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Abstract 
Vast magnetospheric regions are mapped along the field lines to the narrow latitudinal band of 
the polar/auroral regions. Therefore monitoring of solar wind energy dissipation into the ionos- 
phere at auroral latitudes gives unique opportunities to study geomagnetic disturbances in their 
complexity from a relatively well-localized vantage point. Here we introduce and present the cur- 
rent state of a recently proposed science project for coordinated monitoring of high-latitude activ- 
ity with the EISCAT (European Incoherent Scatter) radar array supported by ground-based mag- 
netometer and optical data and ENA (Energetic Neutral Atom) observation from the CINEMA (Cube- 
Sat for Ions, Neutrals, Electrons and Magnetic field) satellite system. 
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1. Introduction 
Physical processes in the vast cavity of Earth’s magnetosphere have been studied by an ever increasing number 
of satellite missions. While single satellite in situ measurements provide us invaluable information about mag- 
netospheric processes, they raise the critical problem of separation of spatial and temporal evolution of the ob- 
served phenomena. It cannot be deduced solely by single-point data whether any detected change reflects tem- 
poral evolution of a single feature, or if consecutive measurement points probe different parts in space of a static 
phenomenon. To resolve this problem, multi-point measurements are required. A solution is to use remote im- 
aging techniques that map a given process of interest as a whole instead of the mosaic-like in situ probing. 

2. Energetic Neutral Atom (ENA) Observations 
2.1. The ENA Technique 
ENA (Energetic Neutral Atoms) are produced when energetic ions collide and exchange charge with the cold 
and dense neutral upper atmosphere, also called the geocorona. When charge exchange has taken place, the for- 
merly charged ion becomes a neutral atom, de-coupled from the magnetic field, and thus continues its trajectory 
along an unperturbed straight line, carrying along such important information as its original energy and pitch 
angle virtually unchanged ([1], and references therein). In this way, ENA imaging is highly analogous with visi- 
ble light (photon) imaging, with the geocorona serving as a background screen. Detecting ENA gives the only 
means for global imaging of the various ion populations of the magnetosphere, and therefore provides the means 
to monitor the corresponding processes as whole and remotely. Using more than one ENA imaging satellite 
maximizes the chance for separating spatial and temporal developments with high credence. 

2.2. CubeSat for Ions, Neutrals, Electrons and Magnetic Field (CINEMA) 
The School of Space Research, Kyung Hee University, South Korea, in collaboration with the Space Sciences 
Laboratory, University of California at Berkeley, USA and Imperial College, London, UK, recently developed 
two identical CINEMA (CubeSat for Ions, Neutrals, Electrons and Magnetic field) satellites, designated for ste- 
reo imaging. Each satellite consists of three standard CubeSat units that incorporate the operating and avionics 
electronics and a scientific payload with a total mass of about 3 kg (see Figure 1). The scientific payload in- 
cludes a three-axis magnetoresistive magnetometer with 0.25 nT sensitivity on a deployable boom developed by 
the Imperial College, and as main payload the ENA detector of STEIN (Suprathermal Electrons, Ions and Neu- 
trals), also depicted in Figure 2. 

The same STEIN-type detector (among other instruments) will be used on board of the upcoming Solar Orbi- 
ter sun observing satellite of the ESA (European Space Agency) to be launched in 2017. Therefore our micro 
 

 
Figure 1. One of the flight model of CINEMA satellite-pair. STEIN 
housing with collimator appears in the forefront (note, the collimator 
is yet uncoated). Solar panels with thermometers (green squares) are 
also visible. 
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Figure 2. Cutaway view of the STEIN detector together with the 
electrostatic deflector and collimator. The deflected paths of elec- 
trons/ions and the straight paths of neutrals and energetic charged 
particles are also indicated on the picture. 

 
satellite mission may be viewed as a test run of a detector that may well be used frequently in future missions of 
similar kind due to its small physical dimensions and power requirement. 

Unlike standard electrostatic analyzers used to detect charged particles, STEIN [2] uses a silicon diode detec- 
tor that can detect electrons with energies in the range 2 - 100 keV (4 - 100 keV for ions and neutrals) with 1 
keV FWHM resolution and a geometrical factor of 0.02 cm2sr. This solid state sensor is equipped with an elec- 
trostatic deflector plate-pair and the instrument has a uniquely low mass (<500 g) and power consumption (0.5 
W). The symmetric arrangement of the deflection system allows detecting all electrons, ions, and neutrals with 
one single detector. At a given applied deflection voltage ions and electrons are deflected to the opposite ex- 
treme pixels, while neutrals excite the central pixels. Laboratory tests show that the maximum deflection voltage 
of 4 kV allows charge separation up to about ~20 keV incident energy, above which STEIN operates as an in 
situ particle detector without charge separation. STEIN is also equipped with a 100-fold mechanical attenuator 
for cases when particle flux is extremely high. 

The CINEMA satellite pair was successfully launched on the 22nd November, 2013 into a pre-defined high 
inclination (93 degrees) low altitude (~800 km) sun-synchronous spin stabilized orbit (4 RPM). The orbit and 
spin axis were designed so that STEIN may detect both direct ENA emissions, e.g. from the ring current, and the 
trapped and precipitating particles at auroral latitudes. Although equatorial ion density is much larger than that 
in the precipitation region, the geocorona is much denser at precipitation altitudes, resulting in an overall 
stronger flux from 500 - 800 km altitudes in the auroral zone, i.e., from the auroral top-side ionosphere. 

Since the Earth’s magnetic field connects the ionosphere at high latitudes to the magnetosphere through par- 
ticle precipitation, coordinated ground-based high-latitude observations are an intrinsic method to better under- 
stand the solar wind energy transfer into the coupled ionosphere/magnetosphere system. The typical ENA source 
region at this latitude and CINEMA’s orbit allow incorporating data from a number of ground-based instruments 
for a comprehensive study of the complex phenomena of magnetic storms and substorms. 

3. The Coordinated EISCAT and STEIN (“EINSTEIN”) Measurement Project 
The incoherent scatter radar technique provides important parameters of the ionospheric plasma, such as Ne 
(electron density), Te/Ti (ion and electron temperatures), and Vi (line of sight ion velocity), up to an altitude of 
about 1000 km. Therefore, combining simultaneous distant ENA and radar observations, it is possible to map 
the energy dissipation mechanisms all the way from the magnetosphere (through distant ENA imaging of ring 
current, or tail acceleration regions) down to the ionosphere (via radar observations and direct precipitating par- 
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ticle detection by STEIN). For this purpose, researchers from four institutions: 1) Kyung Hee University, Korea, 
2) EISCAT Scientific Association, Sweden, 3) University of Oulu, Finland, and 4) Korean Astronomy and 
Space Science Institute, Korea, have proposed the coordinated EISCAT (European Incoherent Scatter) radar and 
STEIN measurement project (“EINSTEIN”). With the additional use of ground-based magnetometer and optical 
data in the vicinity of the radar site, our project has the following science objectives: a) improve our current un- 
derstanding of how the dramatic sudden eruptions of substorms are initiated by closely monitoring the pheno- 
menon from its initiation in the near-Earth magnetotail to the final dissipation of energy as low as the E-region 
ionosphere at altitudes of about 90 km. Furthermore, b) we also hope to gain a better understanding of how au- 
roral and polar ion upflows are triggered by precipitation and what their role is in magnetosphric enrichment 
with ionospheric ions. 

In December 2013 and January 2014, extensive initial tests were conducted in order to find the optimal radar 
experiment settings that best address our above science objectives. Accordingly, the EISCAT Svalbard Radar 
(ESR) at Longyearbyen, Svalbard, operated by the EISCAT Scientific Association, will be coordinated with 
CINEMA fly bys as follows; the 42 m dish (fixed in field aligned position) will detect precipitation, while the 32 
m steerable dish will be pointed southward along the magnetic meridian with a low elevation of about 30 de- 
grees. The latter positioning allows monitoring the auroral oval dynamics, as well as estimating EEW (east-west 
component of the local electric field, E) in addition to the above listed fundamental plasma parameters. 

The next stage of actual coordinated measurements is expected to begin shortly, after the initial calibration 
procedures of the on-board instruments and the two-way data transfer with the CINEMA satellites are success- 
fully established and secured. We hope to share the first quantitative results of our joint effort during this year, 
2014. 
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