Towards a quantum platform using ultracold neutral molecules
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Due to their complex internal structures and strong long-range interactions, diatomic molecules
are expected to be a promising platform for quantum simulations/computations [1,2]. An ideal
quantum platform should be able 1. to manipulate every qubit with perfect freedom and 2. to
entangle any sets of qubits in the system. The rotational states of the molecules trapped in an
optical tweezer array form qubit states with long coherence time. And both global and local
addressing of the qubits can be easily implemented by adjusting the trap depth or polarization
of the individual tweezers.

To achieve the molecular quantum platform, the molecules should be prepared at ultracold
temperatures. One way to cool the molecules is laser-cooling, the workhorse technique to cool
the atoms. Despite the complicated internal structures of molecules, laser-cooling and magneto-
optical traps of molecules have been demonstrated for several species including SrF, CaF, and
YO, reaching temperatures down to 5 uK [3-7].

At Korea University, we aim to first laser-cool MgF molecules and trap them in an optical
tweezer array. MgF has a favorable internal structures for laser-cooling. Moreover, its light
mass and high transition frequency enable efficient cooling of the molecule via photon
scattering. MgF has a large electric dipole moment of 3 Debye, which generates large
interactions between the molecules. In this talk, the overall features of the molecular quantum
platform are summarized, followed by the basic strategy and the current status of building one
using MgF molecules.
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