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FIG. 1. Schematic diagram of a method for generating a control-
lable point potential.

II. MODEL AND HAMILTONIAN

Following Refs. [4-7], an effective theoretical model that
describes a topological superconductor includes a hopping
term, spin-orbital coupling, a Zeeman field, and an s-wave
superconducting pairing term. Considering the terms listed
above, our starting model is expressed as

H = H, + Hso + Hsc. (N

Here, H, includes the hopping term, the chemical potential
term, the Zeeman field, and an additional point potential term;
it is expressed as
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Here, (ij) represents the nearest-neighbor sites, and f, is
the nearest-neighbor hopping constant. In the presence of a
magnetic field, we have ®;; = explin/¢o] flfi i A(r)dr, where
@y is the superconducting flux quantum and A = (—By,0,0) is
the vector potential in the Landau gauge. & is the Zeeman field.
The sign of ¢ is a plus for the spin-up state and a minus for
the spin-down state. u is the chemical potential. We consider
a point potential at site ip with a strength of V.
Hjyo is the spin-orbital interaction, expressed as
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where X is the spin-orbital coupling strength.
Hjc is the superconducting pairing term, expressed as

Hsc =Y (Anclicf, + He). )

Here, Aj is the on-site pairing order parameter, which
originates from an on-site attractive interaction.

The above Hamiltonian can be diagonalized by solving the
BdG equations self-consistently:
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where \IJj'7 = (M;T,u‘?l,vﬁ,vﬂ)r. Hijss and Hij,5 (0 # &) are
obtained from H; and Hg, respectively.
The order parameters Aj; are calculated as follows:
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where V is the pairing strength.

The BdG equations are solved self-consistently as follows.
First, we input a set of initial order parameters Ay and
diagonalize the Hamiltonian matrix. Second, we use the
obtained eigenfunctions and eigenvalues to calculate the new
order parameters as expressed in Eq. (6). This procedure
is repeated with the updated order parameters until the
convergence criterion is satisfied.

In the results reported below, we use the lattice constant
a and the nearest-neighbor hopping constant #; as the units
of length and energy, respectively. Without loss of generality,
the other parameters are setto u = —4, h = 0.6, and V =5,
respectively. Then, the Hamiltonian given in Eq. (1) is an
effective model that describes the corresponding topologi-
cal superconductor. The superconducting gap is calculated
self-consistently on the N = 48x48 lattice with periodic
boundary conditions. The magnetic field B is chosen to be
B = 2¢y/(Na?). Under these conditions, two vortices should
exist in the system. We have checked numerically that our
main results are not qualitatively different for different input
parameters.

III. RESULTS AND DISCUSSION

We first investigate the pinning effect and the pinning
distance. The spatial variations of the superconducting pairing
order parameter without an additional point potential and with
a single potential at different sites are displayed in Fig. 2. For
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FIG. 2. (a) The intensity plot of the superconducting gap without
the point potential. Two vortices are located at sites (12,36) and
(36,12). (b)—(d) Spatial variations of the superconducting gap with
the existence of a single point potential at sites (16,36), (17,36), and
(18,36).
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