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Prediction of solar EUV spectra during solar flares using Machine Learning
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X-ray (0.1-10 nm) and extreme ultraviolet (EUV: 10-124 nm) emissions from the Sun ionize atoms and molecules in
the Earth’s upper atmosphere and contribute to the formation of the ionosphere. The ionosphere is used for satellite and
terrestrial communications. Since the ionospheric environment fluctuates with the 11-year solar cycle and sudden space
weather phenomena such as solar flares, it is necessary to monitor and predict the ionospheric environment to keep a stable
communication environment.

Observations of solar X-rays and EUV emissions, which have a large impact on the ionosphere, are limited to the period
of satellite operation. On the other hand, microwave emissions from the Sun can be observed on the ground. It is known
that there is a good correlation between solar microwaves and solar EUV emissions, and microwave at 2.8 GHz (F10.7) have
traditionally been used as proxies for EUV emission when estimating the impact of solar emissions on the Earth’s upper
atmosphere, including the ionosphere. Recently, however, it has become clear that F10.7 alone cannot explain the actual
affect to the Earth’s upper atmosphere, because the variation of the EUV spectrum varies with wavelength. For this reason,
studies such as Zhang & Paxton (2018) have recently been conducted to reproduce solar EUV radiation from multiple
frequencies of radio observation data using machine learning.

We have studied solar cycle variations by using machine learning method to reproduced EUV emission spectra from
multi-frequency radio emissions. By using data from the NoRP (1, 2, 3.75, 9.4 GHz) and Learmonth solar radio telescopes
monitor (610, 1415 MHz) , we have succeeded in reproducing the EUV emission spectrum observed by TIMED/SEE. The
machine learning method also revealed which frequencies contribute to the reproduction of EUV emissions and found that
lower frequencies such as 1 GHz and 2 GHz contribute significantly to the reproduction of EUV emissions.

In this study, we try to reproduce of solar EUV emission spectrum observed by SORCE/XPS during solar flare by using
multi-frequency data from NoRP. The time resolution of SORCE was only about 5 minutes, which was not enough to obtain
sufficient data during flares, so it was not possible to discuss time variability. Therefore, we first tried to reproduce the
total amount of EUV emission for each flare event using SDO/EVE data with high temporal resolution of 10 seconds. The
time-integrated intensities of both radio and EUV data for each flare event are used as input values and as output values for
machine learning. As a result, a good correlation is observed at a ten few nm, and we are able to reproduce to some extent
the amount of EUV radiation during solar flares from the radio data.

In this presentation, we will report the results of reproduced solar EUV emission spectrum during solar flares by machine
learning method, and discuss the reproduction of the temporal variation of EUV emission with radio data.
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