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Abstract:

Electrostatically-defined semiconductor quantum dot arrays offer a promising
platform for quantum computation and quantum simulation. In this talk I will briefly
introduce the basics of quantum-dot spin qubits, and then I will discuss our
experimental works on control, readout, and near-term application of quantum dot
arrays.

First, we demonstrate efficient calibration of tunnel coupling crosstalk in a
quadruple quantum dot array and define a set of virtual barrier gates, with which we
show orthogonal control of all inter-dot tunnel couplings [1]. Next, we report on
cascade-based fast, high-fidelity and scalable spin readout. The cascade consists of an
initial charge transition, far from the sensor, and subsequent charge transitions induced
by Coulomb repulsion, with the final transition nearby the sensor. Combined with spin-
to-charge conversion a cascade enables the readout of charge and spin occupation of
quantum dots remote from the charge sensor [2]. Finally, we used the quadruple
quantum dot array as a quantum simulator for Heisenberg model [3]. For this purpose
we develop several experimental techniques including many-body spin-state
preparation, singlet-triplet correlation measurements, and characterization of the
quantum system with energy spectroscopy and global coherent oscillations. We use
these techniques to tune and probe a homogeneously coupled Heisenberg spin chain
formed in the dot array, and find good agreement between experiment and numerical
simulation. Our works pave the ways for scaling up spin qubit systems and studying
quantum magnetism with quantum dot arrays.
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