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Department of Physics, Adam Mickiewicz University
Umultowska 85, 61-614 Poznań, Poland
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Effects of local vibrational modes on electron transport through a quantum dot attached to ferromagnetic
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magnetic moments, and well defined Kondo resonance peaks and their phonon satellites are found. The influence
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1. Introduction

Recent experimental data on electron transport
through molecules and quantum dots (QDs) have re-
vealed features which indicate on the role of vibrational
degrees of freedom [1]. In particular, the latest exper-
iments have revealed phonon satellites in the Kondo
regime due to enhanced electron–phonon coupling in
the molecule [2]. These observations have stimulated
great interest in theoretical studies of the interplay be-
tween electron–phonon interaction (EPI) and the Kondo
effect [3]. Spin polarization of conduction electrons in
ferromagnetic electrodes leads to additional features of
the Kondo phenomenon, not observed in the case of non-
magnetic leads. Coupling of the dot to ferromagnetic
electrodes gives rise to an effective exchange field Bex

acting on the dot, which leads to renormalization and
splitting of the relevant energy level [4–6]. As a re-
sult the conductance zero-bias Kondo anomaly becomes
split and considerably suppressed. Spin-polarized trans-
port through a QD coupled to ferromagnetic electrodes
with non-collinear magnetic moments in a presence of
electron–phonon interaction in the dot was a subject of
our previous paper [6] and variation of the main Kondo
peaks and phonon satellites with angle between magnetic
moments of the leads was analyzed. In the present paper
we study phonon assisted transport in the Kondo regime
and discuss the interplay between the effective field Bex

generated by the ferromagnetic electrodes and external
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magnetic field applied to the system. Phonon-assisted
Kondo resonance in junctions with a dot asymmetrically
connected to two different ferromagnetic electrodes will
be also investigated.

2. Model

The system which consists of a QD coupled to a phonon
bath and connected to external electrodes is described by
the Hamiltonian H = HL +HR +Hph +HD +HT, where
Hβ (β = L, R) represents noninteracting electrons in the
left and right electrodes, Hph describes the local vibra-
tional mode of energy ω, whereas HD is the dot Hamil-
tonian which includes a standard Anderson term and an
electron–phonon interaction part. Tunnelling processes
between QD and ferromagnetic electrodes are described
by HT and are characterized by spin-dependent coupling
strengths Γβ

σ = Γβ
0 (1+σ̂pβ) with pβ being the spin polar-

ization factor in the lead β and σ̂ = ±1. Γβ
0 is constant

within the electron band of width D and zero otherwise.
Electron transport is studied within the non-

-equilibrium Green function formalism described in de-
tail in Ref. [6]. The electron and phonon subsystems are
decoupled by applying the Lang–Firsov transformation
with phonon operators replaced by their expectation val-
ues [3, 6–8]. Then, QD is described by the Hamiltonian
H̃D which is the Anderson-type Hamiltonian, but with
the renormalized energy level εσ → ε̃σ and the renormal-
ized correlation parameter U → Ũ . Tunneling couplings
with electrodes are also renormalized Γβ

σ → Γ̃β
σ . The
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transformation allows one to determine Green functions
G̃σ in the Kondo regime with the use of standard pro-
cedures [6]. The splitting of the dot level ε̃σ due to fer-
romagnetism of external electrodes is taken into account
via the effective exchange field Bex [4–7]. This field de-
pends on the renormalized coupling strength Γ̃β

σ . The
electric current and spectral density are calculated ac-
cording to standard formulae [9], but with the lesser G<

σ

and greater G>
σ Green functions expressed by the ap-

propriate functions G̃
<(>)
σ determined according to the

Keldysh equation with the Ng ansatz applied [6].

3. Results and discussion

Numerical calculations were performed in the limit
U → ∞ for the following values of the parameters
(measured in the units of D̃ = D/50): bare dot level
εσ = ε0 = −0.31, phonon energy ω = 0.05, kT = 0.001.
The EPI coupling strength was assumed to be equal to
g = 0.4. Differential conductance Gdiff = dI/dV as a
function of the bias voltage is presented in Fig. 1 for two
configurations of the leads’ moments, namely parallel (P)
and antiparallel (AP) ones. For symmetric junctions with
ΓL

0 = ΓR
0 = 0.1 and pL = pR = 0.4, the Kondo peak

in the AP configuration appears at the zero bias limit
(Fig. 1a). This is a consequence of the compensation of

Fig. 1. Differential conductance as a function of bias
voltage for symmetric (a) and non-symmetric (b) junc-
tions calculated for parameters indicated in the fig-
ures. Other parameters are: kT = 0.001, ω = 0.05,
ε0 = −0.31.

effective exchange fields from the two leads. In a presence
of electron–phonon interaction the intensity of the main
Kondo resonance is described by the product of renor-
malized couplings to both electrodes Γ̃L

σ Γ̃R
σ . It is consid-

erably reduced due to the strong coupling to the phonon
bath [6]. Additional suppression of the peak is obtained
when the dot is connected to ferromagnetic electrodes
with strong polarization factors pβ [5]. Apart from the
main resonance well-defined phonon satellites develop.
The phonon peaks appear on both sides of the main res-
onance. The first Kondo satellites, at the energies ±ω,
as well as the second ones appearing at ±2ω are clearly

seen. In the parallel configuration the main Kondo peak
becomes split and two components move away from the
zero bias limit, one towards positive and the other to-
wards negative bias. The splitting of the resonance is a
consequence of the non-zero effective field exerted by the
leads on the QD. The Kondo satellites move accordingly
and appear at the distance ω from the main resonance
peaks. For assumed parameters the first satellites over-
lap with the main Kondo peaks and as a result their
intensity is considerably enhanced. Position of the main
anomalies and their satellites depends on the leads po-
larization, and the splitting increases with increasing p.
As an external magnetic field is applied to the system in
such a way that it compensates the effective field exerted
by ferromagnetic electrodes, the splitting of the main res-
onance is suppressed. The zero-bias Kondo anomaly is
then restored. The Kondo satellites are also shifted and
they can be observed at energies ±ω (for the first ones)
and ±2ω (for second ones), similarly as in the AP con-
figuration, though intensities of the peaks are different.

Results obtained for a non-symmetric junction with
ΓL

0 = 0.2, ΓR
0 = 0.02 and pL = 0.4, pR = 0.8 are pre-

sented in Fig. 1b. In such a case the effective fields ex-
erted on the QD by both ferromagnetic electrodes do not
compensate each other even in AP configuration. The
Kondo anomaly is then split into two components and
the zero bias anomaly does not appear. The differential
conductance is then considerably reduced in the limit
V → 0. Moreover, the bias dependence of the conduc-
tance is strongly asymmetric. A pronounced Kondo peak
as well as its phonon satellites lying at the distances ω
and 2ω from the main peak can be observed for negative
values of eV, whereas the intensity of the components ap-
pearing for positive voltages is considerably reduced. Due
to a strong asymmetry in the coupling strength and in the
leads polarization the channel corresponding to electrons
with spin up becomes practically non-conductive in AP
configuration as ΓR

↑ is close to zero. The main contribu-
tion to the conductance comes then from electrons with
spin down and the left Kondo component whose intensity
is mainly determined by the coupling with the left elec-
trode can be well observed, whereas the second compo-
nent, shifted to the right towards positive bias is strongly
reduced. However, in the P configuration both compo-
nents of the main Kondo peak as well as their phonon
satellites develop for two bias polarizations, though their
intensities are different due to asymmetry in the coupling
strengths.

Difference in transport properties for P and AP con-
figurations gives rise to the tunnel magnetoresistance
(TMR) effect, which is described by the ratio TMR =
(IP − IAP)/IAP, where IP, IAP denote currents flowing
in P and AP geometries, respectively. Results obtained
for symmetric and asymmetric junctions are presented
in Fig. 2. Let us note that in the symmetric case TMR
changes sign for higher voltages and becomes positive.
The effect is due to the presence of EPI. On the other
hand, in asymmetric junctions TMR is negative for all
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Fig. 2. TMR for symmetric (a) and non-symmetric (b)
junctions calculated for parameters indicated in the fig-
ures. Other parameters are the same as in Fig. 1.

calculated voltages and is strongly asymmetric with re-
spect to the bias reversal.
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