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Introduction to special section:

Proton precipitation into the atmosphere

Marina Galand!

Space Environment Center, National Oceanic and Atmospheric Administration, Boulder, Colorado

1. Introduction

Energetic protons, precipitating into the atmosphere,
interact with the ambient neutrals, leading to excita-
tion, lonization, elastic scattering, and, for MeV pro-
tons, dissociation. In addition, a proton can capture
an electron, producing an energetic H atom, which has
enough energy to interact, in turn, with the ambient
neutrals. This H atom can also get stripped of its elec-
tron, becoming a proton again. Because of these charge-
changing reactions, the incident proton beam penetrat-
ing the atmosphere becomes a mixture of protons and
H atoms [see, e.g., Rees, 1989]. In addition, electrons
are produced inside the proton beam through ionization
and stripping reactions. These electrons, also called
proto-electrons, can be energetic enough to excite and
ionize atmospheric gases. All these interactions lead to
electron and ion production, heating, and excitation,
and to the spectacular auroral emissions. Excitation
can be produced directly by the energetic particles or
indirectly via chemistry. Protons in the keV energy
range deposit most of their energy in the £ region (100-
160 km), whereas MeV proton energy deposition will
occur at lower altitudes, typically in the D region and
below.

H emissions resulting from excited H atoms inside
the proton beam are a unique signature of proton pre-
cipitation. In the region where precipitating particles
deposit their energy, the ambient H atom density is too
low to produce a significant amount of auroral emis-
sions from excitation by energetic particle precipitation.
Since the hydrogen atoms retain the energy of the pro-
tons on charge exchange, the emissions of excited H
atoms are Doppler-broadened and -shifted. Observed
from ground along the magnetic zenith, the H emission
profile is blue-shifted, because most of the energetic H
atoms are moving downward. Unlike electron aurora,
proton aurora is diffuse owing to the contribution of H
atoms whose path, independent of the magnetic field
configuration, produces a spreading of the incident pro-
ton beam [see, e.g., Father, 1967].

Proton precipitation is observed at different loca-
tions around the Earth. At high latitudes, keV pro-
tons contribute to the auroral ovals, precipitating from
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the plasma sheet, the magnetosheath, the low-latitude
boundary layer, and through the cusp [see, e.g., Hardy
et al., 1989]. MeV protons from solar particle events
[Gosling, 1993] induce the polar cap absorption (PCA)
events. The additional £ and D region (20-120 km)
ionization caused by proton precipitation results in the
enhancement of absorption of the background high-
frequency cosmic radio waves across the entire polar
cap [see, e.g., Bailey, 1964]. Finally, energetic neutral
atoms (ENA) and protons originating in the ring cur-
rent produce low-latitude and midlatitude aurorae [see,
e.g., Rassoul et al., 1993].

Since publication of the review papers on proton
precipitation by Eather [1967] and McNeal and Birely
[1973], tremendous progress has been made in modeling
as well as on instrumental performance, and the inter-
est in proton precipitation has been getting stronger.
To illustrate this, two proton workshops were organized
during the coupling energetics and dynamics of atmo-
spheric regions (CEDAR) meetings in 1994 by R. Smith
and in 1999 by M. Galand. Numerous instruments,
both ground-based and satellite-borne, have recently
been deployed to observe proton aurora, as illustrated
in Figure 1. The effort invested in auroral proton stud-
ies has lead to the development of more comprehensive
models describing the interaction of energetic protons
with the atmosphere. These tools have been relevant
for the analysis of space-/ground-based observations.
Such studies have shown that protons can have a signif-
icant influence on the ionosphere and the thermosphere
through ionization, conductivity changes, heating, and
composition changes [e.g., Shumilov et al., 1992; Ga-
land et al., this issue]. These are all quantities of great
concern in space weather. In addition, the large-scale
morphology of proton aurora is a better indicator than
electrons for mapping observed auroral features to mag-
netospheric regions or processes.

Consequently, it is time to emphasize to the iono-
spheric and magnetospheric communities the role of en-
ergetic protons in the atmosphere. In addition, a review
of proton studies is all the more timely, since very recent
and future missions (e.g., Imager for Magnetopause-to-
Aurora Global Exploration (IMAGE), Thermosphere
Ionosphere Mesosphere Energetics and Dynamics
(TIMED), National Polar-orbiting Operational Envi-
ronmental Satellite System (NPOESS)) are expected
to acquire relevant data on proton aurora in the years
ahead. The purpose of this special section of the Jour-
nal of Geophysical Research is to provide a forum for an
overview of the current state of the field and to open a
discussion of remaining questions that address the need
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Figure 1. Overview of the observations related to proton precipitation. PCA, polar cap absorp-

tion.

for future studies. Based on the CEDAR 99 proton
workshop, the different subjects discussed here are the
following: the origin and characteristics of the incident
protons, H emission observations and analysis, the mod-
eling of proton transport in the atmosphere, and the
coordinated observations of proton aurora. While em-
phasizing recent progress in proton issues, sections 2-6
do not give a comprehensive review of proton studies
but serve to introduce the papers of this special sec-
tion.

2. Incident Energetic H" and H Fluxes
Precipitating Into the Atmosphere

Characteristics of the incident protons precipitating
into the atmosphere can be derived from measurements
by particle detectors on board satellites or rockets. Be-
cause of wave-particle interaction and convection pro-
cesses in the magnetosphere, the keV auroral protons
must be measured at the top of the atmosphere, be-
low 1000 km. They are measured routinely by the Na-
tional Oceanic and Atmospheric Administration/Polar-
orbiting Operational Environmental Satellite (NOAA/
POES) and Defense Meteorological Satellite Program

(DMSP) polar-orbiting satellites at ~ 850 km altitude.
Proton spectra observed in the auroral nightside ovals
derived from NOAA 6 in the 300 eV - 20 keV energy
range and from DMSP satellite in the 50 €V - 32 keV en-
ergy range are presented by Basu et al. [this issue] and
by Lummerzheim et al. [this issue], respectively. In the
keV range the proton spectra often follow a Maxwellian
distribution relatively well. At higher energies (typi-
cally above 20 keV) the assumption of a Maxwellian
distribution underestimates the high-energy tail that is
observed, which seems to follow a power law [Basu et
al., this issue; Galand et al., this issue]. Solar MeV pro-
tons, with direct access to the polar atmosphere, can
be observed from farther away, in the interplanetary
medium. To study the effect of the solar protons, Pat-
terson et al. [this issue] use particle measurements from
the Interplanetary Monitoring Platforms (IMP 8) satel-
lite orbiting around the Earth between 30 and 35 Earth
radii. The MeV distribution in energy is shown to be
highly variable, but a power law representation can be
used. As for the distribution in angle, the intense ion
fluxes at high magnetic latitudes are isotropic over the
downward hemisphere [Basu et al., this issue; Galand
and Richmond, this issue; Jordanova et al., this issue],






