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LFR nominal inputs : 3 B + 2 E + 1 V  (≤ 10 kHz),

The LFR signal processing, based on a FPGA, 
provides routinely, 
● waveforms (SWF & CWF)
● spectral matrices (ASM & BP2)
● basic wave parameters (BP1)
at different time and frequency resolutions:

Solar Orbiter’s RPW Low Frequency Receiver (LFR)

LFR Normal Mode data flow

LFR data are calibrated at LESIA by the ROC 
production pipeline, using the calibration 
softwares of the teams (SCM, BIAS & LFR):
● SCMCAL (LPCE2, Orléans, France)
● BICAS (IRF, Uppsala, Sweden)
● LFR-CALBUT (LPP, Palaiseau, France)

Despite the fact that calibrations of the E and B 
data still require some improvement (phase 
shift issue, effective antenna lengths), the first 
results obtained so far show a good overall 
consistency of the RPW LFR data (A&A 2021 
special issue papers, about 12 papers)

LFR FM 
board
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Chust et al. A&A 2021

BP2

SWF

PSD computed from the snapshots of WF (every 300 s, 
∆f = 2Hz) compared with the PSD computed onboard 
(every 20 s, ∆f = 8 Hz, BP2 data set)    



  

SWF BP2

Chust et al. A&A 2021

with n, the wave normal vector (Means, JGR, 1972),

and :    
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Chust et al. A&A 2021

SWF BP2



  
Chust et al. A&A 2021

SWF BP2

Phase velocity measured (orange) from  
onboard spectral data products (BP2 data 
set) compared with the theoretical (red) 
Doppler shifted (+k) whistler mode

Phase velocity measured (orange) from 
waveforms (SWF data set) compared with the 
theoretical (red) Doppler shifted (+k) whistler 
mode

Identification of whistler mode waves in the solar wind



  

BP2BP1

Chust et al. 
A&A 2021

Wave parameters 
computed onboard 
(every 4 s, ∆f = 8Hz, 
BP1 data set) 
compared with 
those computed 
from the BP2 data 
set (every 20 s, 
∆f = 8 Hz)    



  

BP1

BP1

Chust et al. A&A 2021



  

Illustration again of the 
intermittency of the whistler 
mode waves and the 
correct calculation of BP1 
data, but this time including 
the Poynting flux SX, 
showing that the update of 
the kcoefficients worked 
very well

04:26:44 UTC (August 27, 2020)

BP1BP2

Chust et al. A&A 2021



  

Further verification of the consistency of the LFR data
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F2 = 256 Hz 

versus 

F1 = 4096 HZ

SWF



  

SWF

F2 versus F1



  

SWF

zoom :

F2 versus F1



  

SWF

Caveat : 
due to the 
intermittency 
features, the 
PSDs show 
differences even 
though the wave 
propagation 
characteristics 
are similar.  

F2 versus F1

F2 F1 



  

ASM 

  versus
 
      SWF

F2



  

ASM versus SWF
F2



  

ASM versus SWF F2



  

Conclusion

● Where possible, comparisons between all LFR data products show a 
very good consistency

● So far, phase shift issue (between E and B) can be neglected 
when determining the sign of SX or the direction of the wave 
propagation (Kretzschmar et al. 2021; Chust et al. 2021). 

● Fluctuations in the determination of the effective antenna 
lengths are still not well understood (Steinvall et al. 2021; 
Kretzschmar et al. 2021; Chust et al. 2021).

LPP/CNRS   –   RPW Science Meeting   –  30/11 to 02/12 2021  –  Meudon 21



  

Additional slides



  



  



  



  



  



  



  



  



  



  



  

● Whistler waves

Observations of whistler mode waves by the Solar Orbiter RPW Low Frequency Receiver (LFR): in-flight performance and first results, 
Chust, T., M. Kretzschmar, D. B. Graham et al., A & A, 2021.

Whistler waves observed by Solar Orbiter / RPW between 0.5 AU and 1 AU, Kretzschmar, M., T. Chust, V. Krasnoselskikh et al., A & 
A, 2021.

Whistler instability driven by the suprathemal electron deficit in the solar wind, High-cadence Solar Orbiter observations,  Berčič, L., D. 
Verscharen, C. J. Owen, , A & A, 2021.

● DC electric field and S/C potential measurements  

Solar wind current sheets and deHoffmann-Teller analysis: First results of DC electric field measurements by Solar Orbiter, Steinvall, 
K., Yu. V. Khotyaintsev, G. Cozzani et al, A & A, 2021.

Density Fluctuations Associated with Turbulence and Waves, First Observations by Solar Orbiter, Khotyaintsev , Yu. V., D. B. Graham, 
A. Vaivads, et al, A & A, 2021.

Statistical study of electron density turbulence and ion-cyclotron waves in the inner heliosphere: Solar Orbiter observations, Carbone, 
F., L. Sorriso-Valvo, Yu. V. Khotyaintsev et al, A & A, 2021.

Study of two interacting Interplanetary Coronal Mass Ejections encountered by Solar Orbiter during its first perihelion passage, 
Observations and modeling, Telloni D., C. Scolini, C. Möstl et al, A & A, 2021.

Overview of the A&A special issue papers (1)
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● Venus flyby

Solar Orbiter’s first Venus flyby: observations from the Radio and Plasma Wave instrument, Hadid, L. Z., N. J. T. Edberg, T. Chust et 
al., A & A, 2021.

Analysis of multi-scale structures at the quasi-perpendicular Venus bow shock, Results from Solar Orbiter’s first Venus flyby, 
Dimmock, A. P., Yu. V. Khotyaintsev, A. Lalti et al.,  A & A, 2021. 

Energetic Ions in the Venusian System: Insights from the First Solar Orbiter Flyby, Allen  R. C., I. Cernuda, D. Pacheco, et al, A & A, 
2021.

● Ion acoustic waves

Kinetic Electrostatic Waves and their Association with Current Structures in the Solar Wind, Graham, D. B., Yu. V. Khotyaintsev, A. 
Vaivads et al, A & A, 2021.

● Cometary observations

Waves and structures from Solar Orbiter’s encounter with the tail of comet C/2019 Y4 (ATLAS); signatures from magnetic field draping 
and cometary pick-up ion instabilities, L. Matteini, R. Laker, T. Horbury et al, A & A, 2021.

● Overview of the RPW instrument suite

First observations and performance of the RPW instrument onboard the Solar Orbiter mission, Maksimovic , M., J. Souček, T. Chust, 
et al, A & A, 2021.

Overview of the A&A special issue papers (2)
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