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Experimental impetus. . .



Qi Zhang, doi: 10.1038/NPHYS3850

■ 2DEG in GaAs-AlGaAs heterostructure
■ FIR photon cavity
■ External magnetic field



Gudmundsson et al. Ann. Phys. 528, No. 5, 394–403 (2016)
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■ Exact diagonalization,
one photon mode

■ ℏω = 0.8 meV

■ 2 electrons,
first photon replica

■ Polarizability

 4.892

 4.894

 4.896

 4.898

 4.9

 0  0.05  0.1  0.15

 5

 5.2

 5.4

 5.6

〈(
r/

a
w

)2
〉

〈(
r/

a
w

)2
〉

gEM (meV)

EEM=0.8 meV, x
EEM=0.8 meV, y
EEM=2.0 meV, y

 1.5

 1.51

 1.52

 1.53

 0  0.05  0.1  0.15
 3.36

 3.37

 3.38

 3.39

〈(
x
/a

w
)2

〉

〈(
y
/a

w
)2

〉

gEM (meV)

〈(x/aw)
2
〉, x

〈(y/aw)
2
〉, x

〈(x/aw)
2
〉, y

〈(y/aw)
2
〉, y



Large electron system – 2DEG
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Density

■ No exact diagonalization
possible

↓
■ QED + DFT = QEDFT

■ Use and adapt functional:
EGA

xc [ne, ∇ne], proposed by
Johannes Flick, Simple
Exchange-Correlation Energy
Functionals for Strongly Coupled
Light-Matter Systems based on the
Fluctuation-Dissipation Theorem
(2021), arXiv:2104.06980
[physics.chem-ph]



Orbital magnetization is sensitive to charge polarizability

■ Test for effects on orbital magnetization, Mo, of a 2DEG in a
quantum dot array ↔ ground state property

Mo + Ms = 1
2cA

∫
A

dr (r × j(r)) · êz

−g∗µ∗
B

A

∫
A

dr σz(r)

■ EM-field randomly polarized in the 2DEG plane
■ External magnetic field, B ̸= 0
■ A = L2, L = 100 nm
■ Preprint: https://doi.org/10.48550/arXiv.2203.11029



Model and EM functional

H = H0 + HZee + VH + Vper + Vxc + V EM
xc

EGA
xc [ne, ∇ne] = 1

16π

Np∑
α=1

|λα|2
∫

dr
ℏωp(r)√

(ℏωp(r))2/3 + (ℏωg(r))2 + ℏωα

(ℏωg)2 = C

∣∣∣∣∇ne

ne

∣∣∣∣4 ℏ2

m∗2

(ℏωp(q))2 = (ℏωc)2 + 2πn2
e

m∗κ
q + 3

4v2
Fq2

ωc =
(

eB

m∗c

)
, l2 =

(
hc

eB

)
Select Np = 1, ℏωα = 1.0 meV, L = 100 nm, m∗ = 0.067me, κ = 12.4,
g∗ = 0.44, and q ≈ kF/6 ≈ |∇ne|/ne. λαl is measured in meV1/2



Commensurability

■ L and l are competing length
scales - Hofstadter problem
(Phys. Rev. B 14, 2239
(1976))

■ Magnetic flux through unit
cell: BA = pqΦ0, Φ0 = hc/e,
p, q ∈ N

Ne = 2, pq = 1 →
λαl = 0.050 meV1/2

µ = −8.954 meV
T = 1.0 K
ℏωα = 1.0 meV
EZee = 1.053 × 10−2 meV -π
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Polaritons emerge, pq = 1
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Vxc, V EM
xc , [ne(λα) − ne(0)], pq = 4, λαl = 0.050 meV1/2

Ne = 2
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Ne = 2, 4
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Total energy

λαl = 0 → 0.1 meV1/2
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Orbital magnetization, M0 = µ∗
B/L2, λαl = 0 → 0.1 meV1/2
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Cavity-photon influence on orbital magnetization
pq = 1, 3
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Summary

■ QEDFT (GGA), 2DEG

■ Electron polarizability

■ External magnetic field

■ Orbital magnetization,
total energy

■ Cavity-photon, bandstructure
and lattice effects

■ Preprint:
https://doi.org/10.48550/arXiv.2203.11029

■ Andrei Manolescu (RU)

■ Valeriu Moldoveanu (NIMP)

■ Nzar Rauf Abdullah (US,
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■ Chi-Shung Tang (NUU)

■ Vram Mughnetsyan (YSU)

Icelandic Infrastructure Fund,
ihpc.is, UI, RU, RCP, MOST
Taiwan, ASCS


