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Abstract
Long-range entangled quantum states of matter exhibit fascinating quantum phenomena and play a
crucial role in reliably protecting and processing quantum information. Despite their importance, such
states may be challenging to find in natural materials. Recent advancements in quantum devices offer a
promising bottom-up approach to engineering quantum matter by implementing controllable quantum
operations on qubits. This new approach also raises a key challenge: how to efficiently prepare long-range
entangled states before qubits decohere due to the noise from environments?

In the first part of the talk, | will introduce a new paradigm for state preparation based on mid-circuit
measurement, an emerging capability of quantum devices. Specifically, | will demonstrate how combining
local measurements, entangling operations, and non-local classical communication enables the efficient
preparation of long-range entangled quantum matter. | will also provide an overview of various ways in
which measurement can be leveraged in this context. In the second part of the talk, | will discuss the
stability of long-range entanglement in thermal environments, exploring how the robustness of quantum
information storage can be understood through the lens of entanglement. Finally, | will highlight new
directions for state preparation on quantum devices and discuss insights into quantum error correction
from an entanglement-based perspective.
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