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1. Introduction1. Introduction

PT-symmetry in optics is 
ranked among 
top 10 physics discoveries 
of the last 10 years

Nature Physics,  October 2015
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1. Introduction (cont’d)

So what is PT symmetry in optics?

In optics, PT symmetry mean that the refractive 
index is even, and the gain-loss profile is odd.  

Or loosely speaking, PT symmetry in optics means that 
gain and loss are balanced. 

The concept of PT symmetry was introduced first by 
Bender and Boettcher (1998) as a generalization of 
quantum mechanics. 
It was later introduced into optics by   
El-Ganainy, Makris, Christodoulides and Musslimani (2007)
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1. Introduction (cont’d)

Why is PT symmetry interesting for optical physics?

Many reasons: 
(1)Fundamental new physical phenomena
(2)Applications to novel optical devices
(3)Enlightening ideas  
(4)….
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1. Introduction (cont’d)

(1) Fundamental new physical phenomena

PT systems are dissipative due to gain and loss. 
However, they admit many properties of conservative 
systems, such a 
(a) all real linear spectrum
(b) solitons exist at arbitrary power levels
These properties are very surprising.  

dissipative            
systems

conservative           
systems

PT

Sys
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1. Introduction (cont’d)

(2) Applications to novel optical devices

Single-mode PT lasers (Feng, et al.  Science 2014):  

laser device output without loss output with  PT loss
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1. Introduction (cont’d)

(2) Applications to novel optical devices

Single-mode PT lasers (Hodaei et al. Science 2014):  

output for both 
rings with gain

output with  
PT rings
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1. Introduction (cont’d)

(3) Enlightening ideas

Loss was used to be considered as a detrimental 
physical effect that should always be suppressed. 
PT symmetry makes loss useful! 
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1. Introduction (cont’d)

Why do we study nonlinear effects in PT systems?

1. Because nonlinearity is inherent in many optical systems.  

For instance, lasing is well-known to be an intrinsically 
nonlinear process. 

As the laser power amplifies inside the laser cavity, 
nonlinear effects keep increasing. 

2. Because nonlinear PT systems exhibit very interesting physical   
phenomena. 
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2. Phase transition in PT-symmetric systems

Currently, all important applications of PT symmetry (such as PT 
lasers) hinge on the phenomenon of phase transition in PT systems. 

What is phase transitionin PT systems?

at lower gain/loss at higher gain/loss

linear spectrum all-real

Phase transition 
occurs when the 
linear spectrum 
changes from all-
real to complex. 

linear spectrum complex
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2. Phase transition in PT-symmetric systems

In PT lasers, 

Question: how does lasing light behave when its intensity 
is high enough to trigger nonlinear effects? 

Lasing occurs due to the appearance of complex eigenvalues 
in the linear spectrum above phase transition. 

linear spectrum

This question was not considered in previous experiments. 
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3. Nonlinear dynamics near phase transition
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3. Nonlinear dynamics near phase transition
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4. Symmetry breaking of solitons in PT-symmetric media
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4. Symmetry breaking of solitons in PT-symmetric media

In a generic PT-symmetric potential, in order for symmetry 
breaking to occur, infinitely many nontrivial conditions have to 
be satisfied. 
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4. Symmetry breaking of solitons in PT-symmetric media

What this means is 
that, in PT lasers, 
when the laser power 
becomes very high, its 
lasing profile may 
break PT symmetry. 
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5. Soliton families in non-PT-symmetric media
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5. Soliton families in non-PT-symmetric media

What is unusual about this perturbation calculation? Because in the R1 
equation 

All functions in the kernel of the adjoint operator L^A are unbounded. 

Thus it is not obvious how to apply Fredholm Alternative to derive 
the solvability condition. 

Identifying this solvability condition and applying it to this 
perturbation calculation is a new feature of the problem.
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5. Soliton families in non-PT-symmetric media

We have also shown that in the NLS equation with a non-PT complex 
potential, 

only potentials of the form 

admit continuous families of solitons. 

No other potentials share this property.  
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5. Soliton families in non-PT-symmetric media
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5. Soliton families in non-PT-symmetric media
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6. Extension to 2D
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6. Extension to 2D

The asymmetric 
branch is unstable
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6. Extension to 2D
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Technical SummaryTechnical Summary

• Study of nonlinear effects in PT optics is a research frontier
• In this talk, we studied nonlinear dynamics of PT optics 

above phase transition, and showed analytically that families 
of stable solitons and oscillating states prevail under the 
effects of nonlinearity. 

• We also analyzed why in a class of non-PT-symmetric 
complex potentials, families of solitons exist. This study 
paves the way for the understanding of symmetry breaking 
in that same type of potentials. 

• These findings are mathematically and physically 
surprising, and they could have interesting implications for 
operations of certain PT devices (such as PT lasers). 
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Non-technical SummaryNon-technical Summary


