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TECHNOLOGY OPERATIONS

The Aerospace Corporation functions us an “architect-engineer” for national security
programs, specializing in advanced military space systems. The Corporation's Technology
Operations supports the effective ana tiimely development and operation of national security
systems through scientific research and the application of advanced technology. Vital to the
success of the Corporction is the technica! staff's wide-ranging expertise and its ability to stay
abreast of new technological developments and program support issues asscciated with rapidly
evolving space systems. Contributing capabilities are provided by these individual Technology
Centers:

Electronics Technology Center: Microelectronics, solid-state device physics, VLSI
reliability, compound semiconductors, radiation hardening, data storage
technologies. infrared detector devices and testirg; electro-optics, quantum
electronics, solid-state lasers, op*':al propagation and communications; cw and
pulsed chemical laser developmenri, optical resonators. beam control, atmospheric
propagation, and laser effects and .ountermeasures; aiomic frequency standards,
applied laser spectroscopy, laser chemistry, laser optoelectronics, phase conjugation
and coherent imaging, solar cell physics, battery electrochemistry, battery testing and
evaluation,

Mechanics and Materials Technology Center: Evaluation and characterization of
new materials: metals. alloys. ceramics, polymers and their composites. and new
forms of carbon; development and analysis of thin films and depositi »n techniques:
nondestructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; development and evaluation <f hardened
components; analysis and evaluation of materials at cryogenic and elevated
temperatures; launch vehicle and reentry fluid mechanics, heat transfer and flight
dynamics; chemical and electric propulsion; spacecraft structural mechanics,
spacecraft survivability and vulnerability assessment; contamination, thermal and
structural control; high temperature thermomechanics, gas kinetics and radiation;
lubrication and surface phenomena.

Space and Envirenment Technology Center: Magnetospheric, auroral and cosmic
ray physics, wave-particle interactions, magnetospheric plasma waves: atniospheric
and ionospheric physics, density and composition of the upper atmosphere, remote
sensing using atmospheric radiation; solar physics, infrared astronomy, infrared
signature analysis; effects of solar activity, magnetic storms and nuclear expiusions
on the earth's atmosphcre, ionosphere and magnetosphere; effects f electromagnetic
and particulate radiations on space systems; space instrumentation; propellant
cheu. istry, chemical dynamics, environmental chemistry, trace detection;
atmospheric chemical reactions, atmospheric optics, light scattering. state-specific
chemical reactions and radiative signatures of missile plumes, and sensor out-of-
field-of-view rejection.
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Abstract. Ground based measurements from the
CANOPUS array of meridian scanning photometers aru
precipitating ion and elcctron data from the DMSP F9
satellite show that the electron arc which brightens to
initiate substorms intensifications is formed within a region
of intense proton precipitation that is wel! equatorward (~4-
6°) of the nightside open-closed field line boundary. The
precipitating protons are from a population that is energized
via Earthward convection from the magnetotaii into the
dipolar region of the magnetosphere and may play an
important role in the formation of the electron arcs leading
to substorm intensifizations on dipolelike field lines.

Introduction

Considerable controversy evists on the question of where
in the magnetosphere substorm intensifications are initiated.
Some models place the region in the distant magnetotail,
others place it in the magnetotail at radial distances, r, of
about 15 RE, and others place it near the Earth at r ~6-10
Rg. We use meridian scanning photometer data from the
Canadian Auroral Network for the OPEN Program Unified
Study (CANOPUS) array and precipitating particle
observations from the DMSP F9 satellite [Sanchez et al.,
1992] to delineate the region of the initiation of substorm
intensifications. Earlier studies {Fukunishi, 1975; Vallance
Jones et al., 1982) have shown that the electron arc that
brightens at the onset is within or near the noleward edge of
a region of intense proton precipitation. These studies did
not, however, focus on a number of important features of
the electron arc or on source regions responsible for
substorms.

We have analyzed 40 intervals with substorm
intensifications seen in the CANOPUS data, ranging from
about 2100 to 0200 local magnetic time. In this paper we
discuss two representative examples. The first example,
from December 7, 1989, shows characteristic growth phase

Copyright 1992 by the American Geophysical Union.
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signarures. Prior to onset, there is equatorward motion of
the energetic proton emissions and of a regicn of 6300 A
emissions nat extends very close to the poleward boundary
of closed field lines. The second example, from December
8 1989, does not show thase growth phase signatures.
Nevertheless, in both cxamples, and in the 38 other events,
the substorm intensification starts as a brightening of an
elzctron arc that is embedded in the region of energetic
proton precipitation.

Instruments and Data

We use observations of 4861 (HB), 5577, and 6300 A
emissions recorded at Gillam and of 6300 A emissions
recorded at Rankin Inlet (se¢ Samson et al. {1992) for more
details). The HB emissions at Gillam delineate the energetic
proton precipitation mgion and the 6300 A emissions at
Rankin Inlet in combination with DMSP measurements
help to determine the approximate position of the boundary
of open field lines. We have found, by looking at several
DMSP passes near the CANOPUS array, that the poleward
border of 6300 A emissions coincides with the equatorward
boundary of the region of polar rain and presumably open
field lines.

The CANOPUS data from December 7 (Figure 1) show
a narrow (approximately 1-2° latitudinal width) band of
HP emissions, indicating proton precipitation, near 68-69°
geomagnetic latitude at 0300 UT. At 0420 UT, the HB
band begins moving equatorward reaching 65° to 66° just
before a substorm intensification which occurs at about
0610 UT. The magnetometer data for this event (Figure 10
of Samson et al’ [1992]) show a sharp onset ¢f a negative
bay at Gillam at this time. This equatorward mction of the
proton precipitation i most likely due to an increasing
cross-tail current near the Earth [Kaufmann, 1987] during
the growth phase of the substorm, with subsequent "taillike”
stretching of geomagnetic field lines near local midnight.

An additional growth phase signature is evident in the
6300 A data from Rankin Inlet. The poleward boundary of
a band of 6300 A emissions moves from about 76° at 0400
UT to 72° at 0600 UT with a somewhat more rapid
equatorward motion between 0605 UT and the time of the
substorm intensification. This poleward boundary of the
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Fig. 1. Mendian scanning photometer data from Gillam (bottom 3 panels) and Rarkin Inlet (top panel) for
December 7, 1989. fhe CANOPUS and DMSP data are plotted in PACE coordinates [Baker and Wing, 1989)

6300 A emissions is quite close to the tmnsition reg on
from clnsed to open field lines (see the DMSP d.'»
discussed below), and its equatorward motion n.ay indicate
a corresponding expansion of the region of open field lines.

A narrow region of eahanrced 5577 A emissions situated
at 67° latitude brightens at about 0600 UT and then moves
equatorward by about 1° during the ensuing 10 min. The
5577 A emission are collocated with fairly strong 6300 A
emissions, indicating relatively low energy electron
precipitation (on the order of | keV).

Inspection of the 5577 and 6300 A emissions at Gillam
indicates that the initial brightening of the electron arc
associated with the substorm intensification starred at 66°,

re "

near or just poleward of the maximum proton emissions. At
onset, the open-closed field line boundary estimated from
the 6300 A emissions was just poleward of 70° giving more
than a 4° latitudinal separation betweea the brightening arc
and the region of open field lines. The 6300 A data from
Rankin Inlet show that the activation reached about 74° lati-
tude within 10 min of the initial intensification.

Figure 2 shows the DMSP data for a pass that traversed
the northem auroral zone just before th« substorm
intensification and about 2 hours in local time to the west of
the CANOPUS photometers. Between 0603 and 0603:30
UT (66.6 and 64.7° latitude), intense ion precipitation can
be seen which shows a latitudinally dispersed energy
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Fig. 2. DMSP P electron and ion data for December 7, 1989.
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Fig. 3. Mendian scanning photometer data from C.llam (bottom 3 panels) an¢ Rankin Inlet (top panel) for December 8, 1989

spectra, with an energy that monotonically increases with
decrcasing latitude. lon cnergies are greater than 20 keV
over the interval from 64.9 to 659°, which matches the
latitude range of the maximum in the HP emissiors at this
time (65.0 to 66.3°). The latitudinally dispersed ¢nergies in
this low-latitude proton band are charactenstic of ions
which have been energized by the increase in magnetic
field as they convect inward from the plasma sheet into the
dipolelike regions of the inner magnetosphere (£)in, 1978,
Sauvaud et al., 1985). Estimates of the ion pressures in this
event indicate a strong Earthward gradient, with a pressure
of about 0.2 nPa at 67.4°, increasing monotonically to 1.1
nPa at 65.4°.

The DMSP electron data show precipitation that appears
to be polar rain extending poleward from about 72°,
agreeing with the boundary inferred from the Rankin Inler,
6300 A data.

The CANOPUS data for the second example are shown
in Figure 3 (see Samson et al. [1992] for magnetometer
data for this event). The substorm intensification began at
about 0650 UT with the bnghtening of an electron arc at
67.5°. The 6300 A data from Rankin Inlet suggest that at
the onset of the intensification, the region of open field
lin*s was north of 73°. Cons.quently the separation
between the bnghtening arc and the region of open field
lines was 6° There is no 'ndication of an equatorward
motion of the region of open ficid lines (the 6300 A
emissions do not move equatorward), nor any significant
equatorward motion of tae band of strong HP emissions

After onset, the enhanced electron precip‘tation
expanded poleward to reach the edge of the open fir.id lines
in about 4-5 min, where the poleward cxpansion stopped. A
DMSP pass after the onset (not shown here) indicates that
the boundary of the region of open field lines was at about
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Fig. 4. DMSP F9 electron and ion data for December 8,1989.
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74° a1 0726 UT agreeing with the boundary inferred from
the 6300 A emissions

The HB data show a region of localized proton
precipitation between 66.5 and 68° just prior to the
substorm intensification. DMSP data (Figure 4) from a
pass about | hour in local time to the west of the
photometers shows a regior. of intense energelic 1on
precipitauon at 0542 UT having a lattudinally dispersed
energy spectra. The ion energies are greater than 20 keV
between about 66.6 and 67.5°, which overlaps the region
of KB emissions seen in the meridian scanning photometer
data. As with the previous example, the bnghtening
electron arc was well within the region of precipitating
energized protons. The ion precipitation in thc DMSP data
has a fairly abrupt cutoff near 74° latitude, which indicates
the open-closed field line boundary was at or puleward of
this latitude.

Discussior and Conclusions

The two examples we have shown here, and the 38
others we have studied, give strong evidence that the
clectron arc which brightens first at the onset of a substorm
intensification is situated on stretched but dipolelike field
lines that cross the equatorial plane close to the Eanh,
possibly between 6 and 10 Rg. This evidence comes from
the fact that all the observed electron arcs were within
regions of intense proton precipitation with the latitudinally
dispersed energy spectra charactenstic of Earthward
convecting ions on dipolelike field lines (sec also Sanchez
et al. [1992]) That we have found the brightenings
occurring ~4-6° equatorward of the open-closed field line
boundary is consistent with this conclusion. Also, the
conclusion is supported by observations of nightside, MHD,
field-line resonances which show that the brightening arcs
are often locuted near or equatorward of existing resonances
[Samson et al, 1992]. These obseivations suggest that
plasma sheet boundary layer models [Rostoker and
Eastman, 1987, Joerntz and Smith, 1989] cannot explain tie
onset of the substcrm in‘ensification.

The events we have analyzcd illustrate that one of the
few predictable features of the substorm intensification is
the formation and brightening of an electron arc within the
region of energized protons. Growth phase signatures such
as the equatorwa.d expansion of the region of open field
lines, thinning of the plasma sheet, and motion of the inner
portion of the cross tail current toward the Earth are very
common features of the substorm growth phase. However
they are not always seen and thus are probably not
necessary conditions for the triggen.; of a substorm
intensification. Consequently, formation of a neutral line in
the central plasma sheet [Hones, 19791 might not be the
dominant process which leads to arc fc rmation, brightening,
and the initiation of the substorm intensification.

The fact that the electron arc which starts the substorm
intensification is in a region of cnergized ions on stretched
but dipolelike field lines suggests a possible connection
between substorm arcs and these ions. Lyons and Samson
[1992] cuggest that strong radial and dawn-to-dusk direced
azimuthal pressure gradients drive the upward field aligned
currents associated with the pre-breakup arc.
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