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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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Kinetic Alfvén Wave
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KAWs and Plasma Sheet
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incident wave
ω/(k||VA) = 2.0

predicted resonance point in MP

Case 1: θ=0°, ω/(k||VA)=2.0,  kx(c/ωpi)=0.28, kz(c/ωpi)= 0.20, 
             ω/Ωi=0.39, βi=0.5, Te/Ti=0.4, δV/VA0=0.04. 

Initial Profile of the Alfven Speed



Hybrid Simulations

Lin, Johnson, Wang, 2007



Time variations at the resonance point: incident
wave reaches the MP at t~85Ωi

-1
Spatial profiles: mode conversion to thin
KAW at the resonant point x=103 c/ωpi



Theory/Simulation Comparison
Absorption at Resonance

Analytic Theory Hybrid Simulation



Linear dependence: Theoretical formula E|| ~ Ex (kxρi)(k||ρi)(Te/Ti)(1+kx
2ρi

2)

Theory/Simulation Comparison
Parallel Electric Field



Exponential Decay of Wave Beyond
the Mode Conversion Region

Compressional Wave

Kinetic Alfven
Wave



Nonlinear Effects

• Passive Nonlinearity
– Large amplitude at mode conversion

– Driver excites harmonics An~(A0)n

• Steepening of incident compressional
wave (wave speed depends on B, n)
– Generates harmonics

– Leads to a spectrum/bath of KAWS



θ=0°, ω/(k||VA)=2.0, ω/Ωi=0.147, Te/Ti=0.2, δV/VA0=0.04. 

Nonlinear Harmonic Generation
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before interaction Entire simulation run

Nonlinear Harmonic Generation:
Steepening of Incident Waves
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Heavy Ion Effects

Bouhram, 2005



Effect of Heavy Ions

Normalized to fci at resonance

At MP~25 mHz
(Pc3 range)



KAW and Transport



Transport (Gyrokinetic)



Transport

E||Vd×δB⊥ µ∇δB
Resonant
Particles



Quasilinear Transport
qE|| force

qVD×δB⊥

-µ∇δB force

DHM~2x109m2/s

>>1
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Coupling of Polarization Drift
and Gyromotion

δEB0

δE×B/B2

(1/ΩB)dE/dt

Gyromotion

κ=kyE/(ΩB); ν=ω/Ω



Onset of Stochasticity
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Significant Diffusion from KAW

D~2x109 m2/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/nγ   T↑ n↓
–Johnson and Wing, 2007



Dawn-Dusk Asymmetries

Denser

Hotter

W
ing, Johnson, N

ew
ell,  and M

ing 2005

In Situ and Remote Observational
Constraints on the Entry
Process

H
asegaw

a et al., 2004 B



Asymmetry and KAW

Pc3 Compressions
ULF index

Ground Wave 
Power Peaks
for 3hr<LT<9hr

Engebretson, 1998



Dawn-Dusk Asymmetry

Nagata et al., 2007
Geotail

Wing, Johnson et al., 2005
DMSP

nps~(nsw/n0)η

Parker

Ortho



Heating and Entropy



Heated Ions are Consistent with
Nonlinear Wave-Particle Interactions

Johnson et al., 2001

Theory Observation

Hasegawa et al., 2003



Ion and Electron Heating (THEMIS)

Chaston et al., 2007

Transverse
Ion Heating

Parallel Electron 
Heating

kxEy/(ΩB)>1



Specific Entropy (p/nγ)

Hot Total (Hot+Cold)κ,∇B Cold

Dawnside Increase of 
Cold Plasma Entropy

Johnson and Wing, 2007



Specific Entropy (P/nγ)↑5

Log EntropyDMSP

Simulation of KAW



Challenges to Global Modeling

• Reconnection
– Control location and rate?

– Kinetic-scale waves

• Kelvin-Helmholtz
– Resolution (γ~ky)

– Kinetic Effects (Diffusion vs Clumps)

• Kinetic Alfven Waves
– Kinetic-MHD model

– Global hybrid model


