Z2 topological insulator
[(generalized) Bernevig-Hughes-
Zhang model; Science 314, 1757
(2006)]

in[-]:-- SetOptions[ListPlot,
Frame -» True, Joined » False, FrameStyle -» Thick, FrameTicksStyle - 30,
BaseStyle -» {FontFamily - "Helvetica", FontSize -» 20}, PlotStyle -»

{{RGBColor[173 /255, 0, 45/ 255], PointSize[.025]}}, AspectRatio -» 0.7];

Spectrum under the open boundary conditions (x: OBC,
y: PBC)

nf-1:= 00 = {{1, 0}, {0, 1}};
ox = {{0, 1}, {1, 0}};
oy = {{0, i}, {i, 0}};
oz = {{1, 0}, {0, -1}};
op={{0, 1}, {6, 0}};
om= {{0, 0}, {1, 0}};
000 = KroneckerProduct[c0, 00]};

o0x = KroneckerProduct[c0, ox]};
o0y = KroneckerProduct[c0, oy];
00z = KroneckerProduct[o0, oz]};
ox0 = KroneckerProduct[ox, c0]};
oxx = KroneckerProduct[ox, ox]};
oxy = KroneckerProduct[ox, oy];

oxz = KroneckerProduct[ox, oz]};
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oy0 = KroneckerProduct[oy, c0];
oyx = KroneckerProduct[oy, ox];
oyy = KroneckerProduct[oy, oy];
oyz = KroneckerProduct[oy, oz];
0z0 = KroneckerProduct[oz, 00];
ozx = KroneckerProduct[oz, ox];
ozy = KroneckerProduct[oz, oy];
ozz = KroneckerProduct[oz, o0z];

ChainLength = 30;
CMatl = SparseArray[{Band[{1, 1}] -» 1}, {ChainLength, ChainLength}];

CMat2 = SparseArray[{Band[{1, 2}] -» 1}, {ChainLength, ChainLength}];
CMat3 = SparseArray[{Band[{2, 1}] » 1}, {ChainLength, ChainLength}];

t=1.0;
m=20.5;

8y = 0.3 (% oxy *)

6Z =0.2; (* OXZ =*)

Ly = 100}

kList = Table[2x*n /Ly, {n, O, LYy-1}];

Mass[ky_] := t = Sin[ky] * cOy + (m+ t * Cos[ky]) * 00z + 8y * oXYy + 6Z * OXZ}

Hop=t* (-1/2) xozx+t* (1/2) 00z,
Hx[ky_] := KroneckerProduct[CMatl, Mass[ky]] +

KroneckerProduct[CMat2, Hop] + KroneckerProduct[CMat3, Hop'] ;

inl-1:= EvalList[ky_] := Chop[Eigenvalues[Hx[ky]]]};

EvalData = Table[EvallList[kList[n]], {n, 1, Ly}];
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m = 0.5 & 6y = 0.0 : topologically nontrivial gapped phase (6z = 0.0)
in[-1:-= ListPlot[Transpose[Sort /@ EvalData], Joined -» True]

Out[e ]=

N = O = N

O 20 40 60 80 100
m = 0.5 & 6y = 0.3 : topologically nontrivial gapped phase (6z = 0.0)

in[-1:- ListPlot[Transpose[Sort /@ EvalData], Joined -» True]

Out[e ]=

The helical edge states survive even in the presence of a time-reversal-symmetry-preserving
perturbation.
m[-1:= Sort[Flatten[EvalData]]
Out[+]=

{-2.52909, -2.52909, -2.52862, -2.52862, -2.5277, -2.5277, -2.52722, -2.52722, -2.52683, -2.52683,

-2.52671, -2.52671, -2.52652, -2.52652, , 2.52652, 2.52652, 2.52671, 2.52671,
2.52683, 2.52683, 2.52722, 2.52722, 2.5277, 2.5277, 2.52862, 2.52862, 2.52909, 2.52909]

FeBRIMEZEEA (BEDAEUH X :196.2kB) {33

Kramers degeneracy is respected.
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m =2.5& 6y = 0.3 : topologically trivial gapped phase (6z =0.0)
in[-1:-= ListPlot[Transpose[Sort /@ EvalData], Joined -» True]

Out[e ]=
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m =0.5& oy = 0.3 : topologically nontrivial gapped phase with a time-reversal-
symmetry-breaking perturbation (6z=0.2)

in[-1:= ListPlot[Transpose[Sort /@ EvalData], Joined -» True]

Out[e ]=

-3

The helical edge states are gapped owing to a time-reversal-symmetry-breaking perturbation , even
in the presence of a bulk energy gap.
1= Sort[Flatten[EvalData]]

Out[e]=

{-2.72337, -2.72267, -2.72159, -2.71947, -2.71731, -2.71488, -2.71415, -2.71378, -2.71313, -2.71095,

~2.71055, -2.70891, -2.70561, -2.70528, , 2.70528, 2.70561, 2.70891, 2.71055,
2.71095, 2.71313, 2.71378, 2.71415, 2.71488, 2.71731, 2.71947, 2.72159, 2.72267, 2.72337}

SEERAIMEZFETA (BEDAEUH X :196.2kB) {33
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Kramers degeneracy is violated.



