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Coherent excitation is a fundamental step for quantum state preparation, underlying most of the actual imple-
mentations in quantum information and quantum control in atoms, molecules and nano-devices. Most quantum
systems have complex energy level structures but under certain limits their dynamics can be well described by
a few separated energy levels. In this regard, the two-level system (TLS) represents a particularly simple and
well-adapted system to represent a qubit and to describe elementary control processes.

Successful experimental demonstration of well-pronounced Rabi oscillations in a prospective system
is one of the crucial requirements which must be satisfied to add this system to the list of po-
tential candidates for serious consideration in quantum information processing. The reason behind
this is that Rabi oscillations provide a clear and well-understood method to design and implement
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FIG. 1: Schematic of the states in the symmetric (a) and asym-

metric (b) arrangement. Population of the target state |0′〉 as a

function of the pulse area, S0, (c) symmetric case, (e) asymmetric

case. Corresponding density plots of the target state population as

a function of the pulse area, S0, and δ are shown in (d) and (f)

panels.

the universal set of single qubit gates for quantum
computation. At the same time, long lasting Rabi os-
cillations show the coherence in the examined system
and allow us to estimate decoherence effect. Addi-
tionally, Rabi oscillations under resonance condition
give us a direct way to measure the transition dipole
moment.

Interaction of the TLS with electro-magnetic field
is well described in the many text books and pro-
vide very important intuition to analyze interaction
of more complex, multi-level system with light. An-
alytic solution of the Schrödinger or density matrix
equation (to account for decoherence) in simple sce-
nario of exact resonance between the TLS transition
frequency and the frequency of the external field has
been studied for a long time, and it is often called
the pulse-area solution or pulse-area control method
in quantum optics and laser spectroscopy.

In principle, one may expect that by increasing the
complexity of the system, it will be more difficult to
control the flow of population, as more channels be-
come open and more effective detunings modulate the
Rabi oscillations. Indeed one of the main problems
to construct quantum machines (e.g. quantum com-
puters) is the ability to isolate TLS and then couple
these structures in a very controlled way.

In this work, however, we show that there are very
general classes of structures, slightly more complex
than the TLS, where the additional states work as
ancillas to enhance the robustness of the population
transfer (see example in Fig.1). Using adiabatic ap-
proximation we have obtained analytic solution of the
Schr ödinger equation and described the population
dynamics in n+one level systems depending on the symmetry of the excitation arrangements: symmetric, Fig. 1(a),
and asymmetric, Fig. 1(b). The mechanism of abnormal Rabi oscillations has clear explanation in the dressed
state picture.


