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Quantum computing with light has recently 
been brought by several demonstrations at 
the edge of quantum computational 
advantage. These demonstrations were 
obtained making use of squeezed light and 
Gaussian Boson Sampling protocols. 
However, most of the roadmaps to fault-
tolerant universal quantum computing are 
based on encoding the information on 
single photons.  
In this work, we present the first general-
purpose quantum computing platform 
based on single photons named Ascella [1]. 
It relies on a record efficiency monolithic 
bright source of pure and indistinguishable 
singe photons [2] that feeds a universal and 
reconfigurable 12-mode linear optical 
network with 6 photonic qubits. Ascella, 
enhanced by machine learning which 
corrects hardware imperfections, shows 
state-of-the-art performances in terms of 
photonic qubit quality together with 
unparalleled number of manipulated 
photons and sampling rates. The system can 
be operated from the Quandela Cloud with 
gate-based logical circuits or directly 
manipulating single photons. 
For gate-based computation we 
benchmark 1-, 2- and 3-qubit gates with 
fidelities of 99.6±0.1%, 93.8±0.6% and 86±1.2% 

respectively, at the very best level all 
platforms considered. As a use case of the 
platform in the gate-based quantum 
computation framework we implement a 
variational quantum eigensolver to 
calculate the energy levels of H2 with record 
accuracy for photonic implementations. For 
photon native computation, we perform the 
first photon-based quantum machine 
learning classification using a 3-photon-
based quantum neural network, and report 
a first 6-photon Boson Sampling on-chip. 
Finally, we demonstrate the very first 
heralded generation of a 3-photon GHZ 
state. Such heralded entanglement 
schemes combined with the recent 
demonstration of efficient generation of 
linear cluster states directly from the same 
quantum dot source technology [3] open 
the path to fault tolerant quantum 
computing with reasonable hardware 
resource overheads.  
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Figure 1: Sketch of the overall architecture of 
the 6 single-photon quantum computer.  
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