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Data of the numerical solution of the time-dependent Schrödinger equation of a system containing
one spin-1/2 particle interacting with a bath of up to 32 spin-1/2 particles is used to construct a
Markovian quantum master equation describing the dynamics of the system spin. The procedure
of obtaining this quantum master equation, which takes the form of a Bloch equation with time-
independent coefficients, accounts for all non-Markovian effects in as much the general structure of
the quantum master equation allows. Our simulation results show that, with a few rather exotic
exceptions, the Bloch-like equation with time-independent coefficients provides a simple and accurate
description of the dynamics of a spin-1/2 particle in contact with a thermal bath. A calculation of
the coefficients that appear in the Redfield master equation in the Markovian limit shows that this
equation yields a rather poor description of the original data1.
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Fig. 1: (color online) Simulation data for a bath with NB = 32 spins prepared at β = 1 and system-bath
interaction λ = 0.1. The model parameters are: hx

B = hz
B = 1/8, K = −1/4, and ∆ = 1. Left and middle figure

show TDSE data (solid lines) and QMEQ data (solid circles). Left: initial state |x⟩|ϕ⟩; middle: initial state
|y⟩|ϕ⟩; right: the error emax(kτ). The data obtained with the initial state | ↑⟩|ϕ⟩ is very similar as the data
obtained with the initial state |y⟩|ϕ⟩ and are therefore not shown.
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