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Bright sources of indistinguishable photons are key resources for photonic quantum information 
technologies. In this context, semiconductor self-assembled quantum dots offer important assets to 

realize practical devices. However, their solid-state environment also raises signicant challenges, since 

the coupling of the quantum dot to uncontrolled degrees of freedom may degrade the spectral purity of 
the emitted photons. Among these decoherence channels, the unavoidable coupling to lattice 

vibrations has been intensively studied, and the impact of bulk acoustic phonons is now well 

understood. Yet, modern quantum light sources are often based on a photonic nanostructure which 

defines a controlled electromagnetic environment around the quantum dots [1]. Such a structuration 
necessarily reshapes the phonon landscape and gives rise to a discrete set of low-frequency mechanical 

resonances, which confine elastic energy in tiny volumes. Even at cryogenic temperature, the thermal 

excitation of a single mechanical mode can then have a sizeable influence on the quantum dots optical 
linewidth. This was demonstrated very recently on a quantum dot embedded in a nanowire antenna 

[2], a system employed to realize bright sources of quantum light [3, 4]. These initial  experimental 

results unveil a previously overlooked quantum dot decoherence channel. While a few theoretical 
works have investigated the decoherence of a quantum dot coupled to phonon continua of reduced 

dimension [5, 6], the impact of the discrete phonon resonances hosted by realistic nanowire structures 

remains to be explored. 

In this work, we show that low-frequency thermal vibrations constitute a major source of decoherence 
in quantum dot-nanowire antennas, which prevents the emission of indistinguishable photons at liquid 

helium temperature. 

A comprehensive theoretical analysis reveals that the quantum dot spectral broadening is dominated 
by the contribution of a finite set of low-frequency mechanical modes, and strongly depends on the 

quantum dot location within the nanowire section. To overcome this fundamental limitation, we 

propose several designs that restore photon indistinguishability thanks to a specific engineering of the 
nanomechanical properties of the nanowire. Our work establishes such nanomechanical engineering as 

a crucial part of the design of high-performance light-matter interfaces based on photonic 

nanostructures. In particular, we anticipate that mechanical vibrations also play an important role in 

suspended on-chip waveguides, a potential building block of integrated quantum photonic circuits. 
 

References : 

[1] P. Lodahl, et al., Rev. Mod. Phys. 87, 347 (2015). 
[2] M. Munsch, et al., Nature Commun. 8, 76 (2017). 

[3] J. Claudon, et al., Nature Photon. 4, 174 (2010). 

[4] M. Munsch, et al., Phys. Rev. Lett. 110, 177402 (2013). 

[5] G. Lindwall, et al., Phys. Rev. Lett. 99, 087401 (2007). 
[6] P. Tighineanu, et al., Phys. Rev. Lett. 120, 257401 (2018). 

[7] A. Artioli, et al., (submitted). 

 
Keywords :  

single photon source 

indistinguishable photons 
mechanical optimisation 

quantum dot 

nanowire atenna 

thermally-driven vibrations 
quantum dot-phonon interaction 



 

Abstract text for online and/or printed programs 

 

Tapered nanowire antennas have emerged as a versatile solid-state platform for quantum optics. These 

broadband photonic structures efficiently funnel the spontaneous emission of an embedded quantum 
dot into a directive free-space beam. They find application in the realization of bright sources of 

quantum light, and enable the implementation of giant optical non-linearities, at the single-photon 

level. 

 
In this work, we discuss advances aiming at further optimizing this light-matter interface. In particular, 

recent measurements revealed that the thermal excitation of a single nanowire vibration mode can 

have a sizeable influence on the quantum dot optical linewidth. This motivated a comprehensive 
theoretical analysis, which shows that the thermally-driven vibrations of the nanowire have a major 

impact on the quantum dot light emission spectrum. Even at liquid helium temperatures, these prevent 

the emission of indistinguishable photons. To overcome this intrinsic limitation, we propose several 
designs that restore photon indistinguishability thanks to a specific engineering of the mechanical 

properties of the nanowire. We anticipate that such a mechanical optimization will also play a key role 

in the development of other high-performance light-matter interfaces based on nanostructures. 


