3 Trackmg CME-driven shocks
i~ /usingradio instruments

\'A Krupar12 J. Eastwood1 O Kruparova2 O. SantO|Ik2'3 J. Soucek?, J. Magdalem’c4 A.
Vourlidas5, Milan Maksimovic®, X. Bonnin®, V. Bothmer?, N. Mrotzek?, A. Pluta7, D.

Barnes?, J. Davies®, J. C. Martinez Oliveros®, and S. Bale?

1 Imperial College London, UK, 2 Institute of Atmospheric Physics CAS, Czech Republic, 3 Charles University, Czech Republic,
4 Royal Observatory of Belgium, Belgium, 5The Johns Hopkins University/Applied Physics Laboratory, USA, 6 Observatoire de
Paris, France, 7 Goettingen University, Germany, 8 Rutherford Appleton Laboratory, UK, g University of California, USA



Outline

= Introduction -

= |nstrumentation

= The 2013 November 29 CME
= Proba2/SWAP observations




Introduction

SOLAR FLARE

ffkquency (kHz)

FSEPT N\ ok

Y ’ -x
FlELB |-|NES J Credits: Solar Sentinels STDT report

24/12 25/00 25/12 26/00 26/12
Time (UT) Hours from 1998-08-24/12:00:00
Suprathermal electrons 9 plasma ) @w Wave mode conversion
. . . e ov
oscillations (Langmuir waves) at the electron !
L — T(fp) xS
plasma frequency (f,e) 9 partly converted I —I/+S
into radio waves at f,. and/or 2f = : -V, L+ L — T2Ff)




Outline

= Introduction

= [nstrumentation

= The 2013 November 29 CME
= Proba2/SWAP observations




The STEREO spacecraft

STEREO (Solar TErrestrial RElation
Observatory) consists of  two “B"” Observatory
identical ~ spacecraft  launched Orbital View
October 26, 2006.

The first three-axis stabilized solar
mission.
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The separation angle between the two STEREO increases by ~45° peryear.



The STEREO/Waves instrument

The S/Waves consists of:

LFR (Low Frequency Receiver): 2.5 —160 kHz

HFR (High Frequency Receiver): 125 kHz — 16
MHz

FFR (Fixed Frequency Receiver): 30 or32 MHz
TDS (Time Domain Sampler)

Three monopole antennas with a
physical length of 6 m each

HFR is suitable for solar radio burst
observations  having  direction-
finding capabilities.
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The triangulation of radio sources =
tracking solar energetic electrons
responsiblefor solarradio bursts.
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The Self Similar Expansion Fitting (SSEF)

Vsser = 841 + 13 kms™ (135°)

Davies et al. (2012)
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The 2013 November 29 CME

IP shock observed by MESSENGER and : 2013/11/30
= a CME-driven shock at 0.40 au
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The 2013 November 29 CME

Locations of radio sources
using the density model
correspond to white-light
images of the CME
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and direction of the CME
which can be used in a case
of coronagraph failure.
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Proba2/SWAP observations

WIND /WAVES, DAM, ORFEES, NRH, CMEs 22 MAY 2013
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Conclusions

A rare instance with comprehensive in situ and remote
sensing observations of a CME combining white-light, radio,
and plasma measurements from four different vantage
points

The first radio triangulation of an interplanetary type Il burst
detected by two identical radio receivers

Triangulated type Il and type Ill bursts in agreement with the
white-light CME reconstruction

The radio emissionarises from the flanks of the CME

The complementarity between radio triangulation and 3D
reconstruction techniques for space weather applications
Proba2/SWAP observations to be combined with ground-
based high-frequency measurements
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