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Background - Motivation

Closed systems

2D electronic systems
Quantum dots, wires
Magnetic field

FIR absorption
Raman scattering
Magnetization
Coulomb interaction
Geometry effects

Time-dependence

Open systems
@ Broad quantum wires

@ Semi-infinite leads

@ Band structure, geometry

@ Embedded subsystems

@ Lippmann-Schwinger formalism

@ Non Equilibrium Greens's functions

@ No interaction

@ Time-dependent systems

@ Weak or strong coupling
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Content

Time-dependent transport

Generalized Master Equation (GME)
Implementation

Bias, Many-Electron States (MES)
Transient effects

Geometrical effects, resonances
Coulomb interaction

Correlation effects

New Journal of Physics 11, 073019 (2009), and 113007 (2009)
Phys. Rev. B81, 155442 (2010), and 205319 (2010)
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Open System — Generalized Master Equation Approach

@ Weak coupling to leads H1) H1Y)

@ Variable coupling to leads, L s R
(coupled at ¢t = 0)

@ Many-electron formalism

Liouville-von Neumann equation

@ Origin in quantum optics

@ Projection on the system W(t) = ~7 [H(t), W(t)] = —iLW(t)

@ Reduced statistical
operator

p(t) = TrpTer { W (1)}

H = Hs + Hy, + Hg + Hf + Hyt

(A(t)) = Te{W(t)A} = Trs{[TrLTrr W(t)]A} = Trs{p(t) A}
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ZEdd+ > a)eheq+ Hr(t)

q¢,I=L,R

HE (1) = X' (8) 3 { Thachyda + (T0,) dfcq}

q7a’

T exp {—i/st ds'QE(s’)Q} = exp{—1QLyQ(t — 5)}(1+R)

1 ¢ )
ihp = Lgp(t) + %TrLR {ET(t)/O ds e’(ts)LOLT(s)prRp(s)}

P+Q=1, P=prprTrrr
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p(t) = —iLles(t)p

+/dtl€tt)()

@ Integro-differential equation

@ Life-times, decay rates

@ Infinite order. .., (but
approximation)

@ Finite bias: Ay = pur — ug
@ Many-body effects

in leads after coupling

Memory effects, non-Markovian

No assumption about equilibrium

E
A
1 - A
W— + <
- +— A
- \/\\\\ HR
- A
Relevant states
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§0) = =3 Hs,p(0] = 7 3= [ dax (T (0] + hec)

lLR

) t ) '
Qq(t) = e_%tHs/ ds Xl(S)qu(S)G%(S_t)sl(Q)e%tHS
0

L(s) = ek (THp(s)(1 — ) — p(s)TUfY) e Ho%

THe) =Y Tis(a)|a)(Bl, Z Jaldl|B)

L
=

) = 1,1, Lk i 0,0,.),  Nygs = 2758

Ny states
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Coupling of leads

Ti’kR = /A drdr’ (\Pi’R(r’))* U3 (r) gLl (r,r') + h.c.
L,R
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Measurable quantities
Total charge: Qs = e, dld,

(Qs(t)) = Tr{W(t)Qs} = Trg{[TrLr W(¢)]Qs}
= Trs{p(t)Qs} = > it {ulp(t)|w)
a,p

(Qs(r,t) = ed Y Vo) Wy (r)p(t) (v]df dylu)

ab pv

A1) = () — D) = DB oS5 (o

a M

t-dependent transport 2010-06 10 / 32



E (meV)

E (meV)

2 . .
1.8 .
16 L
1.4
1.2 .
1 —
0.8 L
0.6 —
0.4 - -
0 5 10 15 20
i
n=0 ——
[ R
25 n=2
ul+A
5 HR-A
Wo- - -
[T
15
1
0.5
0
0 1 2 3 4
qay

08 H

0.6

0.4

0.2

(a)

0.6 o oo
i .-
! -
0.4 | .
0.2
7
o L=
0 20 40 60
t(ps)

Vidar Gudmundsson




Total current Coupling
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System with an off-centered Gaussian well

SO N A O ©

x/a,,
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Relevant eigenstates
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Partial left current into state a
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jara=1 ——

Left current into state a (nA)
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Time-dependent charge density

t=0.76 ps
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off-centered hill

de-

0.0
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Coulomb interaction

Magnetic field
@ In central system, finite quantum wire

@ In semi-infinite leads

Coulomb interaction

@ Coupling to leads — correlation in the system

@ Mean-field approach would destroy correlations
@ Mean-field approach would make Hg t-dependent
o

Full Coulomb interaction in a limited section of Fock-space,
(exact diagonalization — configuration interaction)
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1
Hs =Y E,d,d} + 3 >~ (ab] Vool cd) i df dad.
a abed

1) = Vi), Vi) = |w)

THe) =VIT 9V, (T'(q)" =V(T(q)*V
(Qs(t))1 = Trs{p(t) Qs} = Trs{p(t) Qs} = Trs{p()V' Q,V}

Diagonalize Hg, transform GME, truncate p and {|u)}

@ Phys. Rev. B81, 155442 (2010)
@ Phys. Rev. B81, 205319 (2010)
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Finite quantum wire
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Ap=pr —pr = 0.2 meV Ap=pr —pr = 1.2 meV
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Finite parabolic wire, Total charge
B=1.0T, L, =300 nm, h2g = 1.0 meV
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Total charge and current
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Embedded ring
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SES-probabilities
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Coulomb interaction enhances occupation!
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Correlation enhanced by Coulomb interaction

;
30
o5 0.8 0.8
20 0.6 0.6
>
19 0.4 0.4
10
0.2 0.2
5
0 0
10 15 20 25 30 5 10 15 20 25 30
n n
No interaction Interaction

Vidar Gudmundsson (RH) t-dependent transport 2010-06 27 / 32



Current oscillations
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Correlation oscillations
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Correlation oscillations

t = 252.2 ps

t=273,4 ps
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Summary

o GME-formalism @ Coulomb interaction
o Bias o Exact diagonalization
o Weak coupling o Coulomb blocking
o Magnetic field e Interaction enhances
o Many-electron formalism correlations
o General model o Correlation oscillations
@ Analytical + numerical o Geometry matters
@ Time-evolution, transients, o FORTRAN 2003 +
steady state parallelization
°

Experimental systems: VM, AM, VG, Phys. Rev. B80, 205325 (2009)
Correlations effects: VG, C-ST, OJ, VM, AM, Phys. Rev. B81, 205319 (2010)
@ Cross correlation: VM, AM, VG, (arXiv:1005.3860), (2010)
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