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Fig. 1. A bipartite entangled quantum state pap, is ini-
tially shared by Alice and the first Bob (B1). B1 performs

his measurement on his part and then passes it to the

second Bob (Bg2). The post-measurement state is pagp,-
Then, By measures pap, on his part and passes it to Bg

and so on.
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Abstract

The problem of sharing quantum correlations is an interesting problem in the study of quantum
information theory. Silva et al. proposed the study of sharing quantum nonlocality at first. They studied the
fundamental limits on nonlocality, asking whether a single pair of entangled qubits could generate a long
sequence of nonlocal correlations. At the same time, the sequential scenario was also introduced first, in which
Alice and Bob each have half of a pair of entangled qubit states. The first Bob measures his half and then
passes his part to a second Bob who measures again and so on. Obviously, even partial preservation of
entanglement in a shared state in spite of a few sequences of local operations performed by the sharing parties
can be important for information processing schemes in which entanglement is utilized as a resource. Thus, the
problem of sharing quantum entanglement has also been extensively investigated. Recently, Srivastava et al.
proved that there exist a class of T-states whose entanglement can be shared by arbitrarily many independent
observers in [Phys. Rev. A 2022 105 062413]. Here, we want to find whether there are other entangled states
that can be shared entanglement arbitrarily many times. In this paper, we consider the problem of sharing
quantum entanglement when the initial shared state is a two-qubit entangled Werner state. The goal is to
maximize the number of Bobs that can share entanglement with a single Alice. By suitably choosing the
entanglement witness operator and the unsharp measurement settings by the Bobs, we prove that there exist
two-qubit entangled initial shared Werner states whose entanglement can be detected by arbitrarily many
sequential observers Bobs with a single Alice. Then, we also consider the special case of the Werner state, that
is, the maximally entangled state as the initial shared state. In this case, its entanglement can also be witnessed

arbitrarily many times, and the number of Bobs increases with the decrease of parameter.
Keywords: entanglement witness, Werner state, sharing quantum entanglement
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