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Recent experimental data on electron transportugiranolecules and quantum
dots (QDs) have revealed features which indicatehenrtle of vibrational
degrees of freedom [1]. In particular, the latesteexpents have allowed to
observe phonon satellites in the Kondo regime duahareced electron-phonon
coupling in the molecule [2] . The observations hstvaulated a great interest
In studies of the interplay between electron-phomdaraction (EPI) and the
Kondo effect [3]. An influence of phonon bath or ttonductance and Kondo
anomaly has been studied theoretically for a quamtoth{QD) coupled to non-
magnetic as well as ferromagnetic electrodes [4,8] ialas been found that
satellite peaks appear on both sides of the main Koestmance. In the present
paper the interplay between Kondo effect and aelaegthonon coupling in
systems subject to spin bid8 and charge bia¥°c will be addressed. Such
systems are important for spintronics.



Hamiltonian of the system H:H|_+HR+HD+HT +Hpr

Model

s s Hamiltonian of the dot

H, = 3 €t Crts Cos Hamiltonian of the lead (b=L,R)
H, = E,d;d, +Ud'd d'd-+/(a”"+a) d.d
Hy = ” Teo s ds +C. Tunnelling Hamiltonian
H. =ua‘a Hamiltonian of the phonon bath
p




Electric current

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

), =% SEIG - GIGI(E)+(, (B)G - o, (BIGT)(GI(B)- GI(EN] |

0 s =x1

M. =6 +3e(V° +5V°) m. =e. - 1e(V°+35V®)
Charge current Spin current
J°=J +J-
: Je=J - 1L

n, =- i g—;G; Tunnel couplings with electrodes
Mean number of electrons G’ =2p k‘ka‘zd(E' Er)

G;(t) =i d; (0)d, (1) GI(t)=-i d_(t)d] (0)



Decoupllng of electron and phonon subsystems

- s~ - ~ —
H H=eHeS=H,+H, —H=H_ +H +H.+H,+H;
S=(//w) d.d.(a-a) H, = Eod;ds +Ud*d d*d.
E, =E,- gw H = c,.d.+hc.
J:U ZgW g:(//,/’/)Z T kbkbs

Ts T =TX X =expl(/ /W)@’ - a)]

phonon operataX is replaced by its expectation value in thermalldayium,
X (X)=expl g(N,, +1/2)]

where N, denotes the equilibrium phonon population



Green functions

G5, (1) =i(d:. (O)d, (1)), =i(d: Q)X " ()d, ()X (1)) .

the subscriptél ang indicate the appropriate Hamédtothat governs the system evolution.

GI.(t) = i<d;-eiﬁ6|tds o et ><X + oMoty M pht> _ é; oD

F(t) =[N, (@- €)+ (N, +D(1- &™)] L i Rk L (294N, (N, +1))
The Fourier transform n-th Bessel functi%n of complex argument
¥ _ ¥ _
G/ (BE)= LG, (E+nw) G/(BE)= LG/ (E-nw)
n=-¥ n=-¥

The spectral function —i(G° - G°
P A& (E) — I(Gss Gss )
é;(>) is determined with the use of Hamiltonia)  whicls tlee form similar to that describing a
single-level dot attached to external electrodaswnnel terms. However, the key parameters of
the model are renormalized due to the presenchaigqns
("‘3 < _ ér <(~3 a Retarded and advanced Green functions are ctdduiam

the equation of motion



Spin conductance

Kondo peak appears at the zero bia¥ s= 0 and phonon peaks develop on both sides of the
main peak Intensity of the main resonance is suppressed due &bectron-phonon coupling

E,=- 035 w=0.05, kT=0.001 measured in the units D/50. D is a bandwidth

s =35/ dVs
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‘Spin conductance in a presence of charge voltage

In a presence of a charge voltagetile main Kondo resonance is split into two
components which appear at energiesa\d —eV- Phonon satellites appear on both
sides in the main peak in the distaneefrom the peaks.



Spin conductance

Different patterns are obtained for different valuesof charge voltage due to
overlapping of Kondo peaks and their satellites for sp up and down
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Spin conductance
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Different patterns are obtained for different values ofcharge voltage
due to overlapping of Kondo peaks and their satellite for spin up
and down



Conclusions

« Electron phonon coupling leads to an appearance ohpnon satellite peaks in
differential conductance

 The additional peaks accompany the main spin-dependeKondo
components and move accordingly when the charge vogia is changed

« Structure of spin conductance curves can be changéy tuning the charge
voltage and a variety of patterns can be observed
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