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MHD WAVES - SA

Va
| 8,
R e s L ME—
/’/“ Vg
al ] SHEAR o
f PN | ALFVEN (sA) k. B
of B
- | —
_ ' b
Val 1
: i
2v, L, bt 3 b gk g |
':QVA -Va 0 Va 2V, FAC
Phase Velocities -



IONOSPHERIC MHD
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Propagation SA Waves —
lonospheric Alfven Resonator (IAR)
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Propagation MS Waves
Alfvenic Duct
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SA and MS wave Equations
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MS-SW Wave Coupling
Low Latitude Pc1

1-5 Hz . i
1.AlC instability due to proton
) anisotropy drives SA waves at
IONOSPHER)C ReaIvERSION hlgh L-shells

2. SA partly mode converted

Py Ny } by Hall to MS propagate in
© vy e Alfvenic duct to lower latitude

3. Ground signature due to
Hall current driven by the MS
| interaction with E-region

KEY OBSERVATION: NO SAW OR EMIC
WAVES IN INNER RB AND SLOT




RADIATION BELTS

REGIONS
PARTICLE LIFETIMES

Wave particle Interactions (WPI)
Pitch Angle Diffusion (PAD)



Radiation Belts — Inner - Outer

Protons

Y 0L REEAEE A

Ry Ry
PARTICLE FLUX LEVEL -> BALANCE OF INJECTION TO
TRANSPORT AND PRECIPITATION (WPI) RATE Pitch
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WPI-PAD CONTROL OF LOSS RATE

ULF/ELF/VLF waves resonate with trapped particles in the magnetosph

pitch angle scattering and precipitation.
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Inner Proton Belt

Typical inner belt proton lifetimes:
10 MeV - decades
50 MeV - century



Proton Lifetimes in the Inner
Belt are Long
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Typical inner belt proton lifetimes:
10 MeV - decades
100 MeV - centuries
1000 MeV — millennia



South Atlantic Anomaly
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Over the south Atlantic, the inner proton belt is closest to the surface
Protons in this region are the largest radiation source for LEO satellites
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MAJOR RESEARCH
OPPORTUNITY

ACTIVE CAUSE AND EFFECT
PROBING OF THE INNER BELT



Active Probing of Inner RB Using the
Arecibo Heater

N1 Focus on SAW for
protons
and EMIC for electrons

WPI critical aspect of RB physics. RBSP will study
interactions in the natural environment, A wave
injection facility at Arecibo at frequencies that
resonate with energetic protons and electrons offer
cause and effect understanding of the induced
transport processes with RBSP



Frequency Selection for Protons

Example for L=1.5

Fill tube with SAW
Frequency Selection for

Resonance of Protons with SAW
w=kV,
w=kV,
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Frequency requirement for equatorial
resonance with SAW at L=1.5

Frequency range 5-30 Hz
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ENERGETIC ELECTRON WP INTERACTIONS DUE TO EMIC WAVES
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Frequency Selection for Electrons
EMIC

Outer Belts

DRIFT PATH OF
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ELECTRONS— ‘

£~ CHORUS
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Parallel Wave Number Summers et al., 1998, 2000, 2003

For midlatitude MeV
electrons

Helium
branch




HOW TO INJECT SA AND
EMIC WAVES FROM
ARECIBO
HAARP PEJ VS. ICD



SA Wave Generation During Electrojet
PEJ Anenna

Injects whistlers
and SAW
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MHD Wave Generation by the PEJ
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SA will be guided by the magnetic field

N - to the conjugates — No lateral

propagation through the plasma

PEJ Jf =c/2nR,=8Hz Schumann

—  Evanescent in El Waveguide if f<8Hz

- SA waves can be detected: (a) In the near zone below
the heated spot and (b) By satellites over-flying the
heated spot but confined to the magnetic flux tube that
spans the heated spot (c) Through the El waveguide
for £>8 Hz (Schumann Resonance)



ULF Signal Propagation
Evanescent Mode (1 Hz)
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SAW DEMETER Detection
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Spectral Amplitude
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AR Excitation by the PEJ
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Altitude (km)

lonospheric Current Drive (ICD) Concept
BxVo ,
Step1: AJ= 7 Pexpior)  ms Wave
Step 2: E field of MS wave drives Hall current in E-region
resulting in secondary antenna resembling PEJ
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Model of CID for Vertical B
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Secondary Antenna Current
and Ground Field
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@ ICD vs. PEJ How to Distinguish
2 kHZ as ejet proxy
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ICD PoP

Gakona, AK
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ICD Further PoP Tests

Ejet Current Strength
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Msonic Wave Injection
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Amplitude Ratio to 2020 Hz
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Two site measurements - ICD vs. PEJ

August 2009, Gakona, AK
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ELF detection at Distant Sites

HAARP October 2009 VLF Campaign
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Implications of ICD to RB and RBR — Potential Arecibo Tests

Eliasson-Papadopoulos: Obligue model includes spontaneous B field generation
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|CD provides
explanation
for puzzling
Arecibo
experiment

Ganguly-Gordon-
Papadopoulos PRL
1985
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TG, 1 Specers of 1ne reccived signnl .o the —ED-Hz
band (14 Fedeuvary 1985). Receiver was located al Mona
Istand. Tratn cover che peried 16:30-18:30 AST. The HF
reansntitiers wede opeialed Ll 5.1 MEHy and with o ckilferenge
frequency éfof S Hr during 16-30-17:30 AST. which was
chunged e 3 Hy. cluring L7:30<1 84 AST und changed back
t0 5.0 Hz durciog §3:00-§3:30 AST. The magalode of the
3.0-Bz signal is aboul 16D jerv e~ 7 sod thal of 1ac 3.0-Hz
xigrul is aboul 340 uy HZ™ Y



Summary

« HAARP experiments have helped transition of
of cartoon HF low frequency current drive in the
ionospheric plasma to reality.

 The physics understanding of ICD provided by HAARP
allows for active probing of the physics controlling the
inner radiation belt and could lead to techniques that
can actively reduce the flux of trapped proton and
electrons.



