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Auroral emissions occur when charged particles surrounding an astronomical body are accelerated along magnetic field
lines by energy input from the stellar winds, planetary rotation, or intrinsic magnetic fields, and subsequently collide with
the atmosphere. The detection of auroral emissions thus serves as a key indicator of the presence of both magnetic fields
and atmospheres. If auroral emissions are detected from exoplanets, they would provide direct evidence of magnetic fields
and atmospheres, significantly contributing to the assessment of planetary habitability. Auroral radio emissions exhibit cir-
cular polarization (Wu & Lee, 1979), allowing them to be distinguished from other astrophysical radio sources, such as
stellar radio bursts, which are typically weakly polarized. To prioritize observational targets among the many known exo-
planets, researchers have employed theoretical and numerical estimations of auroral radio power using models such as the
magnetosphere-ionosphere (M-I) coupling framework (Nichols & Milan, 2016) and global 3D MHD simulations (Turnpenney
etal., 2020). These studies suggest that the typical auroral radio power of hot Jupiters is approximately 105 W. Nevertheless,
only one marginal detection of auroral radio emission from an exoplanet has been reported to date (Turner et al., 2021), which
requires further model validation and refinement with the observation data.

In this context, ultracool dwarfs (UCDs) have recently attracted attention as promising analogs for testing auroral models
relevant to exoplanets. Several UCDs with rapid rotation (periods of a few hours) and strong surface magnetic fields (several
kilogausses) have exhibited intense, highly circularly polarized radio bursts, which are likely the auroral radio emissions
(e.g., Hallinan et al., 2006). Nichols et al. (2012) and Turnpenney et al. (2017) extended their magnetosphere-ionosphere
(M-I) coupling models originally developed for Jupiter and Saturn (e.g., Hill, 1979) to UCD’s auroral processes using input
parameters of UCD’s typical environment. While these studies successfully reproduced observed radio power levels, some
of the input parameters, including plasma angular velocity profiles and mass loading rates, remain largely uncharacterized,
which introduced considerable uncertainty in the obtained auroral radio power.

Here, we conduct a three-dimensional global MHD simulation (Fukazawa et al., 2005) for UCDs that utilizes only well-
constrained parameters, leading to a reduction of model uncertainty. This approach minimizes assumptions and enables a
more self-consistent modeling of magnetospheric dynamics. Based on this simulation, we derived the auroral current and
estimated the auroral radio power as a function of ionospheric Pedersen conductance. For example, the total auroral current
of the UCD LSR J1835+3259 was estimated to be "1 X 10'° A in our simulation. By comparing our results with VLA
observations of LSR J1835+3259 (Hallinan et al., 2008), we inferred that a Pedersen conductance of approximately 1 — 10
mho is required to reproduce the observed radio power ("10'°-10'¢ W). This estimate is consistent with another independent
estimation from the M-I coupling model (0.1-10 mho) presented by Satyagraha et al. (SGEPSS 2024). These results suggest
the validation of our model. In future work, we aim to extend this methodology to hot Jupiters and Earth-like exoplanets to
further validate our model and support future observational strategies. Here, we present the current status of our study.
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