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In the last few years, materials with strong second-order optical nonlinearity such as gallium arsenide, barium
titanate and transition metal dichalcogenides have attracted significant attention, because they for the first time
allowed efficient nonlinear optical interactions on the sub-micron scales. One of such nonlinear optical interactions
- spontaneous parametric down-conversion (SPDC) - allows the generation of pairs of correlated photons and
can enable photon entanglement [1]. This is the foundation of many quantum optical applications ranging from
secure communication to ultrafast quantum computing [2]. The key challenges in this field are efficiency and the
generation of on-demand quantum states.
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Fig. 1 (a) Generation of SPP pairs by a GaAs [001] nanoparticle near the silver-air interface. (b) Angular correlations between
the generated signal and idler SPPs with ωi,s = ωpump/2 demonstrating the so-called N00N-state in the angular variables ϕi,s
measured from the positive x-direction. The distance between the detection points and the nanoparticle is 12 µm. The radius of
the nanoparticle is 10 nm, the pump is linearly polarized in the TM geometry within the (x,z) plane and the pump wave vector
is θ with respect to the interface.

In this work, we report the theoretical study on the generation of surface plasmon-polariton (SPP) pairs in a
χ(2) nanoparticle placed in the vicinity of the metal-dielectric interface, Fig. 1(a), following the general formalism
of Ref.[3]. Here, the SPDC enhancement is attributed to the resonant nature of SPPs instead of eigenmodes of
the nanoparticle, which may increase overall efficiency while substituting photons by plasmons. We demonstrate
that one can obtain N00N-states of SPP pairs by using a GaAs nanoparticle, Fig. 1(b). The best picture of the
N00N-state is achieved at the normal incidence of the pump, and the pump angle θ = 80◦ is shown to demonstrate
the robustness of the N00N-state generation. This approach also allows us to tailor two-plasmon quantum states
by exploiting the well-manifested spin momentum locking of light, which results in the unidirectional excitation
of surface plasmons. We perform the classification of quantum states of SPP pairs in the far-field region and
compare several materials including gallium arsenide, barium titanate and transition metal dichalcogenides for
their potential use as sources of nonlinearity for controllable generation of various two-plasmon quantum states.
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