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Fig. 1. Experiment schemes for protecting four-qubit
using weak measurement and quantum weak measure-

ment reversal.
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Fig. 2. (color online) The fidelity of GHZ states is plot-
ted against the parameters D and p. The red curve re-
spects F' after weak measurement, and the green curve

is the F' before weak measurement.
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Fig. 3. (color online) The fidelity improvement of GHZ states
is plotted against the parameters D and p. The red curve

respects Fimp, and the green curve is zero reference plane.
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Fig. 4. (color online) (a)The fidelity F' of W states be-

fore and after weak measurement, and (b) the fidelity

improvement Fimyp.
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Fig. 5. (color online) (a) The fidelity F' of CL states
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delity improvement Fipyp.
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Fig. 6. (color online) (a) The fidelity F' of separable
states before and after weak measurement, and (b) the

fidelity improvement Fipnp.
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Abstract

Liao Xiang-Ping et al. (Chin. Phys. B 23 020304, 2014) pointed out that the method of weak measurement and
quantum weak measurement reversal can protect entanglement and improve the fidelity of three-qubit quantum state.
We generalize the method of weak measurement to the case of qudit state in this paper. By using the operation of weak
measurement and quantum weak measurement reversal, we investigate the evolution dynamics of fidelity and fidelity
improvement for qudit state under amplitude damping decoherence. We compare two kinds of operations: one is to let
the input qudit state cross the amplitude damping decoherence directly, and the other one is that we first make a weak
measurement operation on the input qudit state, then through the amplitude damping decoherence, finally an operation
of quantum weak measurement reversal is done with the output qudit state. We discuss the GHZ state, W state, CL
state and some special separable states exactly and obtain the analytic expressions of fidelity and fidelity improvement
for qudit state before and after the weak measurement and quantum weak measurement reversal operation. According to
the analytic expressions we plot the evolution curves against its corresponding parameters. The effects of corresponding
parameters are discussed and a susceptible protection region of the qudit state is also given in the context. The results
show that the structure of qudit state is the determined factor to the effect of weak measurement and quantum weak
measurement reversal. There are some different effects on the different structured qudit states. For entangled state, the
fidelity of qudit GHZ state can be protected in a relatively big evolution region, most part of the fidelity improvement
is in the upper part of the zero reference plane. While the fidelity of qudit W state can be improved effectively in
the whole evolution region, which is a perfect protection. The evolution regulations of qudit CL state and Dick state
are between evolution regulations of the GHZ state and W state. When we input some special separable qudit states
which have similar structures to W state, their fidelity and fidelity improvement are almost the same as W state’s. It is
demonstrated that the structure of qudit state is important for the weak measurement in a step. This work is meaningful

for the quantum information process.
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