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KAWSs are observed throughout Earth’s magnetosphere 3
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Phenomena related to KAWs — Auroras 4

KAWs ¢ transport the large parallel Poynting flux to the ionosphere,
¢ Carry 5E||,

 accelerates electron beams to a few keV with low pitch angle.

|:> generates diffuse aurora and auroral beads.
[Akasofu, 1964; Kalmoni et al., 2015, 2017, 2018]

Auroral beads along the onset arc
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Electron Acceleration Processes — Landau Resonance 5
3 types of Landau Resonance Recent numerical studies

. —vV 3. |:> e~ trapping is important
1. Scattering process vy = Vpp| S in the e~ acceleration processes.
. Trappinq process -IE 1 [Artemyev et al., 2015; Damiano et al., 2015, 2016; Watt
[e.2., Hasegawa, 1976] GEJno- and Rankin, 2009,2010]
Trap e~ in the potential well, O Trapping _ - Y ] 'agnetosphere
transport, and accelerate to V,y, Trapping Island f-....

-3*+-——r——r——rr—rrrree

Vo

=ty = Vphu + Vi, z Transp_ortlng toward )
[Artemyev et al., 2017a] the ionosphere ¢

Distribution function (x107° m™®s®

3. Reflection process Wave frame G 1
[Kletzing, 1994] | 4Potential " 3

The wave reflects and Reflect ai?i?grlfﬁur:ESni?wr ! ]

accelerates e™ to 2V, — vy. : — (O 9 9 o Bpegnao lonosphere
edy, | = Viw v (x107m/s)

Vphll — Vtr < U" < Vphll Vtw = ~Viw [ Watt and Rankin, 2010]
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V.. « /@5 : trapping speed e S The physical process of e~

acceleration by KAWs with a large &g

Broadened the resonance condition :
Is not well understood.

by the wave potential &g




2nd-order Resonance Theory / Purpose 6

- One of the way to understand the particle motion in waves
an Order resonance theory Y p[e.g.,Matsumoto and Omura, 1981]

rd—lp—k(v—V - © = 0<|S] <1 S| > 1
qc Wi = Vpny) = (@) 21 (b) 03(c)
< d@ §§, /\ /\ /\ 3 ] //
Simple harmonic motion of  ~ _; e
+ g S
Inhomogeneity factor S ’ R e Tt A aer
¢/2n
S obstructs the trapping process. [Artemyev et al., 2017b]

This theory has not been applied to the e~ acceleration process of KAWSs.

Purpose To understand the physical process of electron acceleration by KAWSs
with the large scalar potential and the spatial variation of wave phase,
which are unique to KAWSs

|:> « Obtain the pendulum equations and S by introducing the 2nd-order resonance theory
« Investigate the detailed characteristics of e~ acceleration processes by KAWSs



Equations for 2nd-order Resonance Theory

. Kinetic Alfvén waves (KAWS) ~
Dispersion \/ 147

Relation w = k,pikva
(14+1)+ 27
(ERMHD) (¢ 7y/7,) N
[Schekochihin et al., 2009]

Assumption k,p; =2m

Wave phase Y = f kydz' — wt + 9y
Scalar °

7

Material derivative of wave phase y

4

potential ¢ = Qocosy 1
Electric OE) = k9o (2 + ;) siny
\_ it = kyPg siny %

| Equations of Motion
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2nd-order — = —wi(siny +5) equations

dt
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Parallel wave phase speed: V,; == —

Trapping frequency: w; := k"\/g

w

k|

Inhomogeneity factor:

K
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Pitch angle coefficient: I':=1 + 2547
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Magnetic field gradient scale:
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Types of Electron States in KAWSs 8
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Method of Test Particle Simulations

Settings

Earth’s dipole magnetic field line at L

=9

w
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Analysis of Electron Trajectories

10

* (1) e~ is trapped and transported toward the ionosphere

while v, increases and decreases around v, =V, and ¢ = 0.
(2) When e~ moves back to lower MLATs, e~ is negatively accelerated at v, < 0.

(3) e~ is reflected by the KAW and accelerated enough to precipitate the ionosphere.
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Summary of Electron Acceleration Processes by Kinetic Alfvén Waves 11

(1)
Transporting process of
a phase-trapped electron

There are 3 processes where KAWSs accelerate electrons.

(2)

Negative acceleration process

limited y

of a phase-scattered electron

e .
Acceleration

(3)

Reflection process of an electron

with a large circle trajectory

Reflection vy >0

<
I
I
=
<
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Differences between Trapping and Reflection Processes (1) 12

1. TRAPPING process

When v; < Vy, i.€., e~ are detrapped

Detrapped point vs. Energy at Ionosphere by not being able to keep up with the KAW,
e~ are accelerated into a monoenergetic.

Precipitating e~ toward the ionosphere

n=0.024 eV/nT, mink,,, = 1117 eV
(‘ _ o | l-
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r%‘ ° f,?.f:‘éao_ /
i ] ° Oo...::::cg 4
& 2000_ . ; :::-::::(. V) <V ' limited
o ® .. : ... e0 1/) I l/} :lCeO_)v" <0
PR 3. REFLECTION process
1 M Ai |deg] When v; > V,y,, i.e., e” are detrapped
2000 4000 6000 8000 10000 due to overtaking the KAW *
Kinetic energy at the ionosphere K(4iono) [eV] e~ are accelerated into a broadband.




Differences between Trapping and Reflection Processes (2)

BO(A) U
Kg

61 (1)

ﬂ(1 +I)6; (1) H
Ke 1

at low MLAT

e

small and slow
S variation

1 2
v Ky =gmevi, S =
TRAPPING

small v, oscillation around low Vy,

‘ from dk/dt

from mirror force

REFLECTION

large and rapid v, variation

e

large and rapid S variation
and be detrapped

When the time variation of S is large, the reflection process

iIs promoted rather than the trapping process.

When Kg is large, temporal structure in energy spectra is
broken due to the overlap of accelerated e~ from different .

[ Watt and Rankin, 2010]
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Negative Acceleration Process of a Phase-Scattered Electron 14

s .
Acceleration
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Summary 15

Purpose To understand the physical process of electron acceleration by KAWSs
with the large scalar potential and the spatial variation of wave phase,
which are unique to KAWs

« Investigate the detailed characteristics of e~ acceleration processes by KAWSs through

$ « Obtain the pendulum equations and S by introducing the 2nd-order resonance theory
the theoretical analysis and test particle simulations

We found the 3 electron acceleration processes.
Trapping process / Reflection process/ Negative acceleration process

Trapping process: e~ are accelerated into a monoenergetic.
Reflection process: e~ are accelerated into a broadband.

: This process promotes e~ to take the reflection process.

When the time variation of S is large,
the reflection process is promoted rather than the trapping process.
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compressional wave

[Sun et al., 2015]
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