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ABSTRACT 

The Experiment for Space Radiation Analysis (ESRA) is the latest Demonstration and Validation mission built by the 
Los Alamos National Laboratory, with a focus on testing next generation plasma and energetic particle sensors. The 
primary motivation for the ESRA payloads is to minimize size, weight, power, and cost while still providing necessary 
mission data. These new instruments will be demonstrated by ESRA through testing and on-orbit operations to 
increase their technology readiness level such that they can support the evolution of technology and mission objectives. 
This project will leverage a commercial off-the-shelf CubeSat bus along with commercial satellite ground networks 
to reduce the cost and timeline associated with traditional DemVal missions. The system will launch as a ride share 
with the DoD Space Test Program to be inserted in Geosynchronous Transfer Orbit and allow observations of the 
Earth’s radiation belts. The ESRA mission consists of two science payloads and several subsystems: the Wide-field-
of-view Plasma Spectrometer, the Energetic Charged Particle telescope, high voltage power supply, payload 
processor, flight software architecture, and distributed processor module. The ESRA CubeSat will provide 
measurements of the plasma and energetic charged particle populations in the GTO environment for ions ranging from 
~100 eV to ~1000 MeV and electrons with energy ranging from 100 keV to 20 MeV. 

1. INTRODUCTION

Historically, space plasma and energetic charged particle instrument design has been guided by the philosophy of 
“build to performance” however while these heritage instruments have been exquisite, in both design and capability, 
the measurement sensitivity comes at a steep cost [1].  Over the years this design paradigm has resulted in increased 
instrument cost and resource requirements to the point that they are not attractive options for smaller missions 
operating under ever increasing fiscal constraints. This is particularly the case for implementation as science payloads 
of mega constellations required for ubiquitous multi-point space plasma measurements [2, 3]. The current space 
physics era of dwindling budgets coupled with ever expanding CubeSat launch opportunities has revitalized the 
demand for low-resource instruments that can yield relevant science return [4, 5, 6]. As the space physics community 
seeks to leverage increasingly sophisticated CubeSat platforms, with their frequent rideshare options and ability to 
provide spatial and temporal measurements at a much-reduced cost, there has been an increased focus in the 
development of miniaturized instruments [7, 8, 9, 10]. This interest, combined with advances in sensor and other 
spacecraft technologies, has enabled the rapid increase in the number of miniaturized charged particle detectors with 
flight heritage. Examples include retarding potential analyzers [11], laminated electrostatic analyzers [12, 13, 14, 15, 
16], ion mass spectrometers [17, 18, 8], traditional spherical analyzers [19], and charged particle telescopes [20, 21, 
22, 23]. The parallel advancements in both CubeSat platforms and miniaturized sensors allows for high quality 
observations of the dynamic space environment, to provide charged particle distribution measurements from which 
can be obtained the kinetic energy, temperature, and density, along with the resulting spacecraft–environment 
interaction effects of a multitude of environments. The benefits of such measurements include an increased 
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understanding of the physical phenomena and processes concerning solar wind, magnetospheric and ionospheric 
science, local space weather forecasting, and spacecraft anomaly resolution. 

Recent years have witnessed a tremendous growth in satellite constellations for scientific [24, 25, 26], commercial 
[27, 28], and government applications [29]. Readily identifiable challenges with implementing a large or even mega- 
constellation of small satellites or CubeSats for scientific missions are: (1) the satellite bus must be sophisticated such 
that it can support the appropriate sensors and subsystems while operating in the required space environments and (2) 
the sensors must fit within constrained resource limits, i.e. reduced in size, weight, power, and cost (SWAP-C), while 
still providing the ability to make the required measurements. The first challenge includes the platform’s ability to 
support mission requirements such as power generation, pointing accuracy, slew rate, along with the ability to survive 
and operate in the natural space radiation environment. The survivability requirement poses a significant technical 
challenge since the mass and volume constraints of CubeSats present considerable challenges in terms of supporting 
radiation shielding. However, engineering solutions such as appropriate electronics part selection, spot shielding, and 
software techniques to mitigate single-event-upsets (SEUs) offer attractive engineering solutions for CubeSat missions 
targeting environments beyond low-Earth orbit (LEO) [30, 22, 31]. 

2. ESRA MISSION OVERVIEW 
 

The Experiment for Space Radiation Analysis (ESRA) is the latest Demonstration and Validation (DemVal) mission 
built by the Los Alamos National Laboratory (LANL), to design, develop, and fly next generation plasma and 
energetic particle sensors [31, 32]. The primary motivation for the ESRA payloads is to minimize SWAP-C while still 
providing necessary observations of the local space environment. These new instruments will be demonstrated by 
ESRA through testing and on-orbit operations to rapidly increase their technology readiness level (TRL) such that 
they can support the evolution of technology and mission objectives. This project will leverage a commercial off-the-
shelf (COTS) CubeSat bus along with commercial satellite ground networks to reduce the cost and timeline associated 
with traditional DemVal missions. By partnering with, and leveraging commercial sector expertise, LANL staff can 
focus solely on payload development thus minimizing cost and risk. The system will launch as a ride share with the 
DoD Space Test Program (STP) to be inserted in Geosynchronous Transfer Orbit (GTO) and allow observations of 
the Earth’s radiation belts. 
 
The ESRA mission consists of two science payloads and several novel subsystems: the Wide-field-of-view Plasma 
Spectrometer (WPS), the Energetic Charged Particle (ECP) telescope, high voltage power supply (HVPS), payload 
processor, flight software architecture, and distributed processor module (DPM). The ESRA CubeSat will provide 
measurements of the plasma and energetic charged particle populations in the GTO environment for ions ranging from 
~100 eV to 30 keV and 100 keV to ~1000 MeV and electrons with energy ranging from 100 keV to 20 MeV. ESRA 
will additionally demonstrate the potential of CubeSats for both science and space weather monitoring in the radiation 
belts, serving as a pathfinder to future constellation type missions beyond LEO. To date, there have been no successful 
CubeSat missions through the radiation belts reported in the open literature. A 6U CubeSat mission to geostationary 
transfer orbit, called GTOSat [22], is scheduled for launch in 2022. This mission will measure energetic electrons and 
protons at a reduced energy range (when compared to ESRA) from ~hundreds of keV to a few MeV. By using a 
commercial 12U bus, ESRA will, for the first time, demonstrate a low-cost, rapidly deployable spaceflight platform 
with sufficient SWAP to enable efficient measurements of the energetic particle populations in the dynamic radiation 
belts. 
 
A 12U commercial satellite bus provided by NanoAvionics will serve as the platform for the WPS and ECP sensors 
along with the critical subsystems such as the HVPS, DPM, and Payload Processor. The avionics and critical 
subsystems have flight heritage from the M6P mission. With already more than 75 successful satellite missions and 
satellite-related commercial projects, NanoAvionics will assemble the 12U bus at its facilities, while the final 
integration of the payload will be carried out at LANL facilities. The 12U bus matches LANL’s mission requirements 
and shares the same flight-proven subsystems as NanoAvionics’ flagship M6P bus, but with up to 10U payload 
volume. The larger volume will be necessary to provide enough room for the ~10 kg payload that includes the WPS 
and ECP sensors as well as the critical subsystems. The mission launch and integration are being provided by the DoD 
Space Test Program with an anticipated GTO insertion. The desired orbital parameters include perigee of 200 km, 
apogee of 36,000 km, and inclination of 40° ±20°, with an anticipated ready for launch date of September 1, 2024. 
The final apogee and perigee will be selected such that the ESRA vehicle will naturally de-orbit within the 25-year 
lifetime requirement. The solar cycle is heading towards a period of maximum activity in 2024 and the initial orbital 
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modeling indicates that ESRA will readily meet the de-orbit requirement. Once the initial on-orbit checkout and 
commissioning activities have been completed the science operations will commence. The configuration of the sensors 
and platform has been designed so that while the double deployable solar panels are facing the Sun and actively 
charging, the WPS sensor will not be facing directly at the Sun and the ECP sensor will be facing roughly 
perpendicular to the magnetic field lines. Note, in general plasma spectrometers such as WPS are not pointed directly 
at the Sun due to UV photon contamination of the detector [33, 34, 35, 36]. The ESRA CAD model is shown in Fig. 
1, with payloads and subsystems indicated. 
 

 
Fig. 1. CAD model of the ESRA flight vehicle. 

3. ENERGETIC CHARGED PARTICLE TELESCOPE 
 
The Energetic Charged Particle (ECP) telescope measures protons and electrons over a broad range of energies (100 
keV – 1000 MeV for protons, and 100 keV – 20 MeV for electrons). The telescope design incorporates a stack of five 
detectors: two thin Si detectors (80 µm), two thick Si detectors (1.5 mm), and one GAGG(Ce) (Ce3+-doped 
Gd3Al2Ga3O12) scintillator (1 cm) with a Hamamatsu S3590-08 PhotoDiode (PD). The computer aided design (CAD) 
model of the ECP telescope is shown in Fig. 2. To minimize background counts due to penetrating radiation, the 
sensitive detectors in the telescope are shielded with tungsten (grey) and aluminum (yellow). To further decrease the 
background signal and improve signal to noise ratio of the telescope, an aluminum collimator with tungsten discs is 
positioned in front of the telescope. Higher stopping-power CZT detectors in the concept design were replaced with 
silicon to save protracted development of the CZT readout to handle charge collection issues [37, 38]. 
 
Each detector channel has dedicated read-out electronics which are integrated within the instrument housing. Three 
electronic boards comprise each electronics module and are optimized to fit the allocated footprint while minimizing 
noise and heat cross-talk. The board closest to the detectors is the Sensor Interface Board (SIB) which provides a low-
noise interface between the electronics and detectors. The SIB also provides detector biasing and monitors the leakage 
current. The Front-End Electronics (FEE) board incorporates junction-gate field-effect transistors and charge sensitive 
preamplifiers to amplify detector signals. After the amplified signals are shaped and filtered, each signal is then 
sampled by an analog-to-digital converter (ADC) with a sampling rate of 80 MHz. This digital signal is passed to the 
Distributed Processing Module (DPM) where a field-programmable gate array (FPGA) analyzes the signal. Compared 
to the standard application with the “peak hold” approach, this fully digital approach enables much more sophisticated 
signal processing, resulting in higher acceptable count rate due to “in-flight” baseline restoration. 
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Fig. 2. CAD model cutaway of the ESRA ECP telescope. 

The ECP is designed to make both energy and Particle ID (PID) determination using combined information from 
deposited energies in the detector. In an effort to evaluate the detection efficiency, a Geant4 [39] simulation is 
performed with protons and electrons flux directed into the entrance aperture over a range of angles. The results are 
analyzed using a logical reconstruction analysis, with proton bins considered first, and if no match is found, electron 
bins are then considered. The detection efficiency can be neatly summarized using “bowtie” plots, as shown in Fig. 3 
for protons. Each energy bin is represented with a different color, and the response for each energy bin is shown as a 
function of incident particle energy. The simulation and analysis of the ECP telescope is described in more detail by 
Barney et al. [38]. 

 
Fig. 3. Proton channel reconstruction efficiencies [38]. 

Prototyping of the full read-out electronics chain using radioisotope sources along with Si and GAGG detectors is 
being conducted to verify design performance. The thick silicon was mounted on the SIB board with a bias voltage of 
+200 V applied from an external ORTEC 556 high voltage power supply. The silicon detector and the SIB board were 
enclosed in an Electro-Magnetic Interference (EMI) shielded glovebox. The readout of this detector was pre-amplified 
with a CAEN A1422 and then amplified with an ORTEC 579 fast filter amplifier. This amplified pulse was then 
analyzed by an Amptek MCA-8000D "PocketMCA." The resulting spectrum shown in Fig. 4 was taken over an 
integration time of 2 hrs for a 133Ba calibration source. The calibration source was placed ~1 cm from the detector. 
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Fig. 4. Thick silicon detector calibration with 133Ba. The thick silicon was tested on the SIB board and readout through 

commercial (CPAmp->MCA) electronics. 

The orange data shown in Fig. 5 for the GAGG detector used the same commercial electronics described above for 
the thick silicon detector. However, the GAGG was biased to +80 V. The orange data was taken over an integration 
time of 0.5 hrs using a 208Tl calibration source. The source was placed ~5 cm from the detector. The blue data shown 
in Fig. 5 was acquired using the GAGG and prototype sensor electronics  enclosed in an EMI shielded glove box over 
a period of 90 hrs. The calibration source was placed at approximately the same distance as the previous run. The 
GAGG was powered by the same ORTEC 556 and the readout pulses were analyzed by the same PocketMCA 
mentioned previously. 

 
Fig. 5. GAGG Calibration with 208Tl. Two sets of data are shown for comparison and validation during the testing of 
ESRA-ECP electronics. Commercial electronics (CPAmp->MCA) and prototype electronics (KB) spectra are shown. 

When fully built, we will calibrate the instrument utilizing both test pulses, radioactive sources, and high energy proton 
and electron beam lines. Pre-flight certification will be done in a proton beam where the performance of the instrument 
will be verified. 
 

4. WIDE-FIELD-OF-VIEW PLASMA SPECTROMETER 
 
The WPS is a novel plasma spectrometer based on a pinhole camera design concept that measures ion and electron 
energies over a broad field-of-view (FOV) without relying on spacecraft spin or deflection plates, both of which 
require time and/or additional resources to obtain full distribution measurements. The unique design enables a 
dramatic reduction of resources (SWAP-C) compared to cylindrical and spherical section analyzers and top hat 
designs. The WPS sensor is a revolutionary step forward in electrostatic analyzer design and is the ideal option for 3-
axis stabilized spacecraft. The WPS instrument concept was first introduced in detail by Skoug, et al. [40] and we 
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briefly paraphrase their description here. Two subsystems comprise the WPS instrument: the sensor-head and the 
detector subsystems. The sensor head subsystem consists of the entrance aperture dome, the energy-angle (EA) 
charged particle filter plate, and the ogive structure at the center of the EA filter plate (see Fig. 6). The detector 
subsystem includes a transparent grid, microchannel plate (MCP) detector which detects individual particles, a 
position sensitive crossed delay line (XDL) anode, and associated front-end electronics (FEE). 

The operation of WPS is shown schematically in Fig. 6 (left) following an ion as it travels from the entrance aperture 
to the 2D imaging anode. An ion enters the pinhole in the upper dome, held at spacecraft potential, with incident 
energy E0, polar angle α0, and azimuthal angle ϕ0. The ion travels toward the EA filter plate and ogive structure that 
are held at a voltage bias Vfp. The ion is affected by the electric field created by the difference in potential between the 
upper dome and filter plate. The ion reaches the EA filter plate at radial distance r and angle β. The EA filter plate 
includes a series of slots whose bias angle b varies as a function of radius r. The ion then traverses the slot in the filter 
plate so long as β = b. Upon exiting the filter plate, the ion passes through the grid and the impact location is recorded 
using the MCP/XDL 2D imaging anode. The radial location maps to the incident polar angle of the ion α0; the 
azimuthal location maps to the incident azimuthal angle of the ion ϕ0; and the EA filter plate voltage Vfp maps to the 
incident energy of the ion E0. The EA filter plate voltage Vfp is then swept over a range of voltages to obtain the full 
energy distribution of incident ions. In this way, (Vfp, r, β) from WPS maps to (E0, α0, ϕ0) of the incident ion.  

The modeled instrument response is obtained by means of the SIMION software package [41]. The cylindrical 
symmetry of the instrument allowed simulations to be performed in 2.5-D mode, in which a model is constructed in 
two dimensions and then rotated about the symmetry axis within SIMION to allow examination of the 3-D instrument 
response [42, 32]. The coordinate axes and definition of azimuth (ϕ) and elevation (θ) angles are shown schematically 
in Fig. 6 (right). 

  
Fig. 6. Cartoon schematic of the WPS key elements and operation (left) and SIMION model of the full size WPS (right). 

The location of the ions incident on the detector plane will be observed using an MCP stack followed by an XDL 
anode. The XDL sensors have an established history of use in space-based instruments for photon detection [43] [44] 
[45] [46] [47]. The XDL assembly consists of a standard MCP detector in a z-stack (3 plate) configuration followed 
by a cross delay-line anode. An incident ion strikes the front of the MCP detector and generates a secondary electron 
avalanche, resulting in a gain of ~107, which exits the MCP depositing the resulting charge on the anode. The XDL 
anode is formed by two orthogonal serpentine conductors and the position of the charge pulse is then determined by 
the difference in arrival time of the pulse at the ends of resistive-capacitance delay lines, shown schematically in Fig. 
7. The XDL electronics consist of a high gain-bandwidth product operational amplifiers and fast comparators 
configured in a constant fraction discriminator (CFD) topology at the end of each delay line. This circuit amplifies the 
pulses from the XDL and translates the analog pulse to a digital signal to drive the start and stop inputs on the time-
to-digital converter (TDC) integrated circuits. The advantage of utilizing CFD topology is to negate the effects of 
conventional threshold triggering which inherently introduces errors in timing measurements between analog input 
pulses of varying amplitudes. The CFD circuit behaves as an amplitude-invariant mechanism to drive the TDCs. The 

Copyright © 2022 Advanced Maui Optical and Space Surveillance Technologies Conference (AMOS) – www.amostech.com 



resolution of the assembly will be determined by the event timing error which is dominated by the CFD 
performance46. An initial XDL sensor with dimensions of 94 mm × 94 mm has been selected for the WPS prototype 
with the majority of the electronics work being dedicated to the design and optimization of the supporting electronics.  

 
Fig. 7. XDL/MCP anode assembly and electronics functional schematic (left) and simulated ion detection points on the 

XDL anode (right). 

The WPS design has been modified to fit within the mass and volume constraints of the ESRA 12U CubeSat platform 
and this reduced version of the design is colloquially referred to as the “WPS Wedge”, as shown in Fig. 8. The WPS 
Wedge will measure ions with incident energies spanning 0.10–35 keV with targeted energy resolution ∆E/E ≤ 0.15. 
The instrument FOV is 89° × 60° with an angular resolution ≤ 10°. 

 
Fig. 8. For use on ESRA, the cylindrical WPS instrument (left) has been reduced to a wedge (right). 

 
5. CRITICAL SUBSYSTEMS 

 
As a DemVal mission, ESRA will also rapidly increase the TRL of next generation critical subsystems. These include 
a CubeSat compatible high voltage power supply, distributed processing architecture, payload processor, and flight 
software architecture which are described in more detail in the literature [31, 32]. The LANL-designed payload 
processor will control the experiment, record the data, and communicate with the CubeSat avionics while a DPM will 
provide limited processing at the sensor head locations and packetize data. The HVPS system will provide static and 
dynamic high voltage to the sensor payloads and the Flight Software (FSW) will control command & data handling. 
The top-level block diagram of the ESRA system is shown in Fig. 9. 
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Fig. 9. ESRA Top Level System Block Diagram. 

High Voltage Power Supply (HVPS) 
The Space High Voltage Power Supply team at LANL is currently designing a new compact modular HVPS that will 
adhere to the 3U SpaceVPX (ANSI/VITA 78) specification using a conduction-cooled frame compliant with VITA 
48. The HVPS will be integrated into ESRA 12U CubeSat to provide static and dynamic high voltage potentials to 
drive the ECP and WPS space environment sensors. The ECP sensor requires static high voltage to provide operational 
bias to the solid-state detectors. The WPS requires a stepping high voltage supply to sweep the EA filter plate and 
static voltages to bias the MCP and transmissive grid. The HVPS has been designed to meet radiation hardness 
requirements for operation in GTO by employing radiation hardened components with >100 kRad (Si) tolerance. 
 
Distributed Processing Module (DPM) 
The ESRA mission serves as a risk-reduction flight for the distributed architecture concept [31, 32]. Although ESRA 
is a 12U CubeSat with sensors and subsystems co-located, the WPS and ECP sensors are designed as “smart” sensors 
to prove out the distributed concept. The DPM is essentially a re-usable reference design for low-power digital 
electronics at the sensor head. The DPM provides the ability to mount multiple sensors in nontraditional 
configurations, i.e. sensor heads are not co-located, in order to maximize the ability to conform the sensor suite to any 
host and optimize fields-of-view. Space system architectures traditionally utilize a backplane in an enclosure to 
provide a central hub for command, data handling, processing, and power distribution. The traditional enclosure can 
be split into physically separated sub-instruments that stand-alone mechanically and are tethered to a smaller less 
resource-intensive hub. This is analogous to a modern office computer and its tethered USB peripherals. This 
distributed architecture concept provides flexibility and adaptability when integrating to mechanical and electrical 
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requirements of a particular host. A distributed system adds more modularity and the flexibility to add or subtract 
individual sub-instruments (such as space environment sensors) from an instrument payload without leaving empty 
backplane slots in a larger enclosure. Furthermore, this distributed processing concept enables “smart” sensors – self-
contained sensors with data processing at the head, which are easier to test, integrate and re-use. 
 
Payload Processor 
The ESRA payload processor is a combination of 3U SpaceVPX and OpenVPX Architecture based on an existing 
LANL 6U design, enabling design reuse for firmware and flight software [48, 49, 50, 51]. The design employs a 
compact 3U Eurocard and Open/SpaceVPX architecture to reduce form factor while increasing performance. The 
reduction in size is critical for implementation on nano- and micro-satellite platforms such as the ESRA bus. The 
OpenVPX portion of the ESRA payload processor enables easier firmware and software development and testing by 
providing compatibility with cheaper commercial chassis, while the SpaceVPX portion allows for Space-Wire 
connectivity and critical signal redundancy. The heart of the payload processor is the GR740 LEON4 SPARC V8 
processor from Cobham/Gaisler. It is capable of gigaflop performance at the nominal 250 MHz clock rate. One Gbyte 
of synchronous dynamic random-access memory (SDRAM) with 512 Mbytes of EDAC, clocked at 25 MHz, is 
addressed by the processor for volatile program and data storage. Eight Mbytes of nonvolatile Magnetoresistive 
Random-Access Memory (MRAM) are also included for nonvolatile program memory storage. 
 
Flight Software (FSW) 
The ESRA FSW running on the Gaisler LEON4 payload processor is based on a modular publish-subscribe 
architecture. The foundation of the FSW is a message bus created by LANL’s internally-funded Cubesat Reusable 
Interface Software Platform (CRISP) project [52] which provides an extremely lightweight architecture that supports 
messaging to and from all the different components of the software system. The message passing architecture has been 
extended to seamlessly communicate with the DPM over SpaceWire to the WPS and ECP smart sensors, and via I2C 
to the HVPS sub-system. The ESRA FSW on the Gaisler LEON4 payload processor has been designed to be modular 
and reusable, allowing future LANL missions to focus on mission-specific software components while simply reusing 
the existing capabilities from ESRA/CRISP. The ESRA payload processor FSW provides the command and data 
handling functionality for the entire payload and has been designed to tolerate upsets and reboots of the space vehicle. 
Science data, state of health, and log data are stored in both volatile SDRAM and mirrored to a non-volatile flash 
drive. Various payload configuration parameters are held in non-volatile MRAM along with a ground configurable 
time-tagged sequence of commands. By managing the commands and data in the payload’s radiation tolerant 
memories, ESRA is better prepared for unexpected upsets to the space vehicle.  
 
The space vehicle (SV) interface of the ESRA payload processor FSW has met the specifications of the NanoAvionics 
12U CubeSat spacecraft bus. The SV interface communicates with the NanoAvionics bus using the CubeSat Space 
Protocol (CSP). This lightweight network layer delivery protocol is used to transmit and receive messages with the 
CRISP message bus. These messages can be commands coming from the ground or payload telemetry being sent to 
the ground. The ESRA FSW leverages an open-source CSP library developed at Aalborg University and nanosatellite 
provider GomSpace. The ESRA FSW running on the Vorago VA41630 Arm Cortex-M4 in each instance of the DPM 
is built on top of the FreeRTOS real-time operating system. The DPM in the WPS and ECP sensors communicate with 
the payload processor over Space-Wire and the DPM in the HVPS and LVPM sub-systems communicate with the 
payload processor via I2C. 
 

6. RADIATION ENVIRONMENT 
 
The ESRA flight vehicle will transit the radiation belts twice per day with each passage through the outer radiation 
belt taking ~90 min and each passage of the inner radiation belt taking ~30 min. Note, these are approximations and 
the actual transit times will depend on the width of the belts which are dependent on geomagnetic activity. A plot of 
the ESRA orbit as a function of altitude, time, and location of the radiation belts is shown in Fig. 10(a). During these 
transits, the bus will be subjected to the energetic particle flux of the trapped radiation belts. As a result, the ESRA 
system will experience high levels of Total Ionizing Dose (TID). 
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Fig. 10. Schematic of ESRA orbit as a function of orbital altitude, time, and approximate radiation belt locations. 

To mitigate the effects of the natural radiation environment with regard to vehicle avionics, sensor payload, and critical 
subsystem performance there are two design options: 1) increase the part tolerance by implementing radhard parts to 
meet expected dose and 2) use shielding to lower the expected dose to meet part tolerance. The ESRA design principle 
utilizes a combination of both options since as a DemVal the subsystems designs use radhard and rad-tolerant parts 
with ratings greater than 100 krad. However, since the mission paradigm is to rapidly develop and deploy a pathfinder 
DemVal  mission using commercial vendors the aluminum radiation shielding panels are being optimized to ensure 
the ESRA electronics are shielded such that they receive less than 20 krad/year. The shielding optimization effort 
implemented commercial FASTRAD radiation transport software package to assess the accumulated TID for a one 
year mission as a function of shielding thickness and location within the bus. The software package was used to 
propagate the energetic particle flux through the ESRA CAD model with 75 detectors distributed throughout the CAD 
model to measure TID. The three shielding cases analyzed are: 1) all 5 mm thick panels (ESRA124S2), 2) all 4 mm 
thick panels with 3 mm on ESRA card cage, shown as red panels in Fig. 11(right) (ESRA125S2), and 3) same as 2) 
but with 5 mm thick panel added to the -Z side. The initial shielding optimization result for case 3) indicates TID of 
less than 10 krad/year with a few locations receiving ~15 krad/year and a shielding mass is ~2 kg. 
 

 
Fig. 11. FASTRAD calculation results for a 1-year mission using three shielding cases with TID at detector tally points 

scattered through the ESRA CAD model.  

7. CONCLUSION 
 
The ESRA mission is a part of a new era of science missions that are achieving “big science using small platforms.” 
Similarly scoped CubeSat missions include CUSP [53], GTOSat [22], CeREs [20], CAPSTONE [54], CSSWE [21], 
MinXSS [55], MarCO [56], LunaH-Map [57], ASTERIA [58], and MAMBO [59] to name a few. Note, this is not an 
all-inclusive list given the extent and rapidly increasing number of CubeSat missions and is merely meant to highlight 
the range of scientific missions. Of particular interest, is the implementation of CubeSat missions beyond LEO, e.g. 
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MarCO as the first interplanetary mission, CAPSTONE as the first cislunar mission, GTOSat as the first through the 
radiation belts, and ESRA which will follow GTOSat. The ESRA mission will fly through GTO while making 
observations of the charged particle populations in the Earth’s radiation belts. This will allow for the demonstration 
and validation of the next generation space environment sensors and critical subsystems. A commercial satellite bus 
supplied by NanoAvionics will host the WPS and ECP sensors along with the critical subsystems such as the HVPS, 
DPM, and Payload Processor. The mission launch and integration are being provided by the DoD Space Test Program 
with an anticipated GTO insertion in late 2024. The desired orbital parameters include perigee of 200 km, apogee of 
36,000 km, and inclination of 40° ±20°. The commercial space sector continues to increase the capability of SmallSat 
platforms and ground stations while simultaneously reducing risk and cost. The ESRA mission leverages this 
capability by partnering with NanoAvionics, thus allowing the mission team to focus primarily on payload 
development. 
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