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Motivation

• Energetic electrons are trapped in the Earth’s Van Allen Belts

• Space weather events can cause geomagnetic storms, which empty the 
Van Allen Radiation belts of electrons at the belt horn points

• These electrons can precipitate onto Earth’s Atmosphere

• Climate/Weather Models; Atmospheric Chemistry

• Spacecraft Communication Disruption (GPS)

• Spacecraft Degradation

• 2013 Decadal Survey, Heliophysics Key Science Goal 2: 

• ‘ Determine the dynamics and coupling of Earth's magnetosphere, ionosphere, 
and atmosphere and their response to solar and terrestrial inputs.’

[1]



Mission Summary

• REPTAR is a 3U CubeSat, carrying two particle detectors 
oppositely oriented along the Earth’s magnetic field lines.

• By comparing the rates in each direction, we can constrain the number 
of electrons lost to the atmosphere

• We have chosen CSSWE’s orbit in order to maximize time spent 
in the horn points of the belts. 478x786 km with 64.7° inclination

• REPTAR will sample the Van Allen Belt loss cones – electrons 
which are expected to precipitate – for at least 6 months. [2]

[3]



Instrument Summary
• Two opposite-facing particle detectors for incident electron pitch and energy 

measurement

o 4 Silicon Strip Detectors for pitch 
angle measurement

o 2  single channel Silicon Pad 
Detectors for energy 
discrimination

o Collimator with ~90 Degrees 
FOV, Tungsten Baffling, and Be 
window for Alpha particle 
rejection

o Backend electronics similar to 
those used for the CSSWE 
REPTile instrument

o Programmable logic device for 
timing and energy level 
histogram binning

No solar panels or antenna shown



Field of View Requirements
• Detector must not stray out of loss cone – orders of magnitude more flux 

outside of the loss cone

• Modeling indicates that during an 
orbit the loss cone half-angle will 
vary between ~64 degrees and ~71 
degrees

• This drives our detector FOV 
requirement

Assumes an inclined elliptical orbit of 64.7 degrees 
and478x786km, oriented with periapse at the highest 
latitude

Duration: 31.2816 minutes for -60 to 60 deg True Anomaly

• Our passive magnetic attitude 
control has ~+/- 15 degrees of 
oscillation, driving a FOV half angle 
of 45 degrees, ensuring the REPTAR 
instrument will stay within the loss 
cone while traversing the radiation 
belts



Sampling Requirements
• What electron flux will the REPTAR instrument encounter, and what does this 

say about the acquisition times?

• Assuming a maximum flux of 10^5 #/cm^2/s/sr/MeV we can use the 
REPTAR geometric factor to determine acquisition times

• 20 microsecond time bin => 1 electron detection
• 40 microsecond time bin => 2 electron detection
• 100 microsecond time bin => ~5 electron detection

Want to measure between ~0.5-1.6 MeV to complement the CSSWE 
REPTile measurements



Detector Overview
• 45 degrees half angle FOV

• Collimator length ~20 mm

• Detector Cavity length~25 mm

• Field Stop - 1 cm^2

• Aperture ~40 mm

• Geometric Factor - 1.84 cm^2-sr

• ~1.7 kg allotted for both 
detectors

• Extra space allotted in the 
detector cavity for further 
shielding if needed (also weight 
dependent)

• Space between detectors to 
allow cabling to be run to the 
detection electronics



Detector General

Incoming electron paths not to scale

• Detectors are separated by ~2.8 mm, but this is changeable 
and will mainly impact how many channels per detector are 
actually utilized (discussed further on)

• Field Stop placed at cross over point from 90 degree 
separated electrons



Detector Stack Details



Detector Stack Details



1) Detector channel (single strip or strip detectors)
2) Low noise amplifier with pulse shaping and timing pulse into Op-Amp 
for added gain
3) Programmable discriminators
4) Timing Unit and Computer to control voltage thresholding and binning
5) Onboard data storage

Electronic Architecture

General back-end electronics flow



Electronic Architecture

• Low Noise Amplifier: Amp-Tek A225 (as used with REPTile)
• 8 Channel Op-Amp: Not chosen, but available through many suppliers
• Single Discriminator for each of the 6 detectors



Electronic Architecture

• A total of 97 individual channels from all detectors, all of which would 
need their own amplifier chain if utilized.

• Due to geometric factor chosen for the instrument only ~37 channels  
receive signal, greatly reducing the back-end electronics needed.

• Two 9x9 cm^2 electronics cards can house the 37 Amp-Tek A225 pre-
amplifiers and 5 eight channel Op-Amps. (shown on next slide)

• Each A225 can draw ~10 mW of power, which will generate a 
significant amount of heat. This can be disposed of conductively 
through thermally conductive card rails, allowing the heat to be 
dissipated to the space craft body.



Electronic Architecture
• Detector electronics cards shown in blue



CubeSat Subsystems Summary
• Power

• Clyde Space CS-SBAT3-10 – 30 Wh Battery 

• Clyde Space SP-L-S3U-0016-CS-MGT Solar Panels

• Clyde Space CS-3UEPS3-NB EPS Motherboard

• ACS

• Passive Magnetic Attitude Control (PMAC)

• C&DH

• TI MSP430 Series microcontroller

• Salvos Real-Time Operating System (RTOS)

• COMM

• Astronautical Development's Li-1 Radio

• Bus

• Pumkin Inc's CubeSatKit MISC 3U Cubesat bus 



PMAC/ADCS

• REPTAR spacecraft uses Passive Magnetic Attitude Control (PMAC) 

• Single bar magnet aligns REPTAR with Earth's magnetic field 

• Ferromagnetic hysteresis rods dampen oscillation of the spacecraft 

• Pointing performance is ±15 degrees from the local magnetic field 

• Magnetometer gives orientation 

• Honeywell HHMC6343

• Orientation with respect to local field is known within 1 degree. 

• PMAC/Magnetometer combination was chosen to save power and 
weight.



Mass, Power, and Volume



Spacecraft Configuration



Communication

• REPTAR Record rates:  

• 30 minutes of horn time per orbit 

• 10 Mb horn data written per day 

• Astronautical Development's Li-1 Radio  

• Supports 9.6 kbps downlink 

• 23 minutes of downlink per day 

• 14Mb daily downlink 

• 40% Downlink margin for retransmits, blown passes, late AOS/early LOS

• Ground Support provided by LASP ground station used for CSSWE and MinXSS.



Risks

ID Description Impact Probability

1 Pitch angle determination failure 3 3

2 Antennas fail to deploy 4 1

3 Battery malfunction 4 2

4 Fabrication delays 2 2

5 Cost overruns 3 2



Schedule/ Budget
• Schedule:

• Design Phase: 120 Days

• Fabrication Phase: 275 Days

• Final Testing/Calibration Phase: 90 Days

• Operations: >180 days

• Total: 2 Years

• Budget

• Instrumentation: $30 000

• Spacecraft: $50 650

• Labor/Overhead: $1 388 750

• Total: $1 352 150 over two years
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B-Field Strength throughout a radiation belt pass



B-Field Strength throughout a radiation belt pass







Hamamatsu SSD - Circular Detector Face - 100+ detector channels





Component Manufacturer P/N TLR Flight Heritage

CubeSat Structure 
and Hardware

Pumpkin 711-00499 9 CSSWE, RAX, 
RAX-2

Solar Panels Clyde Space SP-L-S3U-
0016-CS-
MGT

7

EPS Motherboard Clyde Space CS-
SBAT3-10 
– 30

7

Battery Clyde Space CS-
3UEPS3-
NB

7

Radio Astronautical 
Development

Li-1 8 CSSWE

ACS Permanent bar 
magnet and 
hysteresis rods

9 CSSWE

Si Detector Assembly Developed at CU 7 CSSWE

Magnetometer Honeywell 
Microelectronics & 
Precision Sensors

HMC6343 7 CSSWE



Risk Mitigation

ID Description Mitigation Strategies

1 Angle determination failure Mission focuses on counts alone (still valid 
science mission)

2 Antennas fail to deploy Limiting data transmission

3 Battery malfunction Limiting night-side operations; Limiting 
transmission times

4 Fabrication delays Schedule overestimates time required

5 Cost overruns Utilize low-cost student labor



Detailed Schedule



Labor Cost Breakdown

Position Equivalent FT Work 
(Years)

Yearly Salary ($) Total ($)

Principal 
Investigator

1.75 80 000 140 000

Project 
Manager

1.25 75 000 93 750

Systems 
Engineer

1.75 75 000 131 250

Instrument 
Scientist

1.25 75 000 93 750

Project 
Scientist

1.00 75 000 75 000

Students 
(x5)

2 = 4 semesters 8500 per semester 170 000
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