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Title: Quantum simulation of non-Hermitian physics via a single NV
center in diamond

Abstract:

Nitrogen-vacancy (NV) centers in diamond have emerged as a highly
versatile solid-state platform for quantum sensing, quantum information
processing, and quantum simulation. In this talk, | will first give an
introduction to the NV center system, detailing how we achieve precise
coherent control and engineer non-Hermitian Hamiltonians by
embedding arbitrary non-unitary evolution into a subspace of a larger,

unitary systemm. Based on these techniques, | will present the
simulation of multilevel non-Hermitian phenomena which have no
Hermitian counterparts. | will focus on two main experimental
demonstrations:

1. Eigenvalue braiding and topological transitions!2l. We observe non-

Abelian braiding structures of complex eigenvalues and characterize
their transition by non-Abelian topological invariants.

2. Symmetry-protected high-order EPsl3l. Bypassing the stringent co-

dimension constraints, we utilize symmetries to experimentally stabilize
and observe 3rd-order EP lines in a 2D parameter space.

These results establish single solid-state spins as a powerful and
versatile platform for exploring exotic non-Hermitian topological
physics.

References:

[1]. Yang Wu et al. Observation of parity-time symmetry breaking in a
single-spin system. Science 364, 878 (2019).

[2]. Wang, Y., Wu, Y., Ye, X. et al. Non-Hermitian non-Abelian
topological transition in the S =1 electron spin system of a nitrogen
vacancy centre in diamond. Nat. Nanotechnol. 20, 873 (2025).

[3]. Wu, Y., Wang, Y., Ye, X. et al. Third-order exceptional line in a
nitrogen-vacancy spin system. Nat. Nanotechnol. 19, 160 (2024).

Sincerely,
Yunhan Wang
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