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Background

ACCELERATION: i) Inward Radial Transport

LOSSES:

(e.g. Mann et al.,, 2012)

ii) In situ Acceleration via Wave — Particle

Interactions
(e.g. Meredith et al,, 2002)

i) Precipitation into Atmosphere via Wave —

Particle Interactions
(e.g. Summers et al.,, 1998)

ii) Magnetopause Shadowing followed by

Outward Radial Diffusion
(e.g. Turner et al.,, 2012)
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Motivation - Goal

= Focus on the contribution of various mechanisms on the
variability of the outer Radiation Belt

= Field of study the impact of ICMEs to the variability of the
relativistic electrons

= |CMEs: Stronger Ring Current and Substorm activity
(Borovsky and Denton, 2006)




Multi - Satellite Data

1. Fluxes
« THEMIS A, D and E (SST): 300 — 800 keV and a = 90°
« RBSP A and B (MagEIS): 340 — 1100 keV and a = 90°
 GOES 13 and 15 (MAGED): 30 — 600 keV (omnidirectional)
« INTEGRAL (REM): 690 — 1820 keV (omnidirectional)
« XMM (EPIC): 160 — 1060 keV (omnidirectional)

2. Pc5 ULF Waves (1 — 22 mHz)
« GOES 13 and 15
« Themis A, D and E
« RBSP A and B as well as
« IMAGE, CARISMA and ENIGMA ground based magnetometers

3. Solar Wind, Geomagnetic Indices and Plasmapause/Magnetopause
Models
« solar wind speed and pressure
 interplanetary magnetic field (IMF) and its southward component (Bz) as well as
« geomagnetic indices SYM-H and AL
« plasmapause (O'Brien et al. 2003) and magnetopause prediction model
(Shue et al. 1998)
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Bl L
o J Methodology
(Electrons)

The electron PSD is calculated as a function of fixed first (4) and second (K)
adiabatic invariants using the method described by Chen et al. 2005.

= Power law fit in energy, E, at each observation time

;(E}:AE*[ - ]

cm=- -5 sr-kelV

= (Calculation of energy matrix for fixed

WE,B) =

E(E 4+ 2myc*) [Mev
2Bmyc? G

= (Calculation of PSD as a function of p

B s J(E) <y
f(E)=3325x10 EE{E+2mﬂ€2) L(Merm) J
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Methodology

(ULF waves)

We apply:

A fifth order high-pass Butterworth filter with a cut-off
frequency at 0.9 mHz is used to eliminate low-varying
background activity.

Wavelet transform (Torrence et al., 1998), with Morlet function
as the wavelet basis function, is employed for the time-
frequency representation and identification of ULF waves. Then
the average power is calculated from the global wavelet
spectrum.
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Non-Storm Event @aprii13-15,2013)

Electrons with u=300MeV/G and K<0.01GY2Rg
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Non-Storm Event @aprii13-15,2013)

Electrons with u=600MeV/G and K<0.01GY2Rg
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Electron Enhancement Event (march 16-18,2013)
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Electron Enhancement Event (march 16-18,2013)

Electrons with u=300MeV/G and K<0.01GY2Rg
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Electron Enhancement Event (march 16-18,2013)

Electrons with u=600MeV/G and K<0.01GY2Rg
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Electron Dropout Event may31- june 02, 2013)
Electrons with u=100MeV/G and K<0.01GY2Rg
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PSD e’ (c/lcm MeV)®

ULF Power (nT?/Hz)

RBSP A Outbound for p = 100 MeV/G

| —*—31/05 10:37 - 13:49 UT & 22.3384 - 1.5941 MLT

—"'—31105 IJ‘I 45 -

:IJIJ UT & 22 5812 2 4203 MLT

~—+——31/05 19:37 - 22:49 UT & 22.2124 - 1.6841 MLT
—+—01/06 04:36 - 08:00 UT & 22.4794 - 2.578 MLT

—+—01/06 13:33 - 16:44 UT & 22.1424 - 1.4531 MLT
02/06 00:01 - 01:51 UT & 23. 4759 2.0526 MLT

02/06 07:26 -

PSD e (c/cm.MeV)®

107

THEMIS Inbound for p = 100 MeV/G
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Pc5 ULF waves (0.002 - 0.007 mHz)
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—+—31/05 01:45 - 05:00 UT & 22.5612 - 2.4208 MLT
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- 06:52 UT & 5.9338 - 8.5773 MLT
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- 06:52 UT & 5.9338 - 8.5773 MLT

---| —*—THE: 31/05 06:25 - 09:51 UT & 5.8037 - 8.6308 MLT
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~THA: 01/06 11:50 - 13:53 UT & 6.3305 - 8.6848 MLT [
THD: 02/06 01:34 - 04:34 UT & 5.954 - 8.5479 MLT

‘| =*— THE: 02/06 04:24 - 07:33 UT & 5.8562 - 8.5171 MLT | """




Electron Dropout Event may31- june 02, 2013)
Electrons with u—3OOMeV/G and K<0.01GY2R;
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Electron Dropout Event may31- june 02, 2013)
Electrons with u=600MeV/G and K<0.01GY2Rg
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—+—01/06 04:36 - 08:00 UT & 22 4794 - 2.578 MLT
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THEMIS Inbound

: 31/05 03:50 - 06:52 UT & 5.9338 - 8.5773 ML
2 31/05 06:25 - 09:51 UT & 5.8037 - 8.6308 MLT |.
: 01/06 02:42 - 05:44 UT & 5.9372 - 8.5936 MLT
- 01/06 05:20 - 08:41 UT & 5.8042 - 8.5312 MLT
: 01706 11:50 - 13:53 UT & 6.3305 - 8.6848 MLT |.
1 02/06 01:34 - 04:34 UT & 5.954 - 8.5479 MLT
: 02/06 04:24 - 07:33 UT & 5.8562 - 8.5171 MLT
: 02/06 10:40 - 12:46 UT & 6.2451 - 8.6252 MLT |
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Summary

We investigated the connection between ICMEs and PSD enhancements
based on 3 events:

1. April 13-15, 2013: Non-storm event with positive SYM-H that
resulted in electron loss via magnetopause shadowing and recovery
of PSD at previous levels for u>300 MeV/G.

2. March 16-18, 2013: Severe-storm event that caused a short PSD
dropout due to magnetopause shadowing and resulted in PSD
enhancement even though Pc5 power had recovered at pre-storm
levels.

3. May 31-June 02, 2013: Severe-storm event that caused a strong
PSD dropout due to magnetopause shadowing and resulted in
recovery of PSD at previous levels for u>300 MeV/G even though
Pc5 power was enhanced even after the end of the storm.
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Conclusions

Magnetopause Shadowing occurred in all studied cases
independently the pressure magnitude.

An electron PSD dropout of — approximately — two orders of
magnitude took place during a non-storm period with
continuously positive SYM-H (April 14, 2013).

Changes in electron PSD occurred only outside the plasmapause.

For the selected events no clear correlation between ULF Pc5
power and PSD was found.
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