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Fig. 1. Diagram of Bloch ball representation based on
CHSH inequality. The left and right Bloch sphere represents
the two sub-system A and B, respectively. The relationship
between them is described by a correlation matrix K. j
and g represents the two measurement directions in sys-
tem A, p and t represents the two measurement direc-

tions in system B.
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Fig. 2. The Bloch sphere representation diagram by apply-

ing the correlation matrix K to system B. The Bloch sphere
of system A keep constant. The Bloch sphere of system B is
changed. The correlation between two systems is described

by the unit matrix I.
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Fig. 3. Diagram of elliptic plane when the Bloch sphere of

Cy

system B is changed: (a) The intersection of vector px on
the ellipse is Bj, the intersection of vector tx on the el-
lipse is B2. The red dashed line indicates vector px+tx ,
and the orange dotted line indicates vector px — tx . (b) The
intersection of vector px on the ellipse is C2 , and the in-
tersection of vector tx on the ellipse is C3. The orange
dotted line indicates the maximum expectation value of

Smax .
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Fig. 4. Plot of Smax vs. r under different values of fidelity f.
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Quantum nonlocal test of “X” state based on geometric
interpretation of CHSH inequality”
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Abstract

Quantum nonlocal correlation is one of the important features that distinguish the quantum theory from
classical theory. As a typical quantum mixed state, the study of quantum nonlocal correlation based on the “X”
state is of great importance for the verification of the correctness of quantum theory and the application of
quantum information theory. In this work, with the traditional Clauser-Horne-Shimony-Holt (CHSH) inequality
testing for quantum nonlocal correlations, we propose a strategy for testing the quantum nonlocal correlations
based on the geometric interpretation of the “X” state. By using the geometric interpretation of the “X” state,
which is described by the transform of Bloch sphere, it is possible to investigate the optimal selection of
measurement settings. The maximum value of CHSH inequalities can also obtained from the physical images.
Finally, the range of parameters for a successful quantum nonlocal correlation testing based on the CHSH
inequality for the “X” state is studied. The results show that when f =1, the “X” state will be reduced to a
normal pure entangled state, and the quantum nonlocal correlation testing results are in full agreement with the
traditional ones. This result proves the correctness of the geometric interpretation strategy proposed in this
work. When f < 1, only some of the “X” states can be used for e successfully testing the quantum nonlocal
correlations. It is also found that the range of fidelity values that can successfully test the quantum nonlocal
correlations will be further increased by increasing the values of r. In particular, when r = 1, the range of
fidelity value will reach a largest one (e.g. f > 0.781). The results in this work can provide the reference for

experimentally testing the quantum nonlocal correlation by using the “X” state.

Keywords: quantum nonlocal correlation, X state, CHSH inequality, geometric interpretation
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