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Modeling ionospheric variabilities due to chorus waves
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During magnetospheric storms, radiation belt electrons are produced and then removed on varying timescales. An
efficient loss process is microbursts, strong, transient precipitation of electrons into the lower atmosphere over a
wide energy range, from tens of keV to sub-relativistic and relativistic energies (100s keV and above). Revealing
the physical mechanism behind the microbursts advances our understanding of radiation belt dynamics and its
impact on the lower atmosphere and space weather. General characteristics of chorus-driven microbursts can be
modeled via test particle simulation. The energy-time dispersion of electron microbursts can be explained via
time-of-flight analysis with short-living and propagating chorus waves [1]. The effect of individual microbursts
on the ionospheric changes is investigated by coupling wave-particle interaction model in the magnetosphere [1],
GEANT4 model [2], and ionospheric chemistry (GPI) model [3]. It is found that the response in the ionosphere is
highly dependent on altitude, due to various time scales of different processes (chemistry recovery time scale,
individual microburst time duration, repetition period of chorus waves) involved. Figure 1 shows an example of
simulation results of ionospheric variability induced by a single chorus element. The chorus element in the
magnetosphere leads to less-than-1s pulse of ionization rate over 60-150 kms (Fig 1a, 1b). lonospheric chemistry
process leads to a continuous increase of electron density over the duration of the pulse (Fig 1c, 1d), followed by
slow recover to the initial state over the typical chemistry time scale, depending on the altitudes, e.g., 10s seconds

at 90 km (Fig 1d).
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Figure 1. (a) electron-ion pair production rate in unit of cm-3 s-1 as a function of altitude and time due to
electron preciptiation due to a single chorus element. (c) electron density variation as a result of the chorus-
driven ionization source. (b) and (d) shows line profiles of (a) and (b), respectively, at a fixed altitude of 90 km.
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