High-Precision Simulation of Decoherence Phenomena of Qubits
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Decoherence 1s one of the major obstacles to quantum computation, and extensive numerical studies have been conducted to understand 1t and
contribute to the design of qubits. We provide a method that rigorously describes dynamics of qubits affected by quantum Gaussian noise. Using this
method, we show that the conventional numerical methods based on the perturbation, Markov and Born approximation are insufficient to simulate
dynamics of qubits. We also demonstrate dynamics of single-qubit gate operations under the effects of quantum noise.
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MODEL AND METHOD

» Model: system + reservoir model, H;,; = Hs + Hg + H;. » fp-HEOM: barycentric representation of Sg(w)
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APPLICATION/1) RECENT RESULTS
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» gate operation (single m-pulse about the x axis)

OUTLOOK (ﬁg = hw,0; /2 + hQ(Fx cOsSwyt + 0y sinwyt) /2, V = ho )
s=1 s=1/2 s=1/4 s=1/8 s=1/14

e study of leakage effects during relaxation process and gate operation | different initial states
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a: pa(0) = e P fr{e Plhery
b: p1(0) = trr{pa(0)} ® P’
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* study of decoherence during application of sequences of pulses

e simulations with real spectral noise powers experimentally obtained

* modeling and simulations ot quasiparticle noise ilib f
:equilibrium state o

e simulations of qubit arrays .
q Y the reservoir)

stmulations of optimal control under dissipative conditions



