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Plasma Injections Into the Inner
[Wiltberger+ 2015]
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Magnetotail reconnection drives narrow (1 Re)
Earthward injection flow channels:
Bring particles Earthward
And drive waves !
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Waves at Plasma Boundaries (burst mode data)
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Kinetic waves + structures confined near plasma boundaries
[Malaspina+ 2015] (injections, plasma sheet edge, plasmapause)



Waves at Plasma Boundaries (burst mode data)
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Kinetic waves + structures in CRESS data
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Impacts

[Mozer+ 2014] Direct Observation of Radiation-Belt Electron Acceleration from Electron-Volt
Energies to Megavolts by Nonlinear Whistlers

[Artemyev+ 2015] Electron trapping and acceleration by kinetic Alfven waves in the inner
magnetosphere (JGR)

[Osmane+ 2016] On the connection between microbursts and nonlinear electronic structures
in planetary radiation belts (APJ)

[Chaston+ 2016] Driving ionospheric outflows and magnetospheric O* energy density with
Alfvén waves

[Vasko+ 2017] Diffusive scattering of electrons by electron holes around injection fronts

[Mozer+ 2017] Pulsating auroras produced by interactions of electrons and time domain
Structures (JGR)

[Chaston+ 2017] Radial transport of radiation belt electrons in kinetic field-line resonances

Kinetic Structures and Waves:
Scatter, Transport, and Accelerate the ~few keV and Seed (10 keV — 100 keV) populations
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Big Picture

[1] The inner magnetosphere is full of kinetic electric field structures and nonlinear waves
[Mozer+ 2013, 2014,2015, Agapitov+ 2015, Osmane+ 2014, 2016, Malaspina+ 2014, 2015,
Chaston+ 2014, 2015, 2016, Vasko+ 2015, 2016a,b, 2017a,b,c, Artemyev+ 2015]

[2] Quantifying how these waves / structures impact the plasma requires a census:
[a] Which waves/structures are most prevalent?
[b] What are their properties (amplitudes, spatial scales)?
[c] Where are their preferred growth regions?

[3] A census requires:

[a] lots of time-domain fields burst data (non-unique spectral signatures)
[b] automated identification algorithms

[4] In this work, we:
[a] Identify periods of unbroken burst data

[b] Develop and apply ID algorithms
[c] Reveal the zoo of waves/structures and their properties, statistically
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Particle Injection
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Injection as wave driver
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A Zoo of waves

200 30 40 :
A *IC D
100F 20} 1
10
£ £ £ £
S o S S o S OWMMJNHNM
£ £ £ £
-10
-100& 20F _
20
-200 -30 ‘ ‘ ‘ ‘ 40 , .
200 30 40 -
1 20 :
100E E 20f ]
1 10
: OMWM § § OW £ ol Mt i
£ £ € £
1 7 -0
100£ 20} ]
] 20
-200 -30 . -40
06F ]
0.10F 1
; E 0.05F ]
0.05 i
= /MNM = 0.00 OOOMAU\/J\:
] . ]
] 98 -0.08 | 2=
-0.10F
] -10b
: T iof
] - 0.10F
T 5 ' 0.05F 3
iz NAA = 00 J= o.00f o.ooWJ\wW,,JW\/U\)\\'-M
E A— o | 005t :
-0.10F .
-1.0F ;
0o | | | 1 o | | ‘ 0.10
0.4¢ 3 0.05F “E 1
02k E 0.05F :
= 00F = ooh 0.00 = O'OONIJ\JM-\WM\AMN\Q
0.2 g 005k 3
0.4F 1 -05F 005t 1 005
20.10F E
-0.6¢ y ) ) 2 -1.0F | ) . . ) ; . 4 ; .
00 01 02 03 04 05 0096 0100 0104  0.108 0105 0.110 0.115 0.120 0.125 019 020 021 022 023
Seconds after 2016-12-21/20:49:52.558 Seconds after 2016-12-21/20:53:43.872 Seconds after 2016-12-21/20:53:57.372 Seconds after 2016-12-21/20:50:16.933
. , _ Phase space holes Phase space holes witt
Kinetic Alfven waves Nonlinear whistler- (Mozers 2%13 IB| spikes
Chaston+ 2014, 2016
( ' ) mode waves Osmane + 2017

(Malaspina+ 2014
(Mozer+ 2013) Artemyev+ 2014) Vasko+ 2015)




Electron Holes
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What about event-to-event variation?
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Nonlinear Whistler-Mode Waves
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Nonlinear Whistler-Mode Waves

Harmonic vs. Primary signals
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Conclusions

[1] The studied injection transported e- at least 6 R
from plasma sheet into inner magnetosphere

[2] This injection had four separate magnetic compressions
Each compression drove waves across the observed spectrum

[3] A zoo of nonlinear waves and kinetic structures are observed
(though not all previously identified were found)

[4] ‘Typical’ phase space holes are weaker than estimated using triggered burst data
degree of event-to-event variation?

[5] Lower band whistler-mode waves show amplitude-dependent nonlinearities (harmonics)
These harmonics are common over a range of amplitudes

[6] Statistical study under way
Are there ‘typical’ wave / structure properties at these boundaries?

How is injection energy partitioned into various wave types?

[7] How important are these structures/waves for the inner magnetosphere?
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Instrumental Harmonics?
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Instrumental Harmonics?

- E,; envelope does not follow E; envelope
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