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Nanosatellite constellation observation of small structures in plasmasphere using the
characteristics of radio wave propagation
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Spatial plasma structures in the plasmasphere have been studied for a long time by numerous scientists. The plasmasph
is located in the inner magnetosphere and filled with cold plasmas. The typical distribution is simply modeled with diffusive
equilibrium model. The plasma distribution and the shape of the plasmapause dynamically changes during the geomagnet
disturbances. Kimura et al[1] showed that ray tracing of the whistler mode waves can reveal more appropriate plasma densit
profile by Akebono satellite.

IMAGE satellite enabled us to discover the helium ion distribution with the EUV (Extreme Ultraviolet) imager and the steep
electron density gradient with the RPI (Radio Plasma Imager). The EUV and RPI measurement results have also contribute
study on density structures, such as plasmaspheric plumes, channels, troughs, notches, shoulders, and fingers. The small-s
and local structures with short-term temporal density variations probably have large influence to global-scale variation during the
geomagnetic activities. Then, it is important to observe small or smaller structures and understand their spatiotemporal variatior
in the plasmasphere.

We propose an observation system with constellation of three nanosatellites. Radio waves in HF band are artificially transmit
ted from one of the satellites, named ‘Source’. While the emitted radio waves propagate through the space, the phase and t
wave normal direction change from moment to moment if the frequency is not too higher than the electron plasma frequency
The other satellites, named ‘Receivers’, receive the emitted radio wave at a site distant from ‘Source’. Assuming ‘Receivers
have appropriate instruments and enough performance to observe the phase and the wave normal direction of the emitted ra
waves, the phase and the wave normal direction imply the density profile on the ray path. For instance, if there are more point
at which electron density gradient turns over, the ray path becomes longer, and the phase and wave normal changes more. T
or more ‘Receivers’ enable us to compare the phases and wave normal directions of the radio wave received in each satellite
the same time. The comparison shows more information of the small structures in the closed region to two paths.

The concept and computed simulation results are demonstrated.

gboooooobOobobooooooooobobobooooooobOobobooooooooobOoboOoooon
booooooobobobobooooooooobooboboboboooooooboooboboboooooooon
uboboooobooboboboooooooboobobooooooobooboboboooooooboOoboboooooon
goooobobooooboboobooogooboo

Kimura [1] 00 000000000000 VLFOOOOOOOOOOOOOOOO0OO0OO0OO0O0OO0O0O00O00goooo
0000000000 DooooOIMAGE OO0O0O EUV(Extreme Ultraviolet1 O O 0O O 0O O RPI (Radio Plasma Imager)
0000000000000 0000000000000000000000O0O00O00000000O0O0O0O0O0O0O0
doodoooboooooooooboooobo oo oo oo ooobOooooonoboooon
gobooooboobooobbooooboooob oo oo boooboooooboooa
o0o0o00o0000000000O0O0O0O0O0O0O0O00000

ooooooooooooobooooboooooOoooooboOoo30b0oooooOooooobDboooDOo0oOoooOoO
goooobooooboooobooborooboo0 1o HFOOODDOOOODOOOODOOOODOOOODOO
gooooooooooO0oooooooooooOo0oooooooboo0goooDoooooooobooDoDboooD 2
oboooooocooooooon* bobo"0oooobooboboboobobooboobOooobooooooooobooonoag
ooobooooobOoooboobooobooobooobooooooooooobooobooboboOooobooooboOoooDooon
ocooooobooooooooooooooooobo20000 DoOo"ODOoOoOoOoDOOOOOOODOODODODO
uboboobooboobooboooood

ugboobuogbooboobobobobobobbooboobodada



