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ﬁ Motivation

standard calculations of quantum
fransport have reached a sophisticated level

seldom the modelling of molecular
vibrations are taken into accout

Importfance of vibrations demonstrated
e.g. by J. van Ruitenbeek, Nature 419, 906 (2002)

("Conductance through a single H, molecule’)
> e
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Model
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H = HMV + FLW()(bTb + %) + Hleads + Hbath

central region coupled fo a phonon mode:

Hyw=| 1 e« T |4+| -2z Xz X | }Coupling
0 I eg 0 Xz O onsite

Hi.nqs: S€MI-iNfiNite linear chains
IN a tight-binding description
and coupling to central region

Hy.in: dissipative bath; set of harmonic oscillators
coupled to a phonon mode
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Nonequilibrium current

total current: I = (I, — Iy)
I, =—2e(LN,)

=2 [ 4e(25(0 67 (0~ B2 6(9)
S5 GP

lead R
7 G-

Meaning of greater and lesser Green functions:
G=<(e) =if(e)A(e) density of electrons
G~ (e) = —i(1 — f(e))A(e)  density of holes
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& Dyson equation
. calculation of the electronic Green function:
G =Gy + Go(SL + Sk + Spn) G

with X, = @y +?

accounting for finite oscillation amplitudes:

D = Dy + Dy (ﬁel - ﬁbath)D

with T, = <:>

__(Gf G<+G>>
0 G2
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& Link to equilibrium theory

o0

approximation for small voltages:

I=h—Tn=" [de(fild) - fu(@) Tr(GTuGTL)

-~

fransmission

the zero-tfemperature conductance:
ol  2é? 2e?

G=7,=—Th= TT]f(GaFRG]TL)

single energy level between two leads:
g B 262 FLFR
B h (E—€0)2—|—(FL—|—FR)2/4

S2a0 123
(E —e€0)/T
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Results |: coupling mechanism

current
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vibrational coupling:
A=0.24 hwo

conductance
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ﬁ Results Il: strong coupling regime
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Calculation of the center of
Mass Vvibration

Conductance through a sin-
gle Ho-molecule.
Measurement by J. van Ruiten-
beek, Nature 419, 906 (2002)
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& Results lll: dissipated power
+

current
n=0.024 ] T
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n: coupling strength to dissipative environment

e lead atoms
e Other internal molecular vibrations

e surrounding
Modelling of bath: set of harmonic oscillators (ohmic)
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ﬁ Conclusions and outlook

¥ relevance of bond stretching over onsite
electron-phonon coupling

%t pbond-stretching assisted current

£ quantum power +# classical power

? Transferability to DFT based calculations
? Strong electron-phonon coupling

? Coulomb blockade and Kondo regimes
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Resulfs IV: coupling strengifh
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ﬁ Results V: noise
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ﬁ Results VI: asymmetric
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