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Phase Space Distribution of Relativistic
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in Storm Times
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(mthmosen@lanl.gov); Terry Onsager2
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1Los Alamos National Lab, PO Box 1663, MS466, Los
Alamos, NM 87545

2NOAA R/E/SE, 325 Broadway, Boulder, CO 80303

Understanding the behavior of relativistic electrons
in the Earth’s radiation belts in geomagnetic storms
is of keen interest to the space physicists’ community
due to both theoretical and practical concerns. Af-
ter decades of efforts to describe the relativistic elec-
trons dynamics in storm times, currently existing mod-
els succeed in either fitting parts of the observations
or in simulating one storm only. The differentiation of
competing theories calls for a data-assimilation based
global electron phase space density model. Since the
calculation of phase space density greatly relies on the
accuracy of the storm magnetospheric field, a new ap-
proach is established to choose the best model by com-
paring with the multiple measurements from GOES
and POLAR satellites. Then the output from the
model is optimized by fine-tuning input parameters in a
time-dependent fashion, to obtain the best fit dynamic
model. The choice of the magnetic field model is also
tested by Liouville’s theorem, which requires the con-
served phase space density for the fixed phase space
coordinates. The calculation of phase space density is
based on the choice of the storm-time magnetic field
model and, as the first step of the global model de-
velopment, data from LANL geosynchronous SOPA in-
struments. By employing a technique developed previ-
ously , we can deduce the electron phase space density
distribution for the region around geosynchronous or-
bit, covering a range of L* 6-7, which also establishes
the radial PSD gradient as a function of both universal
time, local time in storm-time.
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Modeling the Radiation Belts
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Using the University of Michigan’s BAT-S-RUS
Model to drive the Fok Radiation Belt Model, we will
investigate the mechanisms for energy gains in the
Earth’s inner magnetosphere for recent storms. In ad-
dition, using simulated solar wind to drive substorms,
we will study the effects of multiple substorms on rel-
ativistic electrons. In particular we will compare en-
ergy gains due to adiabatic acceleration versus energy
gains due to changes in the number of particles. We
will also compare the results of the model to LANL
geosynchronous observations.
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Empirical Models of Plasma Wave
Amplitudes From SCATHA and
AMPTE/IRM Observations
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Various VLF plasma wave modes have been cited
as one of the causes of particle acceleration and pre-
cipitation in the inner magnetosphere. Current theo-
ries model these effects as a wave-induced quasilinear
diffusion of the particles in energy and/or pitch an-
gle. The models depend mainly on the wave ampli-
tude as their primary input parameter. We are de-
veloping an empirical model of the wave amplitudes
as functions of position and geomagnetic activity in

the magnetosphere. Such information may be input
to the particle diffusion models to assess the acceler-
ation and loss effects on the particles. The plasma
wave observations by the AMPTE/IRM and SCATHA
satellites are used to obtain statistical estimates of two
of the most intense wave modes: whistler-mode chorus
emission and electrostatic electron cyclotron harmon-
ics (ECH). The average chorus amplitudes mapped in
L and local time from SCATHA and AMPTE are very
similar to the CRRES observations of chorus in the lo-
cal morning [Meredith et al., 2000]. These statistical
averages are compared to SCATHA passes during sev-
eral storm intervals. In most cases, the wave ampli-
tudes during storms are similar to the non-storm inter-
vals at the same activity level in the Kp or AE indices.
We highlight in detail a few cases in which the cho-
rus emissions are substantially more intense than that
predicted by the location and activity level. The cho-
rus results are then compared with similar statistics
for the ECH waves. The peak electrostatic emissions
occur just post-midnight in a much smaller region than
the chorus but with similar amplitudes. To obtain a
preliminary assessment of the effects on the particles
we scale the statistical wave amplitudes by the strong
pitch angle diffusion limit.
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Auroral Particle Acceleration by Strong
Double Layers: The Upward Current
Region

Robert E. Ergun (ree@lasp.colorado.edu)

Laboratory for Atmospheric and Space Physics; De-
partment of Astrophysical and Planetary Sciences,
Universit of Colorado, Boluder, CO 80303, United
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Satellite observations have established that parallel
electric fields of both upward and downward current re-
gions of the aurora are supported, at least in part, by
strong double layers. The purpose of this talk is to ex-
amine the role of strong double layers in auroral accel-
eration and to study the accompanying particle distri-
butions, electrostatic waves, and nonlinear structures.
The concentration is on the upward current region. Di-
rect observations of the ionospheric boundary of the
auroral cavity suggest that a stationary, oblique dou-
ble layer carries a substantial fraction ( 10% to 50%) of
the auroral potential. An order of magnitude density
gradient results in an asymmetric structure. Oblique
double layers with amplitudes greater than 100 mV/m
have been verified in 3% and may occur in up to 10% of
auroral cavity crossings, so it is feasible if not probable
that strong double layers are a principal acceleration
mechanism. Furthermore, a second type of strong dou-
ble layer (symmetric potential structure) is seen inside
of the auroral cavity. These structures are a possible
signature of the high-altitude acceleration mechanism.
Numerical solutions of the Vlasov-Poisson equations in-
dicate that trapped electrons control the mid-cavity or
high-altitude double layer structure. The numerical so-
lutions support the possibility a high-altitude double
layer.

SM41B-02 0900h INVITED

A Review of Recent Studies on Double
Layers Using Modeling and
Simulations

Nagendra Singh (256-824-6678; singh@ece.uah.edu)

Electrical and Computer Engineering Department,
University of Alabama in Huntsville, Huntsville, AL
35899, United States

The observations of electron phase-space holes and
recent direct detection of double layers (DLs) in the
auroral plasma have renewed interest in modeling and
simulations of the DLs and related topics. Reviewing
the field, we find the major efforts include the follow-
ing topics: (i) DL formation in current- and voltage-
driven plasmas and resulting plasma dynamics, (ii) Ac-
celeration in the upward current region involving a rar-
efaction shock at the ionosphere-magnetosphere (I-M)
transition of the auroral density cavity, (iii)BGK mod-
eling of oblique DLs and comparison with data, and
(iv) Transverse filamentation of planar DLs by plasma
instabilities and its application to the auroral return

current plasma. Under the first topic above we dis-
cuss the role of current-cavity interaction in DL for-
mation in current- and voltage- driven plasmas high-
lighting the cavitational instability. The basic physics
highlighted in the second and third topics is the role of
a hot electron population in the upward acceleration of
ionospheric ions, like in the expansion of plasmas hav-
ing two electron populations. The fourth topic deals
with the generation of transversely narrow accelerating
potential structures in the auroral plasma; we highlight
here the role of ion-beam driven ion-cyclotron modes
below a planar DL in fragmenting the DL and hence
in generating filamentary density cavities with accel-
erated electrons and electron holes in them. Applica-
tions of this to the physics of the auroral return cur-
rent plasma, including transverse acceleration of ions,
are visited.

SM41B-03 0920h INVITED

Downward Accelerated Ions: on
Acceleration Mechanism and Source

Bengt Hultqvist (+46 980 84340; hultqv@irf.se)

Swedish Institute of Space Physics, P.O. Box 812,
Kiruna 98128, Sweden

The main purpose of this report is to present a solu-
tion to the problem how the observed quasi-stationary
downward flow of ions through a potential difference
between the magnetosphere and the ionosphere, ions
which originate below the potential difference, can be
understood. First, a summary of the observations of
downward accelerated ions with keV or sub-keV ener-
gies at altitudes of about 1700 km is given and the
mechanism causing the accelerating quasi-static poten-
tial difference is described. Thereafter it is shown
that the ionospheric ions may be transported upward
through the potential region in a process sometimes
called the ?pressure-cooker? mechanism involving wave
turbulence within the region. The turbulence also gives
rise to pitch-angle scattering of the ions so that a frac-
tion of them are precipitated into the altitude range
where they are observed by the satellite. This process
gives the observed spectral characteristics of the accel-
erated ions.

SM41B-04 0940h INVITED

Parallel Electric Fields and Shocks in
Downward Auroral-Current Regions
From Theoy and Satellite Data

John R Jasperse (1-781-377-3083;
John.Jasperse@hanscom.af.mil)

Air Force Research Laboratory, Hanscom AFB, Bed-
ford, MA 01731, United States

A method for determining the parallel electric field
(E||) and/or electrostatic shocks for downward auroral-

current regions that includes wave-particle interactions
is given. We derive the multimoment fluid equations
for a weakly inhomogeneous, magnetized plasma where
the Vlasov-Maxwell hierarchy is used to treat the par-
ticle dynamics and the Fokker-Planck method is used
to calculate the momentum (anomalous resistivity) and
energy (anomalous heating) transfer rates between the
waves (turbulence) and the particles. Two major as-
sumptions are necessary: (1) a renormalized kinetic
theory for the turbulence either exists or can be devel-
oped; and (2) both the length and frequency scales be-
tween the single-particle distributions and the fluctua-
tions are separable. Some implications of these assump-
tions are briefly discussed: for example, we can show
that the multimoment fluid equations for a plasma in
thermal equilibrium obey the Fluctuation-Dissipation
Theorem. For electrostatic turbulence, both the mo-
mentum and energy transfer rates are functionals of the
renormalized spectral density of the fluctuating elec-
tric field and the renormalized dielectric function. For
downward currents, we may approximate the momen-
tum and energy transfer rates by using FAST satellite
data for the renormalized spectral density, the conser-
vation laws, and a scaling assumption for the renor-
malized dielectric function. Using FAST data for the
particle velocity moments as a boundary condition, we
may integrate the multimoment fluid equations both
upward and downward from the satellite altitude in or-
der to determine the potential and the particle velocity
moments as functions of distance along the geomag-
netic field line. We analyzed a winter FAST satellite
pass near local midnight at ∼4130 km which shows a
downward current region having a latitudinal width of
about 45 km. At each subinterval (∼1.5 km) along the
pass, we found a double layer (DL) below the satellite
altitude; a transition (T) region just above the DL re-
gion where strong electron thermalization and intense
ion heating occur; and a long range potential (LRP)
region extending from the top of the T region to sev-
eral earth radii and beyond. In the LRP region, ion
conics are produced and further electron thermaliza-
tion occurs. The average altitude of the DL/T region
is in good agreement with experimental observations.
Our analysis suggests that the formation of the DL, the
particle dynamics, and the turbulence are intermittent
in space and time. We also calculated the anomalous
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resistivity in the LRP region and showed that it has
a very small effect on E|| (< few %) and that E|| is

determined primarily by the velocity-space anisotropy
and pressure gradient terms in the momentum balance
equation. A similar analysis is in process for an upward
auroral-current region.

SM42A CC: 518 C Thursday 1030h

Double Layers in Space and
Astrophysical Plasmas II (joint with
SA)
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Falthammar, Royal Institute of
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Simulation of Current-Driven Double
Layers in the Auroral Downward
Current Region

David L. Newman1 (1-303-492-6967;
David.Newman@colorado.edu)

Laila Andersson2 (andersson@fast.colorado.edu)

Martin V. Goldman1 (goldman@spot.colorado.edu)

Robert E. Ergun2 (ree@fast.colorado.edu)

Naresh Sen1 (Naresh.Sen@colorado.edu)
1Center for Integrated Plasma Studies, University

of Colorado, 390 UCB, Boulder, CO 80309-0390,
United States

2Laboratory for Atmospheric and Space Physics, Uni-
versity of Colorado, 392 UCB, Boulder, CO 80309-
0392, United States

Previous 1-D Vlasov simulations have shown that
strong laminar double layers can form self-consistently
in a current-carrying equipotential plasma at the loca-
tion of an initially weak charge-neutral density pertur-
bation. The electric fields associated with these sim-
ulated double layers correspond well with FAST satel-
lite observations in the downward current region of the
auroral ionosphere. Such double layers are considered
as special cases of a more general class of structures
referred to as transition layers, which can be turbulent
as well as laminar. New Vlasov simulation studies
show that properties of current-driven transition lay-
ers, such as their rate of formation and susceptibility
to disruption, depend on characteristics of the incom-
ing electron distribution on the high-potential (magne-
tospheric) side. In particular, an isotropic halo distri-
bution can facilitate formation and stability of laminar
double layers. Further extension into a second spatial
dimension (using a moment-based algorithm for the ion
dynamics perpendicular to B) show how the structure
of electron phase-space holes generated on the high-
potential side of the transition layer differ in the turbu-
lent and laminar regimes. The 2-D simulations also re-
veal differences in the transverse structure of transition
layers for opposite limits of ion magnetization. These
simulation results will be discussed in the context of
recent satellite observations. Research supported by
NSF, NASA, and DOE.

SM42A-02 1045h

Solitary Wave Characteristics as
Observed by the Polar Spacecraft

Jim Crumley1 (320 356-7978; jcrumley@csbsju.edu)

Cynthia Cattell2 (cattell@belka.space.umn.edu)

Robert Lysak2 (bob@aurora.space.umn.edu)

John Dombeck2 (johnd@belka.space.umn.edu)
1College of St. Benedict / St. John’s University, Pe-

ter Engel Science Center, Collegeville, MN 56321

2University of Minnesota, School of Physics and As-
tronomy 116 Church St. SE, Minneapolis, MN
55455
Magnetospheric solitary waves, also known as weak

double layers, were first observed in the auroral accel-
eration region by S3-3, and have since been observed in
many regions of the magnetosphere by other spacecraft.
We will present results from a statistical study of soli-
tary waves using Polar spacecraft data. Solitary waves
in this study are found using high-time resolution burst
mode data from Polar’s electric field instrument (EFI),
though some particle data will be presented as well.
The spatial distribution of the solitary waves through-
out Polar’s orbit will be presented. The solitary wave

characteristics shown will focus on ion solitary waves
in the low altitude (∼ 2RE geocentric) portion of Po-
lar’s orbit where the orbit crosses auroral field lines.
Some electron solitary wave results from both the low
and high altitude portions of Polar’s orbit will be in-
cluded as well. Solitary wave results that will be pre-
sented include speed, potential amplitude, net poten-
tial drop, and scale size. Comparisons will be made
with other observational studies, including studies of
FAST spacecraft data, and with theoretical and com-
putational studies.

SM42A-03 1100h

Simulations and Analysis of
Electron-hole Resistivity in Space
Plasmas

Lars Dyrud1 (ldyrud@bu.edu)

Meers Oppenheim1 (meerso@bu.edu)

Tengfei Lin1

1Center for Space Physics Boston University, 725
Commonwealth Ave, Boston, MA 02215, United
States
We conducted particle in cell simulations of plasma

distributions similar to those resulting from double lay-
ers. These cold electron-beam distribution functions
rapidly produce electron holes, which are a common
occurrence and their structure is fairly well under-
stood. However, it remains unclear whether electron
holes are merely interesting plasma phenomena, indica-
tive of a turbulent environment, or they play a crit-
ical role in the flow of energy and momentum in the
magnetosphere-ionosphere system. We analyzed the
possibility that the generation of electron holes induces
a parallel resistivity. These simulations show that cold
electron beams produce strong anomalous resistivity
that should influence the development of current sys-
tems anywhere double layers or cold beams form. For
example, electron hole resistivity could account for par-
allel potential drops of the order of hundreds of eV
in the auroral downward current region, or provide
anomalous diffusion across the magnetopause bound-
ary. To study the parameter dependency of this resis-
tivity, we conducted over 100 2-D PIC simulations and
find that the relative beam density plays the largest
role in the magnitude of anomalous resistivity.

SM42A-04 1115h

Electromagnetic Radiation From Double
Layers in Laboratory and in Space

M. E. Koepke1 (mkoepke@wvu.edu)

N. Brenning2 (brenning@plasma.kth.se)

I. Axnas2 (axnas@plasma.kth.se)

M. Raadu2 (raadu@plasma.kth.se)
1Physics Dept., West Virginia Univ., Morgantown,
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2Alfvén Laboratory, Royal Institute of Technology,
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First results are reported from a project to study by
experiments and theory a potentially important mech-
anism for electromagnetic radiation from space, Double
Layer Radiation (DLR). This type of radiation is pro-
posed to come from DL-associated, spatially localized
high frequency (hf) spikes [Gunell et al.,1996; McFar-
land and Wong,1998] which are driven by the electron
beam on the high-potential side of the double layer.
It is known, but only qualitatively, from laboratory
experiments that double layers radiate in the electro-
magnetic spectrum. These laboratory experiments were
made in the 1990’s by Volwerk and Lindberg using mag-
netic pickup coils to measure the electromagnetic ra-
diation from double layers in mercury plasma. The
spectrum was found to contain characteristic peaks at
the electron gyrofrequency, electron plasma frequency,
combinations of the two, and frequencies that might
be apparatus-dependent. No clear theoretical model
emerged from these investigations, and no absolute cal-
ibration of the radiation strength could be obtained.
The quantitative evaluation of these measurements is
complicated because they were made in the near field of
the radiating structure and in the vicinity of conduct-
ing laboratory hardware that distorts the field. The
situation is further complicated because the localized
electrostatic wavelengths (approx. 1 cm) can be rela-
tively small compared to the emitted electromagnetic
wavelengths (e.g. 50 cm at 600 MHz, a typical plasma
frequency). The alternate explanation, that the radia-
tion might arise directly from the acceleration experi-
enced by single charged particles in the double layer,
was outlined by Kuijpers et al. in 1997, but the details
of the theory were not provided. In 1986, Borovsky
proposed a DLR mechanism for explaining the radia-
tion from current-carrying arms (up to 10E17 amperes)
of double radio galaxies. The electromagnetic radiation
mechanism was compared to that of a free-electron laser
but he described it only schematically. We intend to

investigate both the statistical occurrence of hf spikes
and the influence of the DL-field-aligned density pro-
file on hf-spike formation in an attempt to interrelate
the roles of self-organization of the density profile, ion-
ization and loss, and the ponderomotive force of the hf
spike.

SM42A-05 1130h

The Structure of the Parallel Electric
Field During Magnetic Reconnection

James F. Drake1 (301-405-1471;
drake@plasma.umd.edu)

Marc Swisdak1
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20742, United States

2NASA/Goddard Space Flight Center, Electrodynam-
ics Branch GSFC, Greenbelt, MD 20771, United
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The parallel electric field (E‖) that develops dur-

ing magnetic reconnection controls the acceleration of
particles and is required for the frozen-in condition to
be broken. The structure of this parallel field is par-
ticularly important in cases with a guide field, where
the demagnetization of electrons is not important and
the region where E‖ �= 0 defines the electron dissipa-

tion region. Earlier theoretical models suggested that
E‖ was non-zero over a scale length ρs perpendicu-

lar to B, ρs being the ion Larmor radius based on the
sound speed. We have carried out full particle simu-
lations that demonstrate that the transverse extent of
the region where E‖ �= 0 is instead the electron scale.

Analytic analysis indicates specifically that the scale
length is the electron Larmor radius based on an effec-
tive electron temperature that is a hybrid of Te and
Ti. The canting of the current layer during guide-field
reconnection has now been widely observed [1]. The re-
gion where E‖ �= 0 can extend significantly away from

the x-line proper but only along the separatrix with
weak current, which corresponds to an extended density
cavity [1,2]. E‖ does not simply appear as a uniform

field along this separatrix. Even in 2-D simulations E‖
breaks into bipolar structures that are reminiscent of
the electron-holes seen in earlier 3-D simulations and
seen in the satellite observations. The maximum en-
ergy of electrons at the x-line appears to correlate with
the length of the region where E‖ �= 0.

1. M. Tanaka, Phys. Plasmas 3, 4010, 1996.
2. P. L. Pritchett and F. V. Coroniti, J. Geophys. Res.
109, A010220, 2004.
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Response of Dayside Auroras and
Ionospheric Plasma Flows to a Solar
Wind Pressure Pulse
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Alexander Koustov2
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Vladimir Safargaleev3

(safargaleev@pgi.kolasc.net.ru)

Nikolai Østgaard4 (nikost@ssl.berkeley.edu)
1Sodankyla Geophysical Observatory, SGO/Oulu

unit, University of Oulu, POB 3000, FIN-90014
Oulu, Finland

2University of Saskatchewan, Department of Physics
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S7N 5E2, Canada

3Polar Geophysical Institute, Apatity, 184200, Russia

4University of California, Space Sciences Laboratory,
Berkeley, CA 94720-7450, USA

Global ultraviolet auroral images from the IMAGE
satellite are used to investigate the response of the day-
side auroral oval to a sudden impulse (SI) in the solar
wind pressure. The observations are supplemented by
the TV all-sky camera images over Svalbard in the pre-
non sector. We show that after the SI, new discrete
auroral forms appear in the poleward part of the auro-
ral oval so that the middle of the dayside oval moves
poleward from about 70 to about 73 deg. AACGM lati-
tude. This poleward shift started in the 15 MLT sector,
then similar shift was observed in the MLT sectors lo-
cated more westerly, and eventually the shift was seen
in the 6 MLT sector. Thus, the auroral disturbance
”propagates” westward (from 15 MLT to 6 MLT) at
an apparent speed of the order of 7 km/s. We show
that the above auroral disturbances are associated with
the westward propagating convection vortex as inferred
from the global convection maps produced by the Su-
perDARN HF radars. The poleward boundary of the
auroral oval did not show any prominent motion asso-
ciated with the SI. The optical and radar observations


