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Density fluctuations play in important role
in the radio production !!



Type III Solar Bursts  Short (sec → hrs) & very intense (→10-14 W.m-2.Hz-1) radio 
emissions

 Emission frequency decreases rapidly (GHz → kHz).

 Type profile exhibit both increase and decrease exponential
times 

 Evans (1973) found 𝑷𝑷 𝒕𝒕 = 𝑷𝑷𝟎𝟎𝒆𝒆−𝒕𝒕/𝝉𝝉𝑫𝑫 with
𝝉𝝉𝑫𝑫(𝒇𝒇) ∝ 𝒇𝒇−𝟏𝟏.𝟎𝟎𝟎𝟎±𝟎𝟎.𝟎𝟎𝟎𝟎

Bonnin, 2008



Krupar et al.,  ApJ, 857, 2018
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Dulk et al., 1984
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The Heliospheric radio/density model 1/2
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Leblanc et al. (Sol. Phys. 183, 165, 1998)

Sittler & Guhatakurta (ApJ 523, 812, 1999)
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Ray Tracing in free space

Radio source



Density fluctuations

Radio source



Ray Tracing with density fluctuations

Radio refractive index

Radio source



Ray Tracing with density fluctuations

Radio refractive index

𝚿𝚿𝟐𝟐 =
𝒓𝒓𝒆𝒆𝟐𝟐𝝀𝝀𝟒𝟒

𝝅𝝅𝝁𝝁𝟒𝟒 �𝒌𝒌𝟎𝟎

𝒌𝒌𝒊𝒊
𝑷𝑷𝒏𝒏(𝒌𝒌)𝒌𝒌𝟐𝟐𝒅𝒅𝟐𝟐𝒌𝒌 × 𝚫𝚫𝚫𝚫

𝑷𝑷𝒏𝒏(𝒌𝒌, 𝒓𝒓) = 𝛆𝛆
𝜹𝜹𝜹𝜹
𝒏𝒏

𝟐𝟐

𝟎𝟎

𝒓𝒓 × 𝒌𝒌𝜶𝜶(𝒓𝒓)
From the  spectrum of 𝜹𝜹𝜹𝜹/𝒏𝒏 there is a 
given distribution of 𝚿𝚿𝟐𝟐 from which
one can do Monte Carlo simulations

Radio source



125 kHz (fundamental, epsilon = 0.07)
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 Isotropic radio source 
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Li et al, 2008



Observations                      ray tracing simulations
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And the effect of anisotropic density fluctuations ?
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And the source location ?

Steinberg et al., 1984

Source location from the intersection between 2 S/C with
Direction Finding capabilities
Or/and from timing between two S/C

X A

X B



And the source location ?

Steinberg et al., 1984

Bonnin, PhD thesis, 2010

Source location from the intersection between 2 S/C with
Direction Finding capabilities
Or/and from timing between two S/C

X A

X B

Locations from
HF radio + 

density model

Apparent locations 
from DF & timing



Isotropic scattering⊥ scattering >> || scattering

Observer looking the projection on 𝑿𝑿,𝒁𝒁 plane
Integration of all rays within the 60° displayed

60°

Actual simulations 
with 10000 rays !



Black = isotropic scattering
Red = anisotropic

975 kHz
675 kHz

375 kHz
125 kHz

Small symbols = real position 
Large symbols = apparent position

Bonnin, PhD thesis, 2010



Bonnin, 2008
~2000 Type IIIs

Weber, 1978 

And the peak flux ?
 Maximum at around 1 

MHz or ~ 7 to 10 𝑹𝑹𝑺𝑺
 Solar Wind Alven radii ??

 Maximum of 𝜹𝜹𝜹𝜹
𝒏𝒏

𝟐𝟐
(𝒓𝒓)



Possible measurement of the radio 
counterplart of Parker’s Nanoflares ?!



Synergy PSP – SO – ground based
radio observatories

+ Direction Finding
capabilities

 Raja et al 2017, Turbulent Density Fluctuations and 
Proton Heating Rate, from 9–20 Rs

 (Coles etal. Etc )
 LOFAR observations of Type IIIs, Kontar et al, Nature 

2018
 Etc …

Interplanetary radio 
scintillation, Grall (1996)



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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