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“Geospace” is a name for the region occupied by the Earth’s space environment. It is centered on the Earth and extends at least communication between satellite and ground and affect
100,000 km upward from the atmosphere. Energy inputs to geospace come primarily from the Sun. These inputs come from a dynamic variation of the middle atmosphere.

charged particles as well as electromagnetic waves, including sunlight. Geospace is characterized by a continually changing
environment, the knowledge of which requires study of the Sun, of the Earth, and of all the space between them.
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The Sun is the major source of variations in the geospace Magnetic flux ropes —H LR gl — NS TRRITLE T,
environment. Solar events such as flares and coronal mass o . i H0E . . .

ejections (CMEs) are commonly seen in X-ray and [ ALFI0E Particle acceleration HsE Dlst}lrbances in the magnetosphere and ionosphere are
visible-light images of the solar surface. Particle acceleration M eechoro studied by making remote and in Situ measurements, as

well as by running numerical models such as the KRM
model to simulate selected events on computers.
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Geomagnetic storms are also characterized by a
brightening of the auroral oval surrounding the magnetic
pole. The auroral oval extends to lower magnetic latitudes
than wusual during a geomagnetic storm. Auroral
brightenings of shorter duration are known as substorms.

\ Southern aurora is seen through the Earth.

CMEs carry plasma, energy, and magnetic disturbances
through the heliosphere that surrounds the Sun. CMEs that
happen to be directed toward Earth disturb geospace from the
solar wind through the magnetosphere and ionosphere to the
thermosphere, thereby causing events known as geomagnetic
storms.
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Disturbances of geospace also affect the Earth’s radiation
belts. Particle radiation intensities decline during a
geomagnetic  storm and radiation-belt  intensities
subsequently recover. Study of variations of the ring current

and radiation belts are important to a field of study known B B SRR R L — R
as “Space Weather.” Ring currents and high-energy particles
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The purpose of the Geospace Research Center (GRC) is to coordinate and promote joint research projects on dynamical

processes in geospace, including energy flow and transformation of the solar-terrestrial system. The Center consists of a
Management Section, a Research Projects Section, four Observatories, and two Stations.
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The Management Section organizes joint research projects in cooperation with research groups in the Laboratory, as

well as with researchers at other institutions in Japan. This Section also promotes the construction of comprehensive
databases and conducts modeling/simulation studies.
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The Research Projects Section conducts joint projects and also carries out routine observations. Four such projects are
currently in progress.
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The Geospace Research Center carries out joint research projects in cooperation with research groups in the Laboratory and with
collaborating research scientists elsewhere. It promotes the compilation of data archives, construction of databases, numerical
modeling, and common use of research information.
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Promotion of Regular Projects and Special Research Projects
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Cooperation in Observation, Data Analysis and Theory/Simulation
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Regular Projects
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Cooperative Research on Database Construction
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Special Research Projects (Six-year Plan)

Project 1: Study of Evolution of 3-dimensional
Heliospheric Structure and Particle Acceleration in the
Peculiar Solar Activity Cycle
Project 2: Coupling Processes of Space Plasma and
Charged/Neutral Atmosphere Based on Global Ground
and Satellite Observations

0 Project 3: Effect of Solar Activity on Global Environment
Project 4: Geospace Environment Modeling System for
Integrated Studies — Phase IlI: Investigation of Particle
Acceleration and Regional Coupling Processes During
Geospace Storms
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Geospace Research Center
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The Geospace Research Center conducts regular and special projects to study elementary processes and cross-regional coupling in geospace. It does

this by integrating three approaches: observations, data analysis, and theory/simulation.
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The Geospace Research Center promotes construction and integration/operation of advanced IT infrastructure composed by supercomputer, high
speed network and wide area file system (Gfarm) in collaboration with the Information Technology Center of Nagoya University and NICT

(National Institute of Information and Communications Technology).
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Cooperative Research Program for Basic Study of Geospace
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The aim of the Solar-Terrestrial research is to obtain
comprehensive understanding of variety of complex
phenomena occurring in the space between Sun and Earth.
To do so, analyses of various data taken by ground and
satellite instruments are being done. Such data, however, are
difficult to use efficiently without making database by
processing properly. To make such databases, Geospace
Research Center is conducting database production
collaboration with researchers in STEL and other research
institutes.
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Sunspot relative numbers and latitude distribution of sunspots (the
so-called butterfly diagram) observed at the National Astronomical
Observatory of Japan. The database also contains solar images in
white light, H-alpha, Calcium K-line, and images of the solar corona
taken with a coronagraph; some dates back to 1910s.
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OMTI (Optical Mesosphere Thermosphere Imager)
database. Two-dimensional airglow intensity, wind
velocity, and temperature in the upper atmosphere
measured by all-sky imagers and interferometers.
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Kagoshima VLF database. Very Low Frequency (VLF) /
Extremely Low Frequency (ELF) data taken at Kagoshima
Observatory, STEL, since 1976. Wave form of lightning
whistlers and their frequency-time spectrum.
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Computational joint research programs on the solar,
terrestrial, and planetary sciences are carried out by using

the Fuyjitsu FX1 and HX600 supercomputer systems at
Information Technology Center (ITC), Nagoya University.
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Roles of “computer simulations” are to study various
phenomena which are not observable or theoretically
interpretable such as solar-system planets and extra-solar
planets far from the Earth, or whole solar system, as well as
reproduction of observed data and verification of
theoretical analyses.
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The Earth’s magnetosphere has various boundary layers, and these meso-scale
boundary layers are important for global structures of the magnetosphere. The
micro-scale particle acceleration and heating play important roles in
meso-scale boundary layers. These cross-scale coupling between global- and
meso-scales or micro- and meso-scales are studied by high-performance

computer simulations.
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FX1 Supercomputer System
at ICT, Nagoya Univ.
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== Simulation of Jupiter's Magnetosphere ‘

Simulation of Magnetosphere of
Extrasolar planet called “Hot Jupiter”
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Simulations of comparative magnetospheres

(Top) MHD simulation of Jupiter’s magnetosphere.
(Center) MHD simulation of heliosphere.

(Bottom) MHD simulation of magnetosphere

of Hot Jupiter in extra-solar systems.
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Simulations of cross-scale coupling processes
(Center) Global MHD simulation of Earth’s
magnetosphere.

(Top-right) Fyjitsu FX1 supercomputer system.
(Top-left) Full particle simulation of
collisionless shock.

(Bottom-right) Vlasov simulation of magnetic
reconnection in the magnetotail.

(Bottom-left) Vlasov simulation of
Kelvin-Helmholtz instability in the low-latitude
boundary layer.
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Project 1: Study of Evolution of 3-dimensional Heliospheric Structure
and Particle Acceleration in the Peculiar Solar Activity Cycle
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The 24" solar cycle has some characteristics which differ from earlier ones; such as the prolonged spotless condition and reduction

in the Sun’s polar magnetic field. It is an interesting question how the heliosphere evolves in association with the solar activity
variation. We are studying evolution of 3-dimensional heliospheric structure and particle acceleration in the peculiar cycle.
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A loss-cone precursor of a severe geomagnetic storm on 14 December 2006
was clearly observed with the Brazilian muon detector about 30 hours prior

g L L L ' to the SSC onset (analysis by Prof. K. Munakata’s group of Shinshu
= ) o %0 y ! CME > University). Cosmic ray muon observations provide us with useful
j?g%;’g% Solar Wind \ S : information for space weather predictions.
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Latitude variation of solar wind speed determined from IPS
observations: (upper) CR 2070 (Year 2008), (lower) CR 1910 (Year
1996). Observations in 2008 show an increase in solar wind speed at
the equator, while observations in 1996 show that the speed is
minimal there. IPS observations enable to measure the solar wind
speed for a wide latitude range from the equator to the poles.
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properties on the solar wind.
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Coronal magnetic fields calculated from satellite observations: (left) CR 2070
(Year 2008), (right) CR 1910 (Year 1996). Open and closed field lines are
indicated by red and white lines. The open field lines come from low latitudes as
well as the poles for 2008, whereas they come from only the poles. IPS
observations enable to investigate influence of different coronal magnetic
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The SciBar detector which is installed at Sierra Nagra,
4,600m above sea level, in Mexico. This is used as a
super sensitive solar neutron telescope in solar cycle
24.
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Project 2: Coupling Processes of Space Plasma and Charged/Neutral Atmosphere
Based on Global Ground and Satellite Observations
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This project aims to elucidate the coupling processes of space plasma and charged/neutral atmosphere in the geospace region by

coordinating new global experiments from ground network instruments and satellites. Using the advantage of ground experiments for
long-term measurements, we also investigate effects of the solar 11-year activity to the Earth’s atmosphere.

IHRLE—DFh /

energy flow

-

#—R3
aurora

M FHFL —# — 3o "N — 27BN Lo TH S

Nl - Y7 —a T # O BEEE 75 X~ D \ X /
EISCAT L—#—

MO/ — ) i ERo b — 8 HIITZ DX
IRV D M o= B LB TEET, EISCAT rpdidy
—J7. NLEEIZZ DB OFEMIRE REEH2 SA4—

LIRTEET,

Plasma convection pattern obtained by a ground HF
radar network. Ground network experiments can give
global-scale information, while satellite measurements
can give detailed in-situ electromagnetic conditions of
plasma and fields.
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Plasma bubble structures observed by an all-sky
airglow imager at Darwin, Australia. The
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the plasma and neutral atmosphere. B 1.
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Top: Auroral arc images obtained by a ground-based
camera. Location of the three THEMIS satellites are

indicated by spots. Bottom: Magnetic field and ion flow
velocity data obtained by the three THEMIS satellites.
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Five telescopes for a new sodium
LIDAR (left) and laser beam over
aurora display (right). The sodium
LIDAR is under operation at
Tromso, Norway for investigation
of temperature variations between
80 and 110 km and of their
mechanisms.
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Schematic picture of several geospace regions in the inner

magnetosphere. This project contributes to future satellite
missions that investigate these geospace regions.
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42-m dish antenna of the EISCAT Svalbard radar. This
antenna is used to measure parameters in the polar ionosphere.
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Project 3: Effect of Solar Activity on Global Environment
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The Sun affects the Earth’s environment in various ways. In this project we investigate processes by which solar activity could have
influenced the Earth’s environment in the past and at present. In order to understand long-term variations in solar activity over several
solar cycles or longer, we study past solar-activity variations by measuring radioisotopes. To understand mechanisms by which the Sun
can influence the Earth, we measure present-day variations in the atmosphere by using infrared and millimeter-length radio waves and
conduct laboratory experiments by using a laser system.
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Atmospheric ions
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The effects of solar activity on variation of atmospheric molecular constituents are investigated 'ELEHE E‘Z
by extracting the solar 11-year component from the monitoring measurement of millimeter-length 14C ?]Toud BorEisam

radio waves for the longer-term changes over tens of years. In Atacama highland of Chile, .
millimeter-length radio wave observations of water vapor (isotope ratio), ozone, nitrates, ClO etc. E.]_"— E ﬁE E'A-*,?( *E
in stratosphere and mesosphere are made. Also a millimeter-length spectrometer, which can be Cosmogenic isotopes

used even at the Antarctic, has been developed and global variations of latitude dependence and
regional effects of water vapor are clarified through observations.
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Millimeter-length radio wave measurements
(continuous measurements through days and nights)
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Elementary process study by laser system

Accelerator experiments — cloud formation model

IR R E &5 iR (AMS)

Accelerator mass spectrometry (AMS)
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14C analysis of tree rings (Past solar activity)
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10Be analysis of ice cores, Past global environment
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Variation of the sunspot number over the past 400 years. The
sunspot number is a good index for solar activity. It reveals an
11-year periodicity and also shows variations in century scale.
Solar activity was especially low during the second half of the 17th
century (an interval known as the Maunder minimum), which
corresponded to an interval of unusually cold climate (the Little Ice
Age).
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Analysis of chemical reactions by using UV lasers. Laboratory
experiments with the laser apparatus shown above provide
information about elementary processes involved in photochemical
reactions and thus help to clarify the effects of solar UV radiation
on atmospheric constituents. The results will be useful for
modeling and simulation of atmospheric processes.
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Tree rings in Japanese cedar from Yaku Island. Measurements of
radiocarbon 'C concentration in tree rings (e.g., of this
1900-year-old Yaku cedar) provide information about past
variations in solar activity. Such variations over the past three
millennia are measured and compared with variations of Earth’s
climate.
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Project 4: Geospace Environment Modeling System for Integrated Studies — Phase II:
Investigation of Particle Acceleration and Regional Coupling Processes During Geospace Storms
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(Left) Three-dimensional visualization of the current structure obtained from the GEMSIS-RC (ring current) model developed by the
GEMSIS-Magnetosphere team. This new simulation code is unique in the sense that enables us to solve time evolution of ions and fields
including ULF waves in the inner magnetosphere self-consistently to investigate plasma and electromagnetic field variation during geospace

Fio, BRELEER VA A=A RN, i FEN ., BEEBROT — X 2RISR H TEAR ATy — v ET storms. (Right) An example of the spatial distribution of relativistic electrons in the outer radiation belt obtained from the GEMSIS-RB (radiation
R 2B R YR K B E B A B D [E B A A — R IR NS T A AL X — R Re A R A 3 E:;;)nerpoos(;ﬂére'l'he model precisely solves relativistic electron trajectories in arbitrary electric and magnetic field models of the inner
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"Geospace" represents the near-Earth space where the influence of Earth
is noticeable. The geospace storms, which often take place during the
solar maximum, are drastic variation of the space environment caused by
dynamic solar activities such as CMEs. During the geospace storms,
enhanced regional couplings in the solar-terrestrial system and dynamic
energy and mass transport, resulting in change of Earth's radiation belt
and various space weather phenomena, are known to take place.
However, mechanisms responsible for the dynamic variation are far from
understood. The GEMSIS project aims at understanding of physical
mechanisms of the particle acceleration and regional couplings in the
solar-terrestrial system during the geospace storms on the basis of
observation-based integrated models. Another important task of the
project is development of the science center function for geospace studies
that facilitates the close collaboration between the satellite, ground-based
observation, and theory/simulation/modeling by providing integrated data
analysis tools and combined database.
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Spatial distribution of high-energy electrons in a solar flare (a half of a
flare loop), obtained from a particle-acceleration simulation developed in

the GEMSIS-Sun project. This is very useful to understand where and
how electrons are accelerated in a solar flare.
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A schematic illustration of the Sun-Earth System. In order to understand physical
mechanisms of regional couplings and particle acceleration/loss taking place in the

complicated Sun-Earth system, the GEMSIS project has been carried out by three
working teams: The GEMSIS-Sun, GEMSIS-Magnetosphere, and GEMSIS-Ionosphere.

Science Center Function

@Promotion of integrated studies combining
various types of geospace data from
satellite and ground-based observations

with numerical models/simulations
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Global distribution model of large-scale field-aligned currents derived

from a huge amount of data from satellites with an advanced statistical
scheme.
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An example of weekly forecast of the relativistic electron enhancement

at GEO. The algorithm is developed based on study of solar
wind-radiation belt coupling.



BFEBERIFT  Moshiri Observatory

RLBEREDOE A Atmospheric Environment Observations
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Stratospheric ozone and the species related to the ozone depletion as well as green house gases
(GHGs) such as carbon dioxide and methane are measured by using a high-resolution Fourier
Transform Infrared spectrometer (FTIR) for better understandings of their temporal variations and
mechanism of the ozone depletion and global warming. In addition, measurements of stratospheric
NO, and ozone column densities are also made with a UV/Visible spectrometer. These observations
have been carried out as a part of the Network for the Detection of Atmospheric Composition
Change (NDACC), and the GHG’s data are provided to a global network of CO, observation (Total
Carbon Column Observing Network: TCCON) and the GOSAT satellite validation program as a
validation data.
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Time series of XCO, measured with the Moshiri FTIR analyzed by STEL and the
National Institute for Environmental Studies (NIES).
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EA—uZ, Eob, F. fk, JROA Low-latitude auroras associated with great magnetic storms have been successfully observed by
— OO H &Z wEhodr optical instruments (high-sensitivity all-sky camera and scanning/fixed-type photometers).
BRI Geomagnetic variations are measured by using fluxgate and induction magnetometers. ELF/VLF

° radio wave emissions generated by lightening and in the Earth’s magnetosphere are also recorded
Low-latitude aurora observed during a  routinely using a 43m loop-antenna. These data are opened to the scientific community for better
magnetic storm. understanding of the ionospheric and magnetospheric environment and for monitoring ‘Space

Weather.’



FERIERAIFT  Rikubetsu Observatory
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Rikubetsu Observatory (in Rikubetsu Space and Earth Science Museum, in eastern Hokkaido) enjoys many clear-sky days and is free
from local air pollution. Two major research projects are carried out in this observatory. One is a continuous monitoring of
stratospheric ozone and related species, based on infrared and optical spectroscopic observations. The other is a study of mid-latitude
auroral activity during major geomagnetic storms by means of the high sensitivity all-sky CCD camera, scanning spectrometers,
magnetometers and HF radar. STEL collaborates on the studies of stratosphere with the National Institute for Environmental Studies
(NIES), which sponsors various instruments such as a millimeter-wave radiometer in the same observing room. Rikubetsu
Observatory is playing a key role in international collaborative programs such as the Network for the Detection of Atmospheric
Composition Change (NDACC).
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The Fourier Transform Infrared spectrometer (FTIR, left) and the Sun tracker (right)
that feeds sunlight into the spectrometer. Density and vertical distribution of minor

constituents in the atmosphere can be retrieved from absorption spectra against
background sunlight. Spectral data are obtained every 30 minutes at a world-class

resolution of 0.0035 cm™2.
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Low-altitude aurora detected with the high-sensitivity
all-sky camera at Rikubetsu Observatory. This is a

false-color intensity map of the red auroral light at
wavelength 630 nm emitted by oxygen atoms.
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vortices around the North Pole. This
work  has been performed in
collaboration with the National Institute
for Environmental Studies (NIES).
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Intense westward ionospheric plasma flow above
Far-East Russia observed by the HF radar. The radar
can cover wide horizontal area to monitor the
structure and dynamics of the ionosphere.
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Four stations at Fuji, Toyokawa, Sugadaira and Kiso construct four-antenna system, which
is fully dedicated to ground-based solar wind observations. The routine-based solar wind
observations have been carried out using the interplanetary scintillation method.
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Geographical arrangement of
four-antenna system.
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Cylindrical parabolic antenna at Fuji observatory. The antenna consists of five parabolic EJ&E?E;{& &
frames placed in east-west direction, with stainless wires stretched through the frame to

make a 2000 m? reflector. Each station is fully automated and remotely controlled from
Nagoya.
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Radio waves from a compact radio source are scattered by electron
density irregularities in solar wind, and the scattered radio waves
interfere with each other as they propagate to the earth, producing
diffraction patterns on an observer's plane. This phenomenon is called
interplanetary scintillation (IPS). IPS measurements with widely
separated antennas can obtain solar wind velocity and density
fluctuation level.
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The IPS observations have several advantages over spacecraft measurements. They can be Solar wind velocity distribution in Carrington
used consistently for a long-term study of the solar cycle dependence of the solar wind longitude and heliographic latitude. Computer
structure. In addition, since a large number of IPS sources are available, vast regions of assisted tomographic analysis was applied to

interplanetary space can be probed in a relatively short time. derive this map from the IPS observations.
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Kagoshima Observatory is located in southern Kyushu, near
Sakurajima volcano. Routine observations for the study of Earth’s
ionospheric, upper atmospheric, and electromagnetic environment are
being carried out by using ELF/VLF receivers, magnetometers, and
all-sky cameras in collaboration with other universities.

JiE VR BRI 2 (R I3RS

Kagoshima Observatory near Sakurajima volcano.

ELF/VLF A5 7 7 F L MR @RI,
ELF/VLF antennas and geomagnetic observation hut.
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All-sky CCD camera (lower right), fish-eye lens (upper right) for the camera, and observation hut (left). The camera can automatically observe
nightglow from various atoms and molecules at altitudes 80-100 km and 200-300 km in the upper atmosphere.
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Wavy structures with scales of 15-20 km at W ATV DR EE L BRARET 1700 km (2L E T

altitude 95 km, as detected with a 557.7 nm Giant plasma bubbles (dark regions) in the ionosphere observed simultaneously with 630

all-sky camera at Sata. nm all-sky cameras at Sata (Kagoshima prefecture) and Darwin (Australian geomagnetic

conjugate point of Sata). The apex altitude of the bubbles is about 1700 km over the
geomagnetic equator.
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A large muon detector with a 28 m? detection area was installed in

December 2005 in the main building of the Southern Space
Observatory of INPE, Brazil.

Overseas Observations

BADTF = v A RPICRE LI FBIRIELEE, &
RERDFET DWIF 7225 BN 22 L2 dD | &
JE KRR DJREZBHIL TNET,

Optical instruments installed at Chiang Mai University,
Thailand. Wind velocity in the upper atmosphere is measured

through the Doppler velocity of the airglow which is a weak
emission from the upper atmosphere.
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An newly constructed observation site at Rio Gallegos, Argentina,
where a millimeter-wave radiometer was installed in September
2010, and an ozone spectrum from the stratosphere has been
measured in order to investigate the influence of the Antarctic ozone
hole on the mid-latitude region.
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MOA (Microlensing Observations in Astrophysics) 1.8 m
telescope installed in Mt. John Observatory, New Zealand.
Using 12 cm x 15 cm prime focus CCD camera, microlensing

surveys are being executed. Until now, 10 extrasolar planets
have been discovered with microlensing method.
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Solar-Terrestrial Environment Laboratory
Nagoya University

Subsidiary Facilities

BE History

1990 (ERL 2)5 6 A
A RO KIS MR BREE AT ZE AT (42 L [RIFI ) 307,
The Solar-Terrestrial Environment Laboratory (STEL) was
established.

1995(CERL V& 4 A
SLRVBLANG Mtz 2 — 338 2
The Center for Joint Observations and Data Processing was
organized.

1997 CERL 9)5 10 A
PERke S BLRIR 338 2
The Rikubetsu Observational Facility was organized.

2003 (FRL 15)5F 4 A
B2 a A 28 2 8 R &7 e LI AT 3 38 2
The Rikubetsu Observatory was organized.

2004 (FRE 16) 5 4 A
ENRFENS BRI 0TE R,
The National University Corporation Nagoya University was

Iaynched.
UH A=A — DR,
The Geospace Research Center was established.

Fﬁ T:Eiﬂ’. Locations
=

£ HERFNGHKIRIEHIAR
MESARAR—RAER 72—
Geospace Research Center
Solar-Terrestrial Environment Laboratory
Nagoya University

T 464-8601

Al TR XN T

TEL: 052-747-6306 (ft) FAX: 052-747-6313
Furo-cho, Chikusa-ku, Nagoya 464-8601 Japan
TEL: 81-52-747-6306 FAX: 81-52-747-6313

2=

Toyokawa Branch

T 442-8507

ML TRE) J53-13

TEL: 05633-89-5206 FAX: 0533-86-0811

MEAAL (BEE)

Geospace Research Center

TR AER

Management Section

TaY I MEER

Research Projects Section

BF B &R
Moshiri Observatory

ek 71| &8RRI

Rikubetsu Observatory

2R

Fuji Observatory

Be R SERAIFT

Kagoshima Observatory

O BFEERIFT Moshiri Observatory
T074-0741
e E R AR NN T~/ 7 AL VE 3
TEL: 0165-38-2345 FAX: 0165-38-2412

@ [ERIERBIFT Rikubetsu Observatory

T 089-4301
e w3t Ny n IS Su il
TEL: 0156-27-8103 FAX: 0156-27-8103

@ ELEAIFT Fuji Observatory
T401-0338
LI U2k P 1 B T T AT B kA 13472
TEL: 0555-89-2148 FAX: 0555-89-2829

@ REERBE#AIFT Kagoshima Observatory

T891-2112
s JEE B PR T K T AR T~ T A5 3860~-1
EFEAEE g . 0994-32-0730 FAX: 0994-32-3066
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