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Abstract

A semiclassical path-integral algoritam for propagating the reduced density matrix of a quantum-particle coupled to
a harmonic bath with an arbitrary temperature and distribution of timescales is developed. Using a canonical
transformation of the action in Liouville space, a unique prescription is provided for constructing collective bath
coordinates for a given nuclear spectral density. The number of relevant collective coordinates depends on the structure
of the spectral density and increases at lower temperatures. ¢ 1998 Elsevier Science B.V. All rights reserved.
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The motion of a quantum-particle interacting
with a harmonic bath is of considerable interest,
with a broad range of applications including tun-
neling in semiconductor devices [1,2], biological
long-range electron and energy transfer [3-9]
chemical and nuclear reactions [10], nonadiabatic
transitions [12-14] and nonlinear femtosecond
spectroscopy of dyes in liquids [1£,16]. Path inte-
gral techniques developed by Feynmann [17-19]
and Caldeira-Leggett [20,21] allow a rigorous for-
mal elimination of the bath degrees of freedom, and
result in a reduced description for the particle coor-
dinates alone. However, evaluating the necessary
path integrals using the resulting ncnlocal action in
the particle’s phase space remains 2 complex task.
The problem is simplified considerably when all
bath correlation times are fast compared with the
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relevant particle motions, and the temperature is
sufficiently high. In this case, one may use the
simple model of Ohmic spectral density for the bath
J(w) = Myw, the action becomes local, and the
particle dynamics may be described using a Fok-
ker—Planck equation. Many applications of the
theory have been therefore made in this limit.
NonOhmic spectal densities have been incorpor-
ated in the instanton theory of dissipative tunneling
[22,23] (see also Ref. [24] for an excellent overview
of the reaction-rate theory). However, the approach
of Ref. [22,23] is based on the assumption that the
system (which includes the bath as well) remains in
thermal equilibrium. Deviations from thermal
equilibrium can be accounted for using the ap-
proach introduced by Larkin and Ovchinnikov
[25] and later pursued by several authors. How-
ever, the deviation is the result of a competition
between bath-induced equilibration inside the






