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Transient convection in the Earth’s
magnetosphere and the generation of
Pi2 pulsations

Emil L Kepko (lkepko@bu.edu)

Boston University, CSP 725 Commonwealth Ave,
Boston, MA 02445, United States

Pi2 pulsations (T 40-150 s) are irregular magnetic
field oscillations observed to occur near substorm on-
set. In this talk we present the results of studies explor-
ing the generation of Pi2 pulsations by transient mag-
netotail flow bursts. We find that waveforms of low-
latitude Pi2 match the variations in flow velocity mea-
sured in the middle magnetotail with a 1-3 minute de-
lay. This correlation had not been previously reported
and identifies the intrinsic periodicity in flow bursts as
the source of low-latitude Pi2. Pi2 generation is related
to the types of impulses generated when a flow reaches
the transition region between stretched tail and dipolar
field lines. The field-aligned, Alfvnic component par-
tially reflects at the ionosphere and leads to the gen-
eration of what we refer to as transient response (TR)
Pi2. The periods of these Pi2 are intrinsic to the lo-
cal flux tubes and are unrelated to the periodicity of
flow enhancements. Transient currents caused by flow
deceleration are also generated and we term the pulsa-
tions that result inertial current (IC) Pi2. An impul-
sive, cross-field, compressional wave is also produced by
the braking of the flow. How this signal generates low-
latitude Pi2 was unknown prior to this work. We of-
fer compelling evidence that the impulsive signal trav-
els sunward and perturbs field lines launching Alfvén
waves towards the ionosphere. The Pi2 perturbations
observed on the ground are directly-driven, and the
waveforms of these waves match the flow variations.
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Characterizing the Periodicity of Bursty
Bulk Flows

Shannon McCurdy1 (617-353-5990;
smccurdy@bu.edu)

Harlan E Spence1 (617-353-7412; spence@bu.edu)

Larry Kepko1 (617-353-5990; lkepko@bu.edu)
1Boston University Center for Space Physics, 725

Commonwealth Avenue, Boston, MA 02215, United
States

Localized high-speed flows (> 400 km/s), called
bursty bulk flows (BBFs), occur frequently in the in-
ner central plasma sheet of Earths magnetotail. BBFs
are observed to occur semi-periodically with a charac-
teristic period of approximately 20 minutes. A large
collection of BBF events from 1996 are identified using
Geotail magnetic field and plasma data, at times when
the spacecraft was located between 10 and 25 Earth
radii in the anti-sunward direction. An ensemble BBF
time series is constructed using a super-posed epoch
analysis of the magnetic field and bulk plasma proper-
ties of the individual events. Epoch time is defined by
the initial sharp increase in sunward velocity during a
BBF, rather than at the time of the peak flow. The
super-posed analysis interval spans one hour pre-epoch
time to two hours post-epoch time. Fourier analysis
of the post-epoch BBF interval reveals strong period-
icities in plasma velocity, temperature, and magnetic
field. Results of the analyses characterizing these peri-
odicities, as well as representative case studies of BBF
events, will be detailed.

SM52B-03 1410h

Double-Adiabatic-MHD Theory for
Motion of a Thin Magnetic Filament
and Possible Implications for Bursty
Bulk Flows

Shuo Ji1 (713-348-3358; ji@spacsun.rice.edu)

Richard A Wolf1 (713-348-3308; rawolf@rice.edu)
1Physics and Astronomy Dept. Rice University, Mail

Stop 108 P. O. Box 1892, Houston, TX 77251,
United States
The plasma distribution function observed in a

Bursty Bulk Flow (BBF) often exhibits one beam
flowing through another, which raises the question of

whether BBFs can reasonably be represented in terms
of single-fluid magnetohydrodynamics, either in global
MHD codes or in the thin-filament theory. Study of a
simplified case suggests that double-adiabatic MHD is
more realistic than ordinary MHD for situations with
counter-streaming beams. Motivated by this result, we
derive double-adiabatic MHD equations describing the
motion of a thin filament through a medium. The dis-
persion relationships for linear waves are the same as
in anisotropic MHD in an infinite homogenous medium
and thus exhibit firehose and mirror instabilities, for
transverse and longitudinal waves, respectively. We
have developed a double-adiabatic MHD code to rep-
resent the motion of a thin filament moving through
Earth’s plasma sheet. An initial simulation shows the
evolution of a double-adiabatic filament that starts
out with lower gas pressure than nearby flux tubes.
The near-equatorial part of the filament moves rapidly
earthward, and a compressional shock wave propagates
earthward along the filament. The near-equatorial re-
gion of the filament exhibits characteristics similar to
a flow burst, while the behavior far from the equatorial
plane resembles that of earthward-streaming plasma-
sheet boundary layer. After the shock reflects from the
earthward boundary of the simulation, the filament re-
sembles a two-beam plasma-sheet boundary layer. The
double-adiabatic filament tends to be firehose unsta-
ble, particularly after the shock wave reflects from the
earthward boundary of the simulation.
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Coupling in the magnetotail between
macroscale and mesoscale process
during periods of magnetic activity:
MHD simulations
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Hanover, NH 03755, United States

Global MHD simulations have proved very capable
of representing the global interaction between the solar
wind and the magnetosphere. Using the Lyon-Fedder-
Mobarry model to simulate several storm and substorm
events, we have noticed that the simulation often gen-
erates narrow flow channels in the magnetotail. These
flow channels represent meso-scale dynamical features
that may be related to the observered bursty bulk
flows seen during substorms. During storm-like driv-
ing (magnetic cloud events) similar channels form in
the magnetotail, even though the activity is directly-
driven, as opposed to the loading-unloading process of
substorm. In this paper we will examine various as-
pects of these flow channels during storm and substorm
simulations and discuss how these features couple to
the large-scale energy dissipation from the solar wind
driver.

SM52B-05 1440h

On the three auroral electrojet system
during substorms.
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Louis A Frank2 (frank@IowaSP.Physics.UIowa.EDU)
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2University of Iowa, Department of Physics and As-

tronomy, Iowa City, IA 52242, United States

The behavior of the auroral electrojet indices AU
and AL during classical substorms is investigated by
the use of global auroral images. A superposition of the
12 AE stations onto global auroral images and identi-
fication of the AL and AU contributing stations enable
an understanding of the temporal as well as spatial be-
havior of the indices with respect to the substorm co-
ordinate system and timeframe. Based on this simple
technique it was found that at substorm onset the AL
contributing station makes a characteristic jump from
a location near the dawn terminator to the onset re-
gion and that it jumps back to the dawn sector in the
early recovery phase. The observations indicate a lo-
cal minimum in the westward electrojet intensity near
midnight, which was confirmed in a case study. The

defining AU station does not show any similar system-
atic behavior. We find that the observations can be ex-
plained by the two-component westward electrojet con-
cept and the self-consistent substorm model by Gjer-
loev and Hoffman [JGR, 2000a&b, 2001, 2002]. These
two westward electrojet components are found to be
quasi-independent thus resulting in a three electrojet
system during substorms.

SM52B-06 1455h

Observations of Dayside Convection
Reduction Leading to Substorm Onset

Larry R Lyons1 (310-206-7876;
larry@atmos.ucla.edu)

J. Mike Ruohoniemi2 (mike ruohoniemi@jhuapl.edu)

Shuxiang Liu1 (hanzo@atmos.ucla.edu)
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1Department of Atmospheric Sciences UCLA, 405 Hi-

gard Ave., Los Angeles, CA 90095-1565, United
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2The Johns Hopkins University Applied Physics Lab-
oratory, 11100 Johns Hopkins Rd., Laurel, MD
20723-6099

3Institute of Cosmophysical Research and Aeronomy,
677891 Yakutsk, Yakutsk 677891, Russian Federa-
tion

4Dept. of Physics , University of Alberta, Edmonton,
AB T6G 2E9, Canada
We have used SuperDARN radar measurements of

ionospheric plasma flow on the dayside to evaluate the
extent to which substorm onset is the result of inter-
planetary magnetic field (IMF) changes that lead to
a reduction in the strength of magnetospheric convec-
tion and the timing of such convection changes rel-
ative to onset. By using direct observations of con-
vection, we avoid the uncertainties in previous studies
of substorm triggering arising from their use of IMF
measurements from locations away from the magneto-
sphere. Our analysis of the dayside plasma flows indi-
cates that the vast majority of well-defined substorm
onsets are associated with a reduction in the strength
of large-scale convection that is imparted to the mag-
netosphere from the solar wind. We also find that the
convection reduction imparted to the magnetosphere
initiates a few minutes prior to substorm onset. This
is the same time relative to onset that, based on au-
roral observations, the nightside magnetosphere under-
goes a transition to an unstable configuration. This
suggests that the convection reduction is responsible
for the transition to instability that leads to the sub-
storm expansion phase. Our results are consistent with
the idea that, under enhanced magnetospheric convec-
tion, energy builds up within the nightside magneto-
sphere and can reach a stable equilibrium where energy
losses balance further energy input. If the energy accu-
mulated on the nightside during a period of enhanced
convection exceeds that of the equilibrium configura-
tion after a reduction in the strength of convection, the
nightside magnetosphere undergoes a transition to in-
stability when the strength of convection is reduced and
the excess energy is released as the substorm expansion
phase. These results indicate that the question of how
this instability arises and develops after a decrease in
convection is a critical outstanding question for under-
standing the substorm expansion phase.
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Spatially Resolved Substorm Dynamical
Model with Internal and External
Substorm Triggers

W. Horton1 (512-471-1594;
horton@physics.utexas.edu)

C. Crabtree1 (doxas@colorado.edu)

R. S. Weigel3 (301-286-3545;
rweigel@pop600.gsfc.nasa.gov)

D. Vassiliadis3 (vassi@electra.gsfc.nasa.gov)

I. Doxas2 (303-492-7988; doxas@colorado.edu)
1University of Texas at Austin, Institute for Fusion

Studies RLM 11.320, Austin, TX 78712, United
States

2University of Colorado, Department of Physics,
Boulder, CO 80309-0390

3Goddard Space Flight Center, National Research
Council NASA, Greenbelt, MD 20771, United States
A spatially-resolved nonlinear dynamics model

of the coupled solar wind driven magnetosphere-
ionosphere system is developed for the purpose of de-
termining the electrical power flow from the solar wind
through the nightside magnetosphere into the iono-
sphere. The model is derived from Maxwell equations
and nonlinear plasma dynamics and focuses on the key
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conservation laws of mass, charge and energy in the
power transfer elements in this complex dynamical sys-
tem. The models has numerous feedback and feedfor-
ward loops for six forms of the distributed energy stor-
age in the M-I system. In contrast to neural networks,
the model delineates physically realizable time ordered
sequence of energetic events in substorm dynamics.

Three types of energy releases are observed in the
substorm data and studied with the model. Type I
events occur for solar wind conditions that lead to the
creation of a near Earth neutral line (NENL) in the ge-
omagnetic tail. Other solar wind conditions lead domi-
nantly to the onset of convection in flux tubes with foot
points in the auroral region that produced enhanced
field aligned currents (FACs) closing in the ionosphere.
These are the type II and type III events. In type II
events a sudden northward turning of the IMF produces
a transient mis-alignment of the pressure gradient with
the gradient of the flux volumes as in the Lyons model.
Large transient substorm current wedge and auroral re-
gion 1 sense currents are driven by the steep near-Earth
pressure gradient in these events type II events. In type
III events the slower evolving IMF field directly drives
the nightside M-I system. This is the directly driven
auroral substorm. We use physics-based filters to clas-
sify events in historical databases, and we use the 2-
1/2D transport model to simulate the events for model
solar wind inputs. The results of the research stress
the need for more accurate determinations of the day-
side magnetopause arrival times of structures in the so-
lar wind required for space weather forecasting and the
role of competing substorm triggering mechanisms.

SM52B-08 1545h

Is the Current Disruption Region the
Genesis Region for the Substorm
X-Line?

Gary M. Erickson1 (781-377-3714;
erickson@bu-ast.bu.edu)

Nelson C. Maynard2 (603-886-8860x248;
nmaynard@mrcnh.com)

Gordon R. Wilson2 (603-886-8860x242)
1Boston University, Center for Space Physics, 725

Commonwealth Ave., Boston, MA 02215, United
States

2Mission Research Corporation, 589 W. Hollis St.,
Ste. 201, Nashua, NH 03962, United States

The nominal location for the substorm near-Earth
X-line (NEXL) has been found to be outside but near
20RE in the tail. The modified Near-Earth Neu-
tral Line (NENL) model postulates that braking of
fast, earthward flows and pile up of magnetic flux
accounts for the initiation of the substorm current
wedge and dipolarization within 10RE , and its tail-
ward expansion. Current disruption (CD) and CD-like
magnetic activity accompanies dipolarization in the 8–
12RE range and commences in close temporal proxim-
ity to auroral onset. We report here, based on Geo-
tail observations, that 70% of CD-like activity in the
9 (perigee) to 12 RE range of the pre-midnight and
midnight plasma sheet begins in the absence of earth-
ward flow. In only 20% of the cases does CD-like activ-
ity start coincident with arrival of earthward flow. In-
deed, in a like number of cases, CD-like activity starts
coincident with a clear signal (tailward Poynting flux)
arriving from nearer Earth. When auroral coverage is
adequate, we have shown that these substorms proceed
in two stages, with reconnection occurring during the
second stage. But this is not the entire story. We note
three pieces of evidence that lead us to suggest that
the CD region is the genesis region for the NEXL. (1)
In 10% of CD-like events, magnetic fluctuations com-
mence like typical CD events, but rather than dipolariz-
ing, the magnetic field diminishes. Whereas the distri-
bution for the typical CD signature shows a strong peak
near 10RE , these hybrid events are more uniformly dis-
tributed between 9 and 19 RE , and from 13–19RE rep-
resent 30% of all CD-like activity. (2) Signatures of a
substorm NEXL earthward of Geotail can be found as
near Earth as 13RE on occasion. (3) A minimum in
equatorial magnetic field strength is believed to evolve
during the substorm growth phase near 10RE . Hau and
Wolf [JGR, 92, 4745, 1987] discuss how, in the presence
of resistivity, the B-minimum structure diffuses tail-
ward, and the minimum deepens, until a NEXL forms.
Collocation of CD with the growth-phase minimum in B
and the subsequent emergence of reconnection (NEXL
genesis) removes some of the major observational dif-
ficulties associated with both the Near-Earth Current
Disruption and the modified NENL models. We discuss
the advantages of such unification.

SM52B-09 1600h

Wind Observations Pertaining to
Current Disruption and Ballooning
Instability during Substorms

Li-Jen Chen1 (319-335-1221; li-jen-chen@uiowa.edu)

A. Bhattacharjee1

G. Parks2

M. Fillingim2

R. Lin2

1Center for Magnetic Reconnection Stydies, Depart-
ment of Physics and Astronomy, University of Iowa,
Iowa City, IA 52242, United States

2Space Sciences Laboratory, University of California,
Berkeley, CA 94720, United States

In this paper, the drift ballooning instability as a
possible substorm trigger mechanism is examined. Two
features of the drift ballooning instability are the west-
ward propagation of wave perturbations and the pres-
ence of a pressure gradient. Energetic ion (75 keV -
MeV) and the magnetic field data from the Wind space-
craft observe time delays between earthward and tail-
ward flux enhancements of ions at the onset of cur-
rent disruption. We interpret the time delays as sig-
natures of westward propagation, and estimate accord-
ingly the propagation speeds to be several hundred kilo-
meters per second. Clear signatures of westward prop-
agation are present in most current disruption events
observed ∼ 8-10 RE . For events observed beyond 10
RE , it is often difficult to identify time delays. This
radial distance dependence suggests that the initially
unstable region is within 10 RE . For an event ob-
served at ∼ 8 RE , anisotropy of ion fluxes observed
between the duskward and dawnward directions per-
sists until the time of the onset of the current disrup-
tion. The evolution of this anisotropy is consistent with
a radial density gradient that is impulsively reduced
during the abrupt magnetic fluctuations. The instabil-
ity that triggers the current disruption, and hence the
substorm, has to be able to relax the pressure gradient
(which is proportional to the density gradient assuming
an isothermal process). The impulsive reduction of the
pressure gradient and the fact that its corresponding
magnetic fluctuations have δB/B exceeding 1 indicate
that the process is nonlinear. We conclude that these
observations support the drift ballooning instability as
a possible mechanism to trigger substorms, but a non-
linear theory of the instability is called for.

URL: http://plasma4.physics.uiowa.edu:8080/˜lijen/
balloon.html
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AKR Disappearance During Magnetic
Storms
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matsumot@kurasc.kyoto-u.ac.jp); Kozo
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kozo@kurasc.kyoto-u.ac.jp); Toshifumi Mukai4
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1Planetary Plasma and Atmospheric Research Cen-
ter, Tohoku University, Aoba, Aramaki, Aoba-ku,
Sendai 980-8578, Japan

2Fukui University of Technology, 3-6-1, Gakuen,
Fukui 910-8505, Japan

3Radio Atmospheric Science Center, Kyoto Univer-
sity, Gokasyo, Uji 611-0011, Japan

4Institute of Space and Astronautical Science, 3-1-1,
Yosinodai, Sagamihara 229-8510, Japan

It is well known that auroral kilometric radiation
(AKR) is intensified during substorm and has a good
correlation with AE index. In the case of the magnetic
storm, however, the AKR characteristics have not been
investigated. In this paper, we report the unexpected
behavior of the storm time AKR and related particle
precipitation: (1) AKR often disappears in the initial
and main phases of the magnetic storms in spite of the
large enhancement of AE index, (2) At that time, the
energy spectra of precipitating electrons do not show
the signature of the field- aligned acceleration but the
hot electron injection, (3) The radiation is activated
strongly in the recovery phase, and (4) AKR disappear-
ance phenomena tend to occur in larger storms. It can
be suggested from these results that the field-aligned
electric field which accelerates precipitating electrons
and drives field-aligned currents is not formed in the
initial and main phases of magnetic storms.

SM52B-11 1630h

Radial diffusion simulation of relativistic
electron transport by ULF waves in
the September 1998 magnetic storm
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3Dartmouth College, Department of Physics and As-
tronomy, Hanover, NH 03755

Based on radiation belt diffusion theory, a 1-
dimensional radial diffusion code has been developed to
better understand relativistic electron transport dur-
ing magnetic storms. We use radial diffusion coeffi-
cients as a function of ULF wave power at resonant
electron drift frequencies and a time-dependent outer
boundary location. The ULF wave power is obtained
from global MHD simulations and the outer bound-
ary location is based on drift shell tracing in the Tsy-
ganenko 2001 magnetic field model. The Tsyganenko
2001 field model is also used for Roederer L* calcula-
tions. We have studied the September 1998 storm us-
ing this diffusion model, and results are compared with
phase-space density radial profiles obtained from MHD
test-particle simulations and with GOES satellite flux
measurements.
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The Characteristics and Evolution of
Chorus on the Ground and in Space
During Geomagnetic Storms

Andy J. Smith1 (+44-1223-221544;
A.J.Smith@bas.ac.uk)

Richard B. Horne1 (+44-1223-221542;
R.Horne@bas.ac.uk)

Nigel P. Meredith2 (npm@mssl.ucl.ac.uk)
1British Antarctic Survey, Madingley Road, Cam-

bridge CB3 0ET, United Kingdom

2Mullard Space Science Laboratory University College
London, Holmbury St Mary Dorking, Surrey RH5
6NT, United Kingdom

Whistler mode waves, predominantly in the form
of ELF/VLF chorus, are known to be generated by
electrons injected into the magnetosphere during ge-
omagnetic storms. It has been suggested that this cho-
rus may play a role in accelerating electrons to MeV
energies. Ground observations provide a complemen-
tary perspective to those from satellite-borne receivers.
This paper uses a decade (1992-2001) of nearly contin-
uous (>95%) VLF/ELF observations from the VELOX
instrument at Halley station, Antarctica (76S 27W,
L=4.3). These comprise 1s resolution measurements
of ELF/VLF wave power, arrival azimuth, polarisa-
tion and peak-mean-minimum ratios, in eight frequency
bands from 500 Hz to 10 kHz. To provide a background
reference, the mean wave power and standard deviation
have been computed for each frequency, hour of local
time, and month of the year. The variations in cho-
rus activity during several storms, including the well-
studied Bastille Day (14 July 2000) and 31 March 2001,
have been compared with these reference levels. Chorus
is often observed lasting many hours, beginning a day
or so after the storm main phase, and reaching high in-
tensities and also high VLF frequencies (up to ∼5kHz);
the latter implies a source region which has moved rela-
tively close (L<4) to the Earth. Modulation on minute
time scales can result from fluctuations in solar wind
pressure and precipitation. During the initial phase
of the storm, waves intensities may be suppressed by
strong and sustained ionospheric absorption. A super-
posed epoch analysis using 300 storms with minimum
Dst < -50 nT has been done to show the characteristic
ground chorus storm response. The results are com-
pared with electron flux and chorus observations made
in space, and the predictions of chorus mediated accel-
eration theory.


