Heriot-Watt University
Research Gateway

Pseudo-magnetic monopole and antimonopole in PT -symmetric
coupled waveguides
Citation for published version:
Hayward, R & Biancalana, F 2019, Pseudo-magnetic monopole and antimonopole in PT -symmetric
coupled waveguides. in CLEO: Applications and Technology 2019., JW2A.42, OSA Publishing, CLEO:
Applications and Technology 2019, San Jose, United States, 5/05/19.
https://doi.org/10.1364/CLEO_AT.2019.JW2A.42

Digital Object Identifier (DOI):
10.1364/CLEO_AT.2019.JW2A.42
Link:
Link to publication record in Heriot-Watt Research Portal
Document Version:
Peer reviewed version

Published In:
CLEO
Publisher Rights Statement:
© 2019 Optical Society of America. One print or electronic copy may be made for personal use only. Systematic
reproduction and distribution, duplication of any material in this paper for a fee or for commercial purposes, or
modifications of the content of this paper are prohibited.

General rights
Copyright for the publications made accessible via Heriot-Watt Research Portal is retained by the author(s) and /
or other copyright owners and it is a condition of accessing these publications that users recognise and abide by
the legal requirements associated with these rights.
Take down policy
Heriot-Watt University has made every reasonable effort to ensure that the content in Heriot-Watt Research
Portal complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact open.access@hw.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 09. Jan. 2023

Pseudo-Magnetic Monopole and Antimonopole
in PT -Symmetric Coupled Waveguides
Rosie Hayward and Fabio Biancalana
School of Engineering and Physical Sciences, Heriot-Watt University, EH14 4AS Edinburgh, UK
rh45@hw.ac.uk

Abstract: PT -symmetric coupled waveguides, for which the Berry curvature corresponds to a hyperbolic pseudo-magnetic monopole or antimonopole, are shown to have a
purely imaginary Berry connection, which can induce gain and loss when it is non-periodic.
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The geometric phase is defined as
γB± =

I

A± (R) dR,

(1)

C

where A± (R) is the Berry connection, and R is a vector of the system’s parameters, which vary in time [1]. The
above is reminiscent of the formula used to find Aharonov-Bohm phase of a charged particle traversing a loop
containing magnetic flux, and consequently one can draw a comparison between the connection and the vector
potential of a magnetic field. Hence, the curl of the connection, known as the Berry curvature, can be identified as
a pseudo-magnetic field.

Fig. 1. The pseudo-magnetic field Ω + , seen in Equation (3). The surfaces of constant flux (and
consequently constant energy) for this field form one-sheet hyperboloids. The exceptional point of
the system is found at the origin, from which the field lines emanate.
The analogy between the Berry curvature and a magnetic field can be extended to a coupled waveguide system
with periodically varying parameters. For such a system, it is possible to construct a non-Hermitian Hamiltonian
for which the Berry curvature will correspond to a hyperbolic pseudo-magnetic monopole or antimonopole:


i γ(z)
κ(z)
Ĥ(z) =
,
(2)
−i γ(z)
κ ∗ (z)
where κ(z) = κR (z) + iκI (z) is the complex coupling coefficient and γ(z) represents gain and loss, and z is the
distance along the length of the waveguides, and acts as a measure of time. The form of the above Hamiltonian is
derived from that seen in [2]. A similar non-Hermitian Hamiltonian with varying parameters was recently experimentally realised, in order to demonstrate the state-flip of an eigenstate when encircling a system’s exceptional

point [3].The coupling is purely real in [3], but complex coupling coefficients such as ours are seen in [4], and can
be found in distributed feedback laser systems, which can be modelled by coupled waveguides [5].
By solving for the instantaneous eigenstates (|ψ± i) and adjoint-eigenstates (|φ± i) of (2), one can derive the
following curvature fields by taking the curl of the non-Hermitian Berry connection [1, 6]:
 
κ
±i  R 
κI ,
Ω± =
(3)
2λ 3
γ
which correspond to a source (+) and a sink (−), with a ‘magnetic charge’ of ± 12 . Ω + is shown in Figure 1.
q
λ = κR2 + κI2 − γ 2 ; the eigenvalues of our Hamiltonian are ±λ . Here, the field lines clearly emerge from a single
point, the origin, however it is important to note that the divergence of the field is still zero. The origin also marks
the exceptional point of this system in parameter space, which is the point at which the instantaneous eigenstates
and eigenvalues of the system will coalesce.

Fig. 2. Possible paths in parameter space on the surface of constant flux (energy) corresponding to
our hyperbolic, pseudo-magnetic monopole and antimonopole. The figure shows the surface corresponding to λ 2 =constant.
The curvature (3) is purely imaginary, which will result in the geometric function (1) influencing the amplitude
of the instantaneous eigenstates as the evolve along the coupled waveguide system, as described in [6]. Various
smooth paths described by the vector R can be traced on the surface of constant flux (energy) corresponding to the
monopoles, three of which are illustrated in Figure 2. Varying the system’s parameters such that they trace out the
loop seen on the side of the surface in Figure 2 will result in a non-periodic, purely imaginary connection. As a
result, it is possible to map the gain and loss seen in simulations for this loop directly to the geometric multiplier,
±
eiγB .
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