
ION UPFLOWS IN THE POLAR MAGNETOSPHERE DURING GEOMAGNETIC 
STORMS 
 
NARITOSHI KITAMURA 1, Yukitoshi Nishimura 2, Yusuke Ebihara 3, Atsuki Shinbori 4, 
Naoki Terada 5, Takayuki Ono 6, Atsushi Kumamoto 7, Takumi Abe 8, Manabu Yamada 9, 
Shigeto Watanabe 10, and Andrew Yau 11 
 
1. Department of Geophysics, Graduate School of Science, Tohoku University, Sendai, Japan, e-
mail: kitamura@stpp.gp.tohoku.ac.jp 
2. Solar-Terrestrial Environment Laboratory, Nagoya University, Nagoya, Japan, e-mail: 
yukitosi@stelab.nagoya-u.ac.jp 
3. Institute for Advanced Research, Nagoya University, Nagoya, Japan, e-mail: 
ebihara@stelab.nagoya-u.ac.jp 
4. Solar-Terrestrial Environment Laboratory, Nagoya University, Nagoya, Japan, e-mail: 
shinbori@stelab.nagoya-u.ac.jp 
5. Department of Geophysics, Graduate School of Science, Tohoku University, Sendai, Japan, e-
mail: teradan@stpp.gp.tohoku.ac.jp 
6. Department of Geophysics, Graduate School of Science, Tohoku University, Sendai, Japan, e-
mail: ono@stpp.gp.tohoku.ac.jp 
7. Planetary Plasma and Atmospheric Research Center, Tohoku University, Sendai, Japan, e-
mail: kumamoto@pparc.gp.tohoku.ac.jp 
8. Japan Aerospace Exploration Agency, Sagamihara, Japan, e-mail: abe.takumi@jaxa.jp 
9. Max Planck Institute for Solar System Research, Katlenburg-Lindau, Germany, e-mail: 
yamada@mps.mpg.de 
10. Department of Cosmoscience, Hokkaido University, Sapporo, Japan, e-mail: 
shw@ep.sci.hokudai.ac.jp 
11. Department of Physics and Astronomy, University of Calgary, Calgary, Canada, e-mail: 
yau@phys.ucalgary.ca 
 
We performed a case study of ion upflows in the polar magnetosphere for a geomagnetic storm 
which occurred on March 30, 1990, using electron density data observed by PWS, and an ion 
composition ratio and field-aligned velocities observed by SMS onboard the Akebono satellite in 
an altitude range of 6000-10000 km in the dayside. During the main phase of the storm, the 
electron density increased by a factor of 3-30 compared to the quiet-time level in the auroral zone 
and polar cap. The SMS instrument measured intense ion upflows in the entire polar cap along 
the satellite path. Eighty percent of the upflowing ions were composed of oxygen and the upward 
velocities of oxygen along the field lines ranged from 4 to 10 km/s, which was comparable to the 
escape velocity. The upflow flux of the oxygen ion mapped to 1000 km altitude corresponded to 
1-4×109 /cm2/s. Based on the parameters obtained by Akebono, we calculated trajectories of the 
upflowing oxygen ions released from 9000 km altitude, which was near the altitude of the ion 
upflow observed by Akebono, under an idealized storm condition, using a numerical code 
developed by Ebihara et al. [2006]. The oxygen ions which had initial velocities greater than 3 
km/s, did not fall down to the Earth, but escaped into the magnetosphere for all of the initial 
positions considered in the trajectory calculations (8, 10, 12, 14 and 16 MLT at 75° ILAT, and 
70° and 80° ILAT at 12 MLT). This result indicates that a large portion of the upflowing oxygen 
ions observed by Akebono in the dayside polar cap during geomagnetic storms flow into the 
magnetosphere. The ions released from 12 MLT first flew into the premidnight magnetotail, and 



transported to the duskside at L = 3-5, where the storm-time partial ring current developed. In this 
region, some ions were energized to more than 50 keV. These results indicate that thermal 
oxygen ions with large upward fluxes, which cause the density enhancement in the polar cap 
during geomagnetic storms, can reach the plasmasheet and contribute to the ring current 
formation. 
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