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Development of a low energy ion source for ion drift measurements
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The ionosphere is the region from about 70 km to 1000 km above the Earth’s surface. It is composed of neutral particles
without charge, and charged particles (plasmas) generated by extreme ultraviolet and X-ray radiation from the Sun. The
motion of plasma particles in the ionosphere is influenced by the Earth’s magnetic field, while collisions between ions and
neutral particles are also important. Such collisions resultin a momentum transport between ion particles and neutral particles,
and are related to various phenomena such as ionospheric disturbance in the ionosphere.

In the F region of the ionosphere, the F1 layer has the largest electron density, while ion and electron tend to diffuse through
the atmosphere in the F2 layer. Ambipolar diffusion occurs because of the unbalance of gravity and pressure. lons in this
region have a drift motion in the direction perpendicular to the electric and magnetic fields. Thus, ions are known to make
complex movement due to momentum transport occurring in this region.

The purpose of this study is to develop an advanced instrument to measure 3D ion drift velocity in the lower ionosphere.
ISAS/JAXA has been developing such an instrument which can be installed on sounding rocket. To calibrate a performance
of the instrument, it is necessary to prepare plasma environment in which ion particles are coming into the instrument with a
speed of several km/s, which corresponds to the speed of a sounding rocket or satellite.

The average temperature of ion particles in the ionosphere is known to be about several hundred K, which corresponds
to several hundred m/s in terms of thermal velocity. Considering the speed of the sounding rocket is about 172 km/s during
its ballistic flight, it is an assumed situation that the ions are coming into the instrument with a bulk velocity of 172 km/s.
Therefore, for this purpose, we will have to develop a source that can generate drifting ions with a velocity of several km/s
(kinetic energy of several eV).

We have so far tried to generate drifting ions by applying a voltage to a mesh grid in the ion accelerator, and to make
measurements of the ion current with a Langmuir probe. As a result, when the voltage applied to the accelerator was changed,
the electron temperature and density obtained from Langmuir probe current-voltage characteristics seemed unchanged, but
the saturated electron current changed significantly depending on the applied voltage. Since ions with relatively large energy
(more than 1 eV) may affect the saturation electron current, the change observed in the saturation electron current region
may be due to the accelerated ions. To further study this possibility, we are going to measure the energy distribution of the
accelerated ions in detail using the instrument under development.

Next, we ate going to use a simulation program to investigate the reason why the saturation electron current changed with
the applied voltage and to simulate a trajectory of the ions accelerated by the electric field which is generated by applying the
voltage to the mesh grids. In addition, we will discuss in detail the conditions on which an ion drift velocity becomes close
to that of the sounding rocket.
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