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Fig. 1. (color online) (a) The trajectories of the point upp (yellow solid line) for mean field model with

different nonlinear interacting strength ¢, the parameter is chosen as v = 0; (b) the time evolution of the
population difference (Ng — Np)/N for the mean-field model.
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(color online) (a) The trajectories of the point u; (yellow solid line) wa (red solid line) for the

two-boson SQ model with different boson interacting strength ¢, the parameter is chosen as v = 0; (b) the

time evolution of the population difference (Ng — Np)/N, Fidelity F and the concurrence C.
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(color online) (a) The trajectories of the point u; (yellow solid line) ug (red solid line) for the

three-boson SQ model with different boson interacting strength ¢, the parameter is chosen as v = 0; (b) the

time evolution of the population difference (Ng — Np)/N, Fidelity F and the concurrence C.
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Abstract

By presenting the quantum evolution with the trajectories of points on the Bloch sphere, the Majorana representation
provides an intuitive way to study a high dimensional quantum evolution. In this work, we study the dynamical evolution
of the nonlinear two-mode boson system both in the mean-field model by one point on the Bloch sphere and the second-
quantized model by the Majorana points, respectively. It is shown that the evolution of the state in the mean-field model
and the self-trapping effect can be perfectly characterized by the motion of the point, while the quantum evolution in
the second-quantized model can be expressed by an elegant formula of the Majorana points. We find that the motions
of states in the two models are the same in linear case. In the nonlinear case, the contribution of the boson interactions
to the formula of Majorana points in the second quantized model can be decomposed into two parts: one is the single
point part which equals to the nonlinear part of the equation in mean-field model under lager boson number limit;
the other one is related to the correlations between the Majorana points which cannot be found in the equation of the
point in mean-field model. This means that, the quantum fluctuation which is neglected in the mean-field model can
be represented by these correlations. To illustrate our results and shed more light on these two different models, we
discussed the quantum state evolution and corresponding self-trapping phenomenon with different boson numbers and
boson interacting strength by using the fidelity between the states of the two models and the correlation between the
Majoranapoints and the single points in the mean-field model. The result show that the dynamics evolution of the
two models are quite different with small boson numbers, since the correlation between the Majorana stars cannot be
neglected. However, the second-quantized evolution and the mean-field evolution still vary in both the fidelity population
difference between the two boson modes and the fidelity of the states in the two models. The difference between the
continuous changes of the second quantized evolution with the boson interacting strength and the critical behavior of the
mean-field evolution which related to the self-trapping effect is also discussed. These results can help us to investigate

how to include the quantum fluctuation into the mean-field model and find a method beyond the mean field approach.

Keywords: Majorana representation, self trapping, mean-field approach
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