10 Band Model of MA-TBG

Spenser Talkington - 15&16 August 2022
Here we implement the 10 band model of MA-TBG developed in https://arxiv.org/pdf/1808.02482.pdf .

We recreate panels (a) and (b) of Figure 2 in that paper.

Setup

1= (*set upx)
Remove["Global %"];
$PrePrint = MatrixForm;

n-j= (*Lattice and phase accumulationsx)
=Exp[I2x/6];
w=E"2;
a0 = 1; (xsets scale of triangular latticex)
al = a0 {Re[Exp[-Ix/12]], Im[Exp[-Ix/12]]1};
a2 = a0 {Re[Exp[Ix/2]], Im[Exp[Ix/2]]};
o[l_, m_, k_ ] :=Exp[-Tk.(Lal+ma2)](*xL bar = -1%)

n-1= (*high symmetry pointsx)
r={0, 0};
K= {Sqrt[3]/2, 2/ 3};
M= {2-Sqrt[3], 1};

Modelat 6=0

1= (*unperturbed Hamiltonianx)
hAp[k_] := {- (w+¢[1, 1, k] 0*+¢[0, 1, k]) &*a, (0*+¢[1, 1, kKl w+¢[0, 1, k]) £D,
(1+¢[1, 1, k] +¢[0, 1, k])c, -T¢[-1,0, k]d, -Twd, -T¢[0, 1, k] w*d}
hAm[k_] := {(1+¢[1, 1, k] w*+¢[0, 1, k] w) E*a, (1+¢[1, 1, k] +¢[0, 1, k]) c,
(1+¢[1,1,k]l]w+¢[0, 1, k] 0*) Eb, -I¢[-1, 0, k] d, -Tw*d, -T¢[0, 1, k] wd}
hBp[k_] := {(w+¢[1, 0, k] w*+¢[1, 1, k]) £ a,
(w*+¢[1, 0, Kl w+o[1, 1, k]) &*b, (L+¢[1, 0, k] +¢[1,1,K])Cc, Id, Iwd, Iw*d}
hBm[k_] := {-(w+¢[1, 0, k] +¢[1, 1, k] w*) L a,
(L+¢[1, 0, kK] +¢[1, 1, k]) c, (w*+¢[1, O, k] +¢[1, 1, k] w) £*b, Id, Tw*d, Twd}
h[k_] := t0 Transpose[{hAp[k], hAm[k], hBp[k], hBm[k]}]
HO[k_] := ArrayFlatten[{{0, h[k]}, {ConjugateTranspose[h[k]], 0}}]
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n-1= (*model parametersx)

a=0.110;
b =0.033;
c=0.033;
d=0.573;
t0 = 0.130;

n-1= (*set up path through BZx)
10 =03
11 = Norm[I - K]
12 = Norm[T' - K] + Norm[-K-T];
13 = Norm[T' - K] + Norm[-K -T] + Norm[-M + K]
14 = Norm[T' - K] + Norm[-K-T] + Norm[-M + K] + Norm[T' + M] ;
15 = Norm[T' - K] + Norm[-K -T] + Norm[-M + K] + Norm[T' + M] + Norm[M -T]
16 = Norm[T' - K] + Norm[-K -T] + Norm[-M + K] + Norm[T + M] + Norm[M -T] + Norm[K - M] ;
pathpoints = {{0, K}, {11, r}, {12, -K}, {13, -M}, {14, T}, {15, M}, {16, K}};
path = Interpolation[pathpoints, InterpolationOrder -» 1];
linel = Line[{{1l1, -0.2}, {11, ©0.2}}];

line2 = Line[{{12, -0.2}, {12, 0.2}}];
line3 = Line[{{13, -0.2}, {13, 0.2}}1;
line4 = Line[{{14, -0.2}, {14, 0.2}}]};
line5 = Line[{{15, -0.2}, {15, 0.2}}]};
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(xplotx)
Plot[Sort[Eigenvalues[HO[{path[x][1], path[x]1[201}11]1, {x, 0, 16},
Epilog » {{Gray, linel}, {Gray, line2}, {Gray, line3}, {Gray, line4}, {Gray, line5}},
PlotRange -» {{0, 16}, {-0.2, 0.2}}, PlotLabel -»
Style["Band Structure of 10 Band Model for MA-TBG (6 = 0)", FontSize - 20],
Axes -» False, Frame -» {True, True, False, False},
FrameLabel -» {"", "Energy (eV)"}, FrameTicks -
{{{0, "K"}, {11, "r"}, {12, "-K"}, {13, "-M"}, {14, "T"}, {15, "M"}, {16, "K"}},
{{-0.2, "-0.2"}, {-0.1, "-0.1"}, {6.0, "0.0"}, {6.1, "-0.1"}, {0.2, "0.2"}}},
LabelStyle - Directive[FontSize - 16, FontFamily - "Times"],
ImageSize » 2% (3+3/8) *x72, PlotPoints -» 100, MaxRecursion » 1]

Band Structure of 10 Band Model for MA-TBG (6 = 0)
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Modelat =1

n-= (*perturbations)
uz = -6tz +d6z;
upm = 3 tpm + Spm;
ux = -4 (tx + tkprime) + éx;
Cpmz[k_] :=1I tpmzp {{¢[0O, 1, k] +¢[-1, -1, kKl w+¢[1, O, K] w*},
{-(¢[0, -1, k] +¢[1, 1, k] w*+¢[-1, 0, kK] w) }} -
I tpmzm {{$[0, -1, k] +¢[1, 1, k]l w+¢[-1, 0, K] w*},
{- (400, 1, k] +¢[-1, -1, k] w*+¢[1, O, k] w) }}
Cxpm[k_] :=
tkpmp {{¢[-1, 0, K], ¢#[-1, -1, k]}, {¢[-1, -1, K] w*, w}, {w, #[-1, O, K] w*}} -
tkpmm {{¢[-1, -1, k], ¢[-1, O, K]}, {0*, ¢[-1, -1, k] 0}, {¢[-1, O, K] w, w*}}
Cpmpm[k_] := tpmpmp (¢[0, 1, kK] +¢[-1, -1, Kl w+¢[1, 0, k] w*) +
tpmpmm (¢[00, -1, k] +¢[1, 1, k] w+¢[-1, O, k] w*)
Hz[k_] :=
tz (¢[0, 1, k] +¢[1, 1, k] +¢[1, 0, k] + Conjugate[$[0, 1, k] +¢[1, 1, k] +¢[1, 0, k]])
Hpm[k_] :=
tpm (¢[0, 1, k] +¢[1, 1, k] +¢[1, 0, k] + Conjugate[¢[0, 1, k] +¢[1, 1, k] +¢[1, O, k]])
{{1, 0}, {0, 1}} + {{0, Conjugate[Cpmpm[k]1}, {Cpmpm[k], O}}
Hx[k_] := tx {{0, ¢[-1, 0, k], 1}, {1, 0, ¢[0, -1, k1}, {#[1, 1, k], 1, 0}} +
txprime {{0, ¢[-1, -1, k], ¢[-1, O, K]},
{¢[0, -1, k], 0, ¢[1, 0, k]}, {6[0, 1, k], ¢#[1, 1, k], O}} +
ConjugateTranspose[tx {{0, ¢[-1, O, k], 1}, {1, @, ¢[O0, -1, k]}, {#[1, 1, k], 1, O}} +
txprime {{0, ¢[-1, -1, k], ¢[-1, O, K]},
{¢[0, -1, k], 0, ¢[1, 0, k]}, {6[0, 1, k], #[1, 1, k], O}}]
Hn[k_] := KroneckerProduct[{{0, Exp[I¢n] (1+¢[0, -1, kK] +o[1, 0, k])},
{Exp[-I¢n] (1+¢[0, 1, k] +¢[-1, 0, k]), O}}, {{1, O}, {0, 1}}]
Vik_] :=
tn ArrayFlatten[{{Hz[k] + uz IdentityMatrix[1], ConjugateTranspose[Cpmz[k]], 0, 0},
{Cpmz[k], Hpm[k] + upm IdentityMatrix[2], ConjugateTranspose[Cxpm[k]], 0},
{0, Cxpm[k], Hx[k] + ux IdentityMatrix[3], 0}, {0, 0, O, Hn[k]}}]1;
(»tn sets energy scale here--in other functions above they
are just ratios of this overall scalex)
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= (*perturbation parametersx)
¢n = -Pi/2;(*guess--if Pi/2 it flips the perturbation upside-downx)
tn = 0.0325;

6z = -0.100;
épm = 03
6x =0.110;
tz =03

tpm = 0.003;
tpmpmm = 0.004;
tx =03

txprime = 03
tpmzp = 0.016;
txkpmp = 0.016;

txpmm = -0.016;
tpmzm = 03
tkpmp = 0;
tkpmm = 0;
tpmpmp = 03
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(*plotx)
Plot[Sort[Eigenvalues[HO[{path[x][1], path[x]1[2]}] + V[{path[x][1], path[x]1[201}111,
{x, 0, 16},
Epilog -» {{Gray, linel}, {Gray, line2}, {Gray, line3}, {Gray, line4}, {Gray, line5}},
PlotRange -» {{0, 16}, {-0.23, 0.23}}, PlotLabel »
Style["Band Structure of 10 Band Model for MA-TBG (6 = 1)", FontSize - 20],
Axes -» False, Frame -» {True, True, False, False},
FrameLabel - {"", "Energy (eV)"}, FrameTicks -
{{{0, "K"}, {11, "r"}, {12, "-K"}, {13, "-M"}, {14, "Tr"}, {15, "M"}, {16, "K"}},
{{-0.2, "-0.2"}, {-0.1, "-0.1"}, {60.0, "0.0"}, {6.1, "-0.1"}, {0.2, "0.2"}}},
LabelStyle - Directive[FontSize -» 16, FontFamily - "Times"],
ImageSize » 2% (3+3/8) *x72, PlotPoints -» 100, MaxRecursion - 1]

Band Structure of 10 Band Model for MA-TBG (6 = 1)
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(xplotx)
Plot][
{Sort[Eigenvalues[HO[{path[x][1], path[x][201}] +V[{path[x][1], path[x][21}111[I51,
Sort[Eigenvalues[HO[{path[x][1], path[x]1[2]}] + V[{path[x][1], path[x][201}1]1]1061},
{x, 0, 16}, Epilog » {{Gray, linel}, {Gray, line2}, {Gray, line3},

{Gray, line4}, {Gray, line5}}, PlotRange » {{0, 16}, {-0.004, 0.004}},
PlotLabel - Style["Flat Bands of 10 Band Model for MA-TBG (6 = 1)", FontSize -» 20],
Axes -» False, Frame -» {True, True, False, False},

FrameLabel - {"", "Energy (meV)"}, FrameTicks »
£{{0, "K"}, {11, "r"}, {12, "-K"}, {13, "-M"}, {14, "r"}, {15, "M"}, {16, "K"}},

{{-0.004, "-4"}, {-0.002, "-2"}, {0.0, "O"}, {0.002, "2"}, {0.004, "4"}}},
LabelStyle - Directive[FontSize -» 16, FontFamily - "Times"],

PlotStyle » RGBColor[0.368417, 0.506779, 0.709798],
ImageSize - 2% (3+3/8) »x72, PlotPoints » 100, MaxRecursion - 1]

Flat Bands of 10 Band Model for MA-TBG (6 = 1)
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