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D-region ionospheric variations driven by EUV oscillations during the X5.89 solar
flare in May 2024
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Solar flares produce strong enhancements in solar irradiance within the extreme ultraviolet (EUV) and X-ray bands, sig-
nificantly impacting the D-region ionosphere (60 — 90 km). Enhanced EUV and soft X-ray fluxes are efficiently absorbed
by molecular oxygen and nitrogen, leading to rapid increases in electron density which has been confirmed by very low fre-
quency (VLF) observations (Kumar and Kumar, 2018). Moreover, Hayes et al. (2017) reported that D-region electron density
pulsations were synchronized with flare-driven X-ray and EUV pulsations. In the EUV range, Lyman- a radiation (121.6
nm) is the dominant component and is known to influence the D-region, although its contribution is slower and less variable
than that of X-rays (Kitajima et al., 2024). The D-region response to Lyman- a during flares, however, remains unclear. In
this study, we investigated D-region ionospheric variations for the X5.89class solar flare that occurred at 01:10 UT on May
11, 2024, the largest flare among large geomagnetic storms in May 2024. We used LF transmitter signals observed by a
worldwide VLF/LF radio propagation network OCTAVE/AVON. The LF waves were transmitted from JJY60 (60.0 kHz) in
Japan and BPC (68.5 kHz) in China, and received at Pontianak (PTK), Indonesia and Rikubetsu (RKB), Japan. Normally,
when a solar flare occurs the phase of the LF signal exhibits time variations similar to those of X-ray flux. However, during
the X5.89-class solar flare, unusual oscillations in phase and amplitude were observed. Based on wavelet analysis of these
oscillations, the periods were 549 s for the phase of the JJY60-PTK path and 388 s for the phase of the BPC-PTK path. To
investigate the cause of the LF oscillations, the LF waves were compared with EUV data observed by the GOES-16 and SDO
satellites. The summation of EUV in the 20 — 140 nm range, , including the Lyman- a, was similar to a part of the LF
oscillations, and a few peaks of the LF oscillation coincided with peaks in the composite EUV radiation. A detailed analysis
confirmed that similar oscillations occurred in the LF waves 3 minutes after the EUV oscillations. Furthermore, a calculation
of the ionization production rate revealed that Lyman- a radiation has the largest effect on the D-region in EUV wavelength
band. These results suggest that the periodic variations in EUV radiation associated with the solar flare affected the electron
density in the D-region ionosphere.
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