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We propose a method to design shortcuts to adiabaticity for implementing perfect
quantum state engineering by the combination of the counterdiabatic driving and the
reverse engineering technique. Based on the method, we can design simple schemes
to realize the intended dynamics. For the sake of clearness, we apply this method to
several examples including two-level, three-level and four-level system. We show that
fast quantum state engineering can be realized by utilizing simply-designed auxiliary
Hamiltonian. Furthermore, a suitable choice of the control parameters can eliminate
the additional couplings in the introduced auxiliary Hamiltonian. Numerical simu-
lation reveals that the constructed scheme is reliability and robust against various

dissipation effects and the fluctuations of control parameters in current technology.
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I. INTRODUCTION

Controlling accurately a quantum system is a fundamental task in many areas of quantum
information processing [1-3]. It has generated intense theoretical and experimental interests,
with numerous approaches developed to allow high fidelity quantum state engineering [4-6]
that are robust against dissipation and noise. Among the powerful and interesting strate-
gies [7-9], the quantum adiabatic theorem offers a simple way to prepare and manipulate
quantum states, in principle in a robust way, which are ubiquitous in many physics sys-

tems [10-15]. However, the schemes based on quantum adiabatic theorem will be limited
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