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Some Types of MI Coupling

@ Particle Precipitation

© Electrodynamical Coupling

© Ilon Outflow
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Precipitation

Aurora (Poker Flat April 10, 2018)

Video courtesy of Jason Ahrns and Don Hampton, U. Alaska Fairbanks.
https://www.youtube.com/watch?v=yopO07wrngaw
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https://www.youtube.com/watch?v=yopO7wrnqaw

Precipitation

Solar Wind Only Has Direct Access via the Cusp

DEFLECTED SOLAR WIND PARTICLES
,/

— INCOMING SOLAR WIND PARTICLES

[~ EARTH'S ATMOSPHERE (0-100 km)
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Precipitation

Magnetic Mirror Force and Bounce Motion

1 2

. . . . mv . .
15 adiabatic invariant p = 2 5— is a constant of motion
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Precipitation

Breaking the Adiabatic Invariants: Wave Environment
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Thorne et al. [2010, Nature] argue that the diffuse aurora is primarily
driven by whistler mode chorus.

Images courtesy the U. of lowa EMFISIS Team
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Precipitation

Chorus and Pulsating Aurora
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Nishimura et al. [2010, Science] showed that bursts of chorus waves are
correlated with pulsating aurora.
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Precipitation

Upwards Field-Aligned Currents and Discrete Aurora

How can field lines carry upwards FAC?

F=—eE
Photo Credit: Ashton Reimer
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Precipitation

Parallel Electric Fields

Knight relation determines the parallel electric potential drop needed.
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Electrodynamics

Particle Motion in Fields

Uniform B Field Crossed Uniform E and B
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Electrodynamics

Effects of Collisions: Ohm's Law for the lonosphere

Steady-state momentum equation for each Conductivity Profiles
species (zero neutral wind case): oot T

0 = nago (E+ uy X B) — vgnmgnaug,

Resulting Ohm's Law:

op —O0OH 0

J= § NaqaUq »J = OH op 0 -E : Conductivity, mho/m
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Electrodynamics

Closure of Field Aligned Currents in a Slab lonosphere

Low Frequency Limit of Ampere-Maxwell Law:

1
—V><B:J—|—eoa = V.-J=0
Ho t

3D potential equation with magnetospheric currents:
v'[Jiono+Jmag]:O:V‘U'V(DZV'Jmag
Integrate over altitude, assume equipotential field lines:

VL-Z'VLCD:/V-Jmagdz
J| goes to 0 above ionosphere, thus:
/V “Jmag dz = J
2D slab ionosphere potential equation:
Vi-L-V,io=
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Electrodynamics

Region 1 and Region 2 Current Systems

JOnetoPE e,

R1 current

R2 current
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Electrodynamics
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Electrodynamics

Interplay Between J||, Precipitation, 2, and ¢

Quad-res LFM-RCM, St. Patrick's Day Storm 2015, courtesy of M. Wiltberger
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LR60-Quad-15s_mix_summary_north.mp4
Media File (video/mp4)


Electrodynamics

Conductivity Effects on Magnetosphere (Lotko et al., 2014)
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Electrodynamics

Mechanical vs. Electrical Points of View

Electrical View Mechanical View
@ Input is FAC, J @ Input is magnetic stress,
@ Responses is electric fields, E i (VxB)xB
o Dissipation related to @ Responses is plasma drift, u;
conductance, @ Dissipation related to friction,
@ Heating is Joule heating: Vin (Ui — up)

@ Heating is frictional heating:
J'E/:(U-E/)'E/
— op|E +up x BJ? Qs = nimjvin |uj — uy,
Appendix A of Thayer and Semeter, 2004, JASTP proves:

| 2

op|E+ u, x B\z = nimjvj, |u; — u,,\2
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Electrodynamics

Convection During B, South (Dungey Cycle)
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Electrodynamics

Large Scale Joule Heating

Electric Potential Joule Heating
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Electrodynamics

Arc-Scale Joule Heating (Semeter et al. 2010)

Radar: 11:30:22 - 11:32:25 UT
Camera: 11:31:18 UT

Ground distance north (km)
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Ground distance east (km)
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Outflow

Ambipolar Electric Fields

1 1
E+uxB——JxB=—-——Vp,
en en

A 4

1
By =—2;Vipe

R. H. Varney (SRI) M1 Coupling June 24, 2018 21 /28



Classical Polar Wind

mo+§
@ In steady state ambipolar field

balances gravity for major ion
species (O™)
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Drivers of lon Upflow (Wahlund et al. 1992)
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lon Outflow as a Multistep Process

Observed at FAST

Inferred

r=0.721 lon Outflow &855

a

> Electron Precipitation

r=0.634
Poynting Flux k

r=0.743

r= 0.88\ ELF/VLF Waves

(Heating)

/

lon Scale Height
Increase

v 7

Joule Dissipation

4

lon Upwelling

\

%.741

(Magnetosheath)

Electron Scale Height
Increase — Ambipolar Field

Causal —— > Possibly Causal

R. H. Varney (SRI)

N

Electron Heating/lonization

—— > Correlated
MI Coupling

Outflow

Strangeway et al.

(2005)

June 24, 2018

24 /28



Outflow

Upflow to Outflow Conversion
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Outflow

Global Distribution of Outflow (Lennartsson et al. [2004])

North Summer 1997
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Outflow

lon Transport and Energization in the Magnetosphere

Kronberg et al.
[2014, Space Sci.
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Open Research Areas

Individual processes
@ Formation of E

@ Processes controlling waves in
the inner magnetosphere

@ Mechanisms energizing ion
outflow

R. H. Varney (SRI)

Outflow

System dynamics

MI Coupling

Feedback loops
Emergent behavior

Formation of characteristic
modes of response (substorms,
sawtooth oscillations,
steady-magnetospheric
convection)

Preconditioning and hysteresis
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