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Fig. 1. Negativity of MS state as a function of ¢t and
6 without control pulses, v = 1000.
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Abstract

Entanglement is a vital resource for many quantum information processes. However, the unavoidable interaction
between quantum system and its environment will lead to quantum decoherence. So protecting remote entanglement
against decoherence is of great importance for realizing quantum information and quantum communication. In fact,
there are many types of decoherences. Besides the depolarization and phase damping, amplitude damping is a typical
decoherence mechanism. If we monitor the environments to guarantee that no excitation escapes from the system, the
amplitude damping is modified into a weak measurement induced amplitude damping of the system. Amplitude damping
decoherence can affect both single-qubit quantum states and multipartite entangled states. However, in most of previous
quantum state protection schemes, the authors only pay attention to the single-qubit system or two-qubit system.
Compared with bipartite entangled states, multipartite entangled states possess many advantages, but the entanglement
property of multipartite entangled state is much more complicated than bipartite entanglement, so bipartite entanglement
reversal (protection) scheme may not be suitable for multipartite case. Thus, in this paper, according to local pulse
series and weak measurement, we propose an effective scheme for protecting two multipartite entangled states against
amplitude damping, and these two multipartite states are Cluster state and maximal slice (MS) state. Cluster state and
MS state are two typical classes of multipartite entangled states, which play important roles in quantum computation
and communication, respectively. These two states cannot be converted into each other with local operation and classical
communication. Owing to its good operational and computable properties, here we choose “negativity” as a measure
to quantify the multipartite entanglement. For the case of MS sate, no matter what the initial parameter is, when
the local pulses are exerted on all qubits, the entanglement can be fixed around the entanglement of the initial state.
Similarly, in the four-qubit cluster state case, if a series of flip operations is exerted on all qubits, it is shown that the
multipartite entanglement can be recovered to the maximum 1.0. All these results show that this protocol can protect
remote multipartite entanglement effectively. The physical mechanism behind this scheme is that the weak measurement
combining with flip operation can balance the weight of different terms of the state, and move the entanglement toward
the initial value. To summarize, our scheme is much simpler and feasible, which may warrant its experimental realization.

Moreover, our scheme could be extended to protect other multipartite states.
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