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Research summary in 2018

1 A new strategy to construct exactly solvable models of quantum two-level systems with time-dependent
Hamiltonians, proposed in 2014, has been applied to a few physical systems.
First, it is applied to a system of two coupled spins under controllable or fluctuating time-dependent
magnetic fields that preserve the total spin. In this case, each eigenspace of total spin is dynamically
invariant and the Hamiltonian of the total system restricted to any one of such eigenspaces possesses the
SU(2) structure of the Hamiltonian of a single fictitious spin under the same total magnetic field. Such
a reducibility has been shown to hold regardless of the time dependence of the externally applied field as
well as of the statistical properties of the noise. The time evolution of the joint transition probabilities
of the two spins between two prefixed factorized states is analytically estimated, bringing to light
peculiar dynamical properties. When the noise-induced non-unitary dynamics of the two coupled spins
is properly taken into account, analytical expressions for the joint Landau—Zener transition probabilities
are obtained.
Second, the exact quantum dynamics of a single spin-1/2 in a generic time-dependent classical mag-
netic field are investigated and compared with the quantum motion of a spin-1/2 studied by Rabi and
Schwinger. The possibility of regarding the scenario studied here as a generalization of that considered
by Rabi and Schwinger is discussed and the notion of a time-dependent resonance condition is introduced
and carefully legitimated and analyzed. Several examples help to disclose analogies and departures of
the quantum motion induced in a generalized Rabi system.
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2 Transition amplitudes between instantaneous eigenstates of a quantum two-level system are evaluated
analytically on the basis of a new parametrization of its evolution operator, which has recently been
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proposed to construct exact solutions. In particular, the condition under which the transitions are
suppressed is examined analytically. It is shown that the analytic expression of the transition amplitude
enables us, not only to confirm the adiabatic theorem, but also to derive the necessary and sufficient
condition for quantum two-level system to remain in one of the instantaneous eigenstates.
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