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Fig. 1. (color online) Trajectory of time evolu-
tion of the reduced density matrix of the system in
Bloch space. The initial state is specified by r(0) =
(0,1/2,4/3/2); the spectral density of the reservoir is
given by Eq. (4) with parameters n = 0.08, s = 5.5,

and we = 0.3wg.
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Fig. 2. (color online) (a) Graphic method to Eq. (10), in which w1 = 0.9wq, w2 = 2wp; (b) Trajectory of the

excited-state amplitude ¢(too) on the complex plane under long-time evolution, where 7, = 0.3, w1 = 0.9wo,

w2 = 2wo.
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Phenomena of limit cycle oscillations for non-Markovian
dissipative systems undergoing long-time evolution®
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(Department of Physics, Sichuan University, Chengdu 610065, China)
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Abstract

Understanding the non-Markovian dynamics of dissipative processes induced by memory effects of the environment
is a fundamental subject of open quantum systems. Because of the complexity of open quantum systems, e.g., the multiple
energy scales involving that of the system, the environment, and their mutual coupling, it is generally a challenging task
to characterize the relationship among the parameters of the system dynamics and the reservoir spectra. For the two-level
spontaneous emission model within structured environments, it was shown in a recent literature (Opt. Lett. 38, 3650)
that a functional relation could be established between the asymptotically non-decaying population and the spectral
density of the reservoir as the system undergoes a long-time evolution. It hence renders a distinct perspective to look
into the character of long-lived quantum coherence in the corresponding non-Markovian process. This article is devoted
to further investigate the phenomena of limit cycle oscillations possibly occurring in such non-Markovian dissipative
systems in a long-time evolution. For a two-level system subjected to an environment with Ohmic class spectra, due to
the presence of a unique bound-state mode of the system, the evolution trajectory of the given initial states will converge
to a limit cycle in the Bloch space. The dependence of the radius and the location of the limit cycle on the spectral
density function of the reservoir are manifested by virtue of the described functional relation. For the model subjected
to a photonic crystal environment with multiple bands, our studies reveal that, owing to the presence of two or more
bound states, the evolution trajectory of the system will converge to a toric curve of a paraboloid in the Bloch space
and the phenomena of periodic or quasi-periodic oscillations could exhibit. While the equation of the parabolic curve
is fully determined by the initial values of the state vector in the Bloch space, our results reveal that the scope of the
evolution trajectory inside the toric curve is related to the spectral density of the reservoir and their quantified relation
is distinctly characterized. Finally, the asymptotic dynamics of the correlations of a two-qubit system is discussed when

it is subjected locally to the non-Markovian dissipative process.
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