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Molecular wires

@ first reproducible experiments on molecular wires
e break junctions, STM setups, quantum dot geometries, ...
@ influence of laser light on molecular wires gives an
opto-electronic coupling
@ with femtosecond laser pulses: high spatial as well as temporal
resolution



Density matrices

@ time-dependent Schrodinger equation

ih%hll(x,t)} = H(x,t)|V(x,t))

@ pure state: o = |W) (V|
@ mixed state: o = > Wp| W) (V|
@ time propagation "
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Reduced density matrix formalism

@ Goal: Description of ultra-fast (fs) processes in the molecular
wire

@ full quantum dynamics including dephasing, energy dissipation
but also coherences, not only steady state, temperature
dependence

@ splitting in relevant system and electronic reservoirs

Laser

e

@ o - density matrix of the full system
(relevant system + bath)

do(t)
ih=T 5 = [H(), o(1)]




Reduced density matrix formalism

@ Goal: Description of ultra-fast (fs) processes in the molecular
wire

@ full quantum dynamics including dephasing, energy dissipation
but also coherences, not only steady state, temperature
dependence

@ splitting in relevant system and electronic reservoirs

Laser

- -

@ reduced density-matrix:
p = trr(o) - density matrix of the relevant system

dp(t)
dt

in = [Hs(t), p(O)]+D(t)p(1)



System-bath coupling

Hamiltonian
H = Hs + Hr + Hsgr

@ every reservoir degree of freedom only slightly distorted
= modeled by harmonic oscillators

@ how strongly does the reservoir absorb energy?
= spectral density J(w)

@ perturbation theory in the system-bath coupling Hgg
(2nd order or higher)




Decomposition of the spectral density

@ information on the frequencies of the reservoir modes and their
coupling to the system
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@ numerical decomposition into Lorentzians
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Overview of the theory

eiwt

reservoir correlation function C(t) = [°7_ 9J(w) S

=- sum of exponentials in t
this allows further analytical treatment

definition of auxiliary density matrices (time-nonlocal approach)
or auxiliary operators /\'iz(t) (time-local approach)

instead of one quantum master equation we get one master
equation of the system and several auxiliary master equations
Matsubara expansion = many master equations for low
temperatures

no further approximation in the light-matter coupling
(beyond semi-classical approximation)

U. Kleinekathofer, J. Chem. Phys. 121, 2505 (2004).

S. Welack, M. Schreiber, U. Kleinekathéfer, J. Chem. Phys. 124, 044712(2006).



The model
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The model

H(t) = Hs(t)+HL+HsL
Hs(t) = Z(En + Un(t))c;rlcn - A(C;Cnfl + Cl_lcn)
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Un(t) = E(t)61n — E(t)6an
Ei=E, = By +A=Ef —A
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Determination of the current

@ using electron number operator Ni = 3, cacq

IL(t) = e%tr{NLa(t)} = —ie tr{[N_, H(t)]o(t)}

@ defining auxiliary operators

m+m
App(t) = dt Cuiz(t —t') Us(t,t') cops(t’ Z A,
to
t m+m
Mat) = | dt’ Cz(t —t)U(t U) clps(t) = Y A5i(t)
0 k

@ equations of motion for auxiliary operators A, (t) and A%, (t)
@ final current equation

(1) = 2e Re (s {c] Aua ()} — trs{Cahza(1)})



Coherent destruction of tunneling (CDT)

Un(t) = E(t)d1n — E(t)d2n
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Coherent destruction of tunneling (CDT)

Un(t) = E(t)01n — E(t)d2n
E(t) = Epsin(wt)
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J. Lehmann, S. Kohler, V. May, P. Hanggi, J. Chem. Phys. 121, 2278 (2003)



CDT: Short laser pulse

Un(t) = E(t)éln_E(t)(sZn

E(t) = Egexp <_(t0_2T)2>
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U. Kleinekathofer, G.-Q. Li, S. Welack, M. Schreiber, Europhys. Lett. 175, 139 (06)



. Pulse length o

Un(t) = E(t)é1n — E(t)d2n

E(t) = Eoexp<
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CDT: Electron correlation for fermions with spin
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CDT: Electron correlation for fermions with spin
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Coherent control with femtosecond laser pulses

AdGPﬂVC femtosecond pulse shaping Iaser, - modified E(t)
QuanTum Control pulse Shaper =
E1)
L
quantum learning
de system algorithm
_ )
=~ N e Products
— e Y
gas-phase control o i ¢ deteCtor I‘eSult Objectl\le
liquid-phase control
T. Brixner und G. Gerber, R.S. Judson and H. Rabitz

ChemPhysChem 4, 419 (2003). Phys. Rev. Lett. 68, 1500 (1992).



@ maximal current at peak
of goal function F(t)
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@ maximal current at peak
of goal function F(t)
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CDT: Optimal control of current with 4 sites
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density matrix approach to the electron transport through
molecular wires

@ numerical decomposition of the spectral density

@ no approximation in the light-matter coupling beyond the
semi-classical approximation

@ calculation of population dynamics and current

@ coherent destruction of tunneling also for rather short laser
pulses

first tests of optimal control of the current
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