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Abstract. Models of hydrogen-proton transport in proton aurora predict the
line profile of the hydrogen emissions from specified incident proton precipitation.
We are using a model that includes collisional angular redistribution which leads
to upward moving proton and hydrogen fluxes. For ground-based observation in
the magnetic zenith this causes a small Doppler broadening toward the red in the
line profile. The precipitating energetic hydrogen atoms are responsible for the
prominent Doppler shift toward the blue. The resulting line profile has thus both a
widened red and a widened blue wing. Using a spectrometer with sufficient spectral
resolution to distinguish the red-shifted wing of the line from the instrumental line
broadening, we obtain Hg line profiles (486.1 nm). Comparing the predicted line
shapes to our observations, we find the red-shifted wing is due to upward moving
hydrogen as predicted by the angular redistribution in the model calculations. The
shape of the blue-shifted wing, rather than the location of the peak of the blue-
shifted line profile, is a suitable indicator of the mean energy of the precipitating

proton flux.

1. Introduction

When energetic protons precipitate into the thermo-
sphere they undergo collisions with the ambient at-
mospheric gas. In charge-exchange collisions a proton
turns into an energetic hydrogen atom, which in turn
can get stripped of its electron in a subsequent colli-
sion. Eventually, the proton flux will turn into a mix-
ture of energetic protons and hydrogen atoms. Pro-
tons are bound to spiral along the magnetic field di-
rection; hydrogen can cross field lines. Unlike the nar-
row and well-defined curtains of electron aurora, the
proton aurora is thus spread out into a diffuse glow.
Elastic and inelastic collisions can cause small deflec-
tions of the velocity. This causes pitch angle changes
in the proton flux and results in a small backscattered
component that escapes upward. The energetic par-
ticles loose energy in collisions with ambient neutrals.
Part of that energy is transfered to secondary electrons
(proto-electrons), which then also contribute to the au-
roral emissions. To simulate such a proton aurora,

Inow at: Center for Space Physics, Boston University, Boston,
MA 02215

Copyright 2001 by the American Geophysical Union.

Paper number 2000JA002014.
0148-0227/00./2000JA002014$09.00

23

one must solve a combined proton-hydrogen-electron
transport equation. Several approaches are possible for
such a model, ranging from quasi-analytical approaches
[Jasperse and Basu, 1982; Basu et al., 1987], Monte
Carlo simulations [Kozelov, 1993; Decker et al., 1996;
Lorentzen et al., 1998; Synnes et al., 1998; Gerard et
al., 2000], to explicit solutions of the coupled Boltz-
mann equations [Basu et al., 1993; Strickland et al.,
1993; Galand et al., 1997, 1998].

Hydrogen emissions originate exclusively from pro-
ton aurora. Neither the secondary electrons nor the
precipitating electrons in electron aurora contribute to
the hydrogen emissions, since the density of ambient
hydrogen in the thermosphere at the altitude of aurora
is negligible. In this study we focus on a typical sig-
nature of the proton precipitation, the line profile of
the Hg emission, and we adopt results from the proton-
hydrogen transport code from Galand et al. [1997]. The
proton-hydrogen transport equations allow for charge
exchange, stripping, ionization, excitation, and elas-
tic collisions. The model is one-dimensional in space
(along the magnetic field direction) and time indepen-
dent. The effect of horizontal spreading can be taken
into account by assuming a spreading factor [Jasperse
and Basu, 1982]. This affects the predicted brightness,
but has no effect on the shape of the line profile, when

the model is applied to the center region of a precipita-
tion event.
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In this paper we present ground-based observations of
line profiles of the Hg emission. From several months
of observations during the 1998 and 1999 winter sea-
sons in Poker Flat, Alaska, we discuss the data from
one night by way of example. Our main focus is to
use the observations to illustrate and confirm features
of the Doppler line profile of the Hz emission that are
predicted by model calculations.

2. Predictions of the Proton Aurora
Model

The solution of the coupled proton-hydrogen trans-
port equations is described in detail by Galand et al.
(1997, 1998]. We use that model to study the system-
atic behavior of the hydrogen emission Doppler profiles.
Given an incident proton flux at the top of the atmo-
sphere, the particle fluxes are determined from the solu-
tion of the steady state Boltzmann equations as a func-
tion of altitude, energy, and pitch angle. The model
describes the energy loss through collisions by dissipa-
tive forces, and angular redistribution of collisional and
magnetic origin are included [Galand et al., 1997]. This
proton transport code has been successfully validated
by comparison with rocket particle data [Spraas et al.,
1974] and by comparison with the model of Basu et al.
(1993] [Galand et al., 1997]. From the particle fluxes
and excitation cross sections we calculate the hydrogen
emission Doppler profile [Galand et al., 1998].

The incident flux at the top of the atmosphere is as-
sumed to be purely protons and isotropic over the down-
ward hemisphere [Sgraas et al., 1974; Basu et al., 1987].
The characteristic energy of the Maxwellian, Ey, half of
the mean energy, is varied between 1 and 20 keV, typical
for nightside auroral proton precipitation [Haerdy et al.,
1989]. Since the transport equations are linear with re-
spect to the incident energy flux, the energy flux has no
effect on the shape of the Doppler profile. The neutral
atmosphere is specified by the Mass Spectrometer and
Incoherent Scatter model (MSIS-90) [Hedin, 1991], for
the location of Poker Flat (66.56° N, 148° W) at 0230
local time in winter, with a magnetic activity index Ap
of 50 and a solar index Fyg.7 of 150. The model assumes
a vertical magnetic field. The collision cross-section set
and collision energy losses are discussed by Galand et al.
[1997, 1998]. The incident beam is assumed sufficiently
broad (larger than 250 km) that beam spreading as-
sociated with the horizontal diffusion of the hydrogen
atoms can be neglected [Jasperse and Basu, 1982).

The Doppler profiles in proton aurora depend not
only on the energy distribution of the energetic hydro-
gen but also on the observing geometry. The veloc-
ity vector of a gyrating proton is preserved in the lin-
ear velocity of a hydrogen at the moment of a charge-
exchange collision. For observations perpendicular to
the geomagnetic field the perpendicular velocity com-
ponent of the gyration of the protons and the phase
angle of the gyration define the line of sight velocity of

the hydrogen that leads to the Doppler shift of a subse-
quent emission. The uniform distribution of the phase
angle results in a symmetric Doppler profile centered
on the unshifted emission wavelength. For observations
along the magnetic field the line of sight velocity of
the hydrogen is determined by the parallel velocity of
the gyrating protons, while the phase angle does not
contribute. This leads to asymmetric Doppler profiles,
where the blue and red wings represent the velocity dis-
tribution of down and upward moving hydrogen.
Figure 1 shows examples of the Hg line profile for
observations along the magnetic field for characteristic
energies of 1, 3, 10, and 20 keV. Each profile is nor-
malized for this comparison. The relative normaliza-
tion is equivalent to increasing the energy flux as Fp
increases, giving ~ 1, 2.5, 7, and 13.5 mW m~2, for the
four characteristic energies, respectively. The dashed
lines show the calculated emission Doppler profiles. For
comparison with observations we have convolved these
line profiles with a triangular instrument function with
a full width at half maximum (FWHM) of 0.43 nm.
The horizontal bar at the bottom indicates the simu-
lated instrument resolution. The solid lines show the
Doppler line profile after convolution with the instru-
ment function. These model runs were made without
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Figure 1. Hp line profiles from model calculations
without angular redistribution for incident Maxwellian
proton spectra with Ey of 1, 3, 10, and 20 keV. The
dashed lines are the emission Doppler profiles; the solid
lines are the same profiles convolved with an instrument
function with full width at half maximum (FWHM) of
043 nm. The dotted vertical line indicates the un-
shifted emission wavelength (486.1 nm); the horizon-
tal bar shows the instrument FWHM. Each profile is
normalized for comparison. The blue wing of the line
profile brightens as Ej increases.






