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e Good sciences can be done based on CubeSat measurements, e.g., CSSWE/REPTile
e Challenges of measuring energetic particles in the inner belt
e Advanced Design and Technologies for CIRBE/REPTile-2


https://lasp.colorado.edu/home/csswe/
https://lasp.colorado.edu/home/csswe/
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Colorado Student Space Weather Experiment (CSSWE)
orbit: 480 km x 790 km, inclination 659

Measuring Energetic Particles in near Earth Space Environment
Operated: September 2012 — end of 2014
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CSSWE: Colorado Student
Space Weather Experiment

(Sprlng of 2010)

Relatlwstlc Electron-
Proton Telescope
integrated little
experiment (REPTile)



CSSWE: Colorado Student
Space Weather Experiment

(Spring of 2011)
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1st Plugs-out Test (11/10-11/2011):
2nd Plugs-out Test (after Vibe test): 11/29/2011

3rd Plugs-out Test (after T-V test): 12/21/2011
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Nature'EXtended Data F|g 2 (Baker et al., Nature, 2014)
CSSWE/REPTile Data — September 1-23, 2013
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CSSWE/REPTile: 0.5 MeV Electrons for Oct 7-10, 2012
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First direct detection of CRAND electrons in near-Earth space

A 60-year mystery in space physics was resolved based on our CubeSat

measurements

8

Geomagnetic field (109 nT)




CRAND electrons are
mostly from the f-decay of
thermal neutrons:

(m;— m,—-m.)c? = 782 keV

The only feasible explanation:
Cosmic Ray Albedo Neutron Decay
(CRAND) via evaporation process

Galactic Coasmic Ray Proton

4. Evaporation

.  Process
§ ~~“ ‘,'.".’::.

(Li et al., Nature, 2017) " Iqs\tn\ here



What is next after CSSWE?
Colorado Inner Radiation Belt Experiment (CIRBE)

Pl: Xinlin Li (LASP and Dept. of Aerospace Engineering P— __."__ J—
Sciences, CU Boulder) W AR
Co-ls: Richard Selesnick, Rick Kohnert, and Scott Palo [ | CIRBE

Collaborator: Quintin Schiller Colorado Inner Raciation Belt Experiment

Funded by NASA/H-TIDeS 2017
$4M total

Launch was manifested for
early 2023
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Colorado Inner Radiation Belt Experiment

REPTile (Relativistic Electron and Proton
integrated little experiment)

Operated in space 2012-2014 on CSSWE

Next generation
of REPTile
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REPTile-2 fully integrated and tested (plus a
spare copy — for post flight calibration)




1st Plugs-out test
of CIRBE on
11/18/2021

2nd Plugs-out test
4/11/2022

3rd Plugs-out &

End-to-End test on
7121/2022
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What is the difference between CIRBE and CSSWE?

Refined measurements of electrons (0.3—4 MeV) and protons (6.5—-40 MeV):

(1) Pulse Height Analysis (PHA) = high energy resolution (129 channels), requiring more
power for onboard processing = deployed solar panels

(2) Anti-coincidence technique = veto the contamination by side and back penetrating
protons (cleaner measurements)

(3) Active ADCS vs. passive ADCS on CSSWE
(4) UHF and S-band vs. UHF only on CSSWE

A screen shot of a CIRBE team meeting (spring of 2020)
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> 120 MeV protons penetrate
through the heavy shielding

10mm Aluminum ShieldWag 2x 20mm ¢

u;,

Beryllium Window

Bias Circuits and
Charge Amplifier PWBA

Calibration and
Housekeeping PWBA

LVPS and HVPS PWBA
with EMI Shield

Digital and FPGA PWBA

2x 5 Channel Analog PWBA —

E
(Baker et al., 2012)
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Energy deposited on D3 (MeV)

Energy deposited on D3 (MeV)

Detailed Geant4 Simulations Guided the Design of REPTile-2

Energy deposition on D3 and D4 for a flat incident flux spectrum of electrons and
protons in the energy range of 0.1-10 MeV and 1-200 MeV, respectively
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Estimated flux and count rate comparion
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Based on our least square
model, we determined the
count rate (red) from the
estimated flux and compare
with the observed count rate
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Summary

CSSWE/REPTile has been a great success in education,
engineering, and sciences. It has demonstrated that CubeSat
can be a useful tool to achieve high quality sciences

CIRBE/REPTile-2, vastly improved in the following:

(1) pulse height analysis (PHA), which enables measurements with high
energy and time resolution

(2) anti-coincidence technique and logic, which reduce contamination by
side and back penetrating protons, leading to cleaner measurements

(3) active attitude control systems (ADS) vs. passive ADS;

(4) addition of a S-band radio transmitter to increase science data
throughput to the ground by 100x.

CIRBE is manifested for a LEO launch in early 2023
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