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Comparison between Mercury’s Lowes radius and dynamo radius based on plan-
etary dynamo simulation.
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MESSENGER (Mercury, Surface, Space Environment, Geochemistry, and Ranging) was the first spacecraft to enter Mer-
cury’s orbit. Based on these data, the Gauss coefficients of Mercury’s intrinsic magnetic field was also estimated. The
small intensity of Mercury’s intrinsic magnetic field compared to its large metallic core has led to the proposal of an internal
structure with a stably stratified layer (Christensen, 2006), and dynamo simulations based on this structure have recently
reproduced the northward offset of Mercury’s surface magnetic field (Takahashi et al., 2019).

The Mauersberger spectrum, which means the energy density spectrum of the potential magnetic field, is obtained from the
Gauss coefficient, and the Lowes radius estimated from the slope corresponds to the radius of the equivalent current sphere,
or the radius of the dynamo region. Earth’s Lowes radius is close to the CMB (core-mantle boundary) radius, but the CMB
radius for Mercury determined by magnetic field induced by Mercury’s core in response to external magnetic field changes
(Katsura et al., 2020) and geodetic studies (Genova et al., 2019) is approximately 2000 km, while the Lowes radius of Mer-
cury estimated from the Gauss coefficient of Mercury’s intrinsic magnetic field (Anderson et al., 2019) is just under 900 km
(Yagi and Toh, 2023).

Jupiter’s intrinsic magnetic field is calculated using dynamo simulation of the liquid metal-hydrogen layer, and energy
spectrum from the calculated field is compared with the Mauersberger spectrum of the observed field. It is argued that the
Lowes radius gives a lower limit for the dynamo radius.

In this study, we examine the effect of the stably stratified layer above the outer core on the intrinsic magnetic field gener-
ated in the dynamo region based on Mauersberger spectra obtained from numerical Mercury dynamo calculation (Takahashi
and Shimizu, 2012). The dynamo calculations were performed using a double-diffusion convection model for a rotating
spherical shell conductive incompressible Boussinesq fluid. In a previous study by Yagi and Toh (2023), the thickness of the
outer core convective layer was varied in the Mercury dynamo calculations, and it was found that the Lowes radius remained
relatively constant at approximately 1000 km. However, that calculation did not calculate a sufficient time for the magnetic
diffusion time, and the calculation time was improved in this study.

The attenuation of the magnetic field due to skin effects by the stably stratified layer is discussed using dynamo calcula-
tions for different convection layer radii, and we discuss quantitatively the variation of the slope of the magnetic field energy
spectrum in the region above the convection layer and that of the spectrum with convection layer radius, as done in Tsang
and Jones (2019). We research the convective layer radius inside Mercury that is consistent with the observed Lowes radius
of Mercury and report the results.
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