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Introduction

Recent experimental data on electron transport through molecules and quantum 
dots (QDs) have revealed features which indicate on the role of vibrational
degrees of freedom [1]. In particular, the latest experiments have allowed to 
observe phonon satellites in the Kondo regime due to enhanced electron-phonon 
coupling in the molecule [2] . The observations have stimulated a great interest 
in studies of the interplay between electron-phonon interaction (EPI) and the 
Kondo effect [3]. An influence of phonon bath on the conductance and Kondo 
anomaly has been studied theoretically for a quantum dot (QD) coupled to non-
magnetic as well as ferromagnetic electrodes [4,5] and it has been found that 
satellite peaks appear on both sides of the main Kondo resonance. In the present 
paper the interplay between Kondo effect and electron-phonon coupling in 
systems subject to spin bias Vs and charge biasVc will be addressed. Such 
systems are important for spintronics.



Model
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Electric current

Current is calculated according to formula derived by Meir ([6,7])

Charge current                         Spin current      
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Decoupling of electron and phonon subsystems
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phonon operator X is replaced by its expectation value in thermal equilibrium, 

where denotes the equilibrium phonon population
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Green functions
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The Fourier transform

)(
'

~~

''

~
)( ttiHtiHtHitHi eGXeeXededitG phphelel -F-<-+-+< == ssssss

)(
~

)( wss nEGLEG
n

n += <
¥

-¥=

< � )(
~

)( wss nEGLEG
n

n -= >
¥

-¥=

> �

))1(2(2/)12( += +-
phphn

TknNg
n NNgIeeL Bph w

n-th Bessel function of complex argument

The spectral function )()( <> -= sssss GGiEA
)(~ ><

sG is determined with the use of Hamiltonian  which has the form similar to that describing a 
single-level dot attached to external electrodes via tunnel terms. However, the key parameters of 
the model are renormalized due to the presence of phonons
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Spin conductance

Kondo peak appears at the zero bias V s= 0 and phonon peaks develop on both sides of the 
main peak. Intensity of the main resonance is suppressed due to electron-phonon coupling

35.00 -=E w=0.05, kT=0.001 measured in the units D/50. D is a bandwidth
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In a presence of a charge voltage Vc the main Kondo resonance is split into two 
components which appear at energies eVc and –eVc. Phonon satellites appear on both 
sides in the main peak in the distance nw from the peaks.

Spin conductance in a presence of charge voltage



Different patterns are obtained for different values of charge voltage due to 
overlapping of Kondo peaks  and their satellites for spin up and down

Spin conductance
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Spin conductance

Different patterns are obtained for different values ofcharge voltage 
due to overlapping of Kondo peaks  and their satellites for spin up 
and down



Conclusions
• Electron phonon coupling leads to an appearance of phonon satellite peaks in 

differential conductance
• The additional peaks accompany the main spin-dependent Kondo 

components and move accordingly when the charge voltage is changed
• Structure of spin conductance curves can be changed by tuning the charge 

voltage and a variety of patterns can be observed
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