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Laboratory complex (dusty) plasmas can be created by dispersing micron-sized particles into 
gas discharges [1]. The (typically noble gas) glow discharge can be direct  current (d.c.) or radio 
frequency (r.f.) driven and serves primarily as a charging medium for the (typically spherical, 
dielectric) particles. The dust particles are exposed to electron and ion currents from the dis-
charge plasma, a dynamic equilibrium is rapidly reached, where their net electric charge can be in 
the order of 104 electron charges. The interaction of these particles with their environment can be 
manifold: gravitation, Lorenz force, ion drag force, neutral drag force, thermophoretic effects, 
etc. [2].  Under laboratory conditions for non-magnetic particles the particles usually form a lay-
ered configuration, where the net in-plane forces can be well approximated by a simple Yukawa 
type interaction, originating from the Coulomb repulsion of the charged dust  particles and the 
polarizability (screening property) of the surrounding discharge plasma [3].

2D many-particle systems interacting through the Yukawa interaction can be characterized by 
two dimensionless quantities: (i) the Coulomb coupling (or non-ideality) parameter 
! = Q2/akBT , where Q is the charge of the dust particles, kB is the Boltzmann constant, T is the 
temperature and a is the Wigner-Seitz (or ion sphere) radius given by a = 1/

!
!n, where n  is the 

areal density of the dust particles; (ii) the Yukawa screening parameter ! = a/"D , where !D  is 
the Debye screening length. Systems characterized with Γ ≥ 1 are called strongly coupled plas-
mas. Depending on the coupling strength the system shows liquid-like properties or may even 
crystallize at  sufficiently high  [4]. The rapid advances of present  dusty plasma experiments point 
to the emerging possibility of creating and studying lattices composed of charged grains with 
permanent magnetic dipole moments. In this case, the magnetic dipole-dipole interaction is su-
perimposed to the isotropic Yukawa inter-particle potential. The relative magnitude of the com-
peting effects can be characterized by (iii) ! = !m/! = µ2/Q2a2  expressing the ratio of the 
magnetic (!m) to electric interaction energies, where µ is the magnetic moment of the dust grain.

 We present some results regarding the static (equilibrium configurations at  ground state) and 
collective properties of 2D magnetized dusty plasma systems, obtained by means of theoretical 
analysis and molecular dynamics simulations [5]. In our approach the ground state studies can be 
separated into (i) investigating the angular distribution and rotational (wobbling) mode dynamics  
of pure in-plane magnetic particles for a set of fixed rhombic lattice structures, (ii) introducing 
both electric and magnetic interaction (! > 0) to find the equilibrium lattice structures. The fam-
ily of rhombic lattices (including hexagonal and square lattices) can be characterized by the 
rhombic angle (!) and the aspect ratio of the two sides of the rhomboid (ν).

Our results for the fixed lattice computations are in close agreement with [6,7]. We show that 
in the ground state all magnetic dipole moments lay in the particle plane parallel or anti-parallel 
aligned in respect to neighboring particles with magnetization angles strongly dependent on the 
lattice parameters. The transition between the parallel (Fig. 1a,b) and anti-parallel (Fig. 1c,d) con-
figurations occurs at ! ! 78! almost independent of ν.
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Figure 1.  Magnetic field lines and equi-B contours for (a) ! = 60!, " = 1.0  (hexagonal)  (b) 
! = 60! , ! = 1.1  (c) ! = 90!, " = 1.0 (square)  (d) ! = 80!, " = 1.0.  The arrows show the 
direction of magnetization.

Considering the 2D complex plasma layer 
of negatively charged grains, each having a 
magnetic dipole moment, the equilibrium 
lattice structure is determined by applying 
MD simulations using flexible simulation 
box. During the computation the simulation 
box is slowly transformed (adjusting ! and ν, 
with constant density) in order to fulfill the 
stability conditions (!xx = !yy  and 
!xy = !yx = 0) for the stress tensor com-
puted in every time step. Simulations are per-
formed for ! = 0.5 , a typical experimental 
value. Figure 2 shows the η dependence of 
the equilibrium lattice parameters in the “par-
allel” domain [8].
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Figure 2. Equilibrium lattice configurations in the  !, " 
parameter space for different values of ! at ! = 0.5.


