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Fig. 1. Morphology and interface structure of the Ag2Te/NbSe: heterostructure: (a) Large-scale STM topography of
the monolayer AgzTe thin film(Vset = 1 V, lset = 0.1 nA); (b) Line profile extracted along the dashed line in (a),
showing step height; (c) Cross-sectional HAADF-STEM image of the Ag2Te/NbSe2 heterostructure and the
corresponding structural schematic; (d) Atomically resolved STM image of the monolayer Ag2Te surface, inset: FFT
pattern, with red and blue circles marking the Bragg peak and superperiodic modulation, respectively(Vset =-0.1 V,

lset = 0.1 nA).
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Fig. 2. Proximity-induced superconducting gap in AgzTe/NbSez heterostructure: (a) Tunneling spectrum on the
monolayer Ag.Te surface at zero magnetic field, inset: zoomed-in view near the Fermi level(Vset = -0.2V, lset =
0.5nA); (b) s-wave BCS density-of-states fit with Dynes broadening correction (orange line) (Vset = -8mV, lset =
0.5nA); (c) Evolution of tunneling spectra at the same location under perpendicular magnetic fields B.=0-3.6 T; (d)
Zero-bias conductance as a function of B., with the effective upper critical field Bc2ef=3.0 T(Vset = 5mV, lset =

0.2nA).
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Fig. 3. Quantum bound states in magnetic vortices of Ag2Te/NbSez: (a) Spatial map of zero-bias conductance for
a single magnetic vortex on the monolayer AgzTe surface at B1=0.15 T(Vset= -5mV, lset= 0.5nA); (b) dI/dV line-cut
waterfall plot from the vortex center to the edge in (a) (Vset= -5mV, lset= 0.5nA); (c) dI/dV. line-cut intensity plot at
selected positions from (b), showing rapid spatial splitting of the zero-bias peak; (d) Spatial map of zero-bias
conductance for the non-splitting vortex(Vset= -5mV, lst=0.5nA); (€) dI/dV.line-cut waterfall plot from the vortex
center to the edge in (d) (Vset= -5mV, let= 0.5nA); (f) dI/dV line-cut intensity plot at selected positions from (e),

showing the central zero-energy peak remains unsplit at all positions.
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Abstract

The non-Abelian exchange statistics of Majorana zero modes (MZMs)
provides the fundamental basis for fault-tolerant topological quantum
computation. A widely pursued route is to bring a strong spin-orbit
coupling (SOC) or topological material into proximity with an s-wave
superconductor, so that the interfacial proximity effect generates
topological superconductivity that hosts MZMs. Here, we construct an
Ag,Te/NbSe, van der Waals heterostructure by growing Ag.Te thin films
on NbSe; single-crystal substrates via molecular beam epitaxy. The
interface atomic structure is characterized by low-temperature scanning
tunneling microscopy/spectroscopy  (STM/STS) and cross-checked by
cross-sectional high-angle - annular dark-field scanning transmission

electron microscopy (HAADF-STEM), confirming the stoichiometric [-



Ag,Te phase with a Te-terminated monolayer surface. Leveraging the
proximity effect from NbSe,, a hard superconducting gap of approximately
1.16 meV is induced on the monolayer Ag,Te surface, indicating a
transparent interface and good-quality proximity-induced
superconductivity. In the magnetic vortices on the monolayer Ag,Te
surface, two types of quantum bound states are simultaneously observed.
In one class, the zero-bias conductance peak splits immediately upon
moving away from the vortex center and evolves into two finite-energy
peaks, characteristic of trivial Caroli-de Gennes-Matricon (CdGM) states.
In the other class, a sharp zero-energy peak remains pinned at zero bias at
all positions, accompanied by symmetric finite-energy peaks that gradually
shift outward and merge into the superconducting coherence peaks, in good
agreement with the expected behavior of MZMs. The direct comparison of
these two coexisting vortex classes on a clean, impurity-free. monolayer
provides an intuitive experimental reference for distinguishing the two
types of vortex bound states, and suggests Ag.Te/NbSe; as a new possible

two-dimensional platform for hosting Majorana zero modes.

Keywords: van der Waals heterostructure, Majorana zero modes, topological

superconductivity, scanning tunneling microscopy
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