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3U CubeSat: Colorado 
Student Space Weather 

Experiment (CSSWE)/REPTile

- Involved over 65 students

- Launched : 9/13/12 (>2 yr op) 

- Orbit : ~480 km x 790 km, 
inclination 650

Van Allen Probes/REPT

ÅInner belt (L Ò2) consist of energetic protons and electrons 

ïProtons:  CRAND and Solar Energetic Particles

ïElectrons, >1MeV: Rarely seen, only during extreme SW conditions 

ïElectrons, <1MeV: Commonly seen, from CRAND and Outer Belt

CRAND electrons Č neutron density



Inner -Zone (L Ò 2 ) Proton Production Mechanisms

Fast neutrons made by direct 
interaction of high -energy 
cosmic rays: knock -on neutrons

proton + electron + neutrino
(production of Ó10 MeV energetic
protons (L ~ 1.5) that can be
trapped) . This mechanism is also
referred to as CRAND: Cosmic Ray
Albedo Neutron Decay

Galactic Cosmic Ray Proton

Electron

Decay

Proton
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OV1-20 and RPS Jperp Versus L 

>65 MeV 340-390 MeV 390-450 MeV 

450-550 MeV >550 MeV 
OV1-20 

RPS 

Additional population at CRAND energies yet outside the stable trapping limit for 

protons; we are investigating this signal with the RPS data. 

The trapped inner belt protons (>65 MeV) measured from 

Van Allen Probes/RPS and OV1-20 are dramatically similar 

across a 41 yr interval
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Measured 
in 1971 

The situation is very different for 

lower energy protons at the outer 

edge of the inner belt 

Measured 
in 2012 

(Mazur et al., Fall AGU, 2014)
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REPT-A&B monthly averages (75 o < a0 < 105o)
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ÅInner belt (L Ò2) consist of energetic protons and electrons 

ïProtons:  CRAND and Solar Energetic Particles

ïElectrons, >1MeV: Rarely seen, only during extreme SW 
conditions 

ïElectrons, <1MeV: Commonly seen, CRAND and transported inward 
from outer belt electrons



(Claudepierre  et al., JGR, 2017)

Li  et al., JGR, 2015: Upper limit on the inner radiation belt MeV electron intensity
Fennell et al., GRL, 2015: é the inner radiation zone contains no MeV electrons é



(Baker et al., 

Nature, 2014)



(Li et al ., JGR, 2017)
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(Baker et al., Nature , 2004)

Injections of multi -MeV 
electrons into the slot 
region and inner belt did 
happen when the sun was 
much more active

(Li et al ., SW, 2009)
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Comparison of 4.5 MeV electrons at L=2.5

Horne et al., Nature , 2005: Wave acceleration 
of electrons é

Kim et al., JGR, 2016: Fast injection of the 
relativistic electrons (~1MeV) into the inner zone
é the Bastille Day storm in July 2000



(CRRES mission, 1990 -1991,  Courtesy of J. B. Blake )

Injections of multi -MeV 
electrons into the slot 
region and inner belt did 
happen when the sun was 
much more active

(Li et al ., 1993)



ÅInner belt (L Ò2) consist of energetic protons and electrons 

ïProtons:  CRAND and Solar Energetic Particles

ïElectrons, >1MeV: Rarely seen, only during extreme SW conditions 

ïElectrons, <1MeV:  Commonly seen,  CRAND and 
transported from outer belt electrons

CRAND electrons Č neutron density



L = 1.8

L = 2.8

CSSWE/REPTile E1 (~0.5 MeV) Measurement, Jan 4-14, 2013   

binned in L=1.45-1.55, Jan 4-14, 2013

B-field at s/c orbit

South and North



CSSWE/REPTile: 0.5 MeV Electrons for Jan 4-14, 2013 

(Li et al., Nature, 2017)
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