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Approach
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e-EM coupling

Full electron-photon coupling
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Central system

@ Finite parabolic quantum wire L; = 300 nm

@ GaAs parameters

O=NWAGNION®O

@ External perpendicular magnetic field, B = Bz
Confinement energy in y-direction A2y = 1.0 meV

@ Semi-infinite leads in magnetic field, parabolic y-confinement
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Single cavity mode
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Energy Spectra, leads, e-EM central system x- and y-pol., iv = 0.4 meV, B=0.1T
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Opening the system to the leads — GME

@ Weak coupling to leads

o Non-Markovian Liouville-von Neumann equation

@ Memory effects W(t) _ _% [H(t), W(t)] = —iLW(t)
® P=prprTrir

o - (A(D) = TH{W ()4} = Trs{ps(1)A)

XY, o { Thadh ca+ (The)* clda }
Reduced statistical operator
ps(t) =P{W(t)}

cE . 1 ! —i(t—s
ihps(t) = Lsps(t) + ETTLR {ET(t)/ ds et )LOET(s)prRpS(s)}
—— 0

closed system

dissipation, memory
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Coupling Hamiltonian

Contact area

HY) HY

oY oY

Coupling tensor with sensitivity to geometry

Tl = [ dvar (uhe)) 05wk )
QL xQ

Nonlocal overlap

B Ea B Gl q
Jag(r,x") = gyexp [=01 (2 — 2)* = 83(y — ¢/)*] exp (lNE()')
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Basis transformations

Transform the coupling tensor into the Coulomb interacting many-electron
basis {|1£)} and the electron-photon basis {|/)}

THa) =WV vw,  (TH9) =W (THg) vw

and the rest of the Hamiltonian after each diagonalization

@ Fock space construction and truncation schemes

Step by step guide

@ nttp://hartree.raunvis.h

.

.is/~vidar/Nam/TE/GME-1.pdf
.is/~vidar/Nam/TE/GME-2.pdf
.is/~vidar/Nam/TE/GME-3.pdf
.is/~vidar/Nam/TE/GME-4.pdf
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B

.

http://hartree.raunvis.h

http://hartree.raunvis.h

B

Vidar Gudmundsson (RH) t-dependent e-EM transport 2012-09 10 / 23


http://hartree.raunvis.hi.is/~vidar/Nam/TE/GME-1.pdf
http://hartree.raunvis.hi.is/~vidar/Nam/TE/GME-2.pdf
http://hartree.raunvis.hi.is/~vidar/Nam/TE/GME-3.pdf
http://hartree.raunvis.hi.is/~vidar/Nam/TE/GME-4.pdf

Empty system charged

2 = 1.0 meV, hw =04 meV, ¢*™ =0.1meV, B=0.1T,
18 SES, 64 MES + 27 photons — 64 MBS, no spin
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Charging current

Nph=1, w =2.0, ug=1.4 meV Nph=1, 1 =3.0, ug=2.5 meV
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Charging of many-body states
pp =2.0meV, g = 1.4 meV < |11) and [21)

Mo = 12) = 1061 1), =0.1 meV, x-pol [w)o = 12) =A0¢:1pn), g=0.1 meV, y-pol

Charge
0.4
03
0.2 200
0.1
100 t (ps)

o = 114) = [0gigy), 9=0.1 meV, x-pol [k)g = [15) = |04;45n), 9=0.1 meV, y-pol

Charge
0.4
03
0.2
0.1

0

Vidar Gudmundsson (RH) t-dependent e-EM transport



Photon content of many-body states
pp =2.0meV, g = 1.4 meV < |11) and [21)

K)o = [2) = [0¢i1h), x-pol
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Spin and details

@ Spin
@ Parallel dots

@ hf)g = 2.0 meV
hw = 10 meV (meV)
g"™M = 0.2 meV
g=20.44

@ 36 SES, 120 MES
e 120 MBS
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Closed system

gEM=0.2 meV, x-pol
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Electron transport
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Multi-photon processes

Bias window: [11) ——|21) Spin pairs

It)o = |05) = [0¢;0pp), 9=0.2 meV, x-pol
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Spin
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Multi-photon processes

Spin pairs
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Time-dependent charge
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Photon attenuated and assisted transport
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Thorsten Arnold, http://arxiv.org/abs/1209.2888
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Summary

Non markovian time-dependent electron transport

Weak lead-system coupling — strong coupling to a cavity photon mode
Numerically exact Coulomb and one-photon-mode interaction

Finite bias, beyond linear response

Geometrical effects, external homogeneous magnetic field

Many-body correlations of photons and electrons with spin

Freedom in choosing initial states

Parallelization for CPU's and GPU's
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