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1. Theoretical model and polarization-dependent coupling 

We describe the dynamics of single photon in our system with the Heisenberg equation of motion for 

the creation operatorsS1 
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where 𝐶𝐶𝑗𝑗 is the nearest-neighbor coupling strength between the waveguides 𝑗𝑗 − 1 and 𝑗𝑗. As shown in 

Extended Data Fig. 1, this quantity depends both on the separation of the waveguides and on the 

polarization of the photons propagating within them. In our experiments, the ancillary arrays were 

composed of 25 waveguides each, with intra-array spacings of 20 μm, corresponding to coupling 

strengths of 𝐶𝐶H
array = 0.551 cm−1 and 𝐶𝐶V

array = 0.335 cm−1 for horizontally and vertically polarized 

photons, respectively. These arrays were placed at a distance of 27.5 μm to both sides of the target 

waveguide, yielding 𝐶𝐶H = 0.154 cm−1 and 𝐶𝐶V = 0.065 cm−1.  

The photon’s propagation dynamics are governed by the transfer matrix 𝑈𝑈(𝑧𝑧) = exp(−i𝐻𝐻𝐻𝐻), and the 

transmission probability (Fig. 3a) of photons launched in the target waveguide (𝑗𝑗 = 13) consequently 

reads �𝑈𝑈13,13(𝑧𝑧)�2. In turn, the decay rates at a position 𝑧𝑧 along the direction of propagation can be 

calculated as γ�H/V(𝑧𝑧) = − ln�𝑈𝑈13,13(𝑧𝑧)�/𝑧𝑧. Note that Zeno/Anti-Zeno dynamics render these quantities 

inherently 𝑧𝑧-dependentS2,S3. For ease of handling, we therefore introduce effective (constant) loss rates 

𝛾𝛾H/V that yield the same overall attenuation after the sample length of 𝐿𝐿 = 150mm, as illustrated in Fig. 

3 of the main manuscript. These quantities are obtained by the remaining relative intensity 𝐼𝐼H/V in the 

target waveguide (shown in Fig. 3b) via 𝛾𝛾H/V = − ln(�𝐼𝐼H/V ) /𝐿𝐿. For a relative intensities 𝐼𝐼H(V) =

4.5% (48.3%) they take the values of 𝛾𝛾H(V) = 0.1035 cm−1 (0.02433 cm−1). 

 

  



2. Two-photon correlations and HOM visibility in the lossy polarization coupler 

In the following, we compare the two-photon correlation S4 ΓB1,B2
ind = �𝑈𝑈B1,D𝑈𝑈B2,A + 𝑈𝑈B1,A𝑈𝑈B2,D�

2 and 
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2 + �𝑈𝑈B1,A𝑈𝑈B2,D�
2 as the probability for observing two-photon coincidences of 

(in)distinguishable photon pairs between the two orthogonal polarization basis elements B1 and B2, 

where 𝑈𝑈𝑘𝑘,𝑗𝑗 denotes the amplitude when launching photons in the polarization 𝑗𝑗 and observing them in 

the polarization 𝑘𝑘. Oriented at an angle 𝜃𝜃 with respect to the HV frame, the bosonic creation operators 

in the basis B1/B2 reads as  
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As described in the main manuscript, photons propagating in the H (fast) and V (slow) principal axes of 

the birefringent target waveguide accumulate the respective phase factors 𝑒𝑒−i𝛽𝛽H𝑧𝑧 = 𝑒𝑒−i�𝛽𝛽�−Δ𝛽𝛽�𝑧𝑧 and 

𝑒𝑒−i𝛽𝛽V𝑧𝑧 = 𝑒𝑒−i�𝛽𝛽�+Δ𝛽𝛽�𝑧𝑧. Also taking into account the transmission amplitudes 𝑒𝑒−𝛾𝛾H𝑧𝑧 = 𝑒𝑒−(𝛾𝛾�+Δ𝛾𝛾)𝑧𝑧 and 𝑒𝑒−𝛾𝛾V𝑧𝑧 =

𝑒𝑒−(𝛾𝛾�−Δ𝛾𝛾)𝑧𝑧 determined by the differential losses between H and V, the photons are transferred with 
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For the initial condition of launching a pair of photons in the A/D basis, i.e. one polarized diagonally and 

the other antidiagonally, one finds the following expression for the creation operators in the B1/B2 basis 

after a distance 𝑧𝑧: 
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Accordingly, the correlation functions for indistinguishable and distinguishable photon pairs read as 

ΓB1,B2
ind = 𝑒𝑒−4𝛾𝛾�𝑧𝑧|cos(2𝑧𝑧(Δ𝛽𝛽 + iΔ𝛾𝛾))|2  sin2 2𝜃𝜃 

and 
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respectively. The visibility 𝑣𝑣 = ΓB1,B2
ind /ΓB1,B2

dis − 1 of HOM traces recorded under these conditions can 

therefore be calculated as 

𝑣𝑣 =
|cos 2(Δ𝛽𝛽 + iΔ𝛾𝛾)𝑧𝑧|2  sin2 2𝜃𝜃
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− 1. 

Figure 4c of the main manuscript depicts the theoretical values of 𝑣𝑣 for the waveguide system used in 

our experiments, whereas Supplementary Fig. S1 gives an overview of the loss dependence. Notably, 

in the strongly non-Hermitian limit (𝛾𝛾 → ∞), one finds that 𝑣𝑣 becomes entirely independent of the 

propagation phase Δ𝛽𝛽 ⋅ 𝑧𝑧 and assumes a value of 𝑣𝑣 = +1 in any observation basis that is not perfectly 

aligned with the HV frame, i.e.  

𝑣𝑣
𝛾𝛾→∞
�⎯� �−1 for 𝜃𝜃 = 0

+1 for 𝜃𝜃 ≠ 0  . 

Experimentally, an approximation of this extremal case can be observed by substituting the photonic 

chip with a standard polarizing beam splitter cube that selectively blocks the transmission in one of the 

elements of the B1/B2 basis. Extended Data Fig. 2 shows the HOM traces recorded in such a setting. 

For any orientation angle 𝜃𝜃 at which photon correlations could be recorded, a distinct HOM peak with 

near unity visibility was observed. As the overall correlation count rate is modulated with the sine of 2𝜃𝜃, 

it vanishes in the HV basis (𝜃𝜃 = 0° where the conventional HOM dip (𝑣𝑣 = −1) would otherwise remain. 

 

3. Observation-independent fermionic quantum interference in the lossless limit (𝚫𝚫𝜸𝜸 = 𝟎𝟎) 

In the following we analyze the two-photon coincidences in the polarization coupler (discussed in Section 

2) for fermionic two-particle exchange phase of 𝜋𝜋, yielding the two photon correlation function of ΓB1,B2
ferm =

�𝑈𝑈B1,D𝑈𝑈B2,A − 𝑈𝑈B1,A𝑈𝑈B2,D�
2 = 𝑒𝑒−4𝛾𝛾�𝑧𝑧  and a HOM visibility  

𝑣𝑣ferm =
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|cos(2𝑧𝑧(Δ𝛽𝛽 + iΔ𝛾𝛾)) ⋅ sin 2𝜃𝜃 + 1|2  + |cos(2𝑧𝑧(Δ𝛽𝛽 + iΔ𝛾𝛾)) ⋅ sin 2𝜃𝜃 − 1|2 − 1. 

In the Hermitian limit (Δ𝛾𝛾 = 0) a balanced splitting ratio (Δ𝛽𝛽𝛽𝛽 = 𝜋𝜋/4) in the polarization coupler leads to 

a basis(𝜃𝜃)-independent visibility 𝑣𝑣 = 1. 

  



Supplementary Figures 

 

  

Figure S1. Impact of the overall losses on the HOM dynamics in non-Hermitian couplers. Shown are 

the calculated theoretical basis-dependent visibilities (top row) and background coincidence counts 

(bottom row) for loss contrasts Δ𝛾𝛾 between 0.0205cm−1 and 0.0607cm−1 compared to the Hermitian 

case (Δ𝛾𝛾 = 0). Note that, as Δ𝛾𝛾 increases, the peak visibility approaches 1 and becomes independent 

of the coupling phase Δ𝛽𝛽 ⋅ 𝑧𝑧. Simultaneously, the transition between HOM dip and peak becomes 

sharper. As a result, towards the strongly non-Hermitian limit, dips can only be observed in those bases 

that are ever more closely aligned with the HV frame, and, as such, are also subject to the strongest 

overall damping of the background coincidence rate. 
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