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Antenna Radiation
Overview

Papadopoulos and Freund (1978)
Goldman+ (1980)
Malaspina+ (2010), (2012)

Two-step process:

(1a) Localize an oscillating current (LW)
- Collapse / modulational instability
- Eigenmode localization

- Bunching by density fluctuations
Voshchepynet+ (2017)

(1b) Drive harmonic nonlinear currents

(2a) Direct radiation at f
(2b) Direct radiation at 2f

- Efficiencies due to:
antenna size vs. EM wavelength

Courtesy D. Malaspina

Electrostatic Langmuir waves
-> radio emission

Self-focusing
-

Contraction

Ponderomotive
-
force

Density fluctuations play in important role
in the radio production !!
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Fréquences (MHz)

Type Il Solar Bursts = Short (sec — hrs) & very intense (—1014 W.m2.Hz'!) radio
emissions

wind/Waves - DAM - 03/02/2002 = Emission frequency decreases rapidly (GHz — kHz).
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: 1 = Type profile exhibit both increase and decrease exponential
s t = times

- . a— = Evans (1973) found P(t) = Pye~t/™> with
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Wind /WAVES/RAD1 (19960617) —  Profile de densité de fluxa 196 kHz.
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15 . STEREO-A Krupar et al., ApJ, 857, 2018
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Height above surface (Solar Radii)

The Heliospheric radio/density model 1/2
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The Heliospheric radio/density model 2/2

Leblanc et al. (Sol. Phys. 183, 165, 1998)
—  Sittler & Guhatakurta (ApJ 523, 812, 1999)
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The Heliospheric radio/density model 2/2
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The Heliospheric radio/density model 2/2
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Ray Tracing in free space




Density fluctuations

Radio source



Ray Tracing with density fluctuations

Radio refractive index
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Ray Tracing with density fluctuations

Radio

Radio refractive index
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Observations ray tracing simulations

STEREO-A Fundamental at 375 kHz
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Observations ray tracing simulations

STEREO-A Fundamental at 375 kHz
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anisotropy_fundamental _125_0.07_1.00

anisotropy_fundamental_675_0.07_1.00
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And the source location ? Source location from the intersection between 2 S/C with
) Direction Finding capabilities

Or/and from timing between two S/C
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And the source location ?

Direction Finding capabilities
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Black = isotropic scattering
Red = anisotropic

Small symbols = real position
Large symbols = apparent position

X—Z projection
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Wind /WAVES/RAD1 (19960617) —  Profile de densité de fluxa 196 kHz.
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Conclusions

Increasing number of investigation using radio observations to
probe the corona and Solar Wind (density fluctuations &
turbulence, heating rates, speed profiles ...) !

Both RPW & FIELDS will have capabilities to probe the corona
down to ~1 RS (Direction finding, similar frequency coverage)
There is potentially a strong synergy between RPW, FIELDS &
ground based radio observatories which requires preparation

Radio Scattering is important
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