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Relationship between solar flare X-ray, EUV and Lyman-alpha emissions and the

Dellinger phenomenon
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It is well known that the rapid increase in solar flare emissions ionizes atoms and molecules in the Earth’s atmosphere,
increases the electron density in the ionosphere, and causes space weather phenomena such as radio wave communicatiot
failures (e.g., Woods et al., 2000). In particular, X-rays (0.1-10 nm) and Extreme Ultraviolet (EUV, 10-120 nm) emissions
are thought to mainly affect electron density fluctuations in the ionosphere. However, Lyman-alpha (121.6 nm) is also
considered to be one of the wavelengths affecting the lower ionosphere (e.g., Nicolet and Aikin, 1960). The communication
failure caused by the increase in electron density in the ionosphere D region (60-90 km) is called the Dellinger phenomenon
(Dellinger 1937).

The occurrence of the Dellinger phenomenon can be known from the minimum reflection frequengyé&ue observed
by the vertical incident ionosonde. It has been reported that,thevalue increases when the Dellinger phenomenon occurs
from statistical studies. And the,f,, value fluctuation depends mainly on the peak X-ray intensity of flare (flare class) and
the solar zenith angle (e.g., Tao et al., 2020). However, since there are several observations in whighvhled is not
proportional to the flare class, the relationship between flare emission spectra and the electron density in the ionosphere D
region is not clearly understood.

In this study, we compared flare emissions (X-rays, EUVs and Lyman-alpha) observed by the Geostationary Operational
Environmental Satellite (GOES) /X-ray Sensor (XRS), Extreme Ultraviolet Sensors (EUVS), the Solar and Heliospheric
Observatory (SOHO)/Solar EUV Monitor (SEM) and the Solar Dynamics Observatory (SDO)/ EUV Variability Experiment
(EVE) with the f,,;,, values observed by the ionosonde operated by the National Institute of Information and Communications
Technology (NICT) at Wakkanai, Kokubunji, Yamakawa and Okinawa. We studied 38 flare events which were larger than
M3-class occurred during the daytime (9:00-18:00 JST and solar zenith a®flead) between 2011 and 2014. First,
we compared the,f;,, values with the GOES/XRS, EUVS and SOHO/SEM data. We found good correlation with shorter
wavelength flare emission. However, Lyman-alpha emission did not contribute to the incregge dftfese results suggest
that (especially shorter) X-ray emission may be effective in the occurrence of the Dellinger phenomenon. Then next, to
identify the flare emission wavelengths that mainly affect the increasg;invalues, we compared the variation ¢f;f,
values with the EUV spectra using the SDO/EVE data. In this presentation, we will report on these results in detail.
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