R010-P02
RZXZ2—3:11/26 PM2/PM3 (14:50-18:25)

2010 H 5 2004 FDRRIE T L 7ICHEITZKEXBE EUV ICXN T3 MMBEKES
FREFEND, ER T D, bE B2 D HE & 2, KM EI1E 2, [ fim D, b T2 3, phi £H 3
(B, (2 %Zaaﬂﬁﬂ??‘” Rﬁﬁmﬂﬁ/%é%jc?, (3 I_Lﬁﬁnfa'ﬁ%é&}\ Iﬁﬁi@{nﬁﬁn%tﬁ

Geomagnetic Response to Solar X-ray and EUV Emissions during Major Flares

from 2010 to 2014

#Ryosuke OKUBOY, Kyoko WATANABE"), Sinnosuke KITAJIMA"), Satoshi MASUDA?), Akimasa IEDA?), Hidekatsu
JIN®), Chihiro TAO®), Michi NISHIOKA®)

(1National Defense Academy of Japan, (?ISEE/Nagoya university, *NICT

Ionization of the ionosphere by solar flare emission rapidly modulates the solar quiet (Sq) current in the ionospheric E-
region (90-150 km). This is known as the geomagnetic Solar Flare Effect (SFE) and is observed as a sudden disturbance
induced in the Earth’s geomagnetic field. This phenomenon is thought to be primarily caused by X-ray and extreme ul-
traviolet (EUV) emissions from solar flares (Owolabi et al., 2020). The SFE is a key geomagnetic signature of these rapid
ionospheric disturbances, which in turn can degrade satellite navigation signals and disrupt radio communications. Therefore,
understanding the physical processes of SFEs is a critical issue in space weather research. Previous studies have reported both
SFEs that enhance the Sq variation and counter-Sq SFEs (SFEx) that act in the opposite direction (Yamasaki et al., 2009).
However, many aspects—such as their occurrence conditions, regional dependence, and effects on geomagnetic components
other than the horizontal (H) component— remain unresolved.

In this study, we statistically analyze 13 SFE events associated with major solar flares from 2010 to 2014 to investigate
their properties. We use solar soft X-ray and EUV data from GOES/EUVS and SDO/EVE, and geomagnetic data from the
INTERMAGNET network. An investigation of the peak times of solar flare emissions and SFEs from these data revealed that
EUV lines from chromosphere and transition region, such as Lyman-alpha(Ly a; 121.6 nm), showed a much faster response
than the SFE, while coronal-origin EUV lines showed a response slower than the time variation of soft X-rays and also lagged
the SFE. Both soft X-rays and EUV likely contribute to SFE, but a detailed analysis of the occurrence time of SFE revealed
that in some events, SFE began after the onset time of EUV enhancement but before the onset time of soft X-ray enhance-
ment. This suggests that the initial SFE response may be driven mainly by EUV lines originating from the chromosphere and
transition region, such as Ly a and He II(30.4 nm).

Furthermore, a detailed investigation of the SFE response in each geomagnetic component revealed that events similar to
SFE and its counter-effect, SFEx, were observed not only in the H-component but also in the Y (eastward) and Z (vertical)
components. This fact suggests that the ionospheric current during a flare is more complex than a simple enhancement of the
Sq current, involving rotations of the current system or changes in its three-dimensional structure. In addition, SFEs were
observed at some stations during evening hours. This is critical evidence showing that SFEs can occur despite the lack of
daytime photoionization, and necessitates a reconsideration of the role of the background ionosphere in flare response. We
analyzed the causes and occurrence conditions of these variations, taking into account local time and ionospheric conditions.
In this presentation, we will report these results in detail. The characteristics and distribution of these local SFEs will be
discussed using Sq current models.
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