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Introduction: Earth's outer radiation belt is filled
with relativistic and ultrarelativistic electrons in the
MeV energy range and above. These highly energetic
electrons pose significant threats to avionics and hu-
mans in space, and understanding their dynamics has
been an urgent need. In the post Van Allen Probes era,
measurements of radiation belt populations heavily
rely on small missions such as CubeSats or SmallSats.
The miniaturized High-Energy-Resolution relativistic
electron Telescope (HERT) is a compact (<3U) tele-
scope designed for a CubeSat mission in a geosyn-
chronous transfer orbit (GTO). HERT’s main objective
is to provide high-energy-resolution measurements of
outer belt electrons to help differentiate various accel-
eration mechanisms and solve the long-standing ques-
tion of how electrons in the Earth’s radiation belts are
accelerated to relativistic and ultrarelativistic energies.
HERT uses a stack of solid-state silicon detectors in a
telescope configuration to gather 1-7 MeV electron
measurements with an energy resolution (dE/E) <
10%. Geant4 simulations are conducted to characterize
the instrument responses and aid in the design of
HERT. With a compact configuration and much higher
energy resolution in comparison to previous telescope
type instruments (e.g., Relativistic Electron Proton
Telescope (REPT) on the Van Allen Probes [1,2]),
HERT will significantly contribute to the quantitative
understanding of the radiation belt electron dynamics.

Objectives, Requirements, and Projected Per-
formance: HERT’s specific science objectives are to
understand the energy-dependent acceleration of rela-
tivistic and ultrarelativistic electrons in the entire outer
radiation belt and to quantify the contribution of radial
diffusion to the energy-dependent acceleration of outer
belt electron core populations. To achieve these sci-
ence objectives, observations of 1-7 MeV electron flux
oscillations and radial flux profiles throughout the out-
er radiation belt are required. HERT will measure the
electron count rates of energies 1-7 MeV with high
energy resolution of dE/E < 10%, with the projected
energy resolution dE/E < 5% at 2-4 MeV and dE/E <
10% at 1-2 MeV and 4-7 MeV. Since electrons with
different pitch angles drift at different speeds, HERT
requires a Field-Of-View (FOV) of 20° - 40° to focus
on a relatively narrow range of pitch angles while re-
taining enough counting statistics. The measurement
cadence is required to be <1 min, while we project it to
be much faster (1s). A range of measurable fluxes is
required and projected to be 10-107 #/cm2/s/st/MeV
according to seven years’ measurements of the Van

Allen Probes. HERT requires the accuracy of electron
count rates within 30%, and accelerator beam tests will
be conducted to ensure this. To fit into a future Cu-
beSat/SmallSat mission to GTO, HERT will have a
volume/mass/power less than 3U/4kg/6W.

Instrument Design: Building upon the heritage
from the REPT instrument and the Relativistic Elec-
tron Proton Telescope integrated little experiment
instrument (REPTile) on the Colorado Student Space
Weather Experiment [3], HERT is comprised of a
stack of nine solid-state silicon detectors in a telescope
configuration with a beryllium window to block lower
energy electrons, and a tantalum collimator to enforce
the required FOV. Sensor shielding with high-Z mate-
rials surrounds the instrument to reduce the amount of
radiation exposure at GTO. The final detector in the
stack would be used to filter out penetrating particles.
A design choice being studied is to separate the first
eight detectors into an “inner ring” and “outer ring” of
detectors instead of a single detector. The “outer ring”
of detectors would be used to filter out side-penetrating
particles and scattering electrons. This is later shown
as the “inner/outer” configuration. The “whole” con-
figuration refers to all nine detectors being single de-
tectors. Figure 1 shows HERT’s geometry in the “in-
ner/outer” configuration from a Geant4 cross section.

Figure 1- Cross section of the HERT Instrument in
the Geant4 Simulation. Materials marked in ma-
genta is aluminum, purple is tungsten, cyan is tan-
talum, blue is beryllium, and yellow is the silicon
detectors.

Initial Results on the Instrument Performance:
Initial work focused on calculating the efficiency and
the geometric factor of the instrument. HERT’s geo-
metric factor was calculated using two different meth-
ods: theoretical [4] and Geant4 simulation [5]. The
theoretical geometric factor was determined by simpli-
fying the telescope geometry to several circular sym-
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metric discs. For the “whole” configuration, the colli-
mator alone is the limiting factor and leads to the theo-
retical geometric factor being a constant with respect
to incident energy. For the “inner/outer” configuration,
the geometric factor has a negative gradient as higher
energy electrons must travel through more detectors in
the stack to be counted. Geant4 simulations were con-
ducted with electrons having incident energy from 1
MeV to 7 MeV with two million particles simulated
for each energy level. Figure 2 shows the comparison
between the simulated and theoretical geometric fac-
tors for the two configurations.

Figure 2- Simulated vs. Theoretical Geometric Fac-
tors. The green and red dashed lines are for the
theoretical geometric factors of whole and in-
ner/outer configurations, respectively. The blue and
magenta curves are for simulated geometric factors
of whole and inner/outer configurations, respective-

ly.

To determine the incident energy at a high-resolution,
a total of thirty-two energy channels from 1 — 7 MeV
are used. The geometric factor for each energy channel
can be plotted as a function of incident energy. In Fig-
ure 3 and Figure 4, the results for the “inner/outer” and
“whole” configurations can be seen respectively.

Figure 3- Geometric Factor by 32 Energy Channels
(1-7 MeV) in Inner/Outer Configuration
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Figure 4- Geometric Factor by 32 Energy Channels
(1-7 MeV) in Whole Configuration

Future Work:

Future work for HERT is to estimate count rates for
each energy channel using the geometric factors and
bow-tie analysis, and optimize the energy channel
ranges. The estimated count rates will be critical for
the design of the detector electronics.
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