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Frequency dependence of CNA due to various sources observed by spectral
riometers during the May 2024 storm
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A spectral riometer measures cosmic noise absorption (CNA) in the frequency between 20-55 MHz and is expected to have
an ability to estimate the altitude profile of the electron density especially in the lower ionosphere. In the May 2024 solar
magnetic storm event, spectral riometers in the arctic region; in Kilpisjarvi (KIL, 69.07° N 20.75° E) and in Oulujarvi
(OUJ, 64.52° N, 27.23° E)etc., observed a number of CNA enhancements. During this event, the CNA enhancements were
caused by three different sources: solar X-rays, solar energetic protons, and energetic electrons from the magnetosphere,
known as major sources of ionization in the atmosphere. These three types of events may have different altitude profiles of
ionization. The CNA is expected to be proportional to the — 2 power of the observed frequency when the electron density
enhancement occurs at higher altitudes (>70 km), while the CNA would be proportional to between — 1 and — 2 power
of the frequency when the enhancement occurs at altitude lower than 70 km. Therefore, we will investigate the frequency
dependence of these three types of the CNA events. At around noon on May 11, for example, an intermittent strong CNA
was observed by the riometers, when an X-class solar flare occurred at 13:30 UT, and an increase of energetic proton (>10
MeV) flux was also measured by the GOES satellite. Note that the solar zenith at noon on the day at that location was 52.6
degrees. In the presentation, we will show how the frequency dependence of the CNA spectra differs between the three types
of ionization agent, and then discuss the mechanism behind such dependencies.



