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Motivation:

What is the influence of radiation belt electrons on the
atmosphere and ionosphere?

« Do radiation belt electrons provide a missing source
of HO, and NO, with implications for O3 reduction
in the upper and middle atmosphere? (Randall et al.,
2015)

Can radiation belt electrons explain the Schumann
resonance anomaly? (Satori et al., 2016)
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Goal

To estimate the precipitation flux and energy spectrum of radiation belt electrons and quantify the
contribution of electron precipitation to atmospheric chemistry and ionospheric conductance

Method:

1. We combine measurements from Van Allen Probes near the equator and FIREBIRD CubeSat at low-
Earth orbit during conjunctions, to estimate the precipitation flux and energy spectrum of radiation
belt electrons in energies between 200 keV and 1 MeV during observed electron loss events within the
radiation belt.

. To quantify the contribution of radiation belt electrons to the atmosphere, we use a global climate
simulation (WACCM) to calculate the production of HOy and NOy, and the reduction in O3.

. We calculate the ionospheric conductance caused by radiation belt electrons using a climate simulation
with thermosphere and ionosphere extension (WACCM-X).

2. Atmospheric Impact from RB Electron Precipitation

~100% NOy peak enhancement

WACCM: a comprehensive numerical model, spanning the range of altitude
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1. Quantify Radiation Belt Electron Precipitation

Flux Ratio between precipitated and trapped electrons

FIREBIRD and RBSPb Conjunction on 21~Jan-2016 22:43:08
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To quantify poorly known global r belt precipi we
electron flux ratio of the precipitated and trapped electrons at Van Allen
Probes and FIREBIRD Conjunctions

Precipitated electron data from FIREBIRD cubesat at low Earth orbit
in/near loss cone)
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Trapped electron data from Van Allen Probes with continuous coverage in
the radiation belt

Calculate flux ratio between precipitated and trapped electrons

Scaled Van Allen Probes data to provide more global, more continuous
time series of precipitation

Note: throughout the 35 conjunction events, the Dst minimum > -50 nT
(moderate condition)
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Selecting Radiation Belt Electron Loss Event

Total radiation belt electron content: (TRBEC) - a simple
and global index to represent RB electrons by
integrating the phase space density data from RBSP-ECT
MagEIS data

2013 March 3- 14 event: long-quiet decay without or
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3. lonospheric Impact from RB Electron Precipi

Pederson Conductivity
03 Mar 2013

03Mar 2013

100U e 04 Mar 2013 0 e onen o

g

i (e

50 o s 50 o EJ
Lattude (degrees) Latiude (degrees)
Hall Conductivity

100U g 04 Mar 2013

50 o 50
Latude (Gegrees)

03 Mar 2013 0 s 03 Mar 2013 v o

50 o E)
Latude (degrees)

50 o 0
Ltiude (degrees)

50 o 50
Latude (Gegrees)

%

Electron Density

socourc anprs 05 Mar 2013

* We pick 50 per
energies to sim

50 o 0 50 o 50
Latude (degrees) Latude (Gegrees)
03 Mar2013

* Model outputs
precipitation at

12000 et 04 Mar 2013 onuc

50 ) E)
Latiude (degrees)

50 o 50
Latude (Gegrees)

%

Pederson Conductivity

+ WACCM-X: WACCM with thermosphere and
ionosphere extension (0-500 km)

« With RB electron precipitation electron,
there are significant enhancements in
electron density, Pederson conductivity and
Hall conductivity at 50-100 km

little magnetopause shadowing loss

Summary

We estimated radiation belt
electron precipitation flux and
energy spectrum using
FIREBIRD and Van Allen
Probes data
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We quantified the contribution
of electron precipitation to
atmospheric chemistry: 20%
reduction of Oj in stratosphere
from moderate RB electron
precipitation
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« A preliminary WACCM-X
simulation shows significant
enhancement in electron
density and conductivities with
RB electron precipitation
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