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Electromagnetic radiations of various wavelengths are emitted during solar flare events and are known to have a significant
impact on space weather. Lyman-a (Ly a, 121.6 nm) is ultraviolet emission from the chromosphere and transition region,
is the strongest emission in VUV region even in radiation from the quiet Sun and is said to contribute to the formation of the
Earth’s ionosphere. However, Lyman- 3 (Ly (3, 102.6 nm) has a shorter wavelength than Ly a, so Ly 3 is considered to
have a greater impact on the Earth than Ly a, and this is also same during solar flares.

Lemaire et al. (2012) investigated the relationship between Ly a and Ly {8 irradiance in solar cycle variations. From
this previous study, it was found that the Ly a/Ly { irradiance ratio varies from solar maximum to minimum and that
it fluctuates periodically. However, the relationship between Ly a and Ly {3 radiation during solar flares have not been
discussed or studied. In this study, we investigate the relationship between Ly a and Ly 3 emissions during solar flares and
their effects on the Earth’s upper atmosphere.

In this study, we used Ly {3 data from  SDO/EVE, which can observe ultraviolet radiation from the entire solar surface
with high wavelength resolution, and data from GOES/EUVS-E, which regularly observes Ly a. First, the relationship
between Ly a and Ly {3 emission was investigated using data from M-class or larger flares that occurred from February
2010 to 2014, when these instruments were observing simultaneously.

The temporal variation of Ly a and Ly [3 emissions during solar flares are similar in most cases. The increase in Ly a
irradiance is about 10% , consistent with previous observations (e.g. Dominique et al., 2018). The Ly a/Ly [ irradiance
ratio during flare showed a tendency for the Ly a/Ly 3 ratio to decrease as the Ly a emission increased. This indicates that
Ly B emission has a higher increase rate than Ly a emission. In fact, the increase rate in emission was less than 10% for Ly
a and about 20% for Ly f3.

On the other hand, there were a few flare events in which the light curves of Ly a and Ly 3 irradiance was not consistent.
In these events, the flare duration was relatively long, and the peak time of soft X-ray and Ly a emission sometimes deviated
by more than 10 minutes. It is possible that the Ly a/Ly [ ratio may have changed during the flare in events with longer
flare emission durations.

In this presentation, we will report on the details of the variability of Ly a and Ly [ emissions in solar flares, compare
them with data from ionosonde observations of the Earth’s ionosphere, and discuss the impact of Lyman series radiation from
the Sun on the Earth’s ionosphere.
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