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Collective non-perturbative coupling of 2D electrons
with high-quality-factor terahertz cavity photons

Si/AlLO,

B 2DEG in GaAs-AlGaAs heterostructure
B FIR photon cavity
B External magnetic field
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QEDFT < QED-DFT-TP

Periodic 2DEG in magnetic field and FIR-photon cavity
4

B Coulomb interaction —

m Coulomb + DFT-functionals

electron-photon

interactions — B Electron-photon
DFT-functionals interaction — ClI
\

Cylindrical TEp;; mode to promote high order magnetic
transitions, no CM-electrical dipole modes



Model, (D), (=)

H = Ho+Vy+Vye+Vper +tH)+H™
TEp11 mode in cylindrical
FIR cavity

GaAs: m* = 0.067m,,
k=124, g*=-0.44

Para- and diamagnetic
e-v interactions

Long wavelength A >> L

Basis: {|electron) @ [photon)}
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N, Ane = ne(g = 0.05) —ne(gy = 0.001)
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Excitation - short time modulation of the e-y interaction
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pq=2,Ne=1,E, =14 meV, iwc=1.429 meV
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Array of rings

B Changed energy
spectrum

B Stronger inter-exchange
forces than for dots

B We know e-y-interactions
tends to reduce Coulomb
exchange forces
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Ne =3, pg=2, T=1.0K, transition between spin-configurations
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Eqotal (MEV)

Ejotal (MeV)

Ne=3,pq=2,T=1.0K, E, =0.7, 1.4 meV, dynamic spin instability
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Conclusions

DFT + ClI for a large 2D system in FIR-cavity
and external magnetic field

Charge polarization, ~-replicas

Self-consistent (DFT + Cl)-time-evolution
— non-linear response

High-order magnetic transitions

2-v diamagnetic transitions most prominent
e-y-interactions — reduce Coulomb exchange
FIR-cavity — transition between spin configurations
(QED-DFT-TP - 3M CPU hr on 128core AMD nodes)
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Appendix QED

H:/dr »i(r) {27;21* (T)}iﬁ(")

+Hgm + Heou + Hz

1 . e?
+E/dr](r)A7+W/dr ne(r)A,zy

j=-

™= (p + %Aext) ) Aext =

R AL AL SR
B
i(_y>x)

A, : the cavity vector field
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Appendix DFT - LSDA

Ne=ny+n;, ¢(=(ny—ny)/ne, v(r)=2nl?ne(r)

€§c(y7 ()= E)ng(y)e_f(u> + 620(”5 O~ e_f(y))

fv) = (3v/2) + T4,  €X(v) = —0.782\/ve?/(xl)

Qe1,€) = exc(1,0) + F(C) [exe (v, 1) — exc(1, 0)]

exc(1,€) = (1, C) + ec(v, ¢), With e (v,0) = —[4/(37)]/ve?/(KI),
and

ex(v, 1) = —[4/(3n)]v2ve? /(KI)
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