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Chapte r "MetastabIe Quantum Phase trans it ions ina One-D imens ionaI Bose" in "Understanding Quantum Phase
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This study aimed at assessing the emergence of entanglement and its role as a measure to characterize critical phenomena. I 
addressed a system of one-dimensional Bose gas with contact interactions. The atoms form a Bose-Einstein condensation in the 
weak coupl ing I imit, and undergo a quantum phase transition between a homogeneous state and local ized sol iton(s) by the change 
of the inter atomic interaction. This transition is known to be the second order in the thermodynamic I imit. The number of modes 
in this system is three at lowest. There is, however, no unique method to quantify such a multimode entanglement. In this study 
I quantified the entanglement with the use of two different measures: namely, von Neumann entropy and Q measure (average of 
I inear entropies). The results obtained by two measures were qual itatively agreed: the entanglement significantly increases 
in the IocaIized phase. Furthermore, the second der ivat ive of the entang Iement measure is found to diverge at the quantum cr it i ca I 
point as N increases, just like the second der ivat ive of the ground-state energy. Through th is study, it is convinced that the 
entanglement, in addition to the energy structure of low-lying states, characterizes critical phenomena. In particular, this 
measure reveals quantum effects that canno t be described in classical or one-body theories. 


