EGU24-7379
Katoh, y! ,P. S. Rosendahlz,’3Y. Ogaweﬁ, Y. Hirakis, and H. Tadokoro

Role of the mirror force on the collision rate

2: Faculty of Phys. and Astronom., Heidelberg Univ., Germany 3: Faculty of Sci., Tohoku Univ., Japan

d u e t O r e1 atiVi S ti c e l e c t r O n p r e c ip it ati O n 461:: szzzn]cgef:zzzzvofigz; Research, Japan 5: Advanced Knowledge Laboratory Inc., Japan

E-mail: yuto.katoh@tohoku.ac.jp
Introduction Results

Energetic electrons precipitating into the 1onosphere collide with neutral gas We carry out simulations of mono-energetic precipitation
and contribute to various 1onospheric phenomena. Previous studies revealed the  of the different energy and pitch angle ranges with the

importance of energetic particle precipitation in the ionosphere- magnetosphere  mirror force. (Figure 2)

coupling system, but some of the fundamental processes have been treated

through a simplified assumption. One of the processes is the role of the mirror Simulation results demonstrate that larger kinetic energy
force acting on the precipitating particles. lowers the altitude profiles of the collision rate, consistent

with previous studies. The upward spread 1s caused by the
backscattered electrons moving upward; these electrons
underwent collisions during the precipitation but survived
and bounced back from the mirror point. (Figure 3)

The collision process between precipitating electrons and neutral gas has been
modeled by previous studies [e.g., Lummerzheim et al., 1989]. The effect of the
mirror force, however, has not been fully included, because of the small change
in the magnetic field strength in the altitude range of precipitation [Rees, 1963].

On the other hand, the effect of the mirror force should be significant for By integrating the evolution of the collision rate in time,
electrons having a larger pitch angle close to the loss cone, which often appear we obtain the altitude profiles of the collision rate per
for the electron precipitation caused by the pitch angle scattering through electron. The upward motion of electrons bounced back
Wa.Vi-I()iaI'tlf%[; 1nt§ I'a.CfiC.IOIl in g}e :nagfriitosp .here' fMaI’Shalh’il Ilg Bl(zrtnltl; (203 8) from their mirror points results in the upward broadening Figure 3. Illustration showing the relation between precipitating
pOlp e ou © s1ghl lca.'n .e cels O © MITTOr 101¢e on the a.C S.Ca cro : of the altitude proﬁle of the collision rate. (Figure 4) Figure 2. Time histories of the altitude profiles of the collision rate per electron electrons, mirror force, and collisions with neutrals. The cases
radlatloq belt electrons inside the bqunce loss COI.le' The. quantitative evaluation 1 b Kk 1 he | h obtained by a series of simulations with mirror force. The initial kinetic energy (a) without and (b) with mirror force are shown.
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This study numerically evaluates the effect of the mirror force on the collision ormation of the secondary peak, and one order ot the (a-¢) 0 degree, (d-f) 30 degree, and (g-1) 60 degree are assumed at 400 km.

rate due to the relativistic electron precipitation into the ionosphere. magnitude smaller collision rate. (Figure 5) CubeSat project PCUBE

We started a JSPS KAKENHI project PCUBE
(Probing, Controlling, and Understanding of

radiation Belt Environments)

We compute the motion of energetic particles precipitating along a field line
considering the mirror force acting on the particles. We use a cylindrical coordinate
system (r,0,z) aligned with the reference magnetic field, where z i1s defined along the
magnetic field line, r 1s the distance from the axis z, and ¢ 1s the azimuthal angle from
a chosen reference direction defined on the plane perpendicular to the magnetic field.

The background magnetic field i1s simplyfied by a nonuniform cylindrical magnetic
field (B,B B ). We assume that B =0 and B 1s given by B — _r OB [cf. Katoh and
0z ¢ r " 2 0z
Omura, 2006].

The motion of a charge particle 1s solved
including relativistic effect.

We compute collisions between neutral gas and
precipitating energetic electrons using a Monte
Carlo method to derive the collision rate by the
precipitating electrons [e.g., Solomon, 2001;

Hiraki and Tao, 2008]. Only elastic collision and Figure 6. Schematic illustration of the PCUBE project
ionization cross-section are considered because We develop a 3U CubeSat (to be lauched 1in 2026) to
these two processes are dominant in the energy measure energetic/relativistic electron precipitation in
range higher than 100 e¢V. plasma duct.
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The probability of a COIhSl.On betw.een .energetlc precipitation of 1, 4, 10, and 40 keV electrons, whose 1nitial pitch angle 1s (a) 0 and (b) 70 for the cases of mono-energetic precipitation of 1, 4, 10, 40, Payload: - LEXUS (keV - MeV electron deteCtor)
electrons and neutral gas during the time interval degrees, at an altitude of 400 km. Solid and dotted lines show the simulation results with and 100, 400, and 1000 keV electrons, whose initial pitch angle is - NEI (Impedance probe; plasma density)
At 1s given by [Cashwell and Everett, 1959] without mirror force, respectively. 70 degrees at an altitude of 400 km, obtained by the P p > P Y

simulations with mirror force. Orbit: LEO (> 400 km)
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