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Notation

In order to avoid unneccessarily complicated notation, we have refrained from marking
operators with “hats.” The c-number vs. operator nature of quantities should be clear from
the context. Vectors are denoted in bold face, e.g. v, matrices are indicated by sans-serif
font, e.g. W. For the convenience of the reader, we provide a list of the symbols and
abbreviations most frequently used throughout the text.

Symbol Description

⌊x⌋ floor function, gives the largest integer less than or equal to x
a index for the left and right lead (a = L,R)
b, b† annihilation and creation operator for a vibrational excitation of the molecule
βm parameter for the inverse width of the Morse potential

capσ, c†apσ annihilation and creation operator for an electron in lead a with momentum p

and spin projection σ
D parameter for the depth of the Morse potential

dσ, d†σ annihilation and creation operator for a spin-σ electron in the molecular orbital
εd one-particle energy of the molecular orbital which dominates the transport
En

q eigenenergy of the molecular state |n, q 〉
F , Fex (zero-frequency) Fano factor, excess noise Fano factor
f(ǫ) Dirac-Fermi distribution, f(ǫ) = (eβǫ + 1)−1

fa(ǫ) Dirac-Fermi distribution for lead a, fa(ǫ) = f(ǫ− µa)
G linear conductance
GT thermal linear-response coefficient
Γ total tunneling-induced level width, Γ =

∑

a Γa

Γa partial level width induced by tunneling in junction a, Γa = 2πρ |ta|2
Hn(x) Hermite polynomial
Iν(x) modified Bessel function
λ dimensionless parameter characterizing the electron-phonon coupling strength
ℓosc harmonic oscillator length (measure of the spatial extent of the vibrational ground state)
Lm

n (x) generalized Laguerre polynomial
µa chemical potential of lead a
Mqq′ Franck-Condon matrix element for a phonon transition q → q′

n electronic occupation number of the molecule
nB(ǫ) Bose function, nB(ǫ) = (eβǫ − 1)−1

ndσ, nd spin-resolved and total occupation-number operator for the molecular orbital
ω (angular) frequency in the noise-power spectrum
ω0 (angular) frequency for the vibrational mode of the molecule
P eq

q thermal equilibrium distribution for vibrational excitations
Pn

q stationary occupation probability for the molecular state |n, q 〉
ψ(x) digamma function (logarithmic derivative of the Γ function)
q vibrational excitation number for the molecule
ρ density of states of the leads (constant in the wide-band limit)
σ Sz component of the electronic spin (σ =↑, ↓)
s(n, n′) spin factor
S thermopower
S(ω) noise power spectrum for the current shot noise
T , β temperature, β = 1/kBT
τ vibrational relaxation rate
ta tunneling matrix element for junction a
U charging energy of the relevant molecular orbital
V bias voltage

Wnn′

qq′ rate for the tunneling-induced transition |n, q 〉 → |n′, q′ 〉
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4 Notation

Abbreviation Description

FC Franck-Condon
HOMO highest occupied molecular orbital
IV current-voltage
LUMO lowest unoccupied molecular orbital
MC Monte-Carlo
NDC, NDR negative differential conductance, negative differential resistance
PHLR particle-hole/left-right
STM scanning tunneling microscope
WHM width at half maximum


