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Graph states are a family of highly entangled states that are an important resource for applications such as
quantum communication [1] and computing [2, 3]. To realize these graph states, photonic platforms show promise
as they offer advantages such as mobile photonic qubits, qubit stability due to weak interaction with their envi-
ronment, and having support from a highly mature technology and infrastructure. However, generating photonic
graph states remains challenging due to the lack of efficient two-qubit gates within linear optics for entangling two
photons [7, 8, 9].

Deterministic sources such as quantum dots are a promising solution and have already been demonstrated to
generate linear cluster states [4, 5]. 2D graph states, which are required for many applications, can be generated by
entangling multiple emitters which pass on their entanglement to the emitted photons [6]. However, for quantum
emitters to reach their full potential in photonic graph state generation, quantum circuits, which are the protocols
used to generate a quantum state, must be optimized to reduce the number of experimentally difficult operations
such as two-qubit gates.

In our work [10, 11], we have developed techniques using local Clifford equivalency and photon emission re-
ordering to optimize quantum circuits which generate a target photonic graph state using quantum emitters. More
specifically, by manipulating the desired graph using Local Clifford operations, which can be easily reversed, and
the photons’ emission ordering, we can generate a set of unique quantum circuits which generate the target state.
These quantum circuits are then analyzed in terms of metrics such as the number of two-qubit gates. Applying our
techniques to repeater graph states, we find quantum circuits which reduce the number of CNOTS by 50% com-
pared to deterministic methods of finding a quantum circuit [12]. For large graph states, where the local Clifford
and photon emission reordering orbits are too large to exhaustively search, we have developed guided search meth-
ods based on correlations between graph and circuit metrics. In the case of highly-connected 15-photon random
graphs, we are able to reduce the number of unitaries by 65% and the maximum depth between emission events by
46%. Our techniques therefore significantly reduce the complexity of protocols, bringing quantum emitters such as
quantum dots closer to the generation of photonic 2D graph states.
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