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Coupled semiconductor laser arrays are naturally non-Hermitian optical systems due to the gain/loss profile in them 

[1, 2]. In analogy to the non-Hermiticity in quantum mechanics, there are intriguing properties that originates from 

the non-Hermiticity in optics [3]. Improved single-mode lasing and enhanced sensing sensitivity are examples [1, 4, 

5]. While the gain/loss profile and the non-Hermiticity in the array can be controlled with selective pumping, more 

complicated control mechanisms show up when the coupling is weak compared with the cavity decay rates [6].  

Here we show that in a weakly coupled semiconductor laser array, the control mechanism for gain/loss is 

dominated by the nonlinearities, instead of simply following the pumping profile.  Moreover, we show another 

scheme to induce non-Hermiticity, which is gain/loss contrast induced by cavity frequency detuning. This unique 

gain/loss control mechanism is important in understanding weakly coupled semiconductor laser arrays, which covers 

a wide range of device platforms. It also opens possibilities in new device designs and functionalities that harnesses 

the non-Hermiticities in photonics. 

To study coupled semiconductor laser arrays with unequal pumping and cavity frequency detuning, we use 

coupled rate equations, which combines coupled mode theory and semiconductor rate equations. To illustrate the 

mode tuning mechanisms in these arrays and the resulting gain/loss contrast between cavities, we show four 

example steady-state solutions in Figure 2. 𝑄𝐴,𝐵 are the pump rates, 𝑀𝐴,𝐵 are the carrier densities, 𝑌𝐴,𝐵 are the field 

magnitudes (𝑌𝐴,𝐵
2  being the photon densities) in cavity A and B respectively, and ΔΩ is the cavity detuning 

(excluding the frequency shift due to amplitude-phase coupling). Experimentally, 𝑄𝐴,𝐵 and ΔΩ are what we can 

control. We see that increasing pump rates do not necessarily increases cavity gain. The cavity gain/loss is more 

related to the relative ratio between injection rates and photon densities and how sustainable the carrier injection and 

depletion is. Also, in Figure 1(c) we show that unequal pumping does not necessarily induce non-Hermiticity, while 

in Figure 1(d) we show PT symmetry achieved with judiciously combined unequal pump rates and detuning. 

In conclusion, we show a fundamental analysis on the non-Hermiticity in a weakly coupled semiconductor laser 

array. We identify gain/loss contrast induced by cavity detuning, which is a new scheme to induce non-Hermiticity 

in coupled resonators. We also identify net energy flow between coupled cavities, which is a new manifest of non-

Hermiticity in coupled resonators. The described analysis is fundamental in bringing the emerging research of non-

Hermitian photonics to the platform of semiconductor laser arrays.  

 

       

Figure 1. Illustrations of the distributions of carrier density, photon density, gain/loss, and energy flows at different tuning situations. (a) 𝑄𝐴 =
𝑄𝐵, ΔΩ = 0; (b) 𝑄𝐴 = 𝑄𝐵, ΔΩ ≠ 0, (c) 𝑄𝐴 ≠ 𝑄𝐵 , ΔΩ = 0, (d) PT symmetric (𝑄𝐴 ≠ 𝑄𝐵, ΔΩ ≠ 0). Note that the total frequency detuning Δω ≜ 𝜔𝐵 −
𝜔𝐴 includes the frequency shift due to amplitude-phase coupling, and it does not always equal to ΔΩ.  
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