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Microscopically, surface plasma waves on metals arise from the collective oscillation of many 
free electrons in unison. Because classical electromagnetism can capture the essential physics of 
these waves using simple models with only macroscopic features, it is straightforward to 
quantize these waves by direct analogy to electromagnetic fields in free space. As a result, the 
surface plasmon, the quantum of the surface plasma wave, plays the same role as the photon 
does in quantum theory. However experiments to date have yet to test the full extent of this 
analogy.  

Here we report a 
plasmonic version of the Hong-
Ou-Mandel experiment in 
which we observe 
unambiguous two-photon 
quantum interference (TPQI) 
between plasmons, confirming 
that surface plasmons faithfully 
reproduce this effect to within 
measurement error. Our result 
suggests that the extra 
microscopic physics present in 
plasmonic systems does not diminish two identical plasmons mutual coherence, nor does it 
render one plasmon distinguishable from the other. These criteria are essential if plasmonic 
devices are to be employed in quantum information applications, such as linear optical quantum 
computing, which require indistinguishable particles.  

Two-photon quantum interference represents an opportunity to study the quantum 
mechanics of surface plasmons. A typical measurement consists in delaying one photon by a 
variable amount and measuring coincidence counts at the outputs: when the delay is set so that 
the photons arrive simultaneously this rate drops to a minimum, Cmin, due to TPQI. The 
visibility of interference, defined as 1- Cmin /Cbase, must be less than 0.5 for classical light, but is 
usually near unity in quantum experiments. 

Importantly, observing high‐visibility TPQI in a plasmonic system requires not only 
that the plasmonic components preserve the non‐classical statistics of the input light, but also 
that the resulting biphoton states retain their mutual coherence. In our experiment, this 
criterion corresponds to both photons remaining indistinguishable as they convert to 
plasmons and interfere.  As a reference, we first measured TPQI in a dielectric 50‐50 
directional coupler made from silicon nitride waveguides, observing a visibility of 0.944 ± 
0.003. We then repeated T P Q I  m e a s u r e m e n t s  for a 50‐50 coupler made from 10 µm 
DLSPPWs, observing TPQI with a visibility of 0.932 ± 0.01, far exceeding the classical limit 
of 0.5, and a temporal width of 0.11 ± 0.01 ps. Both the visibility and width are identical to 
the dielectric case to within measurement error. We note that high visibility is consistent 
with the predictions of the theory of TPQI in a lossy beam splitter, which we extend to the 
case of a lossy directional coupler. 

	  
Figure 1: Schematic of the TPQI measurement. A 407 nm diode 
laser and a bismuth borate crystal aligned for spontaneous parametric 
down-‐conversion generate pairs of single photons at 814 nm. One 
photon is delayed by an adjustable amount and photons are coupled 
into a on-chip 50:50 plasmonic directional coupler, and multimode 
optical fibers couple photons to single photon avalanche detectors. 
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