the specific atmospheric transmittance was quantitatively calculated. Furthermore,
the radiation spectrum of Scorpius X-1 was simulated using XSPEC, enabling systematic analysis of
the attenuation characteristics of transmission spectra, light curves, and energy spectra. The results
indicate that as the photon energy progressively increases from 0.1 keV to 500 keV, the penetration
depth of X-rays gradually increases. Under these conditions, the highest-energy photons are capable
of penetrating to a minimum altitude of approximately 160 km. A detailed analysis of the simulated
light curves shows that both the initiation and completion altitudes of high-energy photon extinction
are lower than those of low-energy photons. Concurrently, energy spectra analysis reveals that the
attenuation of low-energy photons is substantially more pronounced, and the overall degree of
attenuation continually strengthens as the altitude decreases. Additionally, instrumental simulations
executed based on the response matrix of the NICER detector demonstrate that increasing the total
number of active detection modules can effectively enhance the photon count rate. Specifically,
when utilizing an array consisting of four NICER-like detection modules, the minimum altitude at
which photons can be reliably detected is reduced to 183.5 km. Ultimately, the findings presented in
this study provide a robust theoretical basis for the payload design of China's Tianwen-4 Jupiter
system exploration mission, scheduled for launch around 2030, and successfully open up a novel

technological pathway for the advanced exploration of Jupiter's upper atmosphere.
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Fig. 1 Flowchart of X-ray Occultation Radiative Transfer Model for Jupiter
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Table 1 Lower and upper boundary used for Jupiter model
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