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Observations of type Ill radio bursts esa
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Solar flare:
x acceleration and injection of
& . \\beams of energetic electrons
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Ground-based interferometers: Spacecraft:

spectroscopy and imaging simultaneous measurements at
several positions in the heliosphere

_{"-":“'v‘-‘—:;-;-i:?'f*iﬂ"‘ Radio bursts Radio bursts
¢ . 10s MHz <16 MHz

Solar Orbiter

Parker Solar Probe

2

s Bl SE 2= E — | i I+ + THE EUROPEAN SPACE AGENCY




Directivity of radio emission esa

i 150
Top view

100
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- The radio emission is more intense when facing the source

2 Directivity of the radio emission

2 spacecraft = 1 ratio
Not enough to determine the shape of the directivity
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Parker Solar Rv,robe
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Now: 4 spacecraft
Simultaneous observations

-150

2 Measure of the directivity

3

1
Il
it
[
|
-I-

= S I = 3 s e @ I SEEE = e i v » THE EUROPEAN SPACE AGENCY



Observational properties of type Ill radio bursts esa
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Observations of type Ill radio bursts esa

Observational properties of type I1I radio bursts:
e Decay time
* Source position
* Source size
* Directivity profile

> Intrinsic properties of the radio source?
> Constrain properties of energetic electron beam?

Radio-wave propagation effects in the heliosphere:
* Free-free absorption
* Large scale refraction
(gradual variation of plasma density)
« Scattering on small scale,
turbulent density fluctuations

Kontar et al, 2019 i
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Anisotropic scattering

esa
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Increases decay time;

Need more scattering to explain
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Ray-tracing simulations

esa

Simulation settings
* Point source emitting radio-waves instantaneously
« Two parameters to describe scattering:

o Level of density fluctuations

_ (nd)

ne

o Anisotropy of density fluctuations
hy

a=—
hy

Ratio of correlation lengths

Kontar et al, 2019

Most of the scattering happens
near the radio source

How do simulation parameters affect the observed properties of type III radio bursts?
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Simulation vs. Observations

Simulation

Two parameters to describe scattering:

2

] n
o Level of density fluctuations €= ( §>
ne

: . , h
o Anisotropy of density fluctuations «a = h—l
I

Observations

o Directivity profile

o Decay time (time profile)

Multi-spacecraft analysis of radio burst:

Ap

T
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Simulations: directivity

esa

10° pr—————— Directivity , . _ _ _ Musset et al, 2021
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Simulations: decay times esa

Decay time (t) of radio emission Master thesis of Louis Siebenaler
As a function of the level and anisotropy of the fluctuations
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Echo in time profiles

Master thesis of Louis Siebenaler

Harmonic emission ~ 1 MHz
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Simulations: exploring the parameter space

esa

Fundamental emission

Preliminary results Fundamenti c

Master thesis of Louis Siebenaler
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Multi-spacecraft analysis of radio bursts esa

First multi-spacecraft study of single solar radio bursts Musset et al, 2021
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Multi-spacecraft study of radio bursts esa

11/07/2020 R o . o
STEREO-A - Selection of “clean” radio bursts observed Master thesis of Louis Siebenaler
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Observations and simulations esa

Master thesis of Louis Siebenaler

i i Fundamental emission
Preliminary resujts Fudemenatemission
- ® e=0.1 o a= 8% [~ 6751(’H_z _____ . 1
- 8 =02 o =01 gl ., 1 Directivity and decay time
I 8 e=04 8 Z=g-g S L \ G | measured for 25 bursts
R E=VU. = U. & | [ - . . . .
O e=06 O a=075 7 o.‘ i @ ! compared to directivity and decay time
O e=075 =0 a4 1T ; 1. . .
O e=10 O a=10 | *‘w il /"O o © 1 inferred from simulations
“ ¢ @0 ./'
i \ ®. © O .0 i
= \ /, . .
< ® @1 Ol 0o - Measurements compatible with
olllo|lo o level of density fluctuations
® ®
4 @ © e ~0.1
10 o o o © ® Il _
I ® © |
! | § And with anisotropy factor
@
- ot %! T a~ 0.7-1.0
| 1 1 1 11 1 1 I] | ] | | 111 12 1 | | 1 11 11 |3
10 10 10

Decay time 7 (s)

15

= o= N I E ol o ff w1l Rzl —m = e i v * THE EUROPEAN SPACE AGENCY



Fundamental vs harmonic emission

esa

Fundamental emission

Preliminary

E

Harmonic emission

Master thesis of Louis Siebenaler
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Intensity of radio bursts — first statistics esa

P re I | m | na ry resu Its Master thesis of Louis Siehenaler

Selection of 25 bursts with well-separated spacecraft Power-law distribution
to derive radio emission directivity of radio burst intensities (index: -1.3)
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Frequency (kHz)

Mars Express / MARSIS radio bursts observations

esa

Master thesis of Louis Siebenaler

Mars Express, launched in 2003
MARSIS instrument (radar):
100 kHz — 5.5 MHz

Mars Express MARSIS - Spectrogram 11/19/2020

In some operation modes, MARSIS detects
solar radio bursts

> Additional point for directivity profiles!

=
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MARSIS calibration: event selection

esa

Preliminary results

Master thesis of Louis Siebenaler
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MARSIS calibration: conversion factor esa

« . Master thesis of Louis Siebenaler
Preliminary results
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Mars Express / MARSIS radio bursts observations esa

225°

135°
Master thesis of Louis Siebenaler

Preliminary result
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Conclusions esa

e Multi-spacecraft measurements allow to quantify the directivity profile of single radio bursts for the first time

* Planetary missions can be used to add data points in the heliosphere! We demonstrated the use of MARSIS
on Mars Express: this could be done also with Juno, Juice...

« (Comparing radio burst observations to ray-tracing simulations, we can determine the level and anisotropy of
density fluctuations around the source, and how it varies from event to event

» Ray-tracing simulations must explain all observational signatures: decay time, directivity profile, source
position and size.
> In this work we looked at directivity and decay time together
2 Imaging at these frequencies would be amazing: interferometry in space!
> On the simulation side, need to address the hypothesis of point source instantaneous radio emission

« Next step: compare our findings on plasma density fluctuations to in-situ measurements near the Sun (Parker
Solar Probe) to further validate our approach

» Multi-spacecraft observations of radio bursts could be a way to characterize the plasma at distances below
what can be reached by Parker Solar Probe

22

— | am 1] » THE EUROPEAN SPACE AGENCY

- o= = 4 ]1 —_— I D = B D=

i



Additional slides
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