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It is well known that solar EUV emission (10-124 nm) significantly contributes to the ionization of the Earth’s ionosphere.
Among them, the Lyman-alpha line (Ly a, 121.6 nm) is the hydrogen line with the largest irradiance, making up more than
half of the EUV irradiance from the transition region (Fontenla et al., 1991). Therefore, Ly a is considered to influence
the ionization of the ionosphere. However, Ly a does not have enough energy to ionize the oxygen and nitrogen atoms
and molecules that are abundant in the Earth’s atmosphere. On the other hand, Lyman-beta (Ly {3, 102.6 nm), has a shorter
wavelength than Ly a and sufficient energy to ionize oxygen molecules. Understanding how solar EUV emission, including
these Lyman lines, affects the ionization of the Earth’s atmosphere is crucial importance for space weather.

Due to its strong irradiance and expected influence on space weather, Ly a has been observed by many satellite instru-
ments. Currently, GOES/EUVS-E is observing the time variation of Ly a and Solar Orbiter/EUI is observing the image
of Ly a. Milligan et al. (2020) showed the relevance of the Ly a to space weather phenomena by investigating the time
variations of soft X-rays, Ly a, and the Kakioka magnetometer (reflecting the response of the ionospheric E-layer) during
the X1.8-class flare on September 7, 2011. They concluded that Ly a emission affected the ionospheric E-layer because the
Ly a peak preceded the Kakioka magnetometer’s peak, while the soft X-ray peak occurred later than the Kakioka magne-
tometer’s peak. However, Ly a cannot ionize atoms and molecules in the ionospheric E-layer. Therefore, Ly {3 or other
shorter-wavelength EUV emissions with similar time variations to Ly a could have affected the ionosphere.

In this study, we first investigated the behavior of Ly a observed by GOES/EUVS-E and Ly 3 obtained from SDO/EVE
during solar flares. We investigated 40 M-class or larger flares that occurred between 2010 and 2014. We found that the time
variations of the Lyman lines during flares were almost identical for both Ly a and Ly [3. However, the increase rates in
irradiance of Ly 3 was more than 2.5 times higher than that of Ly a. Additionally, all EUV emissions, including Lyman
lines, reached their peaks several minutes earlier than soft X-rays.

Furthermore, to investigate which wavelengths of solar flare EUV emission affect the ionization in the Earth’s ionosphere
at which altitudes, we used the GAIA model (Jin et al., 2011), which can simulate ionization in the Earth’s ionosphere by
inputting the flare spectrum. The results of the GAIA simulations show that Ly (3 has a significant impact on ionization in
the ionospheric E-layer (altitude 90-150 km). In particular, it was confirmed that Ly {3 ionizes nearly half of the oxygen
molecules (O») at an altitude of around 100 km.

In this presentation, we will also report on the results of comparing these GAIA calculations with observations from
ionosondes to verify the actual impact of Ly [3 on the ionospheric E-layer.
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