MODELING the DYNAMICS of SPIN QUBITS in the PRESENCE of STOCHASTIC IMPACT of LATTICE in the SEMICLASSICAL APPROXIMATION
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The isotropic interaction of two nuclear spins ½ (A and B) under the influence of the environment (lattice) is considered. The lattice motions leading to dissipative and decoherentizing processes are described by random local magnetic fields, which in the proposed model are generated using the original method of a virtual paramagnetic particle.
The resonant frequencies of the spins in a constant magnetic field that forms the energy levels of the qubits are equal to 
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. The interaction energy of the spins in frequency units is equal to 
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 In the first order of perturbation theory in parameter 
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, a closed system of evolutionary equations is obtained for the polarization vectors of individual spins 
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Magnetic fields 
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 contain both external components acting on both spins: a constant magnetic field; control radio pulses at resonant frequencies, the duration of which is specified by the corresponding cyclogram; a stabilizing field that counteracts dissipative processes, in the form of continuous pulses directed perpendicular to the quantization axis [2,3], - as well as local disturbances, individual for each spin.

Based on the evolution equations, a computer model was created in Simulink. The block diagram of the model is shown in Fig. 1. In the absence of coupling between spins, the model allows one to study the dynamics of individual qubits and single-qubit operations. When modeling a two-qubit CNOT operation, spin A is the control spin, and spin B is the target spin.

The numerical experiments showed that the created computer model adequately describes the dynamics of single-qubit and two-qubit operations, allows to estimate the values of errors in quantum calculations caused by lattice movements. It is shown that the stabilizing impact in the form of magnetic field pulses in the direction orthogonal to the constant field is effective both in storing data before and after quantum computing operations are completed.
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Fig. 1. Block diagram of the model of two interacting spins ½
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