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The `Quantum Internet' envisions remote stationary qubits connected via flying qubits, where local operations and 
entanglement between the distant qubits enables quantum computation. Quantum dots offer a natural solution where a trapped 
spin encodes the stationary qubit, while resonantly scattered photons can carry the spin information over macroscopic 
distances with high fidelity and negligible loss. The latter was recently exploited to demonstrate spin-photon entanglement for 
QDs. A key step forward so far is an experimental demonstration of distant quantum dot spin entanglement, which is created 
by interference and detection of two indistinguishable, i.e. identical photons - each entangled with the host qubit they originate 
from. In the presence of pure dephasing or spectral diffusion quantum dot photons become distinguishable and do not 
interfere. Coherent scattering from a quantum dot transition provides an attractive way of generating dephasing-free photons, 
protected to some degree from spectral diffusion, as was discussed in the context of subnatural linewidth photons from 
resonance fluorescence [1]. 
 
In this work [2] we first demonstrate that the coherently generated single photons from a single self-assembled InAs quantum 
dot display mutual coherence with the excitation laser on a timescale exceeding three seconds (see figure). Exploiting this 
degree of mutual coherence we tailor the coherent photon waveforms by shaping the excitation laser field. In contrast to post-
emission filtering, this technique avoids both photon loss and degradation of the single photon nature. By engineering pulsed 
waveforms of single photons, we then demonstrate that separate photons generated coherently by the same laser field are 
fundamentally indistinguishable.  
 
The technique presented in the work is not limited to QDs and can be extended to other quantum systems in the optical 
domain as well as to superconducting circuits in the microwave domain. Spin-selective transitions of QDs will be utilized next 
to transfer the quantum mechanical state of a spin to frequency and polarization degrees of freedom of a photon. The ability to 
tailor single-photon waveforms is also advantageous in efficiently storing information in quantum memories with restricted 
spectral bandwidth. Building on these results, it should be possible to realize a distributed network of multiple QD spins 
interfaced with waveform-synthesized and time-synchronized single photons—all phase-locked to a master laser. 

 
 
 
Figure: (a) An illustration of the experimental arrangement 
used for optical heterodyning of QD resonance fluorescence. 
Acousto-optical modulation (AOM) provides the shift of the 
local oscillator frequency by δν≈210 kHz. The outputs of the 
two photodiodes (PD1,2) are subtracted electrically and sent 
to a spectrum analyser. (b) Typical power spectrum of the 
beating signal as a function of frequency relative to δν. Inset: 
high-resolution spectrum for 5 s of continuous data 
acquisition. Spectra with sub-hertz resolution reveal phase 
coherence between QD photons and excitation laser on a 
timescale of seconds. 
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