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Non-Hermitian Quantum Systems:

Qubits, Decoherence, Information, 

Entropy and Beyond

The focus of this talk will be on significant recent efforts devoted to non-Hermitian quantum 
phenomena in the context of photonics and related fields. More than 25 years ago it was shown by 
Bender and Boettcher that a non-Hermitian system with balanced gain and loss, or parity-time 
reversal (PT) symmetry, could still possess all eigenvalues as real below a threshold value of gain/loss. 
Subsequently, this prediction was experimentally verified in photonic waveguides and several other 
physical settings. After a pedagogical introduction to the subject, I will provide several examples that 
illustrate a variety of unusual properties of non-Hermitian systems. Specifically, I will consider 
decoherence, entanglement entropy and Fisher information for both PT-symmetric and anti-PT-
symmetric qubits and compare these properties with the corresponding attributes of a Hermitian 
qubit. I will also consider a discrete system, that of a PT-symmetric Kagome photonic lattice, in which 
dispersionless flat bands emerge.  The latter are responsible for long-lived chiral structures and 
localization in the lattice.  Such photonic lattices are beginning to find applications in optical beam 
engineering, image processing and active metamaterials.  Additionally, I will discuss a few other 
examples including the stability of driven non-Hermitian Hamiltonians with different periodicities 
using Floquet theory. Finally, I will emphasize the potential quantum computing and quantum 
information processing applications of non-Hermitian systems. 
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