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Optical Fock states consist of N photons occupying a common mode (e.g., spatial, spectral-temporal,
polarization, etc.). They are an essential resource for many exotic multi-photon states relevant to
optical quantum information science, such as NOON states. However, experimental demonstrations
of large-N Fock states have been limited, with low success probabilities and optical loss among the
major challenges.

We are developing a Fock-state source that seeks to address these challenges. To enhance
the success probability, we leverage nonlinear optics to make repeated generation attempts [1]. A
heralded single-photon source (spontaneous parametric down-conversion) is placed within a free-
space ring cavity (Fig. 1). The cavity round-trip propagation time is matched to the pump repetition
rate such that newly heralded photons overlap with stored photons from earlier attempts. Once the
state contains the desired number of photons, it is released from the cavity via a polarization switch.

We discuss our loss mitigation strategies. By optimizing the cavity waists for our down-
conversion source and utilizing low-loss optics, we are targeting a round-trip propagation loss of
<1%. Furthermore, number-resolving heralding and careful management of photon-detection and
switching latencies allow us to limit loss accumulation by minimizing the number of cavity passes.
Finally, we review our latest experimental results and comment on techniques for characterizing the
generated states.

DM3
DM2

SPDC Source y Dumped

Heralded Pump
Photons
Pump ‘M Heralding
Photons
Q/\ Delay Loop

F'ockels Cell

N-Photon
States

Fig. 1: High-level schematic of our Fock-state source. M, mirror; DM, dichroic mirror;, SPDC, spontaneous
parametric down-conversion, PBS, polarizing beamsplitter. Figure credit: Colin P. Lualdi and Kelsey Ortiz.
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