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Plasma Kristal-4 Experiments on the ISS

Streaming instabilities are a likely mechanism for the formation of
planetesimals in protoplanetary disks and planetary rings ¹. A
streaming instability arises when the relative drift between
interpenetrating streams of gas and solid particles leads to areas of
high dust concentration and growth of larger dust structures. If the
gas environment is partially ionized, the drift between streaming
ions and dust particles can cause an ion-dust streaming instability,
which is a possible mechanism for radial heating in Saturn’s rings.

The PK-4 setup ⁴ consists of an elongated Π-shaped
glass chamber where argon or neon plasma can be
ignited either by cylindrical DC electrodes or by a RF
coil. The working area of the main chamber is
illuminated by a laser sheet and observed by the two
(micro)particle observation cameras (C1 and C2) each
with a field of view ≈22.4×16.8 mm2 . T1 , T2 , T3 , & T4
in the schematic mark points where thermal sensors
are attached to the outside wall of the chamber.
Experiments in campaigns 1-4 indicate that the ion-dust streaming instability is easily excited in the low-pressure
regime, where p≲40 Pa. Since the ion-dust relative drift is sensitive to both dust parameters (diameter, number density,
and velocity) and discharge conditions (pressure, DC current, frequency & duty cycle of the polarity switching), the
onset of the instability can be used as powerful diagnostic technique in the study of dust-plasma interactions.

HL Tauri Protoplanetary
disc (Credit: ALMA)
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On earth, ion-dust streaming instabilities have been previously
investigated in a DC neon discharge and used to experimentally
determine the dust particle charge ²̛ ³.
Here we study ion-dust streaming instabilities in microgravity
dusty plasma utilizing video data from the Plasmakristall-4 (PK-4)
facility on board the International Space Station (ISS).

Campaign 1 (VM1-151029-084643)

Campaign 3 (VM1-161013-093735)

Campaign 2 (VM1-160615-121930)

Campaign 4 (VM1-170216_102543)

Experimental Conditions

Calculated parameters

In a typical experiment, the dust particles are transported by a
unidirectional DC electric field until they reach the field of view. Then
a DC polarity switching is used to create an effective AC electric field,
which provides the trapping of the cloud. For fixed DC current and
frequency, the duty cycle is varied in 7 steps (cycles), which
transports the cloud along the axial direction. In this process, the
relative drift between dust particles and streaming ions is increased,
resulting in the formation of ion-dust acoustic wave. A curious
observation is that instability only occurs when the cloud is moved
along −ෝ
𝒙 (from the negative to the positive electrode), indicating
ෝ.
the presence of asymmetric interactions along the axial direction 𝒙

Discharge: Neon, DC plasma, 40Pa
Dust diameter: 3.38 ± 0.07μm (MF
spheres)
Transport: DC field, 0.7 mA
Trapping: DC switching, Duty Cycle
≈ 0.72, 100Hz, 0.7 mA
Manipulation: Duty Cycle variation

A two-dimensional Particle-in-Cell with
Monte Carlo Collisional (2D PIC/MCC)
simulation was used to determine the
radial distribution of plasma parameters
for DC neon discharge at 40 Pa pressure
with the following representative plasma
parameters: 𝐧𝐞 ≈ 𝐧𝐢 ≈ 𝟒. 𝟖 × 𝟏𝟎𝟖 𝐦−𝟑 ,
𝐓𝐞 ≈ 𝟔 𝐞𝐕, 𝐓𝐝 ≈ 𝐓𝐧 ≈ 𝐓𝐢 ≈ 𝟎. 𝟎𝟓 𝐞𝐕.
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Duty cycle ≈ 0.42, cloud moves along 𝒙

From the above calculated parameters, we conclude that for the given
experimental conditions, the dust particles are collisionless (𝝂𝒅 Τ𝝎𝒑𝒅 ≪ 𝟏), while
the ions and electrons are weakly collisional (𝝂𝒆 Τ𝝎𝒑𝒆 ≤ 𝟏, 𝝂𝒊 Τ𝝎𝒑𝒊 ≤ 𝟏).

Duty cycle ≈ 1.02, cloud moves along −ෝ
𝒙

Mechanism of wave formation

Discussion and Future Work

The dust density waves observed in the PK-4 experiment have
characteristic wavelengths in the range λL ~ 0.9 − 1.5 mm and
phase speed of v𝑝ℎ ~ 3.5 − 4.5 cm/s, which is on the order of the
dust sound speed (c𝑑 ~6.4 cm/sfor the examined conditions). This
corresponds to 𝐤~ 𝟒𝟕 − 𝟔𝟕 𝐜𝐦−𝟏 and 𝝎~ 𝟏𝟔 − 𝟐𝟖 𝐇𝐳 .
Normalizing these values by the electron shielding length and the dust
plasma frequency, respectively, gives 𝐤𝝀𝑫𝒊 ~ 𝟑. 𝟖 − 𝟓. 𝟒 𝐜𝐦−𝟏 and
𝝎Τ𝝎𝒑𝒅 ~ 𝟎. 𝟐𝟏 − 𝟎. 𝟑𝟔 𝐇𝐳 . These values coincide with the
of an ion-dust streaming instability propagating at an angle of 70∘
with respect to the ion-drift velocity, as predicted by Rosenberg ⁵.
The ion-dust streaming instability is expected to occur at high ion drift speeds. The calculated ion drift in a
homogeneous discharge is only ui ~0.2 × 105 cm/s. However, MCC/PIC simulations show ⁶ that on
μs time-scales, ionization waves with phase velocities in the range 5 − 12 cm/s dominate the structure. In
these waves, the electric field can reach amplitudes up to 10 times of its average value. This phenomenon
was confirmed in experiments with the ground-based PK-4 replica at Baylor University. It can be shown
that during the polarity switching (used for trapping of the dust cloud) an ionization tsunami swipes along
the whole discharge from the positive to the negative electrode.
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Here we report the observation of self-excited dust density
waves in microgravity dusty plasma. The proposed origin of
the waves is an ion-dust streaming instability due to the
presence of high-speed ionization waves in a DC plasma
column with polarity switched electric field. The observed
waves travel at an angle of ~ 70∘ with respect to the ion
flow, in agreement with theory and observation.
PK-4 C1: instability in RF neon plasma
The next important step of this study is to apply
the analysis to a wider range of system conditions
in gravity and microgravity experiments. These
include examination of waves in the pure RF and
the combined RF/DC regimes and consideration of
The instability is triggered by high ion
different dust particle sizes (down to the nm-scale).
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velocity (similar to the sheath on earth)
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