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Abstract: Quantitatively characterizing the entanglement properties of multipartite quantum states is a key issue in the field of quan-
tum information. In this work, we employ the Kullback-Leibler (KL) relative entropy to quantitatively study the entanglement charac-
teristics of multi-particle Greenberger-Horne-Zeilinger (GHZ) states under rotational operations. Analytical expressions for the KL rel-
ative entropy of N-particle GHZ states are obtained through collective rotation operations and parity measurements of quantum states.
It is found that the maximum value of the KL relative entropy can be obtained when the parameters in the rotation operations and parity
measurements satisfy a phase 6 of w2 and a phase difference (p-6) of kn. Singularities of the KL relative entropy occur when the phase
@ is 0 or 7, and the positions of other singularities depend on the decomposition structure. Furthermore, by optimizing the selection of ¢
values, the maximum KL relative entropy of decomposed structure states of GHZ states from 3 to 8 particles is studied.
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Fig.1 Schematic diagram of quantum state coding and parity
measurement direction

The blue arrow indicates the direction of parity measurement, and

¢ refers to any angle on the plane of ¢ = n/2; The initial GHZ
state (green arrow) arrives ‘ (o )>state (gray dashed arrow) after

coding angles ¢ around the collective spin direction J..
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