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Experimental Setup
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Level structure (effectively 3-level system)

Level scheme
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Mostly decay through in-coupling mirror of cavity

G. Rempe, Nature Photonics 13, 110-115 (2019)



Nondestructive detection (photon) e
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Postselecting Fock state measurement

For a? < 1, the dominant contribution of
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Single-photon light state

Single-photon Fidelity
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For C = 4.1, F} ax = 0.819 (theoretically)
equivalent to losses of L., = 18.1%



Wigner function of final light state

Uncorrected Wigner function
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Wigner function of photon state reconstructed by Homodyne detection



Second-order correlation function
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ultimately limits the lowest value obtained for g(2(0) - Shaded Area

* a? =0.11

—-16—-8 0 8 16
T [ms]

0.5 1.0 1.5 2.0 2.5

a’=0.11 a?
g (0) = 0.045(6)




Photon pulse shape dependency

For different photon shape a’=0.11
Photon shape g2 (0)
Gaussian 0.045(6)
Double peak 0.06(3)
Rectangular 0.06(3)
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The protocol is robust as long as the spectral width of the photon is smaller than the cavity linewidth k



* Photonic loss

TABLE SI. Loss budget listing the loss channels in propagation and
detection that are not part of the production process. Unless other-
wise specified, the uncertainties on the given values are on the or-
der of 10%. Individually listed losses i are summed according to

| — Lyym = Hi(l _Li)-

Source of loss (effective) Loss L;
Other optics: waveplates, mirrors and NPBS 7.6%
Mode matching with local oscillator (both paths) 6.0%
Limited isolator transmission 3.0%
Switch acousto-optical deflector 2.5%
Detector dark noise 2.5%
Laser classical noise 1.8%
NPBS reflectivity 1.5%
Limited quantum efficiency of homodyne detector 1.5(15)%
Electronic high pass 0.7 kHz signal reduction 1.1%
Vacuum viewport reflection 0.6%
Electronic high pass background noise 0.2%
Total losses Lgym 25.1%




