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Fig. 1. (color online) von Neumann entropy as a func-
tion of § for the truncation dimensions x = 8, 16,
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entropy Seven-
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Fig. 2. Ground sate fidelity per lattice site d(d1,d2) as
a function of é; for the truncation dimension x = 32:
(a) 92 = 0; (b) 62 = 1. Insert: the first derivation of
the Ground state fidelity per lattice site d(d1, d2).
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Abstract

The characterization of the quantum phase transition in a lowdimensional system has attracted a considerable
amount of attention in quantum manybody systems. As one of the fundamental models in quantum magnetism, spin-1
models have richer phase diagrams and show more complex physical phenomena. In the spin-1 antiferromagnetic X X Z
model, the Haldane phase and the Néel phase are the gapped topologic phases which cannot be characterized by the
local order parameters. To characterize the nature in such phases, one has to calculate the non-local long range order
parameters.

Normally, the non-local order parameter in the topological phase is obtained from the extrapolation of finite-sized
system in numerical study. However, it is difficult to extract the critical exponents with such an extrapolated non-local
order parameter due to the numerical accuracy. In a recently developed tensor network representation, i.e., the infinite
matrix product state (iMPS) algorithm, it was shown that the non-local order can be directly calculated from a very
large lattice distance in an infinite-sized system rather than an extrapolated order parameter in a finite-sized system.
Therefore, it is worthwhile using this convenient technique to study the non-local orders in the topological phases and
characterize the quantum criticalities in the topological quantum phase transitions.

In this paper, by utilizing the infinite matrix product state algorithm based on the tensor network representation
and infinite time evolving block decimation method, the quantum entanglement, fidelity, and critical exponents of the
topological phase transition are investigated in the one-dimensional infinite spin-1 bond-alternating X X Z Heisenberg
model. It is found that there is always a local dimerization order existing in the whole parameter range when the
bond-alternative strength parameter changes from 0 to 1. Also, due to the effect of the bond-alternating, there appears
a quantum phase transition from the long-rang ordering topological Néel phase to the local ordering dimerization phase.
The von Neumann entropy, fidelity per lattice site, and order parameters all give the same phase transition point at
0. = 0.638.

To identify the type of quantum phase transition, the central charge ¢ ~ 0.5 is extracted from the ground state
von Neumann entropy and the finite correlation length, which indicates that the phase transition belongs to the two-
dimensional Ising universality class. Furthermore, it is found that the Néel order and the susceptibility of Néel order
have power-law relations to |§ — d¢|. From the numerical fitting of the Néel order and its susceptibility, we obtain the
characteristic critical exponents 5’ = 0.236 and 7' = 0.838. It indicates that such critical exponents from our method
characterize the nature of the quantum phase transition. Our critical exponents from the iMPS method can provide

guidance for studying the properties of the phase transition in quantum spin systems.

Keywords: quantum phase transition, quantum entanglement, topological phase, critical exponent

PACS: 03.67.—a, 03.65.Ud, 03.67.Hk DOTI: 10.7498/aps.66.120301

* Project supported by the National Natural Science Foundation of China (Grant No. 11504283).

1 Corresponding author. E-mail: wanghl@cgmu.edu.cn

120301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.120301

	1引    言
	2模    型
	3iMPS数值算法
	4数值模拟
	4.1 量子纠缠
	Fig 1

	4.2 量子单位格点保真度
	Fig 2

	4.3 序参量
	Fig 3

	4.4 临界指数
	Fig 4
	Fig 5


	5结    论
	References
	Abstract

