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The melting transition of two dimensional (2D) solid 

is a fundamental physics issue. In additional to the direct 

first order transition from the solid to the liquid states, 

two-stage melting transitions through the intermediate 

hexatic state have been demonstrated experimentally and 

numerically in various 2D systems with soft core 

interactions. Examples include magnetic bubble arrays [1], 

electrons on liquid surfaces [2], monolayer colloidal 

suspensions in liquids [3], skyrmion systems [4], dusty 

plasmas [5], and Yukawa systems [6]. According to the 

well-known KTHNY (Kosterlitz-Thouless-Halperin-

Nelson- Yang) theory, the successive emergences of free 

dislocation and free disclination defects are the keys 

causing the successive losses of translational and 

orientational orders in the two-stage melting transitions 

[7-10].  

In addition to the above two types of defects, the 

recent studies also demonstrated the emergence of defect 

clusters (DCs) with various sizes in the two-stage melting 

transition [11,12].  Nevertheless, the classification of 

different types of multi-scale clusters, the topological 

pathways for their formation, their roles on deteriorating 

the structural order and forming crystalline ordered 

domains (CODs) with various lattice orientations in the 

two-stage melting transitions are important fundamental 

issues. 

In this talk, using a 2D Yukawa solid as a platform, 

we report our numerical studies of unraveling the above 

intriguing unexplored issues [13]. It is found that DCs can 

be basically classified into: (A) square or rectangular 

shaped dense DCs composed of free dislocation with anti-

parallel polarity, (B) string or ring like DCs composed of 

disclinations with alternating topological charges, and (C) 

large DCs composed of the above two types of DCs. The 

string-like DCs can be further classified into short-

sticklike, C-shaped, and other weakly curve string-like 

DC. Under the conservation of Burgers vectors and 

topological charges [14,15], different combinations of the 

six basic processes of the pair generation (I), dissociation 

(II), recombination (III), propagation (IV), scattering (V), 

and annihilation (VI) of dislocations, each through 

thermal shear induced single bond-break-replacement-

rotation, govern DC generation, evolution and 

diminishing. With increasing temperature, the increasing 

shear motion leads to the intermittent generation and 

diminishing of mainly type A DCs through types I and VI 

processes. It deteriorates the long-range translational 

order but not the orientational order, and leads to the 

transition from the solid state to the intermediate hexatic 

state. The successive bond-breaking-reconnection-

rotation events caused further increasing temperature 

facilitate the formation of types B and C DCs through 

types I to IV processes, and the formation of CODs with 

different lattice orientations nearby or surrounded by 

those DCs.  It is the key leading to the transition from the 

hexatic to the liquid phase, which drastically loses the 

orientational order. In essence, the successive intermittent 

emergence of small to large multiscale DCs are the keys 

causing the two-stage solid-hexatic and hexatic-liquid 

melting transitions. The successive emergences of free 

dislocations and free disclinations with increasing 

temperature are just consequences of the multiscale DC 

clusters excitations, instead of the origins for the two-

stage melting transitions, as proposed in the KTHNY 

theory [7-10]  
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