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Experimental impetus. . .



We model
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Short quantum GaAs wire in a 3D photon cavity
Weak coupling gL,Ra

3/2
w ∼ 0.124× (state− dependence) meV

(aw ≈ 23.8 nm, Bext = 0.1 T)



or. . .

Transport direction
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2QD-par. 2QD-as.



Time-dependent transport
⇓

Time scales
⇓

Transient – intermediate – long time – steady state

⇑
Density operator

⇑
Open Systems



Equation of motion
Liouville-von Neumann

∂tW = LW, LW = − i
~

[H,W ]

H = HS +HLR +HT(t), HS = He +HEM

HS =
∫
d2rψ†(r)

{
π2

2m∗ + V (r)
}
ψ(r) +HCoul + ~ωa†a

+1
c

∫
d2r j(r) ·Aγ + e2

2m∗c2

∫
d2r ρ(r)A2

γ

π =
(

p + e

c
Aext

)
, ρ = ψ†ψ, j = − e

2m∗
{
ψ† (πψ) +

(
π∗ψ†

)
ψ
}

Stepwise exact numerical diagonalization, (Fortschritte der Physik 61, 305 (2013))



One quantized cavity mode – no RWA

A(r) =
(

êx
êy

)
A
{
a+ a†

}cos
(
πy
ac

)
cos
(
πx
ac

)
 cos

(
πz

dc

)
,

TE011, x-pol.
TE101, y-pol.
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Projection on the central system
Reduced density operator

ρS(t) = PW (t) = ρLR(0)TrLR{W (t)}

Liouville-von Neumann ⇒ Nakajima-Zwanzig equation (to 2nd
order in HT), non-Markovian time-evolution

∂tρS(t) = LSρS(t) +
∫ t

0
dt′K[t, t− t′; ρS(t′)]

with

K[t, s; ρS(t′)] = TrLR
{[
HT(t),

[
U(s)HT(t′)U+(s),

US(s)ρS(t′)U+
S (s)ρLρR

]]}
and

HT(t) =
∑
i,l

χ(t)
∫
dq
{
T lqic

†
qldi + (T lqi)∗d

†
i cql

}



Spectra of a closed system, y-polarized photons, 2QD-par.
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LeadsCentral system



2 electrons initially, entangled
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Charge density oscillations

Variable probability in contact area → variable current
→ Rabi-oscillations detected in transport

t = 60 pst = 10 ps



Long time evolution
(No memory - Markovian evolution) in many-body Fock space (dim ∼ N)

⇓
Liouville space of transitions (dim ∼ N2), (Comp. Phys. Commun. 220, 81 (2017))

∂tρ
vec
S = Lρvec

S

with solution

ρvec
S (t) = [U exp (Ldiagt)V] ρvec

S (0)

where
LV = VLdiag, UL = LdiagU , UV = VU = I

Steady state can be found as the eigenvalue 0 of

0 = Lρvec
S

but we use
lim
t→∞

[U exp (Ldiagt)V] ρvec
S (0)



Radiative and nonradiative transitions

Long time evolution (Annalen der Physik 529, 1600177 (2017)), κ = 0
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Two types of Rabi resonances, 2QD-par.
(Annalen der Physik 530, 1700334 (2018)), (Physics Letters A 382, 1672 (2018))

~ω = 0.72 meV
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Diamagnetic int. ∼ ρA2, x-pol.
Paramagnetic int. ∼ j ·A, y-pol.
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Ground state electroluminescence

(Annalen der Physik 530, 1700334 (2018)), κ = 10−3 meV
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Spectral density, emitted radiation, Mollow triplet. . .
(Also the more complex 2e ground state)



Current correlations
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No Coulomb blockade, 1/f . . .
(Physics Letters A 382, 1672 (2018))

gEM = 0.10 meVgEM = 0.05 meV



Slow interdot ground state transition, 2QD-as
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(Annalen der Physik 531, 1900306 (2019))



Exact matrix elements for e-EM-interactions, 2QD-as.

-40

-30

-20

-10

 0

 10

 0  0.1  0.2  0.3

lo
g
(|

E
µ
|)

gEM (meV)

κ=1.0e-4 meV
κ=1.0e-5 meV

Complex Liouvillian spectrum

Extreme slow interdot ground
state transition out of
resonance, ~ω = 1.75 meV
(Annalen der Physik 531, 1900306 (2019))

Purcel effect seen in transport
current: (Nanomaterials 9, 1023 (2019))

Quantum self-induction in
transport: (Physica E 127, 114544 (2021))



Summary

� Time-dependent many-body
approach

� Central system: Exact
interactions

� Shape – geometry

� Weak coupling to external
reservoirs

� All time scales

� Effective parallelism,
CPU-GPU

� Review: Entropy 21, 731 (2019)

� Andrei Manolescu (RU)

� Valeriu Moldoveanu (NIMP)
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KUST)

� Chi-Shung Tang (NUU)

� Shi-Sheng Goan (NTU)

Icelandic Research Fund, Icelandic
Infrastructure Fund, ihpc.is, UI, RU,
MOST Taiwan, CNCS.


