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Abstract

On the basis of the Hubbard model, the evolution of the chiral d + id superconducting state with the in-
homogeneity on the two-dimensional honeycomb lattice is studied by using the constrained-path Monte
Carlo method. We find that when the on-site U is small, the d + id pairing correlation function firstly in-
creases with increasing the inhomogeneity, and then decreases beyond a certain inhomogeneity. For
relatively larger U, the enhancement tendency of d + id pairing correlation function is strongly sup-
pressed. Our results indicate that there exists an optimal inhomogeneity at small U values, which opti-
mizes the d + id superconducting state on the honeycomb lattice. Further analysis shows that magnet-
ism is not responsible for the inhomogeneity-dependent superconductivity. In terms of the changes of
the density of states at the Fermi level and the effective on-site interaction as a function of inhomogene-
ity, we offer a reasonable explanation for the inhomogeneity-dependent superconductivity. Our study
provides an important route for controlling the superconducting state on the honeycomb lattice.
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Figure 1. (a) Schematic diagram of the inhomogeneous honeycomb lattice with double-48 sites; (b) Sketch of the first Bril-
louin zone. In the left panel, filled and open circles represent the A and B sub-lattice sites, a; and a, denote the basis vectors
of the unit cell, and t; and t, stand for the hopping integrals within and between honeycombs
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Figure 2. P, as a function of the inhomogeneity for different lattice sites

and on-site Hubbard interactions. (a) The size of lattice is 2 x 48, n =
1.167and t; = 1.0; (b) The size of lattice is 2 x 48, n = 1.167 and t, = 1.0; (c)
The size of lattice is 2 x 75, n = 1.107 and t; = 1.0; (d) The size of lattice is 2
x75,n=1107andt, = 1.0
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Figure 3. Pairng correlation function Cyq. i¢(R) of the chiral d + id superconducting
state as a function of distance for different hopping integral t, or t; on the 2 x
108 lattice and n=1.130. (a) t; =1.0,U=0.2; (b) t,=1.0,U=0.2; (c) t; = 1.0,
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Figure 4. Spin correlation S(g) on the 2 x 48 lattice along the high symmetric lines in the first Brillouin zone at n =
1.167andU=0.2. (), =1.0; (b) t,=1.0
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Figure 5. Density of states for different t, at the fixed t; = 1.0. (a)-(d) correspond to
t,=1.0,0.8, 0.4, and 0.2, respectively
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Figure 6. Density of states for different t; at the fixed t, = 1.0. (a)-(d) correspond to
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Figure 7. Energy dispersion along the high symmetric lines for different t,at the
fixed t; = 1.0. (a)-(d) t, = 1.0, 0.8, 0.4, and 0.2, respectively
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