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Earth’s Radiation Belts

Impact satellite operations
Radiation risk for astronauts
Key driver of space weather
Electron acceleration & loss processes
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Magnetosphere Coords (L-shells and MLT)

Magnetic Local Time (MLT) & L-Shell Coordinates
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What’s the Challenge?

e Wave-particle interactions control electrons

RBSP-A / EMFISIS electron density — Orange: L> 4.0 | red: large density gaps

L>4

e Strongly dependent on plasma density 4 § = oot

e [ow-density regions at high L-shells
o  Poorly understood environments
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e Density controls wave propagation and

growth Dunkhase 2025

e Determines electron acceleration & loss



Re S e arCh GO al RBSP-A 2015;)(){9 mean fpe/fce
e Map plasma density structure
e  Focus: Outer belt and L-shells

e Compare geomagnetic activity

Data Sources:

e Van Allen Probes (RBSP-A)
e EMFISIS instrument

e World Data Center for AE Index, Kyoto (geomagnetic
activity)

e Time range: 20122019

NASA.gov



Methods.

e Map to L-shell & MLT & bin data

e Separate by AE activity

Key Parameters:

e Electron Plasma Frequency (w_pe)
e Electron Cyclotron Frequency (w_ce)

e Density Proxy: w_pe/w_ce
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MethOdS 4 < wpeéwce <5

e Map to L-shell & MLT & bin data

e Separate by AE activity

Key Parameters:

e Electron Plasma Frequency (w_pe)
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e Electron Cyclotron Frequency (w_ce)

e Density Proxy: w_pe/w_ce Wpe vV e




RBSP-A wpe_over_wce Distribution
e S l I S AE <100 T (Quiet)
0 < wpe/wce < 1 1 < wpe/wce < 2 2 < wpe/wce < 3 3 < wpe/wce <4 4 < wpe/wee <5

Plasma density varies with
L-shell

Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution

Very low density is rare but
physically important 0 < wpejwce < 1 1 < wpe/wee < 2 100 <.AE = ﬁ;?egvcre‘[ gModerate) 3 < wpelwee < 4 4< wpeéwce <5
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Moderate-high density
dominates

Normalized Occurrence (all bins sum to 1, log scale)

Clear Spatial Structure (L & RBSP-A wpe_over_wce Distribution
AE >Z400 nT (Active)
MLT)

< wpe/wce 3 < wpe/wce < 4

Activity increases variability

Normalized Occurrence (all bins sum to 1, log scale)




RBSP-A wpe_over_wce Distribution
AE < 100 nT (Quiet)
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Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution
100 < AE < 400 nT gModerate)

Low density — enables
interaction with relativistic 0 \

3 < wpe/wce < 4 4 < wpelwee <5
6
8 a4

1(0

14

electrons .

4

Higher density closer to Earth T

Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution
AE >Z400 nT (I-%ctive)
<

0 < wpe/wce < 1 < wpe/wce 3 < wpe/wce < 4

Activity redistributes plasma
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Normalized Occurrence (all bins sum to 1, log scale)
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RBSP-A wpe_over_wce Distribution
AE < 100 nT (Quiet)
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Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution
100 < AE < 400 nT gModerate)

Low density — enables
interaction with relativistic 0 \
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Higher density closer to Earth T
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Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution
AE >Z400 nT (I-%ctive)
<

0 < wpe/wce < 1 < wpe/wce 3 < wpe/wce < 4

Activity redistributes plasma
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Normalized Occurrence (all bins sum to 1, log scale)




What This Means

Density not uniform across
outer belt

Low density — enables
interaction with relativistic
electrons

Higher density closer to Earth

Activity redistributes plasma

Enhanced low-density
occurrence

(midnight to dawn, high AE)
— Dawn side linked to chorus
waves & pulsating aurora

RBSP-A wpe_over_wce Distribution
AE < 100 nT (Quiet)

0 < wpe/wce < 1 1 < wpe/wce <2 2 <wpe/wce <3 3 < wpe/wce <4
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0 < wpe/wee < 1

RBSP-A wpe_over_wce Distribution
100 < AE < 400 nT gModerate)

1 < wpe/wce < 2 < wpe/wce < 3 < wpe/wce < 4
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RBSP-A wpe_over_wce Distribution
AE >Z400 nT (I-%ctive)
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0 <pfbeiwce <1 1 < wpe/wce < 2 < wpe/wce 3 < wpe/wce < 4
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Normalized Occurrence (all bins sum to 1, log scale)

Normalized Occurrence (all bins sum to 1, log scale)

Normalized Occurrence (all bins sum to 1, log scale)
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RBSP-A wpe_over_wce Distribution
AE < 100 nT (Quiet)

W t T L M 0 < wpe/wce < 1 1 < wpe/wce < 2 2 < wpe/wce < 3 3 < wpe/wce <4 4 < wpe/wee <5
hat This Cans :
10/27, N ; ¢ P,
3 . ~
2
12
AE >300nT&Pd <1.5nPa & / ;
- b - 16 — 20
- . 18
RBSP-A wpe_over_wce Distribution

100 < AE < 400 nT gModerate)

0 < wpe/wee < 1 1 < wpe/wce < 2 < wpe/wce <

2

5
Normalized Occurrence (all bins sum to 1, log scale)
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Normalized Occurrence (all bins sum to 1, log scale)

The chorus waves occurrence rate RBSP-A wpe_over_wce Distribution
3 o o 3 AE > 400 nT (Active)
distribution in the L-MLT (Ma et al., 2002) 0 spffeluce <1 2 <3

< wpe/wce 3 < wpe/wce < 4

Enhanced low-density
occurrence

(midnight to dawn, high AE)
— Dawn side linked to chorus
waves & pulsating aurora

Normalized Occurrence (all bins sum to 1, log scale)
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RBSP-A wpe_over_wce Distributi
AE < 100 nT (Quiet) [

® 0 < wpe/wce < 1 1 < wpe/wce <2 2 <wpe/wce <3 3 < wpe/wce <4 4 < wpe/wce <5
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Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribg@tion
100 < AE < 400 nT gModera- E)

Low density — enables
interaction with relativistic 0 \
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Higher density closer to Earth T

Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribition
AE >Z400 nT (I-%ctive)
<

0 < wpe/wee < 1 < wpe/wce

Activity redistributes plasma

Normalized Occurrence (all bins sum to 1, log scale)
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RBSP-A wpe_over_wce Distribution
AE < 100 nT (?uiet)
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What This Means |-
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Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution
100 < AE < 400 nT gModerate)

Low density — enables
interaction with relativistic 0 \
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RBSP-A wpe_over _wce Distribution
AE = 400 nT (Active)

0 < wpe/wce < 1 <wpe/wce <3 3 < wpe/wce < 4

Activity redistributes plasma
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Normalized Occurrence (all bins sum to 1, log scale)
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RBSP-A wpe_over_wce Distribution
AE < 100 nT (Quiet)
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Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution
100 < AE < 400 nT gModerate)

Low density — enables
interaction with relativistic 0 \
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Higher density closer to Earth T

Normalized Occurrence (all bins sum to 1, log scale)

RBSP-A wpe_over_wce Distribution
AE >Z400 nT (I-%ctive)
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Activity redistributes plasma

a

Normalized Occurrence (all bins sum to 1, log scale)




Conclusions

Takeaway: Plasma density shows structure that changes with seomagnetic activit

® Density varies with L-shell & MLT Inner Yan Outer Yan

Allen Belt Allen Belt

e Low density is rare but critical for
relativistic electrons

e Activity increases variability

e Quter belt has diverse environments

Magnetic Field Lines

e Impacts wave—particle interactions PasTocnesic ey +
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