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• Type III bursts can exhibit fine structure along their backbone (de La Noe et al 
1972), named type IIIb burst, or type III striae burst. t = secs @ 30 MHz, ∆"

"
= 0.1

• Stria drift rate infers velocities (0.6 Mm/s) (Sharykin+ 2018).  Smaller than beam 
speeds (100 Mm/s).  Larger than sound speed (0.2 Mm/s) (Pecseli 2012).

• What dictates the stria drift rate?
• Why do we care?

Type III Stria Bursts

Kontar+ 2017
Sharykin+ 2018
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• It has long been thought (e.g. Melrose 1986 as a review) that background 
electron density fluctuations can modulate Langmuir waves and cause radio fine 
structure.

• Langmuir wave growth can be modulated through wave refraction (e.g.
Reid+2010, Li+2012, Loi+2014, Reid+2017).

• Recently, Chen+ 2018 demonstrated the power density spectra of the type III 
striae peak radio flux obeys a -5/3 power-law, very similar to what is observed in 
situ in the solar wind.

• Nobody has created a robust, theoretical model that links the level and spectrum 
of density fluctuations from the observed radio spectra.

Striae Power Spectral Density
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• We analyse three type III striae 
observed by LOFAR.  LOFAR allows us 
to resolve the striae with a very fine 
frequency resolution, important for 
resolving striae.

• Three sample events, with the first 
observed by Kontar+2017, 
Sharykin+2018 and Chen+ 2018

• Fitting the striae backbone allows us to 
estimate the electron beam bulk velocity 
of 88, 49 and 46 Mm/s, respectively.

Type III Striae a b

Reid & Kontar 2021, Arxiv: 2103.08424
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• We analyse three type III striae 
observed by LOFAR.  LOFAR allows us 
to resolve the striae with a very fine 
frequency resolution, important for 
resolving striae.

• Three sample events, with the first 
observed by Kontar+2017, 
Sharykin+2018 and Chen+ 2018

• Fitting the striae backbone allows us to 
estimate the electron beam bulk velocity 
of 88, 49 and 46 Mm/s, respectively.

Type III Striae

Reid & Kontar 2021, Arxiv: 2103.08424
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• We want to characterize the level of 
fluctuations that occur throughout the 
striae burst.

• The characteristic intensity of the fine 
frequency structure is found using 

𝐼 𝜈 is the peak flux as a fn of frequency
𝛿𝐼 𝜈 is the difference between 𝐼 𝜈 and 
the smoothed peak flux.

• ∆"
" = 1.41, 1.01, 1.35, respectively

Type III Striae
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• The motion of Langmuir waves travelling with a group velocity of 
𝑣#$ = 3𝑣%&' /𝑣 has a shift 𝛿𝑣 in phase velocity from refraction off 
density fluctuations with intensity ∆𝑛/𝑛.

• We have shown that the intensity ∆𝑛/𝑛 can be directly related to 
the intensity of radio fine structure ∆𝐼/𝐼 via

• The velocities that dictate the intensity of fluctuations can be 
viewed as a ratio between the electron beam velocity and 
Langmuir wave group velocity, as .

Radio Fine Structure Driver
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• We ran electron beam transport 
simulations out through the corona and 
created synthetic type III dynamic 
spectra.

• Top simulation (a) is 1 MK plasma.  
Striae look similar to obs but are slightly 
too long duration.  Mostly realistic.

• Middle simulation (b) is 10 MK plasma.  
Striae are too fat in frequency but are 
shorter.  Not realistic.

• Bottom simulation (c) has no group 
velocity.  Frequency fine structure is not 
realistic.

Type III Simulations
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• Striae between observation and 
simulations are similar.

• Simulated stria (a) derived velocity 
is 0.6 Mm/s, or 0.63 to 0.76 Mm/s 
using a quadratic.  Drifting at the 
Langmuir wave group velocity.

• Observed stria (b) derived velocity 
is 0.69 Mm/s.  Data is interpolated 
to increase resolution for clarity.

Stria Velocity
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• Striae drifting at the Langmuir wave group velocity is significant.

• Assuming the background density model (dne/dx), we can obtain 
vb and so derive vTh, and hence the solar coronal temperature.

• Sharykin+ 2018 found velocity from average stria of 0.58 Mm/s.  
With the beam velocity of 88 Mm/s gives a thermal velocity of

which gives T = 1.1 MK.

Plasma Temperature

Type III backbone drift rate Type III stria drift rate
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• Multiple simulations with 
different initial beam 
densities and levels of 
background density 
turbulence.

• The simulations confirm 
the initial relation between 
∆𝑛/𝑛 and ∆𝐼/𝐼 .

• Observations given    
∆𝐼/𝐼 = 1.41  v = 88 𝑀𝑚/𝑠,
v%& = 4.1 𝑀𝑚/𝑠 gives    
∆𝑛/𝑛 = 0.3%.

Frequency Fine Structure
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• Power Spectral Density for the 
observed (a) and simulated (b)
type III dynamic spectra.

• Fluctuations obey a roughly -5/3 
spectral index.  Decrease in power 
at the small spatial scales.  
Caused by smoothing at the 
Langmuir wave group velocity.

• When group velocity is zero, the 
fluctuations are unrealistic.

Type III Power Spectra Density
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• Radio fine structure intensity can provide a diagnostic of the 
spectra and intensity of background density turbulence via 

, and we inferred levels around 0.1 - 0.3%.

• Fine structure can also constrain the plasma temperature, where 
we find 1.1 MK plasma at heights around 0.8 solar radii.

• Enhanced resolution of Parker Solar Probe and Solar Orbiter can 
measure radio fine structure at lower frequencies.  Can help infer 
the radial evolution of density turbulence close to the Sun.

Summary

Reid & Kontar 2021, Arxiv: 2103.08424
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• Simulated striae intensity was 
found in the same way as the 
observations.

• Simulations show the 
increase in fine structure 
when the background density 
turbulence is increased. 

Frequency Fine Structure
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• We ran electron beam simulations 
propagating through the ‘corona’. 
Mean background plasma was 
constant.  We added a sinusoidal 
perturbation.

• Resultant Langmuir wave energy 
density was modulated.  Larger 
values of A give larger modulation.

• Inclusion of Langmuir wave group 
velocity leads to phase difference 
between waves and background.

Langmuir Wave Modulation
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Langmuir Wave Modulation

• We ran electron beam simulations 
propagating through the ‘corona’. 
Mean background plasma was 
constant.  We added a sinusoidal 
perturbation.

• Resultant Langmuir wave energy 
density was modulated.  Larger 
values of A give larger modulation.

• Inclusion of Langmuir wave group 
velocity damps fluctuations at 
higher wavenumbers (smaller 
scale)
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Electron Transport

• 1D Kinetic code that simulates the propagation of electrons along the 
magnetic field and their resonant wave-particle interaction with Langmuir 
waves.

e.g. Reid & Kontar 2018

Propagation, Coulomb collisions, quasilinear wave growth and diffusion, 
wave refraction, spontaneous emission, source function. 
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Beam Initial Conditions

Mmd 10=

Distribution function 
varies with velocity as 

a power-law

Distribution function 
varies as a Gaussian in 

position space 

Distribution function 
varies as a Gaussian in 
time with different rise 

and decay times
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Langmuir Wave Energy Density

• The initial level of Langmuir wave spectral energy 
density is defined as:

• To obtain the energy density we integrate the spectral 
energy density over k: 
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Magnetic Field Expansion

• As the magnetic field expands the electron cloud 
rarefies.  We model the radial expansion by using

• where β determines the rate of radial expansion and 
r0 determines the base of the conical expansion.  

• The base, r0=3.5x109 cm and makes a cone of 330
when β=2. 



Type III Radio Burst Fine StructureDr Hamish A. S. Reid 20/12

Density Model

• The background density model remains static in time 
due to the high energy electrons moving much faster.

• We use the Parker 1958 density model with 
normalisation constant from Mann et al 1999. 
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Density Fluctuations

Generally, we add density fluctuations to a power density 
spectra more realistic to the solar wind.

The constant C is normalised to 
the value of <δn(x)> near the 
Earth (Celnikier et al 1987)
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Fluctuations close to the 
Sun are made less prolific 
than density fluctuations 
close to the Earth.  
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• Assume the process L+S à T, or the coalescence of a 
Langmuir wave and an Ion Sound wave into a Transverse 
wave close to the background plasma frequency.

• If there is a bath of Ion Sound waves, the brightness 
temperature of fundamental emission depends upon 
Langmuir wave spectral energy density

Fundamental Brightness Temperature


