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ABSTRACT

In order to open the new horizon of research in the
plasma universe, SCOPE will perform formation flying
multi-scale observations combined with high-time resolu-
tion electron detection and will enable data-based study
on the key space plasma processes from the cross-scale
coupling point of view. Key physics to be studied are
magnetic reconnection under various conditions, shocks
in space plasma, collisionless plasma mixing at the bound-
aries, and physics of current sheets embedded in complex
magnetic geometries. The SCOPE mission is made up of
the 5 spacecraft (s/c) formation put into the equatorial
orbit with the apogee at 30Re (Re: earth radius). One of
the s/c is a large mother ship which is equipped with a
full suite of particle detector including ultra-high sampling
cycle electron detector. Among other 4 small s/c one re-
mains near (~10 km) the mother ship and the s/c-pair will
focus on wave-particle interaction utilizing inter-s/c com-
munication. Others are used for wave-particle interaction
study when the distance from the mother ship is small
(~100 km) and are used as the plasma monitors at ion-
scales when the distance is larger (100~300 0km). There
is lively on-going discussion on the SCOPE-M? collabo-
ration, which would certainly make the coverage over the
scales of interest better and thus make the mission success
to be attained at an even higher level.
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1. THE SCIENCE OF THE SCOPE MISSION

1.1. MAGNETOSPHERE AS A TYPICAL PIECE OF THE
PLASMA UNIVERSE

Large fraction of the universe is filled by gas in the plasma
state. This implies that the magnetic field would be play-
ing significant role in gas dynamics of the universe and
there indeed are growing interests in the magnetic effects
in astrophysical situations such as the accretion disks. The
plasma universe can be characterized by high-energy, large
scale dynamic phenomena, and it is these active features
that fascinate us.

Earth’s magnetosphere is also a typical piece of the
plasma universe. The region is formed by the interaction
between the solar wind and the planet’s intrinsic mag-
netic field. The solar wind is a stream of ionized gas from
the sun and interacts with the intrinsic magnetic field of
the planet. Since the solar wind is super sonic, the bow
shock is formed in the front side of the magnetosphere.
The boundary that separates the shocked solar wind from
the region occupied by Earth’s magnetic field (magneto-
sphere) is a velocity shear layer, a current layer, as well
as a density gradient layer, that is, full of potential to be-
have dynamically. In the night side of the magnetosphere,
the field lines are highly stretched anti-sunward to form a
current sheet across which the magnetic polarity reverses.
The anti-parallel field lines are often subject to the process
called “magnetic reconnection” via which energy stored as
the magnetic energy is released explosively to the plasma
thermal and kinetic energies.

Shocks, boundary layers, and magnetic reconnection
are ubiquitous in the plasma universe. On the other hand,
the magnetosphere is the only place where detailed obser-
vations of these physical processes can be obtained. The
solar corona is another piece of the plasma universe. Solar
observations do provide us with nice graphical presenta-
tion of explosive phenomena in the solar corona, in which
magnetic reconnection is playing a crucial role. It is, how-
ever, only in the magnetosphere that detailed in-situ data
of the phenomena can be obtained. Understanding activ-
ities caused by large scale reconnection jets in the night
side of the magnetosphere (magnetotail) is one of the most
fascinating branches of magnetospheric physics. From the
data obtained in-situ in the magnetotail, we are beginning
to understand how the ion particles are energized in the
reconnection process. Embedded at the origin of the large
scale reconnection jets is the engine part in which elec-
tron scale dynamics dominates. In the SCOPE mission
we will observe simultaneously the electron-scale process
inside and MHD-scale dynamics outside of the reconnec-
tion engine, which precious information on the “cross-scale
coupling” would never be obtainable anywhere else, nor by
any other mission.
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1.2. MAGNETOSPHERE AS A PRECIOUS FIELD FOR THE
STUDY OF THE PLASMA UNIVERSE

In trying to construct the true understanding of the plasma
universe, detailed observations are not only better but are
essential. The reason for this is that the plasma gas fill-
ing the plasma universe is in a state that is beyond our
common sense. Unlike the ordinary gas that surrounds us,
space plasmas are mostly in “collisionless” state, where
constituent, particles do not collide with each other but
interact with each other solely via electromagnetic fields.

The collisionless-ness sets the thermo-dynamical relax-
ation time scale to be much larger than the dynamical
time scale and that there is no usual dissipation process
that we take for granted. The non-Maxwellian distribu-
tion function is everywhere. Non-thermal particles are not
necessarily minor and are not just test particles that only
react to given electro-magnetic fields but can play a signif-
icant role in determining the time evolution of the system.
Energetic particles are everywhere in the plasma universe
because they don’t lose their energies by colliding with the
less-energetic thermal component. Explosive phenomena
occur because usual relaxation processes are absent and
the dissipation processes that trigger them show anoma-
lous behaviors.

All these fascinating aspects of space plasma dynamics
have their roots in this collisionless-ness of the plasmas. If
we really are to understand the behavior of space plasmas,
we would ultimately have to have the way of description
with kinetic effects fully taken into account. Observational
data that directly supports effort of this kind is particle
data (velocity space distribution function data) obtained
in-situ at the site of the phenomena. Electric and magnetic
field data are also essential in understanding the dynamics
of the particles. In any case it is only in the magnetosphere
that these data can be obtained.

1.3. CROSS-SCALE COUPLING IN COLLISIONLESS
SPACE PLASMAS

Our interest in the magnetospheric dynamics is often bi-
ased towards large scale phenomena that have global im-
pacts. When the overall spatial scale of the process is
larger than the ion scales (ion inertial length or ion Lar-
mor radius), it has been said that the MHD equations is a
good enough approximation to describe the long term be-
havior of the system. There is no denying the usefulness
of the MHD equations as a starting point of discussion.
This, on the other hand, does not mean that describing
the magnetospheric dynamics by the MHD equations in
the present form is the ultimate goal of our research. This
should be the same in the plasma universe research con-
text, in which understanding the particle acceleration pro-
cess is often listed as one of the most important research
goals.

We have seen that the fascinating aspects of magne-
tospheric processes root in the collisionless-ness of the
plasma. There is no usual dissipation that will smear out
the dynamics at small scales. In a dynamic situation the
energy input from a MHD-scale dynamics would cascade
down to and give birth to smaller-scale dynamics at sub-
MHD (ion and electron) scales. The sub-MHD dynamics
often have substantial kick-back to the parent large-scale
dynamics. In other words, the true understanding of what
we are attracted to comes only when the effects of par-
asitic sub-MHD scale dynamics are appreciated, that is,
only when the collisionless effects (kinetic effects or par-
ticle effects) are fully appreciated. MHD system in the
present form treats sub-MHD scale dynamics only in an
ad-hoc manner by stretching our common sense based on
our experience with collisional gases, and that very likely
by stretching it out of its validity. Previous studies on
kinetic effects mostly dealt with only sub-MHD scales iso-
lated from larger-scale dynamics in an effort to estimate
a transport coefficient resulting from the sub-MHD phe-
nomenon alone. This traditional research style has been
to summarize the sub-MHD scale effects into a transport
coefficient (viscosity, resistivity, ...) and add the term to
the MHD equations. One can easily argue that, while this
may be good in a collision dominated situation, this form
does not necessarily fully appreciate the wonder of the
collisonless plasma.

It is the dynamical coupling among the scales, from
the bottom of electron-kinetic up to MHD, that the new
perspective on the plasma universe should focus upon. In
space plasmas, in the absence of usual dissipation, the cou-
pling among the scales is dynamic and we should search
for a description style that features the dynamic nature
of the cross-scaling coupling in space plasma dynamics.
Equipped with new instruments that enable us to inspect
magnetospheric dynamics with this new perspective, any-
where in the dynamic magnetosphere turns into an un-
touched region showing us wonders and providing us with
new findings of collisionless plasma physics. With these
new data-based inputs we will be able to step forward and
to build a truly fundamental understanding of the mag-
netospheric dynamics. Then we will go on to contribute
in establishing the new framework to describe the plasma
universe. The magnetosphere is the only field where pre-
cious in-situ data that unveil the physics of the plasma
universe can be obtained. Without the new mission led
by the new perspective, the magnetosphere remains as a
virgin land with treasures waiting forever to be dug out.

The SCOPE mission is designed such that observa-
tional studies from the new perspective, that is, the cross-
scale coupling viewpoint, are enabled. The orbit is so de-
signed that the s/c will visit most of the key regions in
the magnetosphere, that is, the bow shock, the magneto-
spheric boundary, the inner-magnetosphere, and the near-
Earth magnetotail. In the following, we pick up the topic
of magnetic reconnection and overview some of the past
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key results that led to this mission concept. The key is-
sues are (1) need for high-time resolution electron mea-
surements and quantitative wave field measurements at
electron scales, (2) need for full coverage over the energy
range of interests, (3) the powerfulness of the formation
flying observations, and (4) need to resolve more than one-
scale at a time.

1.4. MAGNETIC RECONNECTION IN THE
NEAR-EARTH TAIL

Magnetic reconnection is one of the most important pro-
cesses in the plasma universe. In the process, the field
lines separated across a current sheet is re-connected. This
causes the change in the field line topology. It also con-
verts the energy stored in the magnetic energy into the
plasma kinetic energy, which is the conversion from an in-
visible form into a visible form, and thus is the origin of
various explosive phenomena in the plasma universe. In
the magnetosphere, there are three primary regions where
the process is operative: the boundary of the magneto-
sphere (magnetopause), the distant magnetotail, and the
near-Earth magnetotail. The field line topology aspect of
the reconnection process is important in the former two
regions. It is by these processes that the basic structure of
the magnetosphere is maintained and by which the solar
wind plasma is flowing into the magnetosphere. On the
other hand it is its explosive nature of reconnection in the
near-Earth tail, which causes a pair of plasma jets to be
emanated earthward and tailward from the reconnection
region, that makes it one of the highlight phenomena of
the magnetospheric dynamics.

One of the most prominent achievements of the Geotail
mission (ISAS-NASA, 1992~) is that it revealed the ion-
scale structure surrounding the reconnection region (X-
line). X-line is the engine part of the reconnection process
where the MHD approximation totally breaks down. Far
away from the X-line, the plasma will eventually behave
not far from what the MHD theory describes. At ion-scales
surrounding the X-line, which is not far enough away from
the X-line, the plasma behavior still deviates from the
MHD description. This is indeed required to keep the re-
connection process running. At the ion-scale essentially
the electrons run faster than the ions and the resultant
electromagnetic force accelerates the ions, which eventu-
ally becomes to constitute the plasma jets. What Geo-
tail observations revealed are (1) identification the current
loop surrounding the X-line indicating differential motion
between ions and electrons, (2) identification of the cur-
rent carrier at the kinetic level (velocity distribution func-
tion level), and (3) identification of the ion acceleration
process at the kinetic level. These achievements owe very
much to the properties of the orbit that was set so nicely
that the s/c spent more than half of the time within the
plasma sheet when the apogee was in the nightside.
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In some cases, Geotail s/c went through the middle
of the X-line where electron-scale dynamics is dominant.
The data shows significant heating of electrons as well
as very high activity of plasma waves. That is, there is
ample circumstantial evidence of electron-scale dynamics
to be operative at the X-line but proceeding further with
the data is prohibited by the low-time resolution of the
electron particle data.

True understanding of magnetic reconnection process
is one of the most significant issues in the plasma uni-
verse research. The next generation mission revealing the
electron-scale dynamics at the X-line needs to have high-
time resolution electron data and fully quantitative plasma
wave data. To see how the particles are energized in the
process, the particle detectors need to have full coverage
over the energy range of interests. To see the physics at the
X-line and its larger-scale consequences at the same time
we need to have measurements at the locations separated
by the ion-scale and by the MHD-scale from the X-line as
well. 3-component DC E-field measurements are crucial in
inspecting the ion-scale dynamics. To be optimized for the
near-Earth tail reconnection study the apogee of the orbit
must be at ~30 Re and in the tail-box in the midnight
meridian.

1.5. LARGE-SCALE FULL-PARTICLE SIMULATIONS ON
QUICK MAGNETIC RECONNECTION TRIGGERING

The current sheet in the magnetotail is the site for ex-
plosive magnetic reconnection, in which various magne-
tospheric activities are considered to originate. Magnetic
reconnection in a fully developed phase has been recently
studied extensively by the Geospace Environment Model-
ing (GEM) magnetic reconnection challenge project. While
the GEM project has revealed an important aspect of two-
dimensional (2-D) magnetic reconnection, the questions of
spontaneous reconnection triggering and of the non-linear
state that emerges out of it have been left open. Espe-
cially, we should consider how an ion-scale current sheet
would become subject to reconnection triggering, for cur-
rent sheet thickness observed in the magnetosphere is of
this order or even thicker. One of the candidates to ini-
tiate reconnection is the tearing instability, however, we
have found that there is a critical thickness above which
significant effects of the instability are not available and
that the critical thickness turns out to be of electron-scale.
While this critical thickness severely limits the ability of
the two-dimensional tearing mode for triggering quick re-
connection, we have also recently shown that the tearing
mode survives as a viable process via three-dimensional
cross-scale coupling. We have shown that, even if the cur-
rent sheet thickness is of ion-scale, large scale reconnection
is triggered very quickly. The definitive contrast between
2- and 3-D results comes from the difference if the lower-
hybrid-drift instability (LHDI) is allowed or not. Only in
the 3-D case the freedom in the current direction is in-
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cluded and LHDI is allowed to develop around the outer
edges of the current sheet. LHDI at the outer edges induces
non-local redistribution of current density within the cur-
rent sheet that leads to the quick reconnection triggering
(QMRT). The triggering is attained as soon as LHDI is
saturated and is very quick even for an ion-scale current
sheet. It is also emphasized that QMRT is obtained via
non-local, cross-scale coupling with LHDI and is not some-
thing that can be modeled as a current driven anomalous
resistivity.

Recent large scale simulations show that cross-scale
coupling almost always appears in large-scale dynamic
phenomena and produces the fascinating effects of col-
lisonless space plasmas. Numerical simulations are quite a
powerful tool in investigating the basic mechanisms and
there will be many sub-MHD-scales-included simulations
of local MHD processes in idealized situations that will
reveal the wonder and the significance of cross-scale cou-
pling in space plasmas. In the foreseeable future, however,
simulations will never be free of limitations. Nice simula-
tion results that will indicate unpredicted effects of cross-
scale coupling processes will not solve the problem to the
ultimate end but will enhance the need for the SCOPE
mission that will enable data-based study on cross-scale
coupling processes and that will prove that the wonder
truly exists in the real world. The better the simulation
results are, the more indispensable the SCOPE mission is
towards the true understanding of the plasma universe.

2. THE MISSION STRATEGY

The SCOPE formation flying observations will enable mea-
surements of more-than-one scale at a time and thus inves-
tigation into the coupling among the scales. The SCOPE
formation consists of 5 s/c. The mother s/c is the large
s/c and is capable of 10 msec electron detection. The
near-daughter will stay within 10km from the mother to
team up with it to focus on the wave-particle issue. 3 far-
daughters will study physics at electron scales when the
distance from the mother is small (<100 km: Phase 1)
and will monitor plasma environment at ion scales when
the distance is made larger (>100 km: Phase 2). The key
regions to be visited by the s/c are the bow shock, the
magnetospheric boundary, the inner-magnetosphere, and
the near-Earth magnetotail. These are most of the key re-
gions in the magnetospheric physics and are the regions
which host fundamental plasma dynamics that have im-
plications to our understanding of the plasma universe. In
the SCOPE mission the key dynamics in these key regions
will be inspected from the cross-scale coupling viewpoint.

2.1. SCIENTIFIC INSTRUMENTS HIGHLIGHT

Fast electron detector. In order to understand the cou-
pling among the scales up from the electron scales, super
high time resolution electron measurements in the energy

range a few eV—40keV is indispensable. So far, electron
distribution functions have been measured with the time
resolution of the order of a second in the Earth’s mag-
netosphere. There are few other exceptional cases where
electron pitch angle anisotropy is observed with time res-
olution of the order of 10 msec. However, for SCOPE mis-
sion, it is mandatory that fully 3-D electron velocity space
distribution function be measured with 10msec time reso-
lution. This super high time resolution electron spectrom-
eter has to have large enough geometrical factor for mea-
suring tenuous electrons near reconnection region while
keeping its weight and power within acceptable range as
a spacecraft borne instrument.

Medium energy particle detector. It is well known that
electrons and ions are accelerated to ~ 100 keV range
around reconnection region in the Earth’s magnetotail.
However, their acceleration process is not yet well de-
scribed due to insufficient time resolution of the medium
energy range (10keV /q ~ 200keV /q) electron and ion mea-
surements. Acceleration efficiency would depend on the
ion mass pointing to the need to identify the ion species.
This is very true in the inner-magnetosphere where 10~100
keV ions of various species are the dominant pressure car-
rying constituents. To step ahead with the cross-scale cou-
pling formulation of the physics of this region, identifica-
tion of ion species and the energy spectrum is the first and
the crucial step. For the SCOPE mission, new electron
and ion medium energy range spectrometers with time
resolution of the order of a spin period (several seconds)
are required. Ton medium energy range spectrometer has
to have quite a large geometrical factor so that ion mass
spectrometry is possible while the total size should be kept
as small as possible.

Spin-azxis electric field antenna. Three component mea-
surements of wave electric fields are essential in the present
mission to realize the quantitative study of wave-particle
interactions. While the antennas for the detection of elec-
tric fields on the s/c spin plane are the long wire anten-
nas with well-matured deployment system, the measure-
ments of the third E-field component requires the spin-
axis antenna, which is very critical. Since the dynamics
of the spin-axis antenna are coupled to the s/c dynamics,
it should be very stable during/after its deployment. The
total weight including its deployment and stabilizer sys-
tem for the antenna becomes easily large while the weight
budget of s/c is always limited. In the current planning,
a pair of 10m tip-to-tip spin-axis electric field antenna is
under consideration and the test product proves that it is
realized with the weight less than 1kg.

Wave-wave correlation analyses. Wave-particle inter-
action constitutes the channel via which cross-scale cou-
pling from larger-than-ion scales to sub-ion scales is es-
tablished. The Wave-Form Capture (WFC) receivers are
installed on all the SCOPE s/c to make quantitative study
on this issue. The observed waveforms contain the infor-
mation on their phases as well as their amplitudes. With
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the accuracies on the relative distance and onboard time
counters given, the wave-wave correlation analyses allow
us to identify the spatial distribution of the wave source
region and of wave energy flows by examining Poynting
vectors and wavenormal vectors. Furthermore for elec-
trostatic waves, the WFC receivers located in 5 differ-
ent points would show the 3 dimensional potential struc-
tures in the different scales, one being the scale between
mother s/c and near-daughter s/c, and the other being
the scale between mother s/c and far-daughter s/c. The
scale between mother s/c and near-daughter s/c is almost
of the order of the electron Debye length. The scale be-
tween mother s/c and far-daughter s/c is beyond the elec-
tron Debye length. The simultaneous observations of these
two different scales provide us with fruitful information on
electron dynamics taking place in the space surrounding
the fleet of SCOPE s/c.

Three-component DC' E-field measurement. Accurate
measurements of electric fields are essential for space plas-
ma studies especially when we are concerned with the
scales. One typical measurement techniques is the 'Double
Probe method’, which measures the potential difference
between two probes. The two E-field components in the
spin plane can be measured by the long wire antennas on
the s/c spin plane, which is a well-matured system. The
spin-axis antenna for detecting the wave E-field is planned,
however, the antenna length is too limited to guarantee the
accuracy of the DC E-field measurements, especially in the
plasma regions with a large Debye length. Our strategy
to detect three-component DC electric field is to utilize
the mother and the near-daughter pair. We tilt the the
near-daughter spin axis to the sun. Then the mother spin-
plane antenna detects in-plane components, say, X and
Y components, and the near-daughter spin-plane antenna
detects the Y and Z components. Since the separation be-
tween the mother and the near-daughter is negligible in
the ion-scale measure, this assures first continuous, sta-
ble, and well-accurate ion-scale DC electric measurement
in the whole key regions in the magnetosphere.

2.2. KEY ROLES OF EACH SPACECRAFT

Mother. This large s/c will make 10 msec time-resolution
electron detection, the key measurements that enable in-
vestigation into electron scales. With the new instruments
covering the 10-100 keV energy range, particle measure-
ments with full coverage over the energy range of interest
will be made. Wave-particle correlator that focuses on re-
vealing the electron interaction with high frequency waves
is also installed onboard. This s/c will be handling the
data obtained by, and relaying the commands from the
ground to, the daughter s/c in Phase 1.

Near-daughter. This small s/c will stay close to the
mother s/c, that is, inter-s/c distance will stay < 10 km.
The attitude of this s/c is such that the spin axis will
point to the sun. This makes accurate measurements of
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the vertical DC E-field component possible. Since the dis-
tance from the mother s/c is negligible in ion-scale unit, 3-
components of ion-scale DC E-field are obtained by comb-
ing the E-field data from the two s/c. 3 components of E
and B wave fields are measured, allowing us to make quan-
titative analyses on the wave-particle interaction issue.

Far-daughter. When the inter-s/c distance is small
(<100 km: Phase 1), far-daughters are also devoted to
electron-scale measurements by utilizing curlometer tech-
nique and by focusing on the wave-particle interaction is-
sue. When the distance is large (>100km: Phase 2), they
become the ion-scale plasma monitors that have the time
resolution of ~3 s.

2.3. ORBIT AND FORMATION

Orbit. The orbit is equatorial with the apogee at 30 Re
geocentric distance. The latitude has to be controlled so
that the s/c are in the tail-box at the apogee on the mid-
night meridian plane. The apogee distance and the tail-
box issue are the crucial issues to increase the interval for
the s/c to stay in the plasma sheet and to enhance the
scientific return of the mission. The key regions to be vis-
ited by the s/c are the bow shock, the magnetospheric
boundary, the inner-magnetosphere, and the near-Earth
magnetotail, whose key dynamics will be inspected from
the cross-scale coupling viewpoint. The current planning
sets the perigee at the altitude of 7000km, which require
least fuel to keep the formation shape (The perturbation
sources are the J2 term of the Earth and the gravity of
the Moon).

Attitude. The spin rate for all the s/c is 3 sec. The
mother and the far-daughters have their spin axes orthog-
onal to the orbit plane. The near-daughter will have its
spin axis pointing to the sun. This realizes uniform sun-lit
condition which is crucial for the accurate measurements
of the E-field component in the north-south direction.

Formation shape. The mother-far-daughter formation
shape should be close to regular tetrahedron in the prox-
imity of the apogee, which is the best shape for obtaining
the spatial derivatives. Our study shows that the forma-
tion stays in good shape along about half of the orbit en-
compassing the apogee without any control by thrusters,
implying that scientifically significant target regions en-
countered off the apogee can still be studied by making
full use of the merit of formation observations.

Inter-s/c distances. The distance between the mother
s/c and the near-daughter is < 10km. In Phase 1 the inter-
s/c distance between the mother s/c and the far-daughters
are ~100km. Thrusters onboard far-daughters are used to
extend it to ~1000km in Phase 2.

Distance measurement and time-synchronization. To
meet the scientific objectives of the inter-s/c correlation
study on electron dynamics and related wave-particle in-
teractions, high accuracies are required in synchronizing
onboard time counters of each s/c and in determining rela-
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tive distance between each s/c (in Phase 1). The accuracy
of the onboard time counters is required for the correla-
tion analyses of propagating waves or flowing electrostatic
potentials. The necessary accuracy is estimated to be 5
micro-sec when the mother-daughter separation is 5km
based on the expected maximum flow velocity of solitary
potential structures ~ 10* km/s observed in the plasma
sheet. On the other hand, the relative error of the inter-s/c
distance determination is required to be less than 1% of
the mother-daughter separation in order to guarantee the
accurate determinations of wavelength or spatial scale of
the phenomena. Our study shows that this is doable with
a reasonable instrumentation in Phase 1.

2.4. INTER-SPACECRAFT COMMUNICATIONS

During Phase 1 when the separation distance between the
mother and daughter s/c is ~100 km, all the observation
data of the daughters are transferred through the mother
s/c. The current planning sets the X band telemetry rate
between the mother and the ground at 4 Mbps because of
the legal restriction. Since the expected data production
rate of the full-resolution mode is ~60 Mbps, only a part of
the full-resolution data can be transferred to the ground.
Therefore, a highly efficient data selection technique is
necessary. The best way is that all the full-resolution data
obtained from each s/c are once gathered into the mother
and interesting events are selected by inspecting all the
data with the mother s/c CPU. However, the telemetry
rate between the mother and the daughters is so narrow,
~40 kbps average for each daughter at the separation dis-
tance of ~50 km in the present planning, that abandon-
ing the transferred data to the mother s/c, which is in-
deed costly, by a selection algorithm is not reasonable.
Given the fact that the total telemetry band width be-
tween the mother and the daughter s/c is narrower than
that between the mother and the ground, the dataset once
gathered into the mother s/c should be transferred to the
ground. With this in mind, we have the following scheme
to handle the huge dataset obtained by the high-time res-
olution observations with limited resources available.

Burst trigger. The data that is worth of the transfer to
the mother s/c must be selected beforehand. The data se-
lection must be done by each s/c individually. Hereafter,
the selected data is called “burst data”. When a s/c de-
tects an event that satisfies some selection criteria, high
time resolution data are recorded. After the event only the
time-tags of the burst data interval are transferred to the
mother s/c. After the event collecting interval, the mother
s/c makes the list of events with the priority ranking at-
tached. Then the data from the events with higher ranking
is transferred from the daughters to the mother.

Data storage. The event selection and the data transfer
scheme described above requires large volume data storage
to be installed on each s/c. Our current planning puts ~1
GB HDD (or memory) onboard daughter s/c while 100GB

HDD onboard the mother s/c. Testing of HDD is already
being conducted.

Commanding. During Phase 1 all the commanding to
the daughter s/c is issued via the mother ecause the sep-
aration of the s/c in terms of view-angle from the ground
is too small for individual commanding to be possible.

Phase 2. During Phase 2 when the separation distance
between the mother and daughter s/c is ~1000 km, all the
data transfer are done individually from each s/c to the
ground. No cooperative data selection procedure is per-
formed because the inter-s/c communication link is un-
available. Every s/c is treated independently in terms of
commanding.

3. NOoTES ON SCOPE-M?3 COLLABORATION

It is obvious that the SCOPE mission and the A3 concept
(see the report in this volume) are aiming at essentially
the same goal. This is not surprising but only implies that
these ideas somewhat point to the next natural step of
the space plasma physics mission. On the other hand, the
mission concept is demanding and it would be nice if the
two missions can be combined together to reach for an
even higher mission success. In this sense, we are happy
to note that there is lively on-going discussion regarding
the possibility of the inter-agency collaboration.
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