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Closed dot, dipole excitation
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o ihdip(t) = [H + V (1), p()]
@ DFT + magnetic field

@ No energy flows into internal
modes

@ Kohn's theorem
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Magnetotransport

Open quantum dot, scattering formalism: T = V. + GV T

om
gl
wo

G(E)/G,

@ Quantization, with or without B,

symmetry breaking

@ Lorentz force — electrons bypass

dot at high B

B=05T,B=12T
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Extension to the time-domain, current modulation
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“Zwischengedanken”

Bias?
Strong - weak coupling?
Many-electron formalism?

Interaction?

Non-equilibrium — density operator p

Phys. R
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Generalized Master Equation Approach

@ Weak coupling to leads H1) H1Y)

@ Variable coupling to leads, L s R
(coupled at ¢ = 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}

Vidar Gudmundsson (RH) t-dependent transport 2009-09 8 /30



ZEdd+ > et eq+ Hr(t)

q¢,I=L,R

HE(1) = X' (1) Y { Thachida + (T4o) dfcq }

q!a

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

1 t )
ihp = Lgp(t) + %TrLR {ET(t)/O dsez(ts)ﬁoﬁT(s)prRp(s)}

P+Q=1, P=prprTrrr
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p(t) = —iLles(t)p

+/dtl€tt)()

@ Integrodifferential equation
Volterra type

@ Life-times, decay rates
@ Memory effects, non-Markovian

@ Infinite order. .., (but

approximation)
@ Finite bias
@ Many-body effects

@ No assumption about equilibrium
in leads after coupling
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§0) = 3 s, p(0] = 7 3= [ dax (T, (0] + hec)
l LR

. t : ,
Qu(t) = e_EtHS/ ds Xl(s)qu(s)eﬁ(s_t)sl(q)eﬁtHs
0

T(s) = k75 (THp(s)(1 — 1) — p(s)T1f1) e Fots

=Y Tlh(@le)sl, T, Z Jeldl|B)
o,

) = 1,1, 0l by sy iy ,0,0,0000)

Ny states
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Coupling of leads
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Measurable quantities
Total charge: Qs = eY, 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 Wa(r)Wy(r)pu () (v]didy|n)

ab pv

A1) = () — o) = DB oS5 (o

a p
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Total current Coupling
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n

t=15.19 ps
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System with an off-centered Gaussian well

SO N A O ©

x/a,,

Vidar Gudmundsson (RH) t-dependent transport 2009-09 17 / 30



Relevant eigenstates
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Partial left current into state a
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Time-dependent charge density

t=0.76 ps
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off-centered hill
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Unpublished new results

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

@ Full Coulomb interaction in a limited section of Fock-space
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~ ~ A 1 ApAd A A
Hs =Y E,d.d} + 3 S (ab| Vled)d} dj dyd.
a abed

) =Ulp), Ullp) = |p)

T =U'T"(q)U, (T'(0))* = UNT' (@)U

Diagonalize Hg, transform GME, truncate p and {|u)}
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Many-electron spectra
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Interacting «<» non-interacting

pwrp =1.7meV and pur = 1.5 meV
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prp =1.7meV prp = 1.5 meV tr =2.6 meV pur = 2.4 meV
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Charge density
pr =2.6 meV up =2.4 meV, t =6 ps, and 61 ps
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Experiments

@ B. Naser, D. K. Ferry, J. Heeren, J. L. Reno, and J. P. Bird, Appl. Phys.

Lett. 89, 083103 (2006), Appl. Phys. Lett. 90, 043103 (2007).
@ W-T Lai, D. M. T. Kuo, and P-W Lj,

Physica E 41, 886 (2009).
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Valeriu Moldoveanu et al, (arXiv:0909.0815).
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Summary

o Initial steps taken for o GME-formalism
t-dependent transport o Bias
o Lippmann-Schwinger ° Many—elec.tron for.mallsm
scattering formalism o Coulomb interaction
- o General model
o Periodic
o Aperiodic, pulses o Analytical + numerical
o Current modulation e FORTRAN 2003 +
e Coulomb interaction parallelization
© NEGF - formalism /e Experimental systems
@ Valeriu Moldoveanu et al, 2009 New J. Phys. 11 073019
@ V. Gudmundsson et al, http://arxiv.org/abs/0903.3491 J
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