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PT-symmetric tight binding lattice model

l Tight binding lattice models are simple ways to 
study quantum systems.

l Matrix representations of the Hamiltonians makes it 
easy to numerically eigenvalues and eigenvectors.

l PT-symmetric systems are characterized by 
spatially separated, mirror symmetric gain-loss 
(imaginary onsite potentials) sites. 

l These systems can be realised in a photonic setting 
such as waveguide arrays or coupled resonators.

[K S Agarwal, R. K. Pathak, Y. N. Joglekar Phys. Rev. A 97, 042107], 2018



A short introduction to PT-symmetric quantum mechanics

• Exceptional point
• Degeneracy of the energies!

AND 
• Eigenstate are parallel!



PT-symmetric Kitaev chain

l The Kitaev chian is a celebrated toy model of a one dimensional, p-wave 
superconducting chain with N sites and open boundary conditions is described 
by the following Hermitian Hamiltonian.

• (𝑐𝑛) : fermionic creation (annihilation) operators for site ‘n’ 
• 𝜇 : on-site potential
• J : nearest-neighbor hopping strength
• 𝛿 : amplitude of the (p-wave) superconducting coupling for a Cooper pair that is 

localized across neighboring sites



PT-symmetric Kitaev chain

• We rewrite this equation using the Bogoliubov-de Gennes representation in 
terms of the operator-vector as 

• So we have                            , where the 2N X 2N matrix H BdG in the site-
representation is given by



PT-symmetric Kitaev chain

• We add Imaginary potentials on reflection symmetric sites

• The Parity operator         

• Time reversal operator        

• A potential realization of our lattice model could be done with coupled optical resonators



PT-symmetric Kitaev chain : band 
structure

l We look at (a slightly unconventional) the band structure (even chain)… 



PT-symmetric Kitaev chain : PT Threshold 
(even chain)



PT-symmetric Kitaev chain : PT Threshold 
(odd chain)



PT-symmetric Kitaev chain : EP lines and 
reentrant PT phases

• To map out the EP contours 
numerically in the 𝛿 − 𝛾 plane, we 
use the (Dirac) inner-product matrix 

• where          is the (Dirac)-normalized 
right eigenvector of        with 
eigenvalue   

• Note that the off-diagonal entries of 
inner-product matrix are bounded by 
one, i.e.



Conclusion

• We have investigated the dependence of location of the gain-loss on the PT-threshold.

• The threshold profile is rich, with persistent differences between even and odd parity lattices.

• For an even chain with edge gain-loss potentials and 𝛿 ≳ 1, we find re-entrant PT -symmetric phase, 
and PT–phase boundaries that contain both second and third order EPs. 

• Potential realizations of this lattice could be done with coupled waveguide arrays or optical resonators.



Thank you!




