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1D Yukawa system @ different confinements1D Yukawa system @ different confinements

Parabolic Parabolic Hard wallHard wall
NB:  DifferentNB:  Different dependencies of inter particle distancedependencies of inter particle distance versusversus xx at steadyat steady--state stagestate stage



decrease the “wall” separation

Hard wallHard wall

Parabolic Parabolic 

Complex plasmas in narrow channels: MD simulations of 2D Complex plasmas in narrow channels: MD simulations of 2D 
YukawaYukawa system system ((KlumovKlumov, JETPL, 2007), JETPL, 2007)



Complex plasmas in narrow channels: MD simulations of Complex plasmas in narrow channels: MD simulations of 
YukawaYukawa system system ((KlumovKlumov,, JETPL,JETPL, 2008)2008)

Periodic boundary conditions (x, y) + confinement (z)Periodic boundary conditions (x, y) + confinement (z)



Local order of 3D system of particlesLocal order of 3D system of particles

Three adjacent layers can be used to identify CCP lattice typesThree adjacent layers can be used to identify CCP lattice types



Yukawa system + PBC: equilibrium lattice typesYukawa system + PBC: equilibrium lattice types

Khrapak, Vaulina, 2002



Parabolic confinementParabolic confinement Hard wallHard wall

3D Yukawa system in narrow channel: MD simulations 3D Yukawa system in narrow channel: MD simulations 

Top view: the layers are colorTop view: the layers are color--coded by the depth coded by the depth 



Parabolic confinementParabolic confinement Hard wallHard wall

3D Yukawa system in narrow channel: MD simulations 3D Yukawa system in narrow channel: MD simulations 

Top view: the layers are colorTop view: the layers are color--coded by the depth coded by the depth 



1.1. Complex plasmas in narrow channels. MD simulations of 3Complex plasmas in narrow channels. MD simulations of 3--layers layers 
YukawaYukawa system: the parabolic confinement case studysystem: the parabolic confinement case study

Top view : the layers are colorTop view : the layers are color--coded by coded by zz--coordinate coordinate 

Close to transition 3Close to transition 3--22

redred line – central layer redred line – central layer



Top view : the layers are colorTop view : the layers are color--coded by coded by zz--coordinate coordinate 

Close to transition 3Close to transition 3--22

redred line – central layer redred line – central layer

1.1. Complex plasmas in narrow channels. MD simulations of 3Complex plasmas in narrow channels. MD simulations of 3--layers layers 
YukawaYukawa system: the hard wall confinement case studysystem: the hard wall confinement case study



1.1. Complex plasmas in narrow channels. MD Complex plasmas in narrow channels. MD 
simulations of 3simulations of 3--layers layers YukawaYukawa systemsystem

Parabolic confinementParabolic confinement Hard wall  confinementHard wall  confinement

Particle distributions at different Particle distributions at different ““wall separationswall separations””

N.B.  Confinement impacts strongly on the particle distribution N.B.  Confinement impacts strongly on the particle distribution 
and on the local order as well and on the local order as well 

Total number of particles in the layer

Bifurcations of 3Bifurcations of 3--layer layer YukawaYukawa systems @ compression/expansion: 3systems @ compression/expansion: 3--2 and 32 and 3--4 transitions  4 transitions  



Complex plasma laboratory PKComplex plasma laboratory PK--3 Plus onboard3 Plus onboard

the International Space Station (the International Space Station (Thomas et al., NJP, 2008Thomas et al., NJP, 2008))

RF, argon, neon, particles: 
Pressure: 8 - 15 Pa 



Complex plasmas @ microgravity conditions (PKEComplex plasmas @ microgravity conditions (PKE--3+, 20063+, 2006--2008)2008)



Pressure: 7 Pa

Size: 6.8 micron

RF: Argon

ca 10 000 particlesca 10 000 particles

Complex plasmas @ microgravity conditions (PKEComplex plasmas @ microgravity conditions (PKE--3+, 20063+, 2006--2008)2008)

One of  the best plasma crystal ever createdOne of  the best plasma crystal ever created

The experiments were performed onboard International Space Station.

Increasing low frequency voltage was applied to RF electrodes  changing 

the complex plasma from glassy to crystalline state



Local order analysis: basic concepts (Local order analysis: basic concepts (Steinhardt, 1983Steinhardt, 1983))



Rotational invariants of various lattice types @ different distoRotational invariants of various lattice types @ different distortions:rtions:

Torsion (T), Shear (S), Compression (C) Torsion (T), Shear (S), Compression (C) 

Ground-based experiment (Huber, 2007), 12 NN



How to quantify number of crystallineHow to quantify number of crystalline--like particleslike particles



Local order analysis of  3DLocal order analysis of  3D ISS dataISS data

By using 12 nearest neighborsBy using 12 nearest neighbors By using 8 nearest neighborsBy using 8 nearest neighbors



MD simulations of MD simulations of YukawaYukawa system crystallization system crystallization 

Parabolic confinementParabolic confinementHard wallHard wall



Crystallization of Crystallization of YukawaYukawa system: q4system: q4--q6 planeq6 plane

Hard wall confinementHard wall confinement



2.2. Complex plasmas @ microgravity: local order analysis of Complex plasmas @ microgravity: local order analysis of 
electrorheologicalelectrorheological plasmas experiments (PK3+, 2007)plasmas experiments (PK3+, 2007)

PKEPKE--3 Plus (2007)  3 Plus (2007)  MD simulations (hard wall) MD simulations (hard wall) 

glassyglassy

glassyglassy glassyglassy

glassyglassycrystalcrystal

crystalcrystal crystalcrystal

crystalcrystal

N.B.  Observed local order is reproduced remarkably well by a N.B.  Observed local order is reproduced remarkably well by a 
simple simple YukawaYukawa system !system !



Dust particles with supersonic ion flowDust particles with supersonic ion flow ((YukawaYukawa + wake potential)+ wake potential)

(G. Joyce, 2008)(G. Joyce, 2008)

M=1.2M=1.2

M=0M=0

M=0M=0



Dust particles Dust particles with supersonic ion flowwith supersonic ion flow ((YukawaYukawa + wake potential)+ wake potential)



InterparticleInterparticle potentials: typical lattice typespotentials: typical lattice types

YukawaYukawa (DH)(DH)

DzugutovDzugutov

LennardLennard--JonesJones--
GaussGauss

LJLJ

Anisotropic: Anisotropic: YukawaYukawa + wake, etc: + wake, etc: 

hcp/fcc/bcchcp/fcc/bcc

hcp/fcc/bcc/icohcp/fcc/bcc/ico

QCQC

QCQC

hcp/fcc/bct/bcohcp/fcc/bct/bco…….?.?



Collisional ions in complex plasmas: impact on 
inter particle potential  (Khrapak et al, PRL, 2008)
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