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Transients due to time-dependent couplings.

H(t) — Hcoupled + %ias (t) VS. H(t) — Hbias + ‘/coupling (t)
S. Kurth et. al Phys. Rev. B 72 (2005) vs. C. Caroli et. al J. Phys. C 4 (1971).

* Step-like potential and turnstile configuration.

* Applications: non-periodic potentials and many-level
systems (beyond A.-P. Jauho et al., Phys. Rev. B 50 (1994)).

¢ Rigorous results: H. D. Cornean etal. arXiv:0708.0303 and G. Nenciu , J. Math.
Phys. 48, 033302 (2007).
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The lattice model

* Time dependent Hamiltonian H(t) = Hs + H; + Hp(1).

N
Hy = Z(em + Vo)l d 4+ Y tnd,dn,
(m,n)
HT(t) — Z ‘/Lama C dma —I_ h C)
a=l,r
Jal) = TIH®),No = T Vigm, (0(e], dun, =} c3,):

° p(t) :eit(HS—FHL)ﬁ(t,tO) ( )ﬁ( )* —it(Hs+Hp)
* p(to) = p(Hr) © p(Hg) .



The current formula

— Tr{poﬁ(t, to)ja(tz)ﬁ(f, tO)}
= Tr{poTe(e e ), (1))}

* Keldysh contour: C' = (—o0, t] U [t, —00).
* Main formula (matrix form):

* Jalt)

2 QtL t .
= [ " ap / dse DT (T (E;t, 5)(GR(t, 5) fa(E) + G<(t, 5))}.
—2tp 0

* Retarded Green function
G (1) = =i0(t — ) ({c] (1), dm, ()}).
* Lesser Green function G= . (t,¢') = i{c! (t)d, (1))
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Technical problems

The integral Dyson equation (matrix form):

GR(t,t') = GE(t, ') + [T dt1 GT(t, t1) [T1 dtaX B (1, t2) G (t2,t')
* The Keldysh equation
G<(t,t') = [} dtiGE(t, 1) f(f/ dtaX<(t1,t2)GA(t2,t)
* The retarded self-energy
SR () = —if(t — ') S Vo () Vy () fth dEp(E)e  EX =5, S

* Wide band limit approximation+ single site:
YR ) ~ 6t —t)

* Exact solution of the Dyson equation, no matrix
Inversion.
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Single site

Ja(t) = Jo/(8) + J3 (1)
* Symmetric bias: p, 3 = po £ eV/2.

* The coupling controls the transient oscillation
* Occupation number: N(t) =Im) .G (t,t)
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Green functions
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* The imaginary parts are relevant!
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Many-level quantum dots

* Non-oscillatory smooth transition to the SS.
» Step-like behavior at moderate coupling.

Parameters: (a) U = 0.75, (b) U = 0.5, kT = 0.0001, V = 1.
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Locating QD levels within the bias window

* B\ — B, +V, (global shift).

* Tuning the highest energy levels within the BW —

steps.

* J,(t) ~ states within the BW
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Single and double QDs

¢ Singledott;; =1,4,5 =1,..,4 — 3 resonances.

® Double dot t13 = to4 = 0.5.

¢ Finite bandwidth — negative currents.
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A two-level turnstile pump

* Vi(wt) = v f(wt) and V. (wt) = v,.(1 — f(wi))

L. Kouwenhoven et al. Phys. Rev. Lett. 67 (1991)
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Loading/unloading sequence — Qpumped ~ 1.



Transient effects and nonadiabatic regime

Occupation number
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Conclusions and further (open) problems

Many-level QDs have more interesting transients.
* Informations on the location of the QD levels.
* Turnstile pump.

* Magnetic field effects.
* Quantum Interference.
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