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Variation of the cold plasma density structure above the polar ionosphere associated wit
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Plasma outflow phenomena from the ionosphere into the magnetosphere are one of the most important processes for und
standing of the magnetosphere-ionosphere coupling in the polar ionosphere. Based on recent satellite observations, it has be
clarified that they take important role not only on the control of the supplement of plasma in the magnetosphere and the plasm
density structure above the polar ionosphere, but also on abrupt changes of the ring current ion composition and the formatic
process of the auroral acceleration region during geomagnetic storms. Especially the plasma density above the polar ionosphe
affects AKR activities. However, there are few researches on time and spatial evolutions of the plasma density structure abov
the polar ionosphere during the development and decay of geomagnetic storms. Therefore, the detail variations of the plasn
density structure in these regions associated with geomagnetic storms have been left as unsolved problems. In this study, in orc
to clarify the physical process of an abrupt change of the plasma density structure during geomagnetic storms, we analyzed tl
electron density data observed by the Akebono satellite.

In the present data analysis, we derived the electron density along the satellite path from the upper cut-off frequency of th
UHR and whistler mode waves observed by the PWS instrument onboard the Akebono satellite. We used the upper cut-o
frequency of the UHR and whistler mode waves for the cases offf/ind fp/fe<1, respectively. Now we derived the electron
density from March, 1989 to May, 1990 with time resolution of 2 seconds. On the other hand, we used SYM-H indices to
define the magnetically quiet condition and a geomagnetic storm event. We defined the quiet time as the period which SYM-I
indices are in the range from 0 nT to 40 nT and the index 30 minutes before the time did not vary over 5 nT. And we defined the
geomagnetic storm with the minimum SYM-H index of less than -40 nT.

In the present study, first we performed the case study for the geomagnetic storm event which occurred on 6-8 June, 1989.
was a moderate geomagnetic storm with the minimum SYM-H index of -97 nT. During this period, the apogee of the Akebono
satellite was located in the dawn sector at the southern hemisphere, and the observation of the polar region was carried out
an altitude range from 6000 km to 10000 km from midnight to prenoon sector. During the pre-storm phase, the plasma densit
decreased with L-value, and it was 200 /cc and 20 /cc at L=4 and L=6, respectively. In this case, the averaged plasma density
the polar region above L=6.0 was in a range from less than 5 /cc to 20 /cc. After about 1 hour from the onset time of the suddel
commencement, the plasma density started to show an increase and during the main phase of the geomagnetic storm by one
two orders of the magnitude in the auroral zone and polar cap region, compared with that in the magnetically quiet condition.
After about 3 hours from the start time of storm recovery phase, the plasma density enhancement decreased.

Next we performed a statistical analysis of the electron density in the noon-midnight meridian plane during the period of the
magnetically quiet condition and the storm main phase. During the main phase, the electron density in the region over 5000 kr
altitude above L=6.0 increased 3 times more than the prestorm value both in the dayside and nightside. The electron densi
enhancement during the storm main phase occurred all over the polar region.

These studies imply that a large amount of the ionospheric plasma moves into the altitude region of 5000-10000 km in the
magnetosphere. If this plasma comes from the ionosphere, Joule heating is thought as the physical process. But Joule heat
occurs also in the period of substorm, so we will compare the storm and the substorm to decide what contribute the plasm
density enhancement during the magnetic storm.
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