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Complex plasmas in the laboratory consist of micron-sized plastic spheres levitated in the

sheath of a noble gas discharge. The grains get charged negatively due to fluxes of charged

plasma constituents to their surface, and they interact via a screened Coulomb potential. Dif-

ferent states, from crystalline structures to liquid-like behavior of the particle ensemble, can be

formed. The individual particles are made visible to video cameras or the eye by illumination

with a laser, thus providing a unique opportunity to study crystallization processes directly at

the kinetic level of the particle motion.

While gravity limits the formation of large, homogeneous three-dimensional structures, this

restriction does not apply to a two-dimensional complex plasma – a layer of particles levitated

in a single horizontal plane. The crystallization of a 2D complex plasma during rapid cooling

was observed in experiments, and the development of structural (eg. lattice defect concentration

and correlation functions) as well as kinetic properties during this process were analyzed [1, 2].

In contrast to equilibrium processes [3], where the defect concentration strongly depends on

the kinetic energy of the particles, the non-equilibrium transition exhibits a power-law scal-

ing of relevant structural quantities with the kinetic energy. This scale-free transition from an

unordered to an ordered state differs from the KTHNY (Kosterlitz-Thouless-Halperin-Nelson-

Young) theory of phase transitions in 2D systems, but agrees with a recently developed kinetic

approach [4]. It is characterized by the formation and growth of ordered domains, with the ab-

sence of long range orientational order in the system. A fractal relationship is found between

the domain areas and domain boundary lengths – in the experiments as well as in molecular

dynamics simulations – similar to observations in crystallizing 3D complex plasmas [5].
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