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Obijective of this work

Objective of this work: obtain a plasma diagnostic from in situ mutual impedance measurements performed by
spacecraft, in an environment where the magnetic field influences said measurements.

State-of-the-art instrumental models provide access to
plasma diagnostic for plasma density and electron
temperature, in an unmagnetized plasma.
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In support of future space missions, embarking mutual impedance experiments:
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Need to generalize current instrumental models
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Mutual impedance experiments

Mutual impedance experiments exploit electric antennas onboard space missions to measure the mutual
impedance, an electric quantity defined for a pair of antennas. This quantity is connected to the plasma properties.
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Mutual impedance experiments

Mutual impedance experiments exploit electric antennas onboard space missions to measure the mutual
impedance, an electric quantity defined for a pair of antennas. This quantity is connected to the plasma properties.
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Outline of the instrumental model

The model is based on the computation of the electric potential generated by the electric charge deposited by
the current imposed on the emitter antenna.
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Results of the model: oblique propagation

Is it possible to extract a plasma diagnostic from this model?
From this calculation, in the case of oblique propagation, the main maximum of the amplitude o 4
spectrum is located at the upper-hybrid frequency. Q(w)C%} ,,,,,,,,,, : L
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Results of the model: oblique propagation

Is it possible to extract a plasma diagnostic from this model?
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Results of the model: perpendicular propagation

Is it possible to extract a plasma diagnostic from this model? A Y(“’)
From this calculation, in the case of quasi-perpendicular propagation, multiple maxima of the o 4
amplitude spectrum are located at the zero group velocity Bernstein waves. ety L
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Results of the model: perpendicular propagation

Is it possible to extract a plasma diagnostic from this model?
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Experimental setup - PEPSO

The presence of a mutual impedance maximum located at the upper-hybrid frequency is used as plasma
diagnostic for the plasma density, in the controlled setting of a plasma chamber.

Mutual impedance
Langmuir probe
Magnetometer

Magnetic coils

Interior of PEPSO plasma chamber,
LPC2E, Orleans




Laboratory mutual impedance spectrum

Example of laboratory measurements of mutual impedance, magnetized and unmagnetized A Y“")
measurements. o 4
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Laboratory mutual impedance spectrum

Example of laboratory measurements of mutual impedance, magnetized and unmagnetized A Y(“’)
measurements. s 4
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Summary and prospective

Objective: obtain a plasma diagnostic from in-situ mutual impedance measurements of space
plasma, in a magnetized environment, in support of future missions.

During this work:
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Distance [Ape]
— 05
53
— 10.0

Model
12
+Q(L-J)? ’ 210
R 3
2 g 5
) T — E €
(w)/ # V(w) :é 4
Quk & 2
2 . plasma
«As.
Prospective:

e Boundary conditions and spacecraft geometry

effects,

4 6
Frequency  [weel

e electron temperature diagnostic.

model

0
.............

Experimental validation of

Density diagnostic
+ magnetic field




Summary and prospective

Objective: obtain a plasma diagnostic from in-situ mutual impedance measurements of space
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Quantity

Minimum

Maximum

Uncertainty [%]

Working pressure (neutrals) P
Electron density n.
Neutral gas density n,,

Electron temperature 7,
Electron plasma frequency fp.
Debye length Ap.

Electron cyclotron frequency fee (Bgarth)
Electron gyro radius rre (Bgarth)
Electron neutral mean free path [¢ 77"

m.f.p.

Electron neutral scattering rate vZ—"

1.70 - 10~° mbar
1.8-10*em™3
413 .10 em=3
0.26eV
1.20MHz
1.6 cm
1.08 M Hz
3.15¢em
3.7Tm
17651

5.50 - 10~° mbar
4.6 -10°cm™3
13.37 - 101 em—3
2.1eV
6.09 MH=z
2.8cm
1.11MHz
8.95¢cm
1200 m
162 -10° s




Electron temperature T, [eV]
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La densité du plasma est comparable a celle de ionosphére
terrestre pour une altitude entre 400 km et 1100 km.

La température de plasma est comparable a celle de ionosphére
terrestre pour une altitude entre 600 et 2000 km.



Annex

Comparison of plasma density measurements obtained from a Langmuir probe and a mutual impedance
experiment, using the amplitude maximum as measurement for the plasma or upper-hybrid frequency.
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Annex

L'objectif de la méthode numérique est de calculer le potentiel en fonction de la positionr, z, et
des parametres physiquesn_, T _, B :
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Annex

Paralliéle k / B Oblique

Dans le cas de propagation paralléle :
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Annex

Oblique

Perpendiculaire k L B

Dans le cas de propagation perpendiculaire :
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Annex

Oblique

Dans le cas de propagation oblique :
er(kr koyw) =0 — w=w(k,, k)

la surface est autour de la fréquence hybride
haute
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Annex

Hamelin’s diagram, relating the frequency of the Bernstein waves at zero group speed with the plasma to electron
cyclotron frequency.

Hamelin's diagram
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