
1

Monitoring ultra un-energetic bosons  
with magnetic loop antennas

Thierry Dudok de Wit, Claude Cavoit, Vladimir Krasnoselskikh, 
Matthieu Kretzschmar, Aude-Lyse Millet 

LPC2E, CNRS/Univ. of Orléans, Orléans, France



ESOC 24/10/2019 2

Anomalie SCM pendant l’orbite 2 

Thierry DdW & SCM team

Monitoring solar and interplanetary radio emissions  
with magnetic loop antennas

Thierry Dudok de Wit, Claude Cavoit, Vladimir Krasnoselskikh, 
Matthieu Kretzschmar, Aude-Lyse Millet 

LPC2E, CNRS/Univ. of Orléans, Orléans, France



ESOC 24/10/2019

Solar radio bursts are one of the very few precursors of geoeffective 
perturbations (CMEs).   
[Reiner (2001), Gopalswamy (2006), Pick (2008), Lobzin (2010), Klein (2018), …]
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Triangulation
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Solar radio bursts have distinctive signatures (30 kHz - 30 MHz)
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Science case
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Science case

Type II radio burst 
=  approaching  CME

Type III radio burst 
= beam of electrons

Solar radio bursts have distinctive signatures (30 kHz - 30 MHz)
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Science case

Most events are more complex
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Radio bursts are best measured from space 
ionospheric cutoff below ~20 MHz 

observations made by several missions (Ulysses, Wind, Stereo, Parker Solar 
Probe, soon Solar Orbiter, …) 

They are usually measured by  
means of electric field antennas
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Measuring radio bursts
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Magnetic field antennas offer advantages over electric field 
antennas 

Lighter and more compact : no need for spinning spacecraft or for long 
rigid E field antennas  

Better dynamic range above cosmic noise background (f  > 10 MHz) 

➞  use magnetic field measurements to monitor  
 solar radio bursts
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Measuring radio bursts
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Diameter:   20 cm diameter for monitoring solar radio bursts 

Bandwidth : 0.05–50 MHz 

Mass  <  300 g (one loop) 

Power <  300 mW
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Measurement principle
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Heritage

loop antennas for HF/VHF radio amateurs

Loop antennas = magnetic component of a electromagnetic field  
Standard antennas (e.g. dipole, Yagi, etc) = electric component.
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The use of filler-free virgin PTFE is the second best dielectric choice after vacuum and air. Its 
dielectric strength (V/micron) is about 20x that of air and thus yields a sufficiently high 
capacitor breakdown voltage to run QRO power. An air dielectric capacitor requires large plate 
spacing and unwieldy proportions, often impractically so, when a safety margin is considered to 
run moderately high Tx power in the 500 Watts to 1 kW range. Environmental considerations 
like humid moist air can seriously de-rate the dry-air breakdown voltage. 
 
Teflon's loss tangent / dissipation factor of circa 0.0002 @ 1 MHz is the best choice of all the 
other non-air and vacuum practical dielectric options and it’s circa 2.1 dielectric constant / 
permittivity offers a useful reduction in plate area for achieving a given capacitance value in a 
compact structure with high RF breakdown voltage. 
 
The loop tuning capacitor Q determining dielectric loss tangent is one key parameter; the other 
is the plate form factor/aspect ratio required to optimally support the very large RF circulating 
current. If a rotary to linear motion lead screw driven concentric double trombone-style piston 
capacitor is fabricated the cylindrical pair should be of short and fat proportions to maximize the 
capacitor plate conductor's surface area supporting the skin-effect dominated RF current flow.  
 
This plate geometry consideration will impact on the desirably high-Q capacitor's ESR / loss. 
Figure 20 attributed to VE3UK illustrates such successful QRO capacitor construction  
 
You know when your choice of capacitor dielectric is up to the job; it benignly runs cool under 
steady key-down QRO excitation and does not melt or spontaneously combust. Absence of 
heating is a good test indicator as the RF input power is ratcheted up on the device under test. 
 
 

 
 

Figure 20 Trombone capacitor tuned loop 
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Heritage

Polar spacecraft  (1996-2008) CHARM sounding rocket (2008)

Magnetic loop antenna 
(Univ. Iowa). Area 1 m2

Magnetic loop antenna 
(LPC2E). Area 0.03 m2
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Diameter of the loop antenna = sensitivity
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Sensitivity

Loop antenna 30 cm⌀

Loop antenna 15 cm⌀

Search-coil (Solar Orbiter)

Cosmic noise
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Sensitivity

Loop antenna 30 cm⌀

Loop antenna 15 cm⌀

Search-coil (Solar Orbiter)

Cosmic noise

Radio emissions

Diameter of the loop antenna = sensitivity
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To locate the source of the radio emissions, two (three) orthogonal 
antennas are required. 

needs larger volume or unfolding system 

with several spacecraft : source location by triangulation 
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Direction finding
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Requires electromagnetic cleanliness > 100 kHz 
Synchronised clocks, shielded cabling (beware of harmonics) 

Better but not mandatory to place the sensor on a boom 

Instrument output is processed by a multichannel spectral analyser  
Used routinely on multiple missions 

May include artificial intelligence to automatically identify type II/III emissions 

High TRL (≥ 6)
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Requirements / Accommodation
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Coronographs + monitoring of solar radio bursts are the only means 
for detecting geoeffective events 

Magnetic field measurements offer an interesting alternative to electric 
field measurements 

lighter, more compact 

better adapted for a distributed system (triangulation)
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Conclusions
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2. CNRS/LPC2E Instrument Specification and Payload 
Requirements 
 

2.1 HF magnetic coil Antenna 
 
Contact Engineer: Claude Cavoit 
 
Description: Single-loop shielded coil with built-in preamplifier and feedback circuit, tuned 
for measuring one magnetic field component between 100 kHz and 6 MHz. The preamplifier 
is mounted on the coil. The coil sensitivity is highest at 1 MHz. A feedback circuit is used, 
giving the coil a flat response between 200 kHz and 3 MHz. The coil sensitivity reaches 
0.3×10-6 nT/Hz1/2 at 1 MHz. 
 
Size: 216 mm x 207 mm x 32 mm (circular) 
 
Power: 25 mA each on +/-12 V; 600 mW total on +/-12 V (900 mW on +/-18 V) 
 
Weight: ~290 g,  including shielding and preamplifier 
 
Positioning Requirement: Mounted symmetrically on the fold-down boom opposite the one 
having the triaxial search coil, approximately 1 m from rocket (the more the better), oriented 
such that the plane of the coil contains the axis of the rocket. The preamplifier box is directly 
connected to the coil, it is located closest to the rocket. 
 
Connections : two cables run from the preamplifier box to the rocket : one coaxial with the 
analog signal (weight 11 g/m), one 3-connector shielded cable for the power (20 g/m). Both 
will be soldered to the preamplifier during integration, to minimise excessive cable length. 
 

 
 

 
 
 

Figure 2: side views of the HF magnetic coil antenna. The rocket is on the right. 
 
 


