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The need for and history of multipoint measurements in heliophysics 
The need for fully-resolved three-dimensional measurements in the heliosphysical domains has 
been known for a long time.  NASA formally studied concepts for multipoint missions in the late 
1990s, including an idea to populate the magnetosphere with several hundred tiny satellites.  The 
seeds for two highly-successful missions that have actually flown, Van Allen Probes and MMS, 
were planted during these studies.  Since then, the need to spatially resolve these domains has 
grown.  With the growing capabilities of cubesats and smallsats, even more capable multipoint 
missions have become more credible and accessible.  This trend is seen in the recent MIDEX 
Phase A selections, with two missions proposing to fly constellations of order ten spacecraft.   

Despite the tremendous value of capable multipoint measurements, they are but an 
approximation to what is needed in the long run, especially in the ionosphere-thermosphere (I-
T) system.  Fully-resolved three-dimensional measurements are needed to understand our 
strongly coupled heliophysical system.  As has been shown time and again, causes and effects 
couple across scales and require global sampling for an accurate description.  For example, the 
typical general circulation models used to understand the I-T system resolve the system at 1-2 
geographical degrees by several points per scale height, yielding of order 1e6 voxels, each of 
which contains values for several parameters (e.g., ion and neutral density, velocity, 
temperature, and composition).  Cadence typically is in the few minutes range.  Validation of 
these models may not require a one-to-one comparison between model and measurement, but 
even if a measurement every ten grid points were needed, that still requires of order 1000 sets 
of comprehensive measurements every few minutes.  In situ measurements on this scale 
certainly will not be possible even in the 2050 timeframe, and for the I-T system, much of which 
is a high-drag regime, getting vertical resolution is doubly daunting.  Yet the need remains. 

Active remote sensing in orbit 

Remote sensing techniques have been addressing some of the need for closely-spaced multipoint 
measurements for decades.  Imagers on the ground and in space have provided many (thousands 
or more) two-dimensional pixels, offering a projection of the three-dimensional system in one or 
several parameters.  The missing element, which obviously is significant in many cases, is the 
third dimension.  Usually that dimension is along the vertical, which is the dimension along which 
many parameters vary quite quickly, so it is often difficult to characterize the structure of the 
system and its evolution by employing two-dimensional remote sensing techniques.  A remote-
sensing methodology that allows for three-dimensional probing is what is needed. 
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Active remote sensing, in which a stimulus is sent into the medium to be 
measured triggers a measurable response, has also been employed for 
decades for heliophysics investigations.  The most common systems are 
ionosondes, radar systems, and lidar systems.  Complementing the 
imaging methodology, this type of instrumentation resolves along the 
line of sight rather than across the line of sight.  To-date, with a few 
exceptions, such systems have been deployed for heliophysics 
applications only on the ground, which is a significant limitation on how 
they sample dimensions across the line of sight (generally horizontal).  
However, there is developing interest in deploying such techniques in 
space to couple resolution along the line of sight with the coverage 
afforded by orbiting platforms.  In addition, an orbiting active remote sensing methodology can 
potentially solve the I-T problem of needing to probe high-drag regions. 

Atomic oxygen lidar 

A promising example of an orbiting active remote 
sensing methodology exploits an optical resonance of 
atomic oxygen.  This idea is particularly attractive for 
the Earth’s thermosphere, as the primary constituent 
of that domain is atomic oxygen.  As early as 1979, 
McIlrath et al. put forward the idea that exciting the 
species with a pulsed laser from an orbiting platform, 
then observing and range-gating the return signal 
would provide an excellent way to probe the 
thermosphere in three dimensions.  This particular 
technique is powerful because, as a two-photon 
process, the medium is optically thin in the 
thermosphere, allowing large ranges to be explored.  
While the horizontal dimensions take time to sample 
for current active remote sensing techniques, the 
important vertical dimension is resolved quickly.  
Generalizing the technique somewhat, it can be made 
to be resolve density, velocity, and temperature of 
the dominant thermospheric species.   

As technology improves, orbiting active remote sensing becomes closer to reality.  Like many 
techniques, it progresses through small investments.  However, if it is to be realized to its full 
potential in a reasonable amount of time, perhaps by 2050, larger, more concerted investments 
will be needed.   
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