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1 Extended Abstract

Energetic Particle Precipitation (EPP) is the mechanism by which energy from cosmic rays, the radiation belts,
and the current sheet deposit energy in Earth?s atmosphere. EPP is one of the primary mechanisms responsible
for loss from the radiation belts, and hence influences radiation belt fluxes and lifetimes. In the upper atmosphere,
EPP is responsible for the creation of new ionization and alters the chemical composition of the stratosphere,
mesosphere, and thermosphere. The chemical changes induced by EPP have implications for odd nitrogen and
hydrogen production and the ozone cycle in the polar winter.

EPP induces a number of secondary effects in the atmosphere which can be used as diagnostics of EPP fluxes.
These effects include i) production of ionization and perturbations to the background electron and ion densities; ii)
optical emissions; iii) x-ray and gamma-ray production; iv) particle backscatter; and v) chemical effects, include
NOx and HOx production and related ozone reduction. Some of these signatures can be observed from ground-
based instruments, while others require balloon or spacecraft instruments.

In this paper we present an overview of the production mechanisms for these five signatures, and calculations of
their magnitudes for given precipitation fluxes and energy spectra. We use a Monte Carlo model to propagate dis-
tributions of electrons from high altitudes ( 500 km) into the upper atmosphere, and include the magnetic gyration
and mirror forces. Particle trajectories are tracked in phase space, secondary ionization is created, and energy is
deposited using a dynamic friction function. For ionization signatures, we present ionization production profiles
versus altitude. Using two models of mesospheric ion chemistry, we compute the expected electron and ion density
profiles resulting from this precipitation. Finally, we show that these signatures are measurable from ground-based
radars and VLF subionospheric remote sensing, and present data examples indicative of EPP signatures.

For optical signatures, we compute the expected photon production from given EPP fluxes in a range of emission
bands, in particular the band systems of N2 and N+

2 . Propagating those photons to ground-based instruments, we
show that the optical signatures of EPP are detectable from the ground using appropriate instrumentation, and may
be differentiable from typical auroral emissions through the observed spectral and temporal response.

For x-ray and gamma-ray production, we compute the photon production for given EPP fluxes, and propagate
these high-energy photons through the atmosphere using the Monte Carlo model. Compton scattering and photo-
electron production are used to calculate the production of secondary electrons. X-ray signatures observed from
high-altitude balloons and from low-earth-orbit spacecraft are computed, and the former is compared with recent
observations from the BARREL campaigns.

Finally, we use the Sodankyla Ion Chemistry (SIC) model to compute NOx and HOx production and related ozone
effects from our simulated EPP fluxes. The resulting chemical signatures are compared with previous calcula-
tions using other methods, showing the Monte Carlo method provides consistent results compared to established
methods.
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