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Development of data analysis method for auroral radio of exoplanets toward
demonstration of their atmospheres and magnetic fields
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Planetary auroras are generated by the collision of electrons in the magnetosphere accelerated along the magnetic field
with the atmosphere. If we detect the auroras from the exoplanets, we can demonstrate their magnetic fields and atmospheres,
which contribute to understanding the habitability of exoplanets. Auroral radio emissions are circularly polarized waves
effectively excited by the precipitating auroral electrons (Wu & Lee et al, 1979). Therefore they are distinguishable from the
stellar radio emissions that are generally not circularly polarized. Detection of auroral radio emissions is a promising way
to demonstrate the exoplanetary magnetic fields and atmospheres. Since the frequency of auroral radio emissions depends
on the magnetic flux density in the source region (Farrell et al, 1999), it is possible to quantify the exoplanetary intrinsic
magnetic field from the auroral radio spectrum. The quantified intrinsic magnetic field may constrain the internal convective
structure based on the magnetic dynamo theories. The emitted power of auroral radio emission is dependent on the total
energy input of the stellar wind to the planetary magnetosphere(Zarka et al., A&A 2018). The auroral radio intensity tells
us about the kinetic energy of the stellar wind and its time variability. The exoplanets have been observed using existing
radio telescopes. These observation results reported that circularly polarized radio emissions were detected.(e.g., Turner et al,
2021;Vedantham et al. & Callingham et al,2020). However, we have not been able to determine that they are auroral radio
emissions from planetary sources, and further observation, analysis, and detection methods need to be improved. In this
study, we attempt to detect exoplanet auroral radio emissions by applying the analysis method of existing radio telescopes
used in Turner et al (2021) to NenuFAR (New Extension in Nancay Upgrading LOFAR), a next-generation low-frequency
radio telescope currently under construction and performance evaluation. We applied Turner’s data analysis method to Jupiter
observation data to evaluate whether the analysis method is valid for NenuFAR. As a result, Jupiter’s radio emissions could
not be detected significantly due to RFI noise. We developed a data analysis method to suppress RFI noise by improving
frequency and time integration methods and estimating weak frequency bands of RFI noise through statistical analysis. This
has enabled us to suppress the degree of dispersion of the intensity of RFI noise by up to approximately 50%. In the future,
we plan to apply this suppression method to the observed data in advance and analyze it using the method of Turner et al
(2021) to remove RFI noise and detect Jupiter radio emissions.After the data analysis method is established, we plan to apply
it to the observation data of exoplanets.
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