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Fig. 1. The overall flowchart of the protocol. The quantum sequences marked in red are the sequences that the participants retain

during the transmission stage, and the quantum sequences marked in blue are the sequences to be sent in the transmission rounds of

different participants during the transmission phase.
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Fig. 2. The protocol flow when a receiver withdraws, the quantum sequences marked in red are the sequences that the participants

retain during the transmission stage, and the quantum sequences marked in blue are the sequences to be sent in the transmission

rounds of different participants during the transmission phase.
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Fig. 3. The protocol flow when a new receiver joins, the quantum sequences marked in red are the sequences that the participants

retain during the transmission stage, and the quantum sequences marked in blue are the sequences to be sent in the transmission

rounds of different participants during the transmission phase.
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Table 1.  Compare the protocols in Refs. [25-29] with our protocol.
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WA AL AR AR Bt BellZs AP GHZZS BellZs Bell BRI 5751

by UG No No No No No No
IR AT A R AR No Yes Yes Yes No Yes
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Abstract

Quantum secret sharing (QSS) is a cryptographic protocol that utilizes fundamental principles of quantum
mechanics to securely distribute and reconstruct secret information among multiple participants. Most existing
protocols rely on entangled states (such as Bell and GHZ states), but in practical applications. The preparation
of entangled state is constrained by a short quantum coherence time, low state fidelity, etc., which makes it
difficult to implement entangled resource-dependent QSS protocols. In this work, a novel practical and verifiable
multi-party QSS protocol is proposed based on orthogonal product states, which are easier to prepare than
entangled states. During the protocol preparation stage, the secret distributor first converts pre-shared classical
secret information into the corresponding orthogonal product states according to the encoding rules, and pre-
shares a communication key with participants via quantum key distribution (QKD), which is used to hide the
initial quantum sequence information through subsequent particle transformation operations. After preparing
the orthogonal product states, the distributor reorganizes the particles by position, extracting particles at the
same position from each state to form new sequences, shuffling their order, then applying Hadamard operations
using a pre-shared key, inserting decoy particles, and sending the sequences to the participants. After receiving
it, participants conduct eavesdropping detection, use the same key for the inverse transformations, retain one
particle from each sequence, and sequentially pass the remaining particles until the last participant receives a
complete set, triggering state verification with the arbiter distributor. If the wverification is successful, the
particles will be returned to the first participant and the return stage will follow the same procedure. Only after
both the transmission and return stage verifications have passed, will the distributor reveal the initial particle
positions, allowing participants to collaboratively reconstruct the secret. In the protocol, the secret distributor
acts as an arbitrator to verify the particle state information together with participants at designated points (the
end of the transmission stage and the end of the return stage) in order to determine whether the particle-state
information is error-free during transmission. If the verification fails at either stage, the protocol will be
terminated immediately. Meanwhile, considering that the number of participants may change during the
execution of the protocol, a dynamic scheme for personnel changes is designed to ensure the flexibility of the
protocol. Through the analysis of possible internal and external attacks, It can be proven that our protocol can
effectively resist the existing common attack. Using Qiskit simulation experiments, the core quantum procedures
of the protocol can be successfully modeled. The experimental results provide strong computational validation of

the theoretical feasibility of the protocol.
Keywords: quantum secret sharing, verifiable, orthogonal product state, dynamic change
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