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Semiclassical quantization of non-
Hermitian multidimensional systems 
using Hamilton-Jacobi equation 1 

Asiri Nanayakkara 

Abstract: The Hamilton-Jacobi equation of motion is solved in action variables for non-
Hermitian systems. Both real and complex semiclassical eigenvalues are obtained that make 
action variables into integers. This study shows, regardless of the existence of periodic or 
quasi-periodic classical trajectories, Hamilton-Jacobi methods can be applied to quantize 
some complex non-Hermitian systems with a good accuracy. 

PACS Nos.: 23.23.+X, 56.65.Dy 

Resume: Nous solutionnons les equations de Hamilton-Jacobi en fonction des variables 
d'action pour des systemes non hermitiques. Nous obtenons les valeurs propres semi-
classiques reelles et complexes donnant des valeurs entieres aux variables d'action. Cette 
6tude montre que, sans regard a l'existence de trajectoires periodiques ou quasi-periodiques, 
la m6thode de Hamilton-Jacobi peut etre utilisee pour quantifier certains systemes complexes 
non hermitiques avec une bonne precision. 

[Traduit par la Redaction] 

1. Introduction 
Semiclassical investigations of non-Hermitian complex Hamiltonian systems are important from 

both a fundamental and a practical point of view. In the first place, they expose important clues hidden 
in the correspondence between classical and quantum mechanics. Secondly, they provide powerful 
tools for the calculations of highly excited energy spectra of multi-dimensional complex systems. Since 
the classical trajectories of complex Hamiltonians generally lie in complex phase space, one needs 
to deal with complex versions of real dynamical quantities that are used in the classical mechanics 
of real Hermitian systems. In this study, we assume that the Hamiltonian and the canonical variables 
are complex quantities. Use of complex classical quantities in semiclassical quantization methods for 
real Hermitian systems is not uncommon. One-dimensional quantum action variable theory [1-3], 
semiquantum action variable theory [4], and semiclassical quantization with complex trajectories [5] 
are a few examples. With these methods, real eigenvalues of both Hermitian and non-Hermitian systems 
can be found. 

In this paper, we study both periodic and nonperiodic complex systems that are non-Hermitian. 

Received 21 March 2007. Accepted 26 June 2007. Published on the NRC Research Press Web site at 
http://cjp.nrc.ca/ on 26 November 2007. 

A. Nanayakkara. Institute of Fundamental Studies, Hanthana Road, Kandy, Sri Lanka 
(e-mail: asiri@uwu.ac.lk). 

'This paper is published without the benefit of author correction. 

Can. J. Phys. 85: 1481-1490 (2007) doi: 10.1139/P07-119 © 2007 NRC Canada 

http://cjp.nrc.ca/
mailto:asiri@uwu.ac.lk

