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Plasma

The 4% state of matter besides
solid, liquid and gas

lonized and electrically conducting
gas consisting of ions, free
electrons and neutral particles

Mass ratio between ions / electrons
is 1836

- different scales in a plasma for
different species
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Spacecraft mission to study
electron scale
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Earth’s magnetopause — e

Plasma mantle
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Earth’s magnetopause — e

[ | I nCom | ng SOla r Wl n d Interplanetary Medium

&'Maghétbﬁa’uée : = : '
m Deflected around Earth‘s magnetic Aaas>> North Lobe
dipole field =

Magnetotail

m Frozen-in condition
m Magnetopause boundary layer

m Magnetosheath / Magnetosphere

Magnetotai 3

m Magnetospheric Multiscale (MMS) s ©

. . South Lobe o

- 4 s/c in tetrahedral formation VoD l | :

- measuring electric and RS e e :
magnetic fields and particle -

data




ae
AUSTRIAN

EAW = (IWF
SCIENCES

SPACE

Kelvin-Helmholtz instability — e

m Velocity shear between magnetosheath i
and magnetosphere
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Velocity shear between magnetosheath
and magnetosphere

Sinusoidal waves develop into vortices
Plasma mixing

Difference in occurence of KHI
between southward & northward IMF

Why?

—> Study the KHI during southward IMF
conditions from in-situ and simulation
data [Blasl et al., 2022; Nakamura et
al., 2022]

(K. A. Blasl, 2022)
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Velocity shear between magnetosheath
and magnetosphere

Sinusoidal waves develop into vortices
Plasma mixing

Difference in occurence of KHI
between southward & northward IMF

Why?

—> Study the KHI during southward IMF
conditions from in-situ and simulation
data

—> Study related plasma effects

(K. A. Blasl, 2022)
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(Vortex-induced) reconnection —— =™

m Tlopological change of magnetic field lines e
Magnetic field i

m Intense release of magnetic energy into kinetic |
energy ——-—p

Outflow jét — - = ~Outflow jet
| s

cal gnetic field line

m Particles accelerated and heated

m Below ion scales only electrons get accelerated
— electron-only reconnection

(Dartmouth College, 2022)
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(Vortex-induced) reconnection —— =™

m Tlopological change of magnetic field lines P—
Magnetic field 0

m Intense release of magnetic energy into kinetic
energy
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(_~ ~ ~Outflow jet

m Particles accelerated and heated

(Dartmouth College, 2022)

m Below ion scales only electrons get accelerated
— electron-only reconnection
m At dayside and nightside
S
S
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(Vortex-induced) reconnection —— =™

m Tlopological change of magnetic field lines P—
Magnetic field 0

m Intense release of magnetic energy into kinetic
energy

Outflow jet ~ (= " Outflow jet

m Particles accelerated and heated

m Below ion scales only electrons get accelerated = Magnetic field line

— electron-only reconnection

(Dartmouth College, 2022)

m At dayside and nightside
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m At Kelvin-Helmholtz vortices
(Vortex-induced reconnection)

Magnetopause

(H. Hasegawa, 2004)
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Secondary instabilities —— ke

m Study with simulations
(MHD, hybrid, kinetic)

m \Vortex-induced reconnection

m Lower Hybrid Drift Instability
- plasma mixing

m Rayleigh-Taylor Instability
—> vortex deformation

m Lead to differences in evolution and
observational probability

(Nakamura et al., 2022)
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Cross-process & Cross-scale — e

2D (Run-D)
(wio -.::-_:'

m Idea: Electron-scale reconnection
formed by the Kelvin-Helmholtz wave-
induced lower hybrid waves

m System-scale to electron-scale
(cross-scale)

m KHI, LHDI, reconnection
(cross-process)

m During observations we also see
spatial and temporal evolution on
electron scale 2> MMS
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Summary & Outlook —_— e

m The KHI can effectively transport mass and energy across magnetospheric boundary
layers

m Multi-scale and multi-process studies necessary to understand the KHI

m Combine different scales and processes and study their interplay

m Study the energy transfer across magnetospheric boundary layers in a systematic
way
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Thank you

(MMS - Courtesy of NASA)
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