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Langmuir waves co-temporal with electrons beams

Observations by spacecrafts like Helios and

« poor temporal resolution
« measurements at fixed distance (0.3AU for Helios,
1AU for WIND)
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Fig. 5. Langmuir waveform as observed by WIND in the quiet solar
wind (15/09/2007).
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Fig. 14. Examples of electron plasma oscillations at f =~ f,~ detected during a period of enhanced solar flare activity.



Broken power law
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obs and sim work:
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We observe a broken
power law when fitting
the peak electron flux ey
VS energy Energy (MeV)
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Solar Orbiter aims to understand the origin of

multiple power-law features in solar electron
spectra :
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- What causes this break?
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Solar Orbiter instruments in this study

« EPD (electron distribution function and electron spectrq)
« SWA (electron distribution function and spectraq)
« MAG (magnetic field)

« STIX (X-Ray light curves and image contours)
« EUI (images of the sun in 174A) N

~wsolar.orbiter.

 RPW (plasma density - BIAS, Langmuir wave “TNR and TDS, radi
dynamic spectrum — TNR)

Multi-instrument study purpose: link electron measurements from (eV range) to same
measurements from (few to hundred keV range)




Electron flux, Langmuir waves, type lll radio bursts at 0.68AU

Lorfing et. al, 2023 (under review)

Type lll solar
radio burst

« EPD (STEP) observes electrons

 RPW (TNR, TDS, BIAS) observes
associated type lll radio bursts, Langmuir
waves, and electron density

« LW co-temporal to the 60 keV electrons

« Spectral break in the electron spectrum
around 50 keV
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Electron specirum

 What is the « electron peak flux » ¢

It’'s the maximum of the electron flux per energy
channel

» 1D array of the max flux value as a function
of energy -> the electron spectrum

« Same analysis is performed on EAS (SWA)
electrons and on electrons

 We see alovely alignment between the electron
spectra measured by both instruments!
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« We observe several breaks in the electron
Energy [keV]

spectrum (800 eV, 13keV, 40 keV)

Lorfing et. al, 2023 under review

» why do these features appeare




Lorfing et. al, 2023 under review

Electron flux evolution

flux at given
timestamp

- What modifications of the eleciron flux
cause the different features to appear on the
electron spectrum?

Peak Flux [particles / (s cm™2 sr keV)]
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6.30 - 9.30 keV

Pitch angle

- Could the spectral break be caused by pitch
angle and not beam-plasma interactions?

Pitch Angle [Degree]

9.70 - 12.80 keV

« Anisotropic beam

Pitch Angle [Degree]

« |If pitch angle scattering deflected the beam
trajectory + was responsible for spectral break:
expect to see it at around 50 keV on the PAD

18.00 - 25.90 kev
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« Pitch angle scattering doesnt affect non-thermal
electrons

37.80 - 58.30 keV

egree]

* Previous literature reports breaks due to pitch
angle scattering at energies around 100-120 keV,
way above any break we see in the spectrum

Pitch Angle [D

« Evidence to prove that the spectral breaks we
observe are due to LW generation and wave-
particle interactions, and not pitch angle
scattering

Time (2021-10-09)



Key take-away points

Not all electron events have associated Langmuir waves observed

Observe Langmuir waves with higher E closer to the Sun than typically observed at TAU

Break in electron spectrum in the deca-keV range is caused by wave-particle interactions

First study that links electrons from all Solar Orbiter instruments and makes a bridge between

EAS/SWA and STEP-EPT/EPD ' ,

Watch out for Lorfing et al, 2023 in ApJ!

camille.lorfing.20@ucl.ac.uk






Helioprojective Latitude (Solar-Y)

EUI/FSI 174 A 2022-04-15 02:50:50
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Helioprojective Longitude (Solar-X)

15th April 2022 — 0.5AU
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5.70 - 6.20 keV
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Langmuir waves [V2/Hz/m]




24th November 2020 - 0.9AU
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18.00 - 25.90 keV
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