DMNN NOTIAY Apnnn
2112 M2-]2 NOONMIIN

Department of Materials Engineering
Ben-Gurion University of the Negev

239737 NOTIT — INPOIM 100

SNPSBAR MIMA0 NNTA YNTIR 2017
,7"swn Ra 'm, 2024 58»a 16,57 2192 2PNt TR
15 298 51 ™322,11:00 mywa

Simulation, control and sensing in open quantum systems

Prof. Nir Bar-Gill
Applied Physics and Physics, The Hebrew University

The study of open quantum systems and their applications in quantum information, simulation
and sensing has gained significant interest over the past several years.

In this talk | will address these topics through the platform of nitrogen-vacancy (NV) spins in
diamond, which have emerged as well-controlled quantum systems, with promising
applications ranging from quantum information science to magnetic sensing. I will first briefly
introduce the NV center system, as well as the experimental methods used for measuring NVs
and controlling their quantum spin dynamics. | will then detail our work in the context of bath
characterization, purification (or cooling) of a spin bath as a quantum resource and for
enhanced metrology and sensing.

I will describe our work in using NV-based magnetic microscopy to implement quantum
sensing in various modalities. Demonstrations of NV sensing capabilities will include
measurements of 2D vdW magnetic materials, and specifically the phase transition of FGT
through local imaging of magnetic domains in flakes of varying thicknesses [1], as well as a
technique for sensing radical concentrations through the change in the charge state of shallow
NVs ([2], in collaboration with Uri Banin). | will then describe our study of VB creation in
hBN through ion implantation, stressing the dependence on flake thickness and sample
preparation details, with the goal of enabling integrated sensing devices [3].

If time permits, | will also describe our research on characterizing noise using robust
techniques for quantum control ([4], in collaboration with Ra’am Uzdin). This approach
suppresses sensitivity to coherent errors while enabling noise characterization, providing a
useful tool for the study of complicated open quantum systems, with the potential for
contributions to enhanced sensing. | will then present a general theoretical framework we
developed for Hamiltonian engineering in an interacting spin system [5]. This framework is
applied to the coupling of the spin ensemble to a spin bath, including both coherent and
dissipative dynamics [6]. Using these tools, | will present a scheme for efficient purification of
the spin bath, surpassing the current state-of-the-art and providing a path toward applications in
guantum technologies, such as enhanced MRI sensing.
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