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After sunset, a plasma density depletion (plasma bubble) often occurs at the bottom of the F region over the equator. Plasma
bubbles are sometimes extended from the equator to mid-latitudes during geomagnetic storms. Many researchers have
studied the characteristics of the mid-latitude plasma bubbles during geomagnetic storms using in-situ satellite observation
data. The longitudinal width of mid-latitude plasma bubbles remains unknown, since inclinations of the ionospheric satellites
are too low to adequately observe the mid-latitude ionosphere. In this study, we report characteristics of the mid-latitude
plasma bubble during a geomagnetic storm on March 23 and 24, 2023, using the Global Navigation Satellite System (GNSS)
and the Arase satellite data. We used Total Electron Content (TEC) and Rate of TEC Index (ROTI) derived from GNSS data,
along with electron density estimated from the in-situ plasma wave data observed by the Arase satellite.

ROTI enhancements, associated with plasma bubbles, appeared over the magnetic equator in the evening sector around
00:30 UT on March 24 during the main phase of the geomagnetic storm. The enhanced ROTI region extended to the
mid-latitudes around 45 N in geomagnetic latitudes in (or within) the American sector. The TEC depletion region also
extended to the mid-latitudes. During this time, the Arase satellite passed through the northern part of the mid-latitude
plasma bubble around 35 N in geomagnetic latitudes at an altitude of ˜500 km. The electron density showed a depletion
from 8.65x10ˆ11 m-3 to 5.65x10ˆ11 m-3 (˜40% decrease). The location of electron density depletion corresponded to
the enhanced ROTI and decreased TEC regions. The estimated longitudinal width of the electron density depletion was
approximately 535.5 km.

Previous studies based on high inclination satellites such as DMSP and Swarm have reported spatiotemporal variations
of mid-latitude plasma bubbles during geomagnetic storms. However, these satellite data cannot provide the longitudinal
distribution of the plasma bubble, and the longitudinal structure of the plasma bubble remained unknown. For the first time,
the present study revealed the longitudinal distribution of the mid-latitude plasma bubble during the geomagnetic storm, with
the Arase satellite observation data. Our analysis results indicate that the longitudinal width of the electron density depletion
at the mid-latitudes as observed by the remote sensing observation data (GNSS) corresponds to that as seen in the in-situ
observation data (Arase satellite).


