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In this research, the role of phonon confinement on the anharmonic decay of an LO is analyzed. Anharmonic 
interactions describe the decay of phonon modes in GaAs via the Klemens channel [1]. The interaction 
Hamiltonian for three phonon process can be written as [2] channel [1]. The interaction Hamiltonian for 
three phonon process can be written as [2] 

 

where 𝑘𝑘,𝑘𝑘′,𝑘𝑘′′ are the three phonon wave vectors involved in the annihilation or  creation process, 𝑗𝑗, 𝑗𝑗′, 𝑗𝑗′′ 
are the polarization of the three phonons and N = number of unit cells present. P describes the cubic 
(anharmonic) coupling. The phonon displacement in normal coordinates is represented as: 
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where 𝑎𝑎𝑘𝑘,𝑗𝑗 , 𝑎𝑎𝑘𝑘,𝑗𝑗
†  denoted the annihilation and creation operator, respectively,𝑒𝑒𝑘𝑘,𝑗𝑗

′  is the polarization vector, 
m is the reduced mass of the lattice atoms and 𝜔𝜔𝑞𝑞,𝑗𝑗,is the frequency of the normal mode. The displacement 
vector can be represented as following, with the direction of confinement and direction perpendicular to it 
[1]. 

 
The decay lifetime for phonons can be calculated using Fermi golden rule, the matrix element in Fermi 
golden rule can be simplified as 1D problem for a quantum-confined structure confined in the z-direction. 

 
Taking into account the confinement of the LO phonon in the GaAs structure to can be describe by either the 
slab model (𝑉𝑉 =  0 𝑎𝑎𝑡𝑡 ±  𝐿𝐿𝑧𝑧/2) or the guided model (𝑢𝑢 =  0 𝑎𝑎𝑡𝑡 ±  𝐿𝐿𝑧𝑧/ 2) [1] yields the same value for 
the average matrix element squared, respectively: 

 
These results indicate that the decay rate for the lowest LO phonon mode in either the slab or the guided 
model is approximately half that of the bulk phonon. 

In this research, the confinement effect on the optical phonon decay lifetime in confined GaAs quantum 
structures is considered. This analysis is based on the three phonon interaction Hamiltonian; the phonon 
displacement vectors are defined in order to perform the calculation of the matrix element via the Fermi 
golden rule to estimate the lifetime for the Klemens channel in confined GaAs structures. 
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