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An optical system with a symmetric index profile and an antisymmetric gain/loss profile formally exhibits non-
Hermitian parity-time (PT) symmetry, by an analogy to the PT symmetry in quantum mechanics [1-3]. One realization 
of this index and optical gain/loss profile is a coherently coupled 1 x 2 vertical cavity surface emitting laser (VCSEL) 
array [3]. Electrically pumped microcavity lasers present new and interesting physical effects. For example, selective 
pumping perturbs the index profile through carrier and thermal effect in addition to the gain/loss profile thus generating 
frequency detuning. We use temporal coupled mode theory to make quantitative predictions of the optically coupled 
resonator behavior of coherently coupled photonic crystal 1×2 VCSEL arrays. 

Shown in Fig. 1 is a top view of our photonic crystal 1x2 VCSEL array [4]. The photonic crystal pattern creates 
the nominally symmetric index-confined dual optical cavities (labeled 1 and 2); ion implantation is used to define two 
independent gain regions with electrically isolated independent contacts, as shown in Fig. 1 [4]. Hence the gain/loss 
profile can be dynamically controlled. We have previously shown that phase between the elements and the array 
coherence can also be controlled via resonance tuning [5]. 

						Fig.	1:	1x2	Photonic	crystal	VCSEL	array.																																																									Fig.	2:	Calculated	relative	phase	vs.	gain	contrast.	

Using dynamic coupled mode theory, we can calculate the complex frequency of the coupled modes, with real part 
representing the angular frequency and imaginary part representing the gain/loss coefficient [3]. In turn we can 
determine the phase shift and mode amplitudes of the coupled modes, which are depicted in Fig. 2 for the case of 
identical resonator frequency but with gain contrast. In this case, the system is not Hermitian but is PT symmetric. Note 
that with sufficient gain contrast, an exceptional point is reached in Fig. 2 where PT symmetry breaking occurs for a 
relative phase of π/2. In Fig. 3 (a) and (b) we show the experimental measured near and far-field for an array with π/2 
phase difference between the elements. In Fig. 3 (c) and (d) we show our calculated predictions, which are in excellent 
agreement with our measurements. 

In summary, we have predicted and observed non-Hermitian analogs as well as PT symmetry breaking in the 
optical characteristics of coherently coupled microcavity laser arrays. This is an important step to leverage this research 
topic into practical applications. 

	
Fig.	3:	Measured	(a)	near	field/relative	phase	and	(b)	far	field	in	PT	symmetry	broken	regime	compared	with	the		

simulated	(c)	near	field	and	(d)	far	field	of	the	exceptional	point	eigenmode.	
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