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Goal

To assess the importance of electron loss from the radiation belts
caused by EMIC waves - on a global scale

Approach

Analysis and fitting of wave data — from CRRES
Develop wave maps

Use the power spectra to calculate pitch angle and energy diffusion
rates

Include the diffusion rates into the BAS Radiation Belt Model

Run the model for different scenarios to determine the importance
of EMIC waves

British
Antarctic Survey

MATURAL ENVIRONMENT RESEARCH COUNCIL




06/01/2015

BAS Radiation Belt Model

Radial transport Pitch angle diffusion  Energy diffusion  Losses -
inside
loss cone

Drift & bounce averaged diffusion coefficients D,;, D,,, Dy

are activity, location and energy dependent

ULF waves contribute to D,,
VLF waves contribute to D,, and D,

Details in: Glauert et al. JGR, [2014]
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Diffusion Coefficients - Requirements

Power spectrum of the waves — nT2 Hz™! as a function of frequency
Distribution of waves in MLT

Radial distribution — here in L*

Data for different levels of geomagnetic activity — Kp, AE, Vsw
Distribution of the waves in latitude

lon composition

Wave normal angle distribution

fpe/fce distribution — with MLT, L*, latitude, geomagnetic activity
— Data on density and magnetic field

Alternative method - using POES data to calculate <Daa> is powerful
— but only gives <Daa> at selected energies near the edge of the loss cone
— Assumptions are required to obtain the full set of diffusion rates

Future - combine both approaches
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L* = 8.0
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Meredith et al, [2014]
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Wave Scatter Plot

Hydrogen Band EMIC Waves
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Wave Parameters

Parameter Hydrogen band Helium band waves
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Posh et al. [2010]

0 2 4 6 8 10 12 14 16 18 20 22 24

NATURAL ENVIRONMENT RESEARCH COUNCIL

MLT




06/01/2015

Wave Intensities
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EMIC diffusion rates
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EMIC and EMIC + Chorus Diffusion

Hydrogen band EMIC wn fes
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Energy Diffusion

Heliurm band EMIC waves
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Physical processes in the BAS model

Radial transport [Brautigam & Albert, JGR, 2000]
Upper & lower band whistler mode chorus waves [Horne et al., JGR, 2013]

Plasmaspheric hiss & lightning-generated whistlers [Glauert et al., JGR,
2013]

EMIC waves
Plasmapause model [O’Brian and Moldwin,2003]
Collisions with atmosphere [Abel & Thorne, JGR,1998]
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Electron flux: 100 day simulation — 90°

45° flux (cm2sr's'keV-') for 6MeV electrons

Rodial diffusion, Hiss, upper ond lower bond Chorus

'JU o5

Without EMIC

With EMIC

260 280 300 320 340
Doy of 19390
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Electron flux: 100 day simulation — 45°

45° flux (cm2sris-keV-) for 6MeV electrons

Rodial diffusion, Hiss, upper ond lower band Chorus

Without EMIC

With EMIC

260 280 300 320 340
Doy of 1990
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EMIC waves:

Electron
distribution
becomes
narrower for
higher energies

Electron flux {cm™sr s 'kev™') at L’

Radial diffusion, Hss: and Chorus. E = 1.0 MeV

Radial ditfusion, Hiss, Chorus, and EMIC. E = 1.0 MeV

Eq. pitch—angle {daeg)

Radial diffusion, Hiss, and Chotus, E = 6.0 MeV

Fadial diffusion, Hiss, Chorus, and EMIC. E = 6.0 MeV

Eq. pitgf—angle (deg)

Fadial diffusion, Hiss, and Chorus. £ = 10.0 MeV

o
7‘5 Radial diffuzion, Hiss, Chorug, and EMIC. E = 10.0 MeV
=
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Van Allen Probes Observations

Usanova et al [2014]

REPT

Electron distribution
narrower at higher
energies
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OP77 L*=4.5 £ 0.1, REPT, E = 2.3 +0.3 MeV
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Conclusions

EMIC waves are effective at scattering electrons for E > 2MeV
Variable frequency — could be effective at lower energies
No significant energy diffusion

EMIC waves lead to significant losses at pitch-angles < 60° (for L* >
3.5)

EMIC waves result in an electron distribution peaked between 70° - 90°
Narrower at higher energies

Similar distrbutions observed by REPT [Usanova et al., 2014]

Even at 30 MeV — do not remove all electrons up to 90°
— Unlikely to set an upper energy limit on the flux
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