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Table 1 Comparison of entanglement detection properties of charac-
teristic criterion, realignment criterion and improved correlation matrix
criterion

PPTES k PChar PCCNR PMCM
Pyramid 5 0.8676 0.8785 0.8722
Tiles 5 0.8825 0.8897 0.8824
5,5) 6 0.9610 0.9816 0.9669
(6,6) 7 0.9906 0.9828 0.9864
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Figure1 (Color online) Entanglement properties of classes (7,6), (7.5),
(6,5) of 3 x 3 PPT entangled states. All the three classes have the same
noise tolerance performance. The criteria of characteristic function and
realignment coincide with each other for the separability of these states.
In the figure, the ordinate p represents the fraction of PPT entangled state
in the mixture which is detected to be just separable by the two criteria.

The abscissa is the state parameter s € (0, 1). Solid line is for realignment
criterion, the points are for characteristic criterion.
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Figure 2 (Color online) Entanglement properties of Horodecki 3 x 3
PPT entangled states. In the figure, the ordinate p represents the fraction
of PPT entangled state in the mixture which is detected to be just sepa-
rable by the two criteria. The abscissa is the state parameter s € (0, 1).

Solid line is for realignment criterion, the points are for characteristic
criterion.
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Quantum separable criterion based on characteristic
function

CHEN XiaoYu" & JIANG LiZhen

School of Information & Electronic Engineering, Zhejiang Gongshang Uniersity, Hangzhou 310018, China

Entanglement is the most important feature of quantum information science and it is closely related to the foundation of
quantum mechanics. To determine a given bipartite quantum state to be entangled or not is by no means easy. We propose
a separable criterion for bipartite quantum states based on their characteristic function or characteristic matrix. We use
local filtering transform and local rotation transform to simplify the characteristic matrix, while keeping the positivity
and entanglement property of the quantum state invariant. The development of Heisenberg-Weyl matrix basis makes the
transforms possible. The local transforms greatly reduce the number of none-zero elements of characteristic matrix. The
new criterion of separability then is constructed on the none-zero elements. We compare the entanglement detecting
properties of our criterion with realignment criterion and modified correlation matrix criterion on 3 X 3 bound entangled
states. It is shown that our criterion is better than realignment criterion for most of the states.
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