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Dusty Plasmas

Space ordering Instabilities



Laboratory Setup for Dusty Plasmas

DC RF-E RF-I RF-I
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Effect of Gravity in the RF-I discharge 

On Earth: g=1 Microgravity conditions: g<0.01



On Earth: g=1 Microgravity conditions: g<0.01

Effect of Gravity in the RF-E discharge 



Methods to Get Microgravity Conditions 
1. Falling Platform                           ~ 4 seconds

2. Airplane Parabolic Flights          ~ 22 seconds

3. Sounding rockets                        ~ 5 minutes

4. Orbital Space Station                  ~ a few years

• Dusty Plasma Crystallization          up to 20 minutes 

• Diamonds Growing                          a few months (?)

Durations for Dusty Plasma Experiments



PK-1

Dusty Plasma Experiments in Space 
MIR Space Station

UV Induced Plasma DC Glow Discharge 

� RKK “ Energia”

� Institute for High Energy Densities of RAS

� Cosmonauts Training Center named by Yu.Gagarin

� Crews of MIR Space Station

ISS

� Max Planck-Institut fur 
Extraterestrische Physik

� DLR

� Crews of ISS
+
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PK-1

Dusty Plasma Space Experiments -
nearest plans in the ISS:

PK-3 Plus - 2006

IMPF - 2010

PK-4 - 2008



PK-1

Launching PK-4 to ISS
2008

Time-table of the Plasmakristall-4 Project

2002-2004

Manufacture and testing
of the PK-4 Setup for ISS

2005-2007

Laboratory 
predevelopment



Laboratory Predevelopment 

of the Plasmakristall-4 Experiment

2002-2004



Physical concept of PK-4 experiment
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45 cm ´́́́ ÆÆÆÆ3 cm

1. Gas:                          Neon 
2. Pressure range:        2 – 266 Pa 
3. Gas flow range:        0.2 – 12 sccm
4. DC current:               0.1 – 5 mA
5. RF Power (81 MHz): 0.1 – 3 W
6. LF modulation:           1 – 500 Hz
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1)  DC

Discharge Modes:

2)  DC/RF(i)

3) DC/2RF(i)

RF(i)

RF(i)RF(i)

DC

DC

DC

A

A

A

C

C

C



MPE IHED

Parabolic Flight PK-4 Setup (MPE)

2002-2004



Dusty plasma diagnostics:

•Probe diagnostics; 

•Optical diagnostics; 

•Probe particle diagnostics; 

•Trace particle diagnostics.



Langmuir Probe Diagnostics
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Langmuir probe diagnostics: ne(h,r), Te(r), E(h)



Setup for probe diagnostic in IHED



Probe measured plasma parameters: ne, Te, E
along the tube axis H & radius R

p = 50 Pa; DC = 1 mA



Axial distribution of plasma parameters  
in DC and DC/2RF(i) modes



ne, Te, E   vs   pNe , IDC on the tube axis in DC mode

DC=1mA p = 50, 100 Pa



Optical Diagnostics of Plasma
in PK-4 Project

Glow Image 
Diagnostics

Spectral 
Diagnostics



Spectral  Diagnostics of PK-4 Plasma:

1. Emission spectroscopy: control of 
plasma impurities.

2. Emission spectroscopy: measurements of 
concentration of highly excited neon 
atoms.

3. Absorption spectroscopy: measurements 
of concentration of metastable and 
resonance neon atoms.



Spectroscopic Setup



Emissive spectrum of “pure” Ne (50 Pa, 3 mA)



Spectral Features of the Pollutants
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Emissive intensity N2 and Ne vs [air]

Ratio 
352.047nm Ne / 357.69 nm N2

vs [air]

Spectroscopic criterion for control of air pollution level



Evolution of plasma parameters for the pure DC discharge 
mode of 3 mA without gas flow for initial pressure of 50 Pa. 



Glow Image  Diagnostics



Glow Image  Diagnostics

Phantom-5
gggg= 1



Temporal Behavior of DC Discharge
20000 fps � 20 fps

10 Pa

50 Pa

300 Pa



Intensity Distribution in 2RF(i)-mode



Intensity vs Electron Density in DC-mode
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Intensity vs Electron Density in DC/RF(i)-mode
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Gas flow diagnostics
by

Trace Particles
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Gas flow diagnostics by trace particles 
(PF-35 Campaign)



Instantaneous distribution of particle velocities.

V(r)

instantaneous distribution of
particle velocities

approximation

distribution of particles’ velocity 
averaged through the observation 
time 
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PK-4 Dusty Plasma Experiments

in Laboratories



Ion drag force measurements

20 – 70 Pa
0.5 – 3 mA

1.75; 3.81 mm
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Induced Dust Flow vs Laser Power



Gas flow diagnostics
by

Trace Particles

Microgravity Flight Test



PK-4 setup on board of A300



Scheme of Parabolic Flight
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Injection!



Main results of parabolic flight test:

1. Formation of the extended three-dimentional dust 
clouds in the positive column of the pure dc discharge 

2. Formation dust acoustic waves and solitons 

3. Dust ordering around the rf inductive glow; 

4. Spatial separation of dust grains by their size in the rf 
glow; 

5. Particle line formation in a dust flow; 

6. Dust jets.



Formation of the extended three-dimentional dust clouds in 
the positive column of the pure dc discharge

p=150Pa; DC=1mA; RF=0; d=1.2 mcm

Field of view = 21x17 mm2
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Particle diameters:
1.2;  3.4;  6.8;  11 mm



Parameters of dust clouds:

Formation of the extended three-dimentional dust clouds in 
the positive column of the pure dc discharge

Particles of Æ1.2 mm Particles of Æ11 mm

Field of view = 21x17 mm2



Formation dust acoustic waves and solitons

p=60Pa; DC=1mA; RF=0; d=3.4 mcm p=100Pa; DC=1mA; RF=1; d=1.2 mcm



Interaction of dust with the rf inductive glow

p=100Pa; DC=1mA; RF=1;
d=3.4 & 11 mcm
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Spatial separation of dust grains by their size in the rf glow
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p=100Pa; DC=1mA; RF=1; 
d=1.2 & 6.8 mcm



Particle lane formation in a dust flow
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p=70Pa; DC=1mA; RF=0;
d=3.4 & 11 mcm



Dust jets

p=60Pa; DC=1mA; RF=1; 
d=1.2 & 6.8 mcm
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Scientific Plans:
1. Theoretical interpretation of the results obtained in parabolic flights 

campaign;
2. Developing and test new methods for diagnostics of 3D structure,

based on binocular view and fast scan of laser sheet;
3. Sheared dust flows induced by laser beam;
4. Phase transitions under external influence (laser and/or electric);
5. Transport phenomena in dusty plasma - heat transfer, shear viscosity,

diffusion coefficients;
6. Thermodynamics of dusty plasma matter, equations of state for 

different conditions;
7. Shocks and Mach cones;
8. Separation on particle sizes with a help of a)gas flow; b)permanent 

electric field;
9. All mentioned topics for rod dust clouds.
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