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Qi Zhang, Nature Physics 12, 1005 (2016):

Collective non-perturbative coupling of 2D electrons with
high-quality-factor terahertz cavity photons
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Real-time excitation
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Large electron system — 2DEG
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B No exact diagonalization

possible

1
QED + DFT = QEDFT

Use and adapt functional:
ESA[n., Vn,], proposed by
Johannes Flick, Simple
Exchange-Correlation Energy
Functionals for Strongly Coupled
Light-Matter Systems based on the
Fluctuation-Dissipation Theorem,
Phys. Rev. Lett. 129, 143201
(2022)



Model and EM functional,(&)
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Select Np =1, hwq = 1.0 meV, L =100 nm, m* = 0.067m,, k = 12.4,
g* =0.44, and q = kp /6 ~ |Vn.|/(6n.). Aol is measured in meV!/?



Commensurability

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

B Magnetic flux through unit
cell: BA = pq®dq, 9 = he/e,
pqgeN

N.=2,pqg=1 —
Aol = 0.050 meVi/2
J7

= —8.954 meV
T=10K
hwa = 1.0 meV

Ezee = 1.053 x 1072 meV
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Phys. Rev. B 106, 115308 (2022)
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Polaritons emerge, pg=1
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[ne(Aa) = 1¢(0)], pg =4, Aol = 0.050 meV!/2
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(M(A)-M(0))/Mg

(M(2)-M(0))/Mg

Cavity-photon influence on orbital magnetization
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pq =4, N, =2,

Fourier power spectrum, Q

Fourier power spectrum, Q;

Real-time excitation — red-shift of modes
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Summary

Exact diagonalization B Andrei Manolescu (RU)
¢ small systems B Valeriu Moldoveanu (NIMP)

B Nzar Rauf Abdullah (US,
KUST)

B Chi-Shung Tang (NUU)

Open systems < transport,
high-order single-mode QED

Large 2DEG < QEDFT

(GGA)

ey influence on B Vram Mughnetsyan (YSU)

magnetization, total energy Icelandic Infrastructure Fund,

Real-time excitations <> ihpc.is, Ul, RU, RCP, MOST
e sxeration Taiwan, ASCS

red-shift of collective
oscillations



Appendix QED
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Appendix DFT - LSDA
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GQC(MC) = exc(v,0) + fZ(C) [exe (V1) = €xe(1,0)]
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Appendix AC-FDT

J. Flick PRL 129, 143201 (2022), Dipole approximation:
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(compare to G. Mahan, chapter 4 for the last step)



