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Emission of OI(630 nm) in proton aurora

D. Lummerzheim', M. Galand,>? J. Semeter,* M. J. Mendillo,®> M. H. Rees,’
and F. J. Rich®

Abstract. A red aurora occurred over southern Canada and central Maine on
April 11, 1997, producing a brightness of OI(630 nm) of several Kilorayleighs,
which lasted for several hours. Two passes of the Defense Meteorological Satellite
Program (DMSP) F12 satellite occurred during this time, and optical data were
obtained from four CEDAR Optical Tomographic Imaging Facility (COTIF) sites.
The DMSP F12 particle spectrometers observed proton precipitation south of the
electron aurora with energy fluxes of several mW m~2. Tomographic inversion of the
COTTF optical observations gives the altitude profile of emissions along a magnetic
meridian. We combine all available data using an ionospheric auroral model. Our
analysis shows that the model produces the observed auroral brightness from the

proton precipitation alone.

1. Introduction

The appearance of proton aurora from the ground is
typically that of a dim and diffuse glow. Unlike electron
aurora, which occurs as bright and well-defined cur-
tains, proton aurora tends to have very little structure
in the observed brightness. This is because of the hori-
zontal spreading of the precipitating energetic particles.
Energetic protons, which are bound to gyrate around
the geomagnetic field lines, readily undergo charge ex-
change in collisions with atmospheric neutrals. The re-
sulting energetic hydrogen continues on a straight path
in the direction given by the pitch angle and azimuth
angle of the gyration of the proton at the moment of
the collision. Subsequent stripping collisions of the en-
ergetic hydrogen with atmospheric neutrals returns an
energetic proton again. This process leads to the hori-
zontal spreading and loss of structure that the original
energetic proton flux may have had.

The horizontal spreading also causes a significant de-
crease of the observable brightness of optical emissions
in proton aurora compared to an electron aurora with
the same total energy flux. An optical signature of pro-
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ton aurora is the brightness of hydrogen emissions, H,
at 656.3 nm and Hg at 486.1 nm in the visible wave-
length range and Lyman-a in the extreme ultraviolet
wavelength range. These hydrogen emissions do not
occur in electron aurora, because of the small fraction
of hydrogen in the neutral atmosphere. The energetic
hydrogen that emerges from charge-exchange collisions,
on the other hand, will be excited and emit Doppler-
shifted radiation of hydrogen lines. The energetic hy-
drogen atoms and protons also cause excitation and ion-
ization in collisions with the neutral constituents in the
atmosphere. The secondary electrons (by this we mean
the ejected electrons in ionization collisions) also have
sufficient energy for further excitation and ionization.
They are an additional source for the excitation of N,
O3, and O that leads to the full spectrum of auroral
emissions in proton aurora.

Optical emissions in the UV and EUV spectral range
in proton aurora have been studied systematically by
Strickland et al. [1993]. Rees [1982] has calculated the
H, and Hp brightness in relation to the N7 first nega-
tive (1N) brightness to compare theoretical predictions
of brightness ratios to observed values. FEdgar et al.
[1975] studied red line emissions in the polar cap that re-
sult from high energy (MeV) proton precipitation. Sri-
vastava and Singh [1988] present model calculations for
the brightness of O I(630 nm) and O 1(557.7 nm) for var-
ious proton precipitation spectra, including power law
spectra representative for high-energy polar cap pre-
cipitation and Maxwellian spectra for proton aurora in
the keV energy range. In an early paper on excitation
of high-altitude red auroral arcs, Rees [1961] concluded
that the most likely excitation source of an arc observed
and measured in Alaska [Rees and Deehr, 1961] was a
flux of several keV protons of ~ 100 cm~2s~L.

In this paper we examine a specific case of proton
aurora where we have good observational coverage. On
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Plate 1. Map showing the relative location of the satellite and ground-based observations. The
proton and electron energy fluxes along the DMSP F12 passes are shown as a color-coded strip
(protons to the right, electrons to the left side of each pass).. The color bar applies to both
protons and electrons. The CEDAR Optical Tomographic Imaging Facility (COTIF) locations
are indicated, and the O I(630 nm) Millstone Hill all-sky image from 0307 UT is shown mapped
to 250-km altitude. Lines of constant magnetic latitude with 2.5° spacing from 50° to 62.5°
are shown in blue. The DMSP passes were 2 hours and 20 min, respectively, before the aurora

reached the COTIF sites.
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Plate 2. DMSP F12 electron and proton spectrograms. (a) The integrated energy flux (solid
line for electrons, dashed line for protons). (b) The mean energy of electrons and protons. We
only calculate the mean energy where the energy flux is above 0.05 mWm™2. (c) The electron

spectrograms. (d) The proton spectrograms.

- Vg .
army Brightness
e

Brightness (xR)

ko

1:30 2:00 2:30 3:00 3:30 4:00 4:30

Time (UT)

5:00

Plate 3.

Meridional brightness versus time of the

OI(630 nm) red line brightness from Farmington.
Shown is the line of sight brightness as a function of el-
evation angle (bottom is south, top is north) and time.
Note that the color scale is set to terminate at 2.5 kR,
while the actual brightness in the north reached 5.5 kR.






