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The considered D/G/AFM Heterostructure



Landau-Lifschtiz-Gilbert Equations

∂tm1 = −γm1 × H1,eff + αm1 × ∂tm1

∂tm2 = −γm2 × H2,eff + αm2 × ∂tm2

• 1,2 are the sublattices

• γ: Gyromagnetic ratio (magnetic moment/angular moment)

• α: Gilbert damping

• H1,eff : Effective field (exchange,anisotropy,external,dipolar)



Application of external field



Numerical calculations



Landau Levels

In Landau gauge the energy of
electrons:

E = k2
z + (ν +

1

2
)ℏωc .

• ν ∈ Z : Landau levels

• ωc = eH/mc : Cyclotron
frequency



N-body wave function for LLL

• In symmetric gauge single particle wave function:
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lB =
√

ℏ/eB: magnetic length
r = (r , θ) : polar coordinates
m ∈ Z : angular momentum

• First quantized N-body state in Lowest Landau levels (LLL):

|ΨLLL⟩ =
∑
mi

cm1,m2,...,mN
|m1⟩ |m2⟩ . . . |mN⟩ .

mi : Single particle state
cm1,m2,...,mN

: Complex symmetric (anti-symmetric) coefficients for
bosons (fermions)



Correlation function
• Number density:

ρ(r) =
N∑
i=1

ρi (r) =
N∑
i=1

δ(r − ri ).

• Current density:
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N∑
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}
.

• The matrix elements of single particle wave function is:

⟨mi | jα,i |m′
i ⟩ =

ℏ
2M

ϵαβ
∂

∂rβ
⟨mi | ρα,i |m′

i ⟩

• The correlation function derived is:

⟨ρ(r ′)jα(r)⟩LLL =
ℏ
2M

ϵαβ
∂

∂rβ
⟨ρ(r ′)ρ(r)⟩LLL



• When the interaction with other Landau level is present then the
deviation from the LLL correlation function gives the interaction
parameters.

• For a system of bosons and weak contact interaction g ≪ ℏωc l
2
B

(hence, perturbation theory) the deviation from LLL is:

∆α(r) = ϵαβ
∂

∂rβ
⟨ρ(0)ϕ(r)⟩ − 2M

r
⟨ρ(r)jα(r)⟩ .

• It was cross checked using two-body interaction bosons (Kohn’s
thereom), N-body interacting bosons (Schimdt decomposition),
Laughling boson states.



Numerical Montecarlo simulation


