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1. Calculation of Landau levels in tilted magnetic field. The total Hamiltonian is sum of 3 terms:
Kane Hamiltonian, the deformation Hamiltonian and one describing the symmetry lowering due to anisotropy
of the chemical bonds at the quantum well (QW) interfaces (interface inversion asymmetry, IIA). The last
two terms do not depend on the magnetic field. The explicit form of the deformational Hamiltonian for (013)
oriented HgCdTe QW is given in [3] and that Hamiltonian describing IIA is given in [26].

Choose the vector potential as follows: only the components in the plane of the quantum well are nonzero:

Ax = A′
x −Byz, Ay = A′

y + Bzz, Az = 0.

Components with primes describe the magnetic field along z axis:

Bz =
∂A′

y

∂x
− ∂A′

x

∂y
.

Let us introduce creation and annihilation operators:

a+ =
λ√
2
(kx + iky) =

λ√
2
k+, a =

λ√
2
(kx − iky) =

λ√
2
k−,

where

kx = −i
∂

∂x
+

e

h̄c
A′

x, ky = −i
∂

∂y
+

e

h̄c
A′

y, λ =

√

h̄c

|eBz|
.

Here λ is the magnetic length, −e is the electron charge. The operators kx and ky satisfy the following
commutation relation [kx, ky] = −i eBz

h̄c
. Therefore the commutator of a and a+ can be expressed as:

[a, a+] =
eBz

|eBz|
.

For eBz > 0 (Bz > 0) [a, a+] = 1.
As easy to show in the presence of the magnetic fields the following substitutions can be done:

k+ →
√
2

λ
a+ + i

e

ch̄
zB+, k− →

√
2

λ
a− i

e

ch̄
zB−.

Just as in the case of the normal magnetic field it is suitable to divide the total Hamiltonian including
deformational, Zeeman and IIA terms into axially symmetric and anisotropic parts. Without the Zeeman term
the axially symmetric part of the Hamiltonian has the following form:
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where

T = Ec +
h̄2

2m0

(kz(2F + 1)kz) + (2F + 1)h̄ωc(a
+a+

1

2
) +

h̄2(2F + 1)

2m0

(
ez

ch̄
)2(Bx

2 +By
2),

U = Ev −
h̄2

2m0

(kzγ1kz)− h̄ωcγ1(a
+a+

1

2
)− h̄2γ1

2m0

(
ez

ch̄
)2(Bx

2 +By
2),

V = − h̄2

2m0

(0.54kz(γ2 − γ3)kz − 2kzγ2kz) +
h̄ωc(0.27(γ2 − γ3)− 2γ2)

2
(a+a+

1

2
)− h̄2γ2

2m0

(
ez

ch̄
)2(Bx

2 +By
2)+

+ 0.27
h̄2(γ2 − γ3)

2m0

(
ez

ch̄
)2(Bx

2)− 0.72
h̄eBx

2m0ch̄
{(γ2 − γ3)z, kz},

S =
h̄2

√
6

2m0λ
({γ3, kz}+ 0.18{(γ2 − γ3), kz})a+

h̄e
√
6

m0λc
0.24(γ2 − γ3)Bxza,

s =
h̄2

2m0λ
a[κ, kz],

R = h̄ωc

√
3(γ2 − 0.545(γ2 − γ3))a

2,

Z =
h̄2

√
6

2m0λ
(0.18{(γ2 − γ3), kz}+ {γ3, kz} −

1

3
[κ, kz])a+ 0.24

h̄e
√
6

m0λc
(γ2 − γ3)zBxa,

z =
h̄2

√
6

2m0λ
({γ3, kz}+ 0.18{(γ2 − γ3), kz}+−1

3
[κ, kz])a

+ + 0.24
h̄e

√
6
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+,

C =
h̄2

√
2

m0λ
[κkz]a.
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