
In[1]:= Σx = 880, 1<, 81, 0<<;

Σy = 880, -I<, 8I, 0<<;

Σz = 881, 0<, 80, -1<<;

Conj@X_D := X �. Y_Complex ® Conjugate@YD
Adjoint@M_D := Conj@Transpose@MDD

In[6]:= U@Θ_, Φ_D := MatrixExp@-I * Θ * HΣx * Cos@ΦD + Σy * Sin@ΦDL � 2D

In[7]:= V@Θ_, Φ_D := U@Θ H1 + ΕL, ΦD

In[8]:= UΠ = U@Π, 0D

Out[8]= 880, -ä<, 8-ä, 0<<

In[9]:= Vn = V@Π, 0D

Out[9]= ::-SinB
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In[10]:= Fn = Simplify@Tr@Adjoint@UΠD.VnD � 2D

Out[10]= CosB
Π Ε
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In[11]:= Series@Fn, 8Ε, 0, 3<D

Out[11]= 1 -

Π2 Ε2

8
+ O@ΕD4

In[12]:= Ψ0 = 881<, 80<<

Out[12]= 881<, 80<<

In[13]:= ABS2@X_D := Conj@XD * X

In[14]:= Pn = ABS2@Tr@Adjoint@Ψ0D.Adjoint@UΠD.Vn.Ψ0DD

Out[14]= CosB
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In[15]:= Series@Pn, 8Ε, 0, 3<D

Out[15]= 1 -
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In[16]:= VL = Simplify@V@Π � 2, 0D.V@Π, Π � 2D.V@Π � 2, 0DD

Out[16]= ::SinB
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In[17]:= PL = Simplify@ABS2@Tr@Adjoint@Ψ0D.Adjoint@UΠD.VL.Ψ0DDD

Out[17]= CosB
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In[18]:= Series@PL, 8Ε, 0, 5<D

Out[18]= 1 -
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In[19]:= HVL �. Ε ® 0L � UΠ

Out[19]= False

In[20]:= HVL �. Ε ® 0L � U@Π, Π � 2D

Out[20]= True



In[21]:= FL = Simplify@Tr@Adjoint@U@Π, Π � 2DD.VLD � 2D

Out[21]= CosB
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In[22]:= VT = Simplify@V@Π, Π � 3D.V@Π, 5 Π � 3D.V@Π, Π � 3DD

Out[22]= ::CosB
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In[23]:= HVT �. Ε ® 0L � UΠ

Out[23]= True

In[24]:= FT = Simplify@Tr@Adjoint@UΠD.VTD � 2D

Out[24]= -

1

4
CosB

Π Ε

2
F H-5 + Cos@Π ΕDL

In[25]:= Series@FT, 8Ε, 0, 5<D

Out[25]= 1 -
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In[26]:= FullSimplify@U@Π, Φ4D.U@Π, Φ3D.U@Π, Φ2D.U@Π, Φ1DD

Out[26]= 99ã
ä HΦ1-Φ2+Φ3-Φ4L, 0=, 90, ã

-ä HΦ1-Φ2+Φ3-Φ4L==

In[27]:= MatrixExp@-I * 2 * HΦ1 - Φ2 + Φ3 - Φ4L * Σz � 2D

Out[27]= 99ã
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In[28]:= W@Φ1_, Φ2_D := V@Π, Φ1D.V@2 Π, Φ2D.V@Π, Φ1D

In[29]:= Simplify@W@Φ1, Φ2DD �. Ε ® 0

Out[29]= 881, 0<, 80, 1<<

In[30]:= Simplify@Normal@Series@Simplify@W@Φ1, Φ2DD, 8Ε, 0, 1<DD - IdentityMatrix@2DD

Out[30]= 880, -Π Ε Hä Cos@Φ1D + Sin@Φ1DL H1 + Cos@Φ1D Cos@Φ2D - ä Sin@Φ1 - Φ2D + Sin@Φ1D Sin@Φ2DL<,

8Π Ε H-ä Cos@Φ1D + Sin@Φ1DL H1 + Cos@Φ1D Cos@Φ2D + ä Sin@Φ1 - Φ2D + Sin@Φ1D Sin@Φ2DL, 0<<
In[31]:= Simplify@

% == Simplify@-Ε * I * Π * HHCos@Φ1D + Cos@2 Φ1 - Φ2DL * Σx + HSin@Φ1D + Sin@2 Φ1 - Φ2DL * ΣyLDD
Out[31]= True

In[32]:= FullSimplify@Normal@Series@FullSimplify@W@Φ1, 3 Φ1DD, 8Ε, 0, 1<DD - IdentityMatrix@2DD

Out[32]= 880, -2 ä Π Ε Cos@Φ1D<, 8-2 ä Π Ε Cos@Φ1D, 0<<

In[33]:= Series@U@Ε * 4 Π * Cos@Φ1D, 0D, 8Ε, 0, 1<D

Out[33]= 991 + O@ΕD2, -2 ä Π Cos@Φ1D Ε + O@ΕD2=, 9-2 ä Π Cos@Φ1D Ε + O@ΕD2, 1 + O@ΕD2==
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In[34]:= VB = V@Π, 0D.FullSimplify@W@ArcCos@-1 � 4D, 3 * ArcCos@-1 � 4DDD

Out[34]= ::-
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In[35]:= FB = Simplify@Tr@Adjoint@UΠD.VBD � 2D

Out[35]=
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In[36]:= Series@FB, 8Ε, 0, 7<D
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