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Motivation & Objectives
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« Theoretical basis
» Replicate in small laboratory plasma

Space ____theary __LGsperiment __

* Observations of Bump-on-tail + Background thermal
Langmuir waves and instability plasma: ionization of
electron beams in gas
solar wind «  Bohm-Gross

) ) : Suprathermal
, dispersion relation _

Type lllradio burst eleciron beam:

« Cherenkov thermionic emission

* Excitation of Resonance condition - -

Langmuir waves in o~ KV, Diagnostic tools
magnetic holes * High temporal
resolution

measurements of
fluctuation




Motivation & Objectives

Observations in space

Theoretical basis

Replicate in small laboratory plasma

Compare theory, observations, and simulations

Spoce  [theoy |Experment |Numerical

Observations of
Langmuir waves and
electron beams in
solar wind

Type lll radio burst

Excitation of
Langmuir waves in
magnetic holes

Bump-on-tail
instability

Bohm-Gross
dispersion relation

Cherenkov
Resonance condition
W =KV,

Background thermal
plasma: ionization of
gas

Suprathermal
eleciron beam:
thermionic emission

Diagnostic tools

High temporal
resolution
measurements of
fluctuation

1D-1V Viasov-
Poisson solver

Time evolution of
distribution function
and of electrostatic
potential

Mirrors experimental
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Experimental set-up — inside vacuum chamber

Pumping system

Argon pressure | 2-5-103mbar
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Collisionless approximation

* The difference in collisional regime between space and lab plasmas is
one of the main difficulties

« Low degree of ionization -> collisions with neutrals dominant

v,; = 0.2 MHz
V,, = Np{0,, Ve) =2 MHz Ampp = Pinefv_=0.4m

1/en/f =~ 10_3 Amfp y) =~ ]OQ

pe

« Valid approximation because large separation between the collision
and the beam-induced Langmuir-wave frequencies

« Simulation are performed under the assumption of collisionless dynamics




Results — dynamical behaviour

» Experimental, model, and in-situ spacecraft
data

« Consistent dynamical behavior: structure of
wave packets and their modulation.

« Exponential growth, followed by saturation
and damping




Results — spectro

IN-sifu Measurements spectra

modes arise
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Results — w-k spectra
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Results — electron distribution

 Reconstruction of the electron
velocity distribution function

« Thermal and beam electrons

« Out of equilibrium: collision are
too slow

« Tuning Ny, vy, Ty
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Conclusions

« We built a laboratory system with full control on the parameters affecting
the beam-driven wave excitation phenomena and high diagnostic
capabillities

* It iIs an example of synergy between space and laboratory plasma
physics to understand fundamental plasma processes

* Experimental beam-plasma systems can serve as effective analogues for
understanding wave-particle inferactions in astrophysical environments

« Under certain condition, lab plasmas can be considered in the
collisionless approximation, allowing for a comparison with phenomena
happening in collisionless space plasmas, such as the solar wind



Back up slides




Retarding Field Energy Analyzer

g = .
+ \\\
G2 Grid N
—=—-E -
’I
z/
Retarding potentigj.'
...... Es=p———--
\\'.
\\
Collecto AN
[ p— by T
\Vz
Al,O; ceramic
== == == Micrometric Molybdenum mesh
B Stainless steel
£o(0) = me dl.
N —

Collector current, | [uUA]

Filtered I (V,) signal 1

-50 0
Retarding potential, V, [V]

50



Beam-plasma interaction

Energy transfer from
electron beam to wave
Wave damping due to
missing source

In fime we keep the
source on, the wave is
confinuously excited, but
INn space it is dumped
because the positive
derivative part is not
present
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Langmuir wave peak —scan in N,
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