
In[]:= (* Testing with odd and three even. *)

In[]:= n = 1;

In[]:= sigmax = {{0, 1}, {1, 0}};

In[]:= sigmay = {{0, -ⅈ}, {ⅈ, 0}};

In[]:= sigmaz = {{1, 0}, {0, -1}};

In[]:= I2 = IdentityMatrix[2];

In[]:= AA = 2 * KroneckerProduct[sigmaz, sigmax];

In[]:= MatrixForm[AA]

Out[]//MatrixForm=

0 2 0 0

2 0 0 0

0 0 0 -2

0 0 -2 0

In[]:= BB = {{0, -ⅈ, 0, 0}, {ⅈ, 0, 0, 0}, {0, 0, 0, ⅈ}, {0, 0, -ⅈ, 0}};

In[]:= MatrixForm[BB]

Out[]//MatrixForm=

0 -ⅈ 0 0

ⅈ 0 0 0

0 0 0 ⅈ
0 0 -ⅈ 0

In[]:= CC = KroneckerProduct[sigmaz, sigmaz];

In[]:= MatrixForm[CC]

Out[]//MatrixForm=

1 0 0 0

0 -1 0 0

0 0 -1 0

0 0 0 1

In[]:= DD = {{0, 0, 1, 0}, {0, 0, 0, 1}, {1, 0, 0, 0}, {0, 1, 0, 0}};

In[]:= MatrixForm[DD]

Out[]//MatrixForm=

0 0 1 0

0 0 0 1

1 0 0 0

0 1 0 0

In[]:= loclzrHalf = KroneckerProduct[ⅈ * sigmax, AA - w * IdentityMatrix[4]] +

KroneckerProduct[ⅈ * sigmay, BB - x * IdentityMatrix[4]] +

KroneckerProduct[ⅈ * sigmaz, CC - y * IdentityMatrix[4]] +

KroneckerProduct[I2, DD - z * IdentityMatrix[4]];

In[]:= charpoly = FullSimplify[Det[loclzrHalf]]

Out[]= w4 + 2 w2 -3 + x2 + y2 + z2 + 3 + x2 + y2 + z22
w4 + 2 w2 1 + x2 + y2 + z2 + -1 + x2 + y2 + z2 15 + x2 + y2 + z2



In[]:= charpolyReduce = ReplaceAll[charpoly, {x^2 + y^2 + z^2 → R^2}]

Out[]= 3 + R22 + 2 -3 + R2 w2 + w4 -1 + R2 15 + R2 + 2 1 + R2 w2 + w4

In[]:= charpolyReduce = Factor[charpolyReduce]

Out[]= 9 + 6 R2 + R4 - 6 w2 + 2 R2 w2 + w4 -15 + 14 R2 + R4 + 2 w2 + 2 R2 w2 + w4

In[]:= charpolyReduceRotate =

FullSimplify[ReplaceAll[charpolyReduce, {R^2 → x^2 + y^2 + z^2}]]

Out[]= 9 + R4 + w4 + 6 x2 + 6 y2 + 6 z2 + 2 w2 -3 + x2 + y2 + z2
-15 + R4 + 2 w2 + w4 + 14 x2 + y2 + z2 + 2 w2 x2 + y2 + z2

In[]:= shouldBeZero = FullSimplify[charpolyReduceRotate - charpoly]

Out[]= R4 - x2 + y2 + z22 -6 + R4 + 2 w4 + 20 x2 + 20 y2 + 20 z2 + 4 w2 -1 + x2 + y2 + z2 + x2 + y2 + z22

In[]:= localizerHalfAtZero = ReplaceAll[loclzrHalf, z → 0];

In[]:= gma =

KroneckerProduct[IdentityMatrix[2], KroneckerProduct[sigmaz, IdentityMatrix[2]]];

In[]:= MatrixForm[gma];

In[]:= madeHermitian = ExpandAll[ⅈ * localizerHalfAtZero.gma];

In[]:= MatrixForm[madeHermitian]

Out[]//MatrixForm=

-1 + y 0 -ⅈ 0 w - ⅈ x -1 0 0

0 1 + y 0 -ⅈ -3 w - ⅈ x 0 0

ⅈ 0 -1 - y 0 0 0 -w + ⅈ x -1

0 ⅈ 0 1 - y 0 0 -3 -w + ⅈ x
w + ⅈ x -3 0 0 1 - y 0 -ⅈ 0

-1 w + ⅈ x 0 0 0 -1 - y 0 -ⅈ
0 0 -w - ⅈ x -3 ⅈ 0 1 + y 0

0 0 -1 -w - ⅈ x 0 ⅈ 0 -1 + y

In[]:= kTheory = FullSimplify[Det[madeHermitian]]

Out[]= w4 + 2 w2 -3 + x2 + y2 + 3 + x2 + y22 w4 + 2 w2 1 + x2 + y2 + -1 + x2 + y2 15 + x2 + y2

In[]:= 1  2 * Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {w → 0, x → 0, y → 0}]]]]]

Out[]= -1

In[]:= 1  2 *

Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {w → 0.1, x → 0, y → 0}]]]]]

Out[]= -1

In[]:= 1  2 * Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {w → 0, x → 2, y → 0}]]]]]

Out[]= 0
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In[]:= 1  2 * Total[Sign[Eigenvalues[N[ReplaceAll[madeHermitian, {w → 2, x → 0, y → 2}]]]]]

Out[]= 0
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