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Description of Technique

Figure S1 illustrates our technique for reconstructing 7.5
(37.5) ms electron (ion) moments from the FPI skymaps.
To cover 4 7 steradians in look direction at each energy step,
FPI electrostatically deflects to one of four look directions
for each 32-step energy sweep [Pollock et al., 2016]. Since
the four deflection states (labeled 0-3 in Figure Sl(a)) are
visited in the same temporal sequence by each analyzer, it
is possible to extract a uniformly sampled three-dimensional
phase space density every 7.5 (37.5) ms, albeit at reduced
(by a factor of four) azimuthal sampling resolution of 45
degrees.

Figure S1(b) summarizes the algorithm. Each raw counts
skymap is organized into a 32x16x32 array in which the
first dimension represents the 32 energy steps (identical for
all analyzers), the second dimension represents the 16 top
hat analyzer entrance aperture zenith angles (identical for
all analyzers), and the third dimension represents the 8z4
analyzer/deflection combinations. Figure S1(c) shows this
organization and delineates by color the eight analyzers rep-
resented in each raw counts skymap.

The geometry of an FPI electrostatic analyzer is such that
the look direction is defined by the surface of a cone. The
orientation of this cone is defined by the original undeflected
look direction and the azimuthal degree of deflection, mean-
ing that both the zenith and azimuthal look direction angles
are coupled to the deflection state of the analyzer. Account-
ing for this geometry is commonly referred to as the ‘polar
explosion’ correction, due to its pronounced effect near the
poles.

Figure S1(a) is a simplified illustration of the deflection
states for the equatorial zenith angles. Here it is possible to
select a single deflection states data by retaining only every
fourth element of the azimuthal dimension. This illustra-
tion does not represent the layout of deflection state look
directions at the poles, which is complicated by the ‘polar
explosion’ effect.

The FPI ground processing software transforms the raw
counts data onto a uniform spherical-polar grid to construct
the 32x16x32 phase space density arrays, Figure S1(d). Here
the first dimension again represents energy, the second di-
mension represents zenith look direction angle, and the third
dimension represents azimuthal look direction angle. Thus,
one cannot recover a single deflection state by simply ex-
tracting every fourth element from the azimuthal dimen-
sion of the phase space density skymaps (though this may

be an acceptable approximation away from the poles); one
should instead extract every fourth element from the ana-
lyzer/deflection dimension of the raw counts array.

After extracting a single deflection state from the raw
counts array, we compute the 32x16x8 phase space density
array using the same procedures (transformation to a regu-
lar spherical-polar grid, multiplication by geometric factor,
application of relative gain correction factors, etc.) used
to construct the full 32x16x32 phase space density array.
We reconstruct the full 32x16x32 phase space density ar-
ray by applying cubic spline interpolation in the azimuthal
dimension for each energy and zenith angle. Finally, the re-
constructed 32x16x32 array is passed to the FPI moments
calculation code. The process is repeated for the four de-
flection states and the data are then organized by order of
deflection state to create a single 7.5 ms (37.5 ms) moments
data product.
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Figure S1. (a) From Pollock et al. [2016], the 32 total
azimuthally deflected fields of view as seen from above
the observatory deck. This simplified illustration is only
true for the spacecraft equatorial zenith angles. The eight
fields of view measured simultaneously are considered a
single deflection state, designated by a number (eg. ‘0-3’)
. (b) A flowchart of the method for creating 7.5 ms (37.5
ms) distribution and moment CDFs, see description in
text. (c)-(d) Skymap placement of counts for the raw and
corrected data, respectively. Individual colors represent
a common analyzer and serve to show the ‘explosion’ of
counts resulting from the deflection state dependence of
azimuthal and zenith look direction angles.



