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Abstract

The mid- and low-latitude ionosphere is home to a variety of plasma density irregularities, including depletions (bubbles), enhance-
ments (blobs), and small-scale scintillation. Previous studies of plasma density enhancements observed using ROCSAT data have posited
that these structures are the direct result of the formation of bubbles near the geomagnetic equator. However, more recent observations
from the C/NOFS satellite suggest that multiple mechanisms are responsible for forming plasma enhancements, with wave action in the
ionosphere and thermosphere as a significant driver of the enhanced densities. Indeed, statistical analysis of enhancements observed from
satellites resembles the statistics of Medium-Scale Traveling Ionosphere Disturbances (MSTIDs) with respect to seasonal variability and
solar activity.

petitSat is a CubeSat mission designed to examine the link between MSTIDs and plasma enhancements. The mission will provide
in situ measurements of the plasma density, 3D ion drift, as well as ion and neutral composition. The instrument suite includes a com-
bined retarding potential analyzer and cross-track drift meter and an ion-neutral mass spectrometer. This instrument suite will provide
comprehensive information about the fluctuations in plasma, as well as changes in the neutral profile. petitSat will launch into a 51 deg
inclination orbit at 400 km (consistent with an International Space Station deployment), allowing for numerous conjunctions with the
Boston University All-Sky Imager network over the mission lifetime.
Published by Elsevier Ltd on behalf of COSPAR.
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1. Introduction

Understanding the causes of variations in the Earth’s
ionosphere is one of the key questions in space sciences.
A variety of plasma density irregularities have been docu-
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mented throughout the mid- and low-latitude ionosphere
– including depletions (bubbles), enhancements (blobs),
and small-scale scintillation. Plasma density depletions –
sometimes referred to as plasma bubbles, Spread-F, or con-
vective ionospheric storms – are particularly associated
with communications disruptions (e.g., Kelley et al., 2011).

Enhancements in plasma density – sometimes referred to
in the literature as blobs – have been frequently observed in
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Fig. 1. Plasma density enhancements observed by C/NOFS.
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space. There has been considerable debate over the cause of
these enhancements, with two major mechanisms highly
cited: (a) the nearby formation of plasma bubbles (e.g.,
Le et al., 2003; Huang et al., 2014), (b) wave action such
as MSTIDs (e.g., Choi et al., 2012; Klenzing et al., 2011).
It should be noted that there are direct observations of
both mechanisms (a) (e.g., Yokoyama et al., 2007) and
(b) (e.g., Miller et al., 2014), and therefore it is likely that
multiple mechanisms are responsible for these enhance-
ments. However, most statistical studies only focus on
the density enhancements and do not distinguish between
the relative contributions of these two sources.

The petitSat mission is a 6U CubeSat designed to exam-
ine the link between MSTIDs and regions of locally
enhanced plasma density, frequently referred to as ‘‘plasma
blobs.” This paper describes the motivation, science goals,
and instrumentation of the petitSat mission.

2. Background

2.1. Plasma density enhancements in the ionosphere

Plasma enhancements were first reported from ion den-
sity and temperature data from the Hinotori satellite (Oya
et al., 1986). They were found beyond the edge of the
region of occurrence for bubbles, typically about 15� away
from the magnetic equator in either hemisphere, and con-
sisted of an increase in density of a factor of two.
Watanabe and Oya (1986) examined the statistics of occur-
rence and found that enhancements favor the winter hemi-
sphere, typically occur after midnight, and have a strong
longitudinal variation that is dependent on season. Based
on a statistical analysis of enhancements and depletions
encountered by Hinotori, they concluded that the two phe-
nomena must have different physical drivers, with the
depletions caused by E�B uplift and the enhancements
caused by meridional wind instabilities.

In the following decades, several studies have suggested
a stronger link between the evolution of bubbles and blobs.
Observations from satellites (Le et al., 2003; Park et al.,
2003; Park et al., 2008a, 2008b), all-sky imagers (Pimenta
et al., 2004, 2007; Martinis et al., 2009), radar
(Yokoyama et al., 2007), and GPS total electron current
measurements (Dashora and Pandey, 2005) have shown
density enhancements forming simultaneously near deple-
tions. Yokoyama et al. (2007) show depletions and
enhancements forming along the same flux tube using data
from ROCSAT-1 and Equatorial Atmosphere Radar. Den-
sity enhancements were also found along the same field
lines as ESF airglow depletions (Martinis et al., 2009)
and in between neighboring depleted flux tubes (Pimenta
et al., 2007). Statistical studies with satellite data from
KOMPSAT-1 and DMSP F15 have shown that the deple-
tions and enhancements show similar seasonal and longitu-
dinal variations (with several exceptions) (Park et al.,
2008).
A number of recent studies have shown that other
sources can form plasma enhancements and may even be
the predominant driver. Kil et al. (2011) showed the forma-
tion and evolution of plasma density enhancements with an
apparent absence of nearby depletions. Klenzing et al.
(2011) analyzed the drift structure within and around the
enhancements observed by C/NOFS and found that the
drift perturbations perpendicular and parallel to the geo-
magnetic field could be separated by several hundred km
longitudinally (including the events without depletions
studied by Kil et al. (2011)). Fig. 1 shows an example of
this offset. The top panel shows a typical density enhance-
ment as observed by C/NOFS. The lower panel shows the
ion drifts measured both parallel (vjj) to B and in the merid-
ional direction (v?m, the ‘upward’ direction in the plane of
the magnetic meridian which is perpendicular to B). This
offset was found to be a persistent feature in the C/NOFS
observations (Klenzing et al., 2011), but it was not
observed in previous observations from ROCSAT-1 (Le
et al., 2003). The differences in orbital inclination alone
between the two missions (C/NOFS at 13�, ROCSAT-1
at 35�) are unlikely to explain the phenomena, as the fea-
tures have been observed consistently for a variety of satel-
lite motions relative to the geomagnetic field lines. Because
of this, it is likely that the difference between the C/NOFS
and ROCSAT-1 observations is due to different mecha-
nisms acting to create these density enhancements.
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Recent statistical studies from C/NOFS have high-
lighted the difference in the distributions of enhancements
and depletions (e.g., Choi et al., 2012; Haaser et al.,
2012). Choi et al. (2012) shows that the enhancements tend
to occur at magnetic latitudes greater than �20� while the
depletions tend to occur near the magnetic equator. Addi-
tionally, when examined by the apex height distribution,
the depletions and enhancements tend to occur on different
flux tubes, with the depletions observed by C/NOFS occur-
ing near the satellite perigee (400 km, apex altitude near
500 km for the statistical study) and exponentially decaying
with apex altitude, and the observed enhancements peaking
near apex altitudes of 1700 km. A key mystery is why these
plasma enhancements form on flux tubes farther from the
magnetic equator. Possibilities include relative diffusion
rates and increased forcing from electric field perturba-
tions. The latter is a likely suspect from comparisons with
Medium-Scale Traveling Ionospheric Disturbances
(MSTIDs), as discussed in the next section.
2.2. Medium-Scale Traveling Ionospheric Disturbances

(MSTIDs)

MSTIDs are quasi-periodic perturbations of the F-layer
at midlatitudes with a horizontal scale size of �100–500
km. The term ‘‘MSTID” was coined in the 1960s when
ionosonde observations showed periodic upward and
downward motion of the ionospheric layer with scale sizes
of 100–500 km (medium-scale). An example of these waves
seen in all-sky imager data is shown in Fig. 2. They were
interpreted as a passive response of the ionosphere to the
arrival of neutral atmosphere gravity waves. These waves
are a result of gravity restoring equilibrium to perturba-
tions in the neutral atmosphere (Hines, 1960). TIDs driven
by gravity waves have been observed over strong Tropo-
spheric storms (e.g. (Vadas and Crowley, 2010; Azeem
et al., 2015)).

However, other studies have shown that there are strong
electric fields associated with TIDs, indicating that the
physical mechanisms may be more than a simple passive
response to the neutral atmosphere. This was first observed
in a study by Behnke (1979) using data from the Arecibo
incoherent scatter radar. The first optical observations
were carried out at Arecibo by Mendillo et al. (1997)
who showed, using all-sky imager observations in
630.0 nm, dark/bright bands of airglow moving equator-
ward at a significant angle with respect to the magnetic
Fig. 2. El Leoncito ASI showing the occurrence of alternating dark and bright 6
is northwestward.
meridian. Additionally, plasma instabilities were embedded
inside the bands (Miller et al., 1997; Shiokawa et al., 2003).
Conjugate observations of MSTIDs using all-sky imagers
in the Japanese sector (Otsuka et al., 2004) suggest that
electric fields map from one hemisphere to the other in
order to explain the simultaneous observations. Kelley
and Makela (2001) postulated that the existence of a polar-
ization electric field would produce the observed south-
westward motion. Recently, studies of coupling between
sporadic E layer and F region instabilities suggest new
insights on the physical mechanisms driving these mid-
latitude instabilities (Cosgrove and Tsunoda, 2004;
Cosgrove, 2007; Yokoyama et al., 2009).

The presence of electric field fluctuations measured at
midlatitudes was initially studied by Saito et al. (1995)
using DE-2 satellite data. These fluctuations occurred pole-
ward from the crests of the equatorial ionization anomaly
and were conjugate in nature. Subsequent studies linked
those fluctuations with the presence of MSTIDs and it
was recognized that their equatorward and westward
motion in both hemispheres was due to polarization elec-
tric fields generated in the bands. The scale size of these
electric fields is such (�100 km) that they can efficiently
map along field lines and, as a consequence, MSTIDs occur
simultaneously at conjugate locations and have similar
zonal motion. Thus, if one observes an MSTID in one
hemisphere, similar structuring will occur in the other
hemisphere.

While some observations of electric field fluctuations
associated with MSTIDs (Saito et al., 1995; Kelley et al.,
2002) did not present perturbations in total ion density, a
recent study by Miller et al. (2014) indicated that MSTIDs
can be responsible for plasma enhancements observed by
satellites at midlatitudes (Kil et al., 2011; Kil et al.,
2015). Additionally, MSTIDs have been shown to propa-
gate to the equatorial region, potentially even seeding
plasma bubbles there (Takahashi et al., 2018).
2.3. Linking the Phenomena

Previous studies have shown that wave action such as
MSTIDs are a likely source of plasma enhancements.
Recent observations from Swarm data have shown that
these plasma density enhancements can exhibit conjugate
behavior similar to that of MSTIDs (Kil et al., 2019).
The large electric field perturbations that map to the conju-
gate hemisphere transport Oþ-rich plasma upward, leading
30.0 nm airglow bands, associated with MSTIDs. The motion of the bands



110 J. Klenzing et al. / Advances in Space Research 66 (2020) 107–115
to an enhanced plasma density as observed by a satellite
moving through the flux tube connected to the MSTIDs.
This is consistent with the observations of plasma enhance-
ments by Klenzing et al. (2011). Indeed, this mechanism
also explains the observed offset between the perpendicular
and parallel drift.

A westward-propagating source would produce the off-
set between the parallel and perpendicular plasma flow, as
shown in Fig. 3. Here a wave perturbation to the E�B drift
(purple) is moving from east to west just below a given
magnetic flux tube (B). For a given region of plasma, the
perturbation in the upward (perpendicular) drift peaks at
some time interval (t2), but it still acts to push plasma into
the flux tube until it fully passes. The parallel flow is a
result of the diffusion forces, and will increase as the den-
sity increases. The density (and parallel flow) will peak
some time afterward (t3), resulting in the final configuration
in the figure. Note that because this is a continuous pro-
cess, the configuration at t1 is always occurring in the flux
tube just to the west of t2. Likewise, the configuration at t3
also simultaneously occurs just to the east of t2. Thus a
satellite moving from the west to the east will encounter
each of these configurations in order, resulting in a spatial
separation observed between the max perpendicular and
parallel drifts, as observed in Fig. 1.

The C/NOFS satellite provided many important clues
about the relation of plasma enhancements to other phe-
nomena, however, the narrow orbital inclination (13�) lim-
ited the potential observations of this phenomena that
typically occurs at higher latitudes. Despite this narrow
inclination, several observations of density enhancements
associated with MSTIDs were published (e.g., Miller
et al., 2014). Possible conjunctions with ground-based ima-
gers such as Arecibo were limited to higher altitudes well
Fig. 3. E-field perturbations due to MSTIDs explain the offset between
the parallel and perpendicular flow. Figure after Klenzing et al. (2011).
above the F-peak. petitSat will have instrumentation simi-
lar to C/NOFS, but will fly in a 51� inclination orbit in
order to better examine the variation of this phenomena
with magnetic latitude. The increased data sampling at
the middle latitudes will allow for increased observations
of the ionosphere over MSTIDs.

3. Science goals

The petitSat mission has two primary goals:
(1) Systematically identify and classify ionospheric

plasma density enhancements in the nightside mid-and low-

latitude region, including changes in ion motion, plasma

properties, and the thermospheric background associated
with them. The identification of density enhancements is a
fairly straightforward procedure. Here we will identify
not only the enhanced density, but associated changes in
drifts and composition, including the offset between the
drift parallel and perpendicular to B. Modification of the
inputs will be incorporated to run sensitivity studies similar
to ? (Klenzing et al., 2013). Statistics will be compiled over
six months of data (one solstice and one equinox) over all
longitudes.

(2) Combine this space-borne database with ground-based

identification of MSTIDs to quantify their relative contribu-

tion to the generation of plasma enhancements in the iono-

sphere. For each conjunction of petitSat with an ASI
observation, the existence of plasma enhancements at the
satellite and MSTIDs at the geomagnetic footprint will
be identified. Over the course of the six-month mission,
the relative frequencies of plasma enhancements occurring
both with and without associated MSTIDs can be identi-
fied and quantified as a function of location, local time,
etc. Local fluctuations in the neutral density and composi-
tion will provide key information about the existence of
local neutral waves that could modify the measured
plasma.

4. Instrumentation

The petitSat mission will provide in situ measurements
of the plasma density, 3D ion drift, as well as ion and neu-
tral composition. This instrument suite will provide com-
prehensive information about the fluctuations in plasma,
as well as changes in the neutral profile. This section
describes the instrument suite on the petitSat satellite in
detail.

4.1. GRIDS – Gridded Retarding Ion Drift Sensor

The GRIDS instrument provides measurements of the
ion density, drift, composition, and temperature. It combi-
nes two well-known analysis techniques for thermal plasma
to achieve this: 1) retarding potential analysis and 2) cross-
track drift analysis. The engineering unit for the petitSat
mission is shown in Fig. 4.



Fig. 4. The GRIDS instrument.

Table 1
GRIDS specifications.

Parameter Specification

Velocity Range �1500 m/s to 1500 m/s
Accuracy �10 m/s

Ion Density Range 5� 103 cm�3 to 5� 107 cm�3

Accuracy 500 cm�3 or 2%

Ion Temperature Range 0 K to 3000 K
Accuracy 10 K or 5%

Composition Range 0 to 1
(Hþ;Heþ, O+) Accuracy 0.02

Dimensions 0.75 U
Mass 0.5 kg
Power 0.5 W
Measurement Cadence 0.5 Hz
Data Rate 533 bit=s
Operating Temperature �20 �C to 80 �C
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Retarding potential analysis (RPA) has a long history of
providing in situ diagnostics of the thermal ion distribution
in the Earth’s ionosphere. The practical and theoretical
background of the technique are well described in the liter-
ature (Whipple, 1959; Knudsen, 1966; Chao et al., 2003;
Davidson and Earle, 2011), and RPA instruments have
successfully flown on many large satellite missions, includ-
ing Dynamics Explorer (DE) (Hanson et al., 1981), Atmo-
sphere Explorer (AE) (Hanson et al., 1973), and the
Detection of Electro-Magnetic Emissions Transmitted
from Earthquake Regions (DEMETER) satellite
(Berthelier et al., 2006). When coupled with good space-
craft velocity data and attitude knowledge, analysis of
the current–voltage characteristics produced by an RPA
provides measurements of the overall plasma density, the
ion temperature, the component of the ion velocity along
the orbit-track, and the relative composition of ions such
as Hþ and Oþ in planetary ionospheres.

It has also led to the pairing of an RPA with a comple-
mentary instrument designed to measure the remaining two
components of the ion drift velocity vector. Often referred
to as an Ion Drift Meter (IDM), this instrument has been
utilized along with the RPA. While this pairing offers an
extremely comprehensive, robust, and relatively small
instrument package, it is often still too large to be utilized
on a CubeSat. The GRIDS instrument combines the func-
tions of the RPA and IDM into one sensor head and is
specifically designed for compatibility with the size, mass,
and power restrictions required by CubeSat platforms.

The GRIDS sensor head consists of a square aperture
that is mounted on the ram face of a CubeSat. The aperture
is made as small as possible (to reduce the impact of non-
uniform sheath effects near the edges of the spacecraft)
while still maintaining enough signal to remain functional
in the ionospheric regions of interest. Behind the aperture
is a series of biased and grounded grids that act as ion-
energy filters. When the instrument is in RPA mode, one
of these grids is swept over a range of voltages and acts
in the same manner as the retarding grid would in an
RPA. When in IDM mode, one grid is held at a static
potentials sufficient to screen out light ions. At the back
of the instrument are four segmented collector elements.
As ions impact these segments they exchange charge with
the conductive surface which is measured as a current by
the GRIDS electronics. In RPA mode the current from
the four segments is added together to allow for the calcu-
lation of the total ion flux as a function of retarding voltage
which can then be related to ion density, temperature, rel-
ative concentration of heavy to light ions, and the compo-
nent of the velocity vector normal to the instrument face.
In IDM mode, ratios of the currents collected by pairs of
collector segments are calculated. When combined with
knowledge of the instrument dimensions and grid configu-
ration, these ratios allow for the calculation of the arrival
angle of the incoming ion beam through the aperture.
The angle and ram velocity component determined when
in RPA mode can be combined for the complete determina-
tion of the three dimensional ion drift velocity vector.

For the petitSat mission, RPA mode and IDM mode
will be interleaved to complete an entire measurement cycle
in 2 s. A full list of the expected measurements and instru-
ment operational parameters for GRIDS is shown in
Table 1. The GRIDS electronics draw direct lineage from
the RPA electronics designed for the LAICE CubeSat mis-
sion that is planned to launch in 2020 (Westerhoff et al.,
2015).
4.2. INMS

The Ion Neutral Mass Spectrometer (INMS) provides
measurements of ion and neutral composition, i.e. relative
density of the various species, and total ion and neutral
density using the time of flight method.

Time of flight (TOF) mass spectrometry has a long his-
tory of providing in situ diagnostics of the thermal ion and
neutral distribution in Earth’s ionosphere and thermo-
sphere. The practical and theoretical background of the
technique are well described in the literature (Hedin
et al., 1973; Nier et al., 1973; Peiz et al., 1973; Carignan
et al., 1981), and TOF mass spectrometer instruments have
successfully flown on large satellite missions, including
Dynamics Explorer (DE). When coupled with the use of



Fig. 5. Laboratory Neutral Mass Spectrum from INMS.
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pre-acceleration to reduce the energy dispersion of incom-
ing particles, the mass of each particle is calculated from its
TOF through a section of the instrument of known length.
The petitSat INMS measures species including
H ;He;N ;O;N 2 and O2 with M/dM of approximately 12.
A full list of the expected measurements and instrument
operational parameters for INMS is shown in Table 2.

The INMS is based on front end optics with pre-
acceleration, gated time-of-flight, an electrostatic analyzer
and channel electron multiplier detectors. The neutral
front-end optics include thermionic emission ionization
and ion blocking grids. The electronics include front-end,
fast gating, high voltage power supply, ionizer, time of
flight binning and full bi-directional command and data
handling digital electronics. The data package includes
400 mass bins each for both ions and neutrals and key
housekeeping data for instrument health and calibration.
For petitSat, the data rate is one sample per second. This
miniaturized instrument fits within a 1.3 U volume (8.3
cm � 9.2 cm � 16 cm), weighs approximately 1 kg and
requires nominal power of roughly 1.8 W.

A sample of the neutral mass spectrum as measured in
the laboratory environment is shown in Fig. 5 (Rodriguez
et al., 2016). This represents the ambient gas in the cham-
ber. The INMS has flight heritage from the Ion Neutral
Mass Spectrometer flown on the ExoCube and Dellingr
CubeSat missions (Fig. 6), however, these missions were
not three-axis stabilized and scientific interpretation of
these datasets is ongoing. The instrument was integrated
into the ExoCube2 bus, has successfully completed envi-
ronmental testing and is expected to launch in 2020.
5. All-sky Imagers

In order to complete Science Goal 2, the petitSat mis-
sion will work with extensive ground-based observatories
as part of campaigns. petitSat will launch into a 51� incli-
nation orbit at 400 km (consistent with an International
Space Station deployment), allowing for numerous con-
junctions with the Boston University All-Sky Imager net-
work over the mission lifetime.

All-sky imagers (ASIs) are used to measure mesosphere
and thermosphere airglow emissions (Martinis et al., 2006).
Table 2
INMS specifications.

Parameter Performance

Ion Species H+, He+, N+, O+, NO+, Oþ
2

Ion Range 103 cm�3 to 107 cm�3

Neutral Species H, He, N, O, N2, and O2

Neutral Range 105 cm�3 to 109 cm�3

Volume 1.3 U
Mass 960 g
Power 1.8 W
Measurement Cadence 1 s
Data Rate 13.1 kbit=s
Operating Temperature �10 �C to 50 �C
The Boston University all-sky imager network (Martinis
et al., 2018) provide measurements of MSTIDs covering
a large area and providing 2D information on their charac-
teristics during conjunctions with petitSat. This network
consists of 13 imagers distributed worldwide from equato-
rial to sub-auroral latitudes that allows the study of diverse
ionospheric processes. Relevant to this project is the use of
information from 8 ASIs located at low and mid latitudes.
Fig. 7 shows the locations and fields-of-view of the imagers
of interest in the American sector, along with the range of
latitudes sampled by petitSat at 400 km altitude. Each cir-
cle represents the field of view for an emission height of
300 km and zenith angles down to 80 degrees. Comparisons
with additional imagers will be incorporated as available.

Each ASI consists of a fish-eye lens at the top, an optical
assembly, a filter wheel that houses six four-inch narrow

band (�10 �A) interference filters, and a back-illuminated
thinned CCD. The detector assembly is housed in a ther-
moelectrically cooled chamber capable of cooling to �60�
below the ambient temperature. The field of view of the
instrument is 180�. The resulting 25 mm diameter filtered
image is formed at F/1.5 on the CCD. Interference filters
to isolate particular airglow emission lines are used to
study mesospheric and thermospheric processes. The opti-
cal arrangement is such that a ray arriving at 90� from
zenith reaches the filter at an angle of �4�, thus the peak
transmission of the filter at the nightglow wavelength is
high, >80%, for all the rays coming from the sky. The mea-
surement parameters of the imagers are found in Table 3.

The system takes images at several wavelengths for the
duration of the night on nearly every night in a given
month. Thermospheric emissions of neutral oxygen are
measured at wavelengths of 630.0 nm, 777.4 nm, and
557.7 nm. Mesospheric processes are studied by measuring
emissions at 589.3 nm (Na), 557.7 nm and OH lines with
k > 695.0 nm. A background filter at 644.4 nm is used as
a control filter. Light measured with this filter does not
come from any particular atmospheric source. Exposure
times are 90 or 120 s (depending on the site) for all the fil-
ters except OH, which has an exposure time of 30 s. An



Fig. 6. The INMS Flight and Engineering Units as delivered to Dellingr.

Fig. 7. Potential conjunctions of petitSat with the BU imager network in the American Sector.
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Table 3
ASI specifications.

Parameter Specification

Emission Wavelength 630.0 nm
Exposure Time 90 or 120 s

Horizontal Resolution 30 km � 30 km
Temporal Resolution 10 min
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entire cycle of observations takes �10 min. The only nights
when data are not taken are those within a day of full
Moon, so data are collected on 27–28 nights per month.
Quick-look images and movies can be seen at www.
buimaging.com.

The structures we are investigating are MSTIDs, i.e.,
tilted dark and bright bands detected in 630.0 nm. MSTIDs
have large scale electric field perturbations and thus one
should be able to detect them, or their effects, anywhere
along the field line, as shown by Saito et al. (1995). Addi-
tional imagers are located at Asiago and New Zealand.
This work uses images taken at 630.0 nm, an airglow emis-
sion produced by the de-excitation of the O1D atomic oxy-
gen state. The images are spaced about 10 min apart. When
dealing with MSTIDs, wave patterns showing dark (bright)
regions represent upward (downward) motions of the iono-
spheric layer that can be related to zonal electric field
perturbations.
6. Summary

The petitSat mission is a 6U CubeSat designed to exam-
ine the link between MSTIDs and regions of locally
enhanced plasma density, frequently referred to as ‘‘plasma
blobs.” The instrumentation suite will provide in situ mea-
surements of plasma density, 3D ion drift as well as the ion
and neutral composition. The data from the instrument
suite will be correlated with ground based measurements
from all-sky imagers. The goals of the mission are to deter-
mine the drift, density and Oþ/Hþ signatures of plasma
enhancements as a function of magnetic latitude and to
quantify the contribution of MSTIDs to the generation
of plasma enhancements in the ionosphere.
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