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Remarks on the non-classicality of the measurements

To verify that the two input photons are indeed indistinguishable, we characterize the Hong-
Ou-Mandel interference®® of our type-1 SPDC source. To this end, a variable time delay is in-
troduced in one of the output beams before both are fed into the arms of a fiber-integrated 50:50
fiber beam splitter. The obtained delay-dependent coincidence counts are depicted in Fig. S1.
A Gaussian fit shows a visibility of V = 99.0%.

To examine the nonclassicality of the output state, a click-counting theory based on second
order moments is employedS!3, Adhering to the procedure outlined in the supplementary ma-
terial of Ref. 5!, the second order matrix of moments can be directly calculated from the meas-
ured click counting statistics. Performing a linear error propagation to its eigenvalues yields the
signed significance X,, = e, /Ae,, where e, is the mean of the nth eigenvalue and Ae,, its error
margin. If the probed click counting statistics are consistent with the classical bound, £, = 0
for all eigenvalues. To clearly violate the classical bound at least one eigenvalue has to fulfil
¥, < —3. Regarding the input dark state |D,(z;)), one eigenvalue can be found with Z; =
—22.0, thus clearly showing that the output state is nonclassical.

As to the input states |D,(z;)) and |Ds(z;)), since both photons here inhabit the same mode
here, their mean photon numbers propagate classically, i.e., without quantum interference. This
follows from a more general statement on linear optics: If N photons are injected into a single
optical mode, the mean photon number that the detector of the kth mode measures is the mul-
tiple of the single-photon case, (7, )™ = N{(#, ). This emphasizes again the relation between
|D;(z)) =10200) and |d,(z)) =10100) , as well as |Ds(z)) =|2000) and |d,(z)) =
|1000) (cf. Fig. 2c).



Detection probabilities for the measurement of #i(y) and U(y)

a) Experiment U(2)
o= | |d; (7)) |dy (2))
|di(z)) | (87.1£0.1)% | (12.9£03)%
|d,(z)) | (153+03)% | (847 +0.1)%

b) Theory U(2)

Input Quiput |d1(Zi)) |d2(Zi)>
ldy(2)) | 89.3% | 107%
|dy(z1)) | 10-7% 89.3%

¢) Simulation U(2)

Input Qutput |d1(zi)> |d2(Zi))
|dy (z1)) | 90-4% 9-6%
dp(z)) | 124% | 87.6%

d) Experiment U(3)
w22 | Di(z)) | IDy(z)) | IDs(z))
|D;(z)) | 78+ 1D)% | (208+08)% | 2+4H%
|D,(z)) | (23+2)% | (56.4+0.5)% | (20 £2)%
ID2(z)) | Q9% | (238+0.7)% | (74 1%

e) Theory U(3)
Input Output |D1 (Zi)) |D2 (Zi)> |D3 (Zi)>
|D1(z;)) | 80% 19.1% 1%
|D,(z)) | 19% 61.8% 19%
|D3(z)) 1% 19.1% 80%

f) Simulation U(3)

Input Quiput |D1(Zi)> |D2 (Zi)) |D3(Zi))
|D;(z))| 81% 18.0% 1%
|D,(z)) | 23% 60.0% 17%
|D5(z)) 2% 21.9% 76%

Table S1: Measurement of ©i(y) as depicted in Fig. 3c and U(y) as depicted in Fig. 4a. Ob-
served, analytically calculated and numerically simulated detection probabilities for each dark
state at the output facet of the chip. The numerical simulation takes into account deviations
from the adiabaticity condition as well as errors that stem from the fact, that the path y
through coupling space is not perfectly closed. All depicted data has been projected onto the

dark subspace; losses to the C and A channels are excluded.
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Figure S1: Hong-Ou-Mandel-characterization of the photon pairs. The quantum source was
connected to a 50:50 fiber beam splitter and a time delay introduced in one arm. Shown are the
delay-dependent coincidence counts (blue) with error bars that indicate the Poisson standard
deviation. The Gaussian fit (yellow line) exhibits a visibility of V' = 99.0%, illustrating the
high degree of indistinguishability of the two photons.
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