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Electric Fields in the Hermean
Magnetosphere
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Returning to Mercury with the BepiColombo mis-
sion will provide a unique opportunity to obtain in situ
information on the electric field in Mercury’s magneto-
sphere. The electric field plays a crucial role for plasma
transport in the magnetoshere, for transfer of energy
between different parts of the system, and for propa-
gation of information. Measuring the electric field we
will be able to better understand plasma motion and
wave propagation in Mercury’s magnetosphere. To-
gether with knowledge of the magnetic field a better
understanding will be derived of the magnetospheric
current systems and their closure at or near the plan-
etary surface. Further insight into possible substorms
at Mercury will be gained. We summarize the scientific
case for electric field measurements on BepiColombo
and outline the instrument design which, because of
the harsh environment, is a challenging task.
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Seasonal dependence of the vertical distributions of
occurrence probabilities of auroral kilometric radiation
(AKR) sources and auroral acceleration regions indi-
cated by upflowing ion (UFI) events have been com-
pared based on statistical analyses of plasma waves
and energetic particles data observed by the Akebono
(EXOS-D) satellite. The peak altitude in the ver-
tical distribution of occurrence probability of AKR
sources whose emission intensities are larger than -150
dBW/m?2Hz occur at 5000-6000 km in the summer po-
lar region and at 3000-4000 km in the winter polar
region. The analyses have also clarified that the ver-
tical distributions of occurrence probabilities of auro-
ral acceleration regions show seasonal variations which
are quite similar to those of the AKR sources. The
analysis results are consistent with the studies on sea-
sonal variation of auroral phenomena such as precipi-
tating electrons, upflowing ions, UV aurora, AKR, elec-
tromagnetic ion cyclotron (EMIC) waves, and cosmic
radio noise absorption (CNA) events. As the control
mechanism of seasonal variations of auroral phenom-
ena, ionospheric conductivity feedback mechanism is
pointed out by Newell et al.(1996). As discussed by
Borovsky(1993), there are many auroral theories, which
are divided into electron-acceleration mechanisms and
generator mechanisms. Among the mechanisms, not
only ionospheric conductivity feedback mechanism but
also several electron-acceleration mechanisms, which
occur near the earth, are plausible to depend on the
seasons. In those mechanisms, background cold plasma
density is thought to be an important control factor for
maintaining auroral particle acceleration processes.
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Electron Losses at GEO

Thomas P. O'Brien! (310-825-2441;
tpoiii@igpp.ucla.edu)

2002 Western Pacific Geophysics Meeting

Reiner H.W. Friedel? (505-665-1936;
friedel@lanl.gov)

Geoffrey D Reeves? (505 665 3877;
gdreeves@lanl.gov)

linstitute of Geophysics and Planetary Physics,
UCLA, Los Angeles, CA 90095-1567, United States

2Los Alamos National Laboratory,
Alamos, NM 87645, United States

LANL, Los

Many geomagnetic storms lead to large scale, per-
manent loss of geosynchronous relativistic electrons.
Presumbaly processes during the main phase produce a
non-adiabatic loss through the magnetopause and into
the ionosphere. We provide a statistical analysis of
geosynchronous loss events to demonstrate their asso-
ciation with certain interplanetary and magnetospheric
phenomena. Generally, large losses accompany mag-
netic storms. However, substantial losses are possible
even when “small” magnetic activity is present (be-
low the usual threshold for a storm, Dst < -50 nT).
Such non-storm losses are typically associated with low
(350 km/s) solar wind velocity, high (10-20/cc) solar
wind density, and small negative IMF B.. During such
losses, Kp, Dst, Pc5 ULF wave power, and AE all show
signs of weak activity.
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Fluxes of trapped, quasi-trapped,
precipitated and geosynchronous
relativistic electrons in the spring
1994: CORONAS-I and GOES-7

comparison
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Comparison analysis of the relativistic (>2 MeV)
electron fluxes in the outer radiation belt (ORB) with
geomagnetic activity and corresponding solar wind con-
ditions during the spring-summer 1994 is performed us-
ing data obtained from geosynchronous satellite GOES-
7 and from low altitude (500 km) highly inclined satel-
lite CORONAS-I. On the dayside GOES-7 observed
mixture of trapped, quasi-trapped and precipitating
relativistic electrons with highly variable fluxes (up to
5 orders of value). The satellite CORONAS-I had op-
portunity to observe these fractions separately on dif-
ferent longitudes during its crossings of middle and
high latitude regions. The dynamics of these fractions
depends differently on the geomagnetic activity and
solar wind conditions. In the beginning of geomag-
netic storms the fluxes of trapped and quasi-trapped
relativistic electrons drop out and precipitating elec-
tron fluxes increase significantly (more than two or-
ders) and sometime exceed the pre-storm trapped elec-
tron fluxes. The relativistic electrons precipitate in
wide range of L-shells from L 2.5 to L 8 with maximal
fluxes on high L-shells (L>5). Such electron dynamics
indicates intensive pitch-angle scattering of the rela-
tivistic electrons in the loss cone probably due to very
strong variations of induced interplanetary VB electric
field and solar wind density enhancements producing
magnetosphere compression up to about 8 Earth radii
in subsolar point. On the main phase of the magnetic
storms the solar wind dynamic pressure becomes rel-
atively small but induced electric field variations are
still significant that leading to intensive substorm ac-
tivity. During this time the electron precipitation is
still intensive but the trapped and quasi-trapped elec-
tron fluxes begin to restore on L=3.5 4.5. The recovery
phase of recurrent geomagnetic storms is accompanied
by gradually decreasing fluctuations of VB electric field
and corresponding substorm activity. On this phase
the precipitating electron fluxes fall in general and the
fluxes of trapped and quasi-trapped electrons growth
gradually. This growth sometime achieves extremely
high levels of intensity which produce the instability of
ORB and intensive electron precipitation (enhancement
of precipitating and quasi-trapped electron fluxes) from
maximal electron intensity region which slowly moves
with time toward its undisturbed location (L 3). There-
fore the analysis shows that on the main and recovery
phases of the magnetic storms the relativistic electrons
are accelerated by some long lasting mechanism with ef-
fectiveness decreasing gradually on the recovery phase.
The obtained experimental results are used for veri
cation of different acceleration models.

URL: http://decl.npi.msu.su/english/data/lasre/
index.html
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Previous observations have shown that the OT ion
population is an important contributor to the storm
time ring current. Its abundance in terms of energy
density increases with increasing geomagnetic activity.
On the other hand, mechanisms of this dramatic com-
position change of the ring current are poorly under-
stood. While enhanced polar outflows during geomag-
netically active periods are considered to be responsi-
ble for the composition change, the link of the outflows
and high energy ring current is not clear due to the
lack of low-energy ion observations in the inner magne-
tosphere at L less than 6 Re. Penetration of radiation-
belt electrons into instruments makes direct observa-
tions of low-energy ions difficult in the inner magneto-
sphere. A correction method to remove this background
is also one of key elements needed for inner magneto-
spheric missions in the future.

The Electrostatic Analyzer (ESA) onboard the
FAST satellite had been operated in the mid-latitude
regions above ~45 degrees for the past 4 years and ob-
served ions below 12 keV. Radiation belt contamination
is quite uniform in energy. Utilizing this feature, we
developed an automated method to subtract the radi-
ation contamination from ESA data. The variation of
radiation penetration during the April 11, 2001 mag-
netic storm are examined in detail. Comparing the es-
timated background with LANL energetic particle data,
we discuss accuracy and issues of the background sub-
traction methods. The background counts rapidly de-
creased during the main phase and stayed low for ~1
day. The variation is similar to that of electron flux
in energies of 315keV-1.5MeV at the geosynchronous
orbit. The comparison with simultaneous ion composi-
tion measurements, which suffer no radiation contami-
nation, we conclude that the background subtraction
works reasonably well during the main phase. Cor-
rected ion data show the existence of multiple energy-
banded ion components in the inner magnetosphere in-
tensified at ILAT=55-62 degrees during the main phase.
Simultaneous ion composition data indicate that these
ions mainly consist of ot. Their implication on the
supply mechanisms of OT ions in the storm-time ring
current will be also discussed.
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A VLF Beacon Transmitter at South
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It is well known that precipitating relativistic (>500
keV) electrons deposit their energy at the lowest lev-
els of the lower ionosphere, at altitudes as low as 40-60
km, where they create secondary ionization enhance-
ments and x-rays. It has also been known that VLF
sounding (i.e., the measurement of the amplitude and
phase of subionospheric signals) is a sensitive tool for
the measurement of ionospheric conductivity (i.e., elec-
tron density and temperature), especially at altitudes
below 90 km, and some of the early work on relativis-
tic electron precipitation events has indeed relied on
subionospheric VLF measurements. In recent years,
the VLF remote sensing method has been extensively
utilized to study a variety of lower ionospheric distur-
bances, including those associated with lightning dis-
charges, heating by HF waves, the auroral electrojet,
and relativistic electron precipitation enhancements.

Cite abstracts as: Fos. Trans. AGU, 83(22), West. Pac. Geophys. Meet. Suppl., Abstract #####-#+, 2002.



Computer-based models of VLF propagation and scat-
tering are now available so that the VLF method can
now be quantitatively used to interpret ionospheric sig-
natures of relativistic electron precipitation in terms
of their spatial extent and the altitude profiles of ion-
ization. In this talk, we will discuss a new VLF bea-
con transmitter that is being setup this year (December
2002) at South Pole, and which will allow continuous
measurements of relativistic electron precipitation ac-
tivity over the range 3 < L < 7. The geophysical loca-
tion of the transmitter facility and receiver sites make
it ideally suitable for the quantification of such precip-
itation in a manner highly complementary to satellite-
based measurements. Much of the systematic data on
relativistic electron enhancements is based on satellite-
based measurements which are not resolved enough (in
pitch angle) to properly quantify the associated precip-
itating components. With the new South Pole Beacon
facility, during austral winter, with much of the Antarc-
tic ionosphere in dark, local time variations in the mag-
nitude and spatial (i.e., L-shell) extent of relativistic
electron precipitation will be determined with observa-
tions at regular intervals (every few minutes) over the
course of a 24-hour period. The reception of the beacon
signal is aided by the relatively low radio frequency in-
terference environment at the various Antarctic sites.
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One method for detecting the presence of an extra-
solar planet around a star is to look for the small re-
duction in light from the luminous host star due to the
transit of the dark planetary disk between the observer
and the star. This requires the plane of the planetary
orbit to be closely aligned with the line of sight of the
observer. Several space-based missions that are now in
the planning stage are proposing to use this method to
search for evidence of extrasolar planets down to Earth-
sized objects. An extensive database of large numbers
of regularly monitored stars is a requirement for these
programmes. We have used a large database of stars
that have been regularly monitored to search for signs
of planetary transits. The database of stellar intensi-
ties was created by the NZ-based microlensing project,
MOA, operating from the Mt John Observatory at Lake
Tekapo in New Zealand, and covers a period of several
years. We will present the method used, summarise our
results, and draw conclusions about the prospects for
other ground-based and space-based programmes.

URL: http://www.vuw.ac.nz/scps/moa/
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In spite of the now large number of extrasolar plan-
ets that have been detected around other stars, there
remains only one that has been detected by two dif-
ferent methods. There is no doubt that the relatively
bright star HD 209458 has an orbital companion with
mass similar to that of Jupiter. The close proximity of
this companion induces observable radial velocity vari-
ations in the host star, and the geometry of the orbit
ensures that we also see the dark planetary disk tran-
siting across the face of the stellar disk. The two ob-
jects are so close that the orbital period for the motion
is close to 3.5 days. Consequently, observable transits
appear every 7 nights within the observing season at a
given site. Combining the radial velocity data with the
transit data allows such quantities as planetary radius
and density to be deduced. The speaker will survey
what we know about this extrasolar planet, drawing on
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his experience of measuring one of the first transits of
this system at Mauna Kea Observatory in Hawaii in
November 1999.

URL: http://www.vuw.ac.nz/scps/astro/
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Recently the discovery of extrasolar planets has raised
much excitement worldwide, not only amongst as-
tronomers and academics, but also the general public.
In May 2001 Mount John University Observatory had
the installation of the HERCULES spectrograph. Us-
ing the planet-detection method known as the radial
velocity technique our goal is to measure velocity am-
plitudes of the order of 20 m/s. This is only slightly
greater than the 13 m/s produced by Jupiter on our
Sun. Currently approximately 90 sun-like stars are
being monitored in the Southern Hemisphere with
HERCULES and it is hoped that within the next few
years several new planet findings will be confirmed.
This session gives a detailed look at the technique
employed, the spectrograph design, and some of our
initial results obtained.
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Particle acceleration is an important and ubiquitous
process. In this paper, the author will present and dis-
cuss acceleration processes observed in the Earth’s at-
mosphere, above the solar surface, and in the environ-
ment of the super nova remnant SN1006.

First, new data on electrons will be reported
that were obtained with cosmic ray detectors at Mt.
Norikura. Knock-on electrons were observed to be ac-
celerated to energies up to 20 MeV by the strong elec-
tric fields in thunder clouds. Most of the accelerated
electrons were absorbed by ionization processes, but
some were observed directly, thus providing clear ev-
idence for DC acceleration. A periodicity analysis cov-
ering an eleven year period revealed a period of 26 days,
corresponding to the solar rotation period.

Second, anomalous data obtained by the Tibet so-
lar neutron telescope in association with the large so-
lar flare of Sep. 24th, 2001 will be reported. Almost
all solar neutron events detected in solar cycle 23 by
world-wide solar neutron telescopes were contempora-
neous with the detection of accelerated electrons. The
energies of the neutrons were around 400 MeV, corre-
sponding to ions with initial energies around one GeV.
In the Sep. 24th event, however, the detected neutrons
were not contemporaneous with electron acceleration as
recored by hard X-rays. This implies that ion accelera-
tion is not always accompanied by electron production.
This observation will constrain theories of particle ac-
celeration processes at the solar surface.

Finally, the author will propose a new hypothesis
for ion acceleration to energies of order 100 TeV in the
super nova remnant SN1006, for which detailed data by
X-ray and high-energy Cherenkov telescopes are now
available.
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The Taiwanese-American Occultation Survey
(TAOS)is designed to determine directly the num-
ber of small (~ 2km) objects in the trans-Neptunian
region of the Solar System. An array of four 50cm
telescopes will monitor ~ 3000 stars simultaneously
at 5Hz. When a trans-Neptunian Object transits one
these stars, an occultation event occurs. The rate of
occultations is directly proportional to the number of
trans-Neptunian objects. This talk will describe the
current state of the survey, and discuss our expecta-
tions for the next few years.
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Extra-solar planets can be efficiently detected in
gravitational microlensing events of high magnifica-
tion. High accuracy photometry is required over a
short, well-defined time interval only, of order 10-30
hours. Most planets orbiting the lens star are evidenced
by perturbations of the microlensing lightcurve in this
time. Consequently, telescope resources need be con-
centrated during this period only. The Japanese/New
Zealand collaboration MOA (Microlensing Observa-
tions in Astrophysics) continues to detect and alert
microlensing events of high magnifiaction to the com-
munity at http://www.phys.canterbury.ac.nz/~physib
/alert/alert.html promoting follow-up observations.
Here we discuss some aspects of planet detection in
these events including:-

1. zones of detectability of terrestrial, ice-giant
and gas-giant planets

detectability of multi-planet systems
detectability of solar system analogues

detectability of habitable planets

ok @

effects of the size of the source star, and the
presence of spots on the source star

o

effect of orbital rotation during an event

7. cluster computing for simulations and mod-
elling

8. applications to proposed space-based missions
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A brief history of the development of the gravita-
tional microlensing technique for detecting extra-solar
planets will be given, including the original work of
Einstein and Liebes.

A search for extra-solar planets that was carried out
by the MOA collaboration in three microlensing events
of high magnification using data from the MPS, MA-
CHO, OGLE, PLANET and MOA groups will also be
given. For all three events, exclusion zones for Jupiter-
like planets were obtained, extending from about 0.5
AU to about 20 AU. These are the largest exclusion
zones yet obtained for Jupiter-like planets orbiting nor-
mal stars. For one of the events, evidence was obtained
for a planet with mass ~ (0.4 —1.5) X Mp, ¢}, at a pro-
jected radius of either ~ 1.5 or ~ 2.3 AU. This is the
first evidence for an Earth-mass planet orbiting a nor-
mal star.

Future possible developments of the microlensing
technique will be described, including a network of tele-
scopes in Chile, South Africa and Australia that has
been set up to observe future events, and also the po-
tential of using a 10-m telescope.

URL: http://www.vuw.ac.nz/scps/moa/
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The latest results from the EROS microlensing sur-
vey towards the Magellanic Clouds and the Galactic
Plane will be discussed. We combine these results with
earlier ones from the EROS1 experiment. This makes
our analysis sensitive to compact objects in the broad
mass range 1077 — 10Mg. We derive an upper limit
on the abundance of planetary, sub-stellar and stellar

Cite abstracts as: Eos. Trans. AGU, 83(22), West. Pac. Geophys. Meet. Suppl., Abstract ##H#HH#-##, 2002.




