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Motivation

 Significant Observations:
— Thick boundary layer for northward IMF
— Heating of particles
— Large amplitude transverse waves
— Dawn-dusk asymmetries
— Entropy increase across magnetopause

 Kinetic Alfven waves can explain these
observational signatures and provide
significant transport
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Mode Coupling

Compressional
Wave Equation
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Kinetic Alfvén Wave
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Kinetic Alfvén Wave
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KAWSs and Plasma Sheet
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Flank Source
20+ R:

. Plasma Sheet. I 6 Rg




Plasma Sheet Source
20+ R

< >

. Plasma Sheet. I 6 Rg




Initial Profile of the Alfven Speed

incident wave
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predicted resonance point in MP

Case 1: 6=0°, w/(k,V,)=2.0, k,(c/w)=0.28, k,(c/w, ;)= 0.20,
w/€2.=0.39, $,=0.5, T./T.=0.4, dV/V ,,=0.04.



m_l;lybrid Simulations

Lin, Johnson, Wang, 2007




Spatial profiles: mode conversion to thin Time variations at the resonance point: incident
KAW at the resonant point x=103 ¢/w; wave reaches the MP at t~85Q.-!
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Theory/Simulation Comparison
Absorption at Resonance

Analytic Theory Hybrid Simulation
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Theory/Simulation Comparison
Parallel Electric Field
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Linear dependence: Theoretical formula E, ~ E, (k0,)(k o)(T/T)(1+kz’p7?)
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Exponential Decay of \Wave Beyond
the Mode Conversion Region

Compressional Wave

Kinetic Alfven
Wave
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Nonlinear Effects

« Passive Nonlinearity
— Large amplitude at mode conversion
— Driver excites harmonics A ~(A,)"

« Steepening of incident compressional
wave (wave speed depends on B, n)

— Generates harmonics
— Leads to a spectrum/bath of KAWS




Nonlinear Harmonic Generation
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Conversion

Before Mode

Nonlinear Harmonic Generation:

Steepening of Incident Waves
=K,V
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Heavy lon Effects

MSHBL
Parameter Dawn ¢ Dawn Noon Dusk
O number density (cm™>) 0.014 053 4x10™3 6x10™3 0011
O* mean energy (keV) 428 146 140 144
O poleward velocity (km sy 570 2. 88.0 1625 1154
O normal velocity (km s™*) 24 348 -165 156
Probability P(r=1) 0.031 5 ~0 ~0 ~0

Bouhram, 2005




Effect of Heavy lons

H*=100% H*=90%, He*=10%, 0*=0% H*=80%, He'=10%, 0*=10%

At MP~25 mHz
(Pc3 range)

Normalized to f at resonance



KAW and Transport




Transport (Gyrokinetic)
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Transport
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Quasilinear Transport
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k2¢2

koE?

D i,res ~ i,7€es
HM ™ Ty |B2f k2|k |B2f

qVpxdB,

-uVoB force

k263 K02 i \? |8

DVdX6B_]_ |kz|B2 zfz res ™’ 2 LB ’l,_b
2 2

22 v |08, S|SB | T

|kz| ’ et

DuV&B 2’/Tkypz

>>




Coupling of Polarization Drift
and Gyromotion

Gyromotion




Onset of Stochasticity
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Significant Diffusion from KAW

Temperature
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D~2x10° m?/s

dN/dt~2x1027 particles/sec



Three Significant
Observations

Filling Rate
—Wing, Johnson, Fujimoto, 2007
Dawn-Dusk Asymmetry

—Entry and Heating
—Wing, Johnson, et al., 2005

*Increase of Entropy P/n* T1 n|
—Johnson and Wing, 2007




Dawn-Dusk Asymmetries

Cold component density and temperature profiles

In Situ and Remote Observational Denser

Constraints on the Entry
Process
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Asymmetry and KAW
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Solar equator

Magnetic
~ neutral sheet

Cold component density and temperature profiles

Cold component Density Profile
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Heating and Entropy




Heated lons are Consistent with
Nonlinear Wave-Particle Interactions
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lon and Electron Heating (THEMIS)
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Transverse
lon Heating

Chaston et al., 2007




Specific Entropy (p/nY)

Dawnside Increase of
Cold Plasma Entropy
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Specific Entropy (P/nY)15
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Challenges to Global Modeling

 Reconnection
— Control location and rate”?
— Kinetic-scale waves
» Kelvin-Helmholtz
— Resolution (y~k,)
— Kinetic Effects (Diffusion vs Clumps)

 Kinetic Alfven Waves
— Kinetic-MHD model
— Global hybrid model




