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Fig. 1. (a) Schematic diagram of a nanostructure that transforms an incident beam into OAM state or superposed OAM state;
(b) enlarged view of one nanoslit pair; (c) diagram of a nanostructure pattern with (g,5),m) =(1.5,0,2); (d) schematic illustration
showing the excitation of SPPs based on a single slit pair.
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Fig. 2. Simulated and theoretical results for polarization-controlled OAM state generation and superposition: (a) Mapping between
input polarization states and the OAM superpositions, with the PS representing polarization distributions and the BS representing
OAM superpositions; (b) schematic of structure 1 (top) and the simulated full-field distribution under RCP excitation (bottom);
(al)—(a6) simulated near-field intensity distributions in the central region of structure 1 under different input polarizations;
(b1)—(b6) theoretical results for Structure 1; (c) schematic of Structure 2 (top) and the simulated full-field distribution under RCP
excitation (bottom); (c1)—(c6), (d1)—(d6) simulated and theoretical results for structure 2.
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Fig. 3. Simulation and theoretical results for the generation and superposition of high-order OAM states: (a) Mapping between in-
put polarization states and the corresponding OAM superpositions; (b) schematic of structure 3 (top) and the simulated full-field
distribution under RCP excitation (bottom); (al)—(a6), (b1)—(b6) simulation and theoretical results for the generation and superpos-
ition of OAM states |3) and |—3); (c) schematic of structure 4 (top) and the simulated full-field distribution under RCP excita-
tion (bottom); (c1)—(c6), (d1)—(d6) the simulation and theoretical results for the generation and superposition of |6) and |—6) .
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Fig. 4. Simulation and theoretical results for the generation and superposition of OAM states with different topological charges:
(a) Schematic of structure 5 (top) and the simulated full-field distribution under RCP light excitation (bottom); (al)—(a6),
(b1)—(b6) the simulation and theoretical results for the generation and superposition of OAM states |3) and |—1); (c) schematic of
structure 6 (top) and the simulated full-field distribution under RCP light excitation (bottom); (¢1)—(c6), (d1)—(d6) the simulation
and theoretical results for the generation and superposition of OAM states |4) and |—2) under the different polarization illumina-
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Abstract

Recent studies on orbital angular momentum (OAM) states in the surface plasmon polariton (SPP) field

have primarily focused on the generation of single OAM modes and the evolution of OAM states with various

topological charges. However, achieving coherent superposition of two OAM states with well-defined phase

relations through precise nanostructure design remains challenging. In this work, we propose a plasmonic

nanostructure consisting of paired rectangular slits arranged along circular or segmented Archimedes spiral. The
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Archimedean spiral, with various radii in azimuthal angle, provides a geometry-dependent helical phase; when
coupled with a rotated nanoslit pair, it introduces a geometric phase that is twice the rotated angle. By
combining chiral spiral units with nanoslit pair units, this design both generates plasmonic OAM eigenstates
with arbitrary topological charges and enables their coherent superposition. The amplitudes of the two
constituent OAM states are continuously tunable through the degree of polarization of the incident light, and
their relative phase difference is controlled by the polarization angle, enabling arbitrary superposition of the
plasmonic OAM states with continuously variable amplitude ratios and phase differences. Theoretical analysis
and numerical simulations demonstrate that circularly polarized illumination produces distinct OAM pure
states, whereas linearly polarized light results in equal-amplitude superposition states with structured field
distributions. Moreover, rotating the polarization angle continuously adjusts the relative phase between the
eigenstates and produces a predictable rotation of the resulting interference pattern. These results provide a new
approach for coherently controlling plasmonic OAM states and some guidelines for designing multifunctional on-

chip optical field manipulation devices.
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