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Drift-Bounce resonance

Resonance condition ) :wave.frequency
m -an azimuthal wave number
) — ma)d — Na)b w, :azimuthal drift frequency
Standing guided @, :bounce frequency
Alfven wave N N=0+1+2+3--

Second Harmonic N=1 Fundamental N=2

The charged particle will be accelerated
in the regions marked as minus sings.
The charged particle will be decelerated
in the regions marked as plus sings.

Duskward Electric field
Dawnward Electric field



Radial transport
inside the geosynchronous orbit by high m number Pc5
Storm recovery phase CO ST RH - NTHEANDBEFDHRBAN—_XLELT
High m number Pc5 (poloidal mode) ICKSHEIEILFABE 5 ZR~E (P a3L—i3Y)

High m number PcSAREN C K> TENMRILEAMEEE S AL
PcSAREN AN R BFE (V30 h)#fEL TSI ENH S,

[Ukhorskiy et al., 2009]
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Fig. 5. Panel (a) A snapshot of electron motion in the presence of siormtime PeSs: £ g t=2mVim, m=50, and Ag=m/2 . Panel (b) Radial
transport in 30 statistically similar realizations of electron motion (black lines), analytical estimates of the upper and lower limits of radial
diffusion (yellow line). Radial transport averaged over all realizations (red line).



Drift resonance
in a Compressed Dipole

Elkington et al [1999, 2003] -
Figure 2. Sketch of an electron drift path in a compressed

Toroidal-mode wave can accelerate g,f;,:;:{“hg?i;i&dtﬁdg;:;;;ﬂ%flw
electrons via drift-resonance feld direction half  drift period ater.
interaction in the compressed dipole. T e

The resonance condition

o—-(mthw,=0

@ -wave frequency
m :an azimuthal wave number (c)

@, :azimuthal drift frequency ; :://_/ E
BIFEEADULFIEIAR L IZTEE AR -‘S a : é
Globa I ‘:rl:h§o-_CL \é 0) b\? convection fields (mV,/m)

N - s s ~ 3.E.d d b function of time and
1 / 2 L?f)\ JZ'Z 75\ 27TLY 7:-} H'*L (Et N }}-'X-' 75\ o) 4:Ili1'i1gfltl :f:hoes fn: é:)c?:cn?ncrwggﬂ'f iiiil?a? cn:rgj? Efol 63 :daen‘h’,
BohnAIRILF—I31 /Zﬁ% moving in a 3 mHz, m=2 toroidal field of amplitude 3 mV/m.

(c) Relative increase in energization for same particle, as a

(D= E£0.128 MeVHY0.064MeVIZ) function of increasing dawn-dusk convection electric field.



Motivation

The extent of ULF waves is consider to be
important for particle acceleration.

We investigate the extent of ULF waves,

using multiple satellite in the inner
magnetosphere.



Solar wind
condition

14 256 (09/13) 00:00 UT to 14 257 (09/14) 00:00 UT
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ACE observed two times when there
were discontinuities in solar wind
dynamic pressure, density, and solar
wind speed through 11-16 September

2014.

Pc5 pulsations occurred at 0600-0800

UT on 13 September 2014 in the
recovery phase of this storm.
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Satellite locations

2014-09-13 06:00-08:00

2014-09-13 06:00-08:00
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----------

VAP-A and VAP-B were located on the dawntside off the eequatorial plane.
GOSE
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Magnetic
field data
observed by
satellites

VAP-A, VAP-B (dawn)
GOES 13 (post midnight)

Toroidal ULF waves
With the amplitude of ~ 30 nT

GOES 15 (pre mindnight)
Poloidal ULF waves

with the amplitude of ~ 20 nT



Power

Power

Spectral analysis

2014-09-13/06:00:00-2014-09-13/08:07:00 2014-09-13/06:00:00-2014-09-13/08:07:00 2014-09-13/06:00:00-2014-09-13/08:07:00
T T T T T T T T T T

10000 10000 10000 — A
i Radiall I Azimuthal I Field-aligned
8000 VAP-A ] 8000~ VAP-A ] 8000~ VAP-A ]
I ] [ VAP-B | : VAP-B
6000 VAP-B ] 6000 - 6000
1 B 1 ] r
g g
L B o - g o -
4000 . 2000 - 4000}
2000]- ] 2000} - 2000/
P e S e L e :
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 8
f [mHz] f [mHz] f[mHz]
2014-09-13/05:59:59-2014-09-13/08:19:47 2014-09-13/05:59:59-2014-09-13/08:19:47 2014-09-13/05:59:59-2014-09-13/08:19:47
5000 ' ' Radial 5000 ‘ ' Azimuthal ] 5000 ' : Fieldaligned
4000F GlS E 4000F 615 3 4000 G15 .
EGUUE— Gl3 - 3000 613 _f HUUDE— Gl3
g E
< E 3 & E
2000 F E 2000 3 2000F
1000 E 1000 f- E 1000 F
0 : /J}/\Aﬂ\l\w\/\—/ 0 : P S — ] 0 M I L L
0 5 10 15 20 0 5 10 15 20 0 5 10 15
f[mHz] f [mHz] f[mHz]

toroidal mode with 3.8 mHz (VAP-A and GOES 13)
toroidal mode with 4.5 mHz (VAP-B)
poloidal mode with 14 mHz (GOES 14)



THE Electric field
observed by EFW on VAPs

:102 radial =

VAP-A

E [mV/m]

radial

VAP B

E [mV/m]

oF azimuthal =
10E E~

-15E =48
hhmm 0600 0630 0700 0730 0800
2014 Sep 13

VAPs A and B observed Pc5 pulsations in the radial component with large amplitudes (20mV/m)
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Electron Flux
[cm 2 51 srl kel

Electron Flux
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The electron with energies at 593 keV (743

keV) have high coherence, ~0.6, with Pc5
from VAP-A (VAP-B) at 3.5 mHz.



Electron
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. _ : K A L=6.0
In a dipole magnetic filed, angular drift ) o = 3.8 [mHz]
. . 1500_ i m+1 ol 90 °
frequency w, of the ions with energy, EL iy
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Gradient Convection Corotation 0 1 2 3 4
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2000 e Electron
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m;: ion mass =
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Re: the Earth’s radius 500 X N
Be: the equatorial magnetic field strength at surface of the earth
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Y electric potential indicating the dawn-dusk convection electric field 00- -------- '1 --------- :2 -------- '3 --------- 4

¥,=45 (1 — 0.159Kp + 0.0093Kp2)3 2
Q) :the angular frequency of the Earth’s rotation . .
The observations are consistent
with theoretical estimate(?)



summary
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