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STRONG ELECTRON CORRELATIONSAND QUANTUM INTERFERENCE EFFECTS INELECTRONIC TRANSPORT THROUGH A WIREWITH SIDE-ATTACHED KONDO QUANTUM DOTS�Piotr Stefa«skiInstitute of Moleular Physis of the Polish Aademy of Sienes,Smoluhowskiego 17, 60-179 Pozna«, Poland(Reeived July 10, 2002)Condutane through a system onsisting of a wire with two side-attahed quantum dots is alulated. Both the quantum dots take partin destrutive interferene with ballisti hannel through the wire. Suhgeometry of the devie allows to ontrol the strength of the quantum in-terferene and suppression of the ondutane through the system. Theminimum present in the gate voltage harateristis of the ondutanean be turned into plateau. We propose an experimental setup where thestrength of the quantum interferene an be smoothly ontrolled by hang-ing the level positions inside quantum dots by appropriate gate voltages.PACS numbers: 72.15.Qm, 73.63.�bKondo e�et, a fasinating phenomenon investigated intensively for lastthree deades, has been observed in resonant eletroni transport throughnanodevies [1℄ reently. In geometry where a quantum dot (QD) is side-oupled to the quantum wire, it ats as Kondo sattering entre. Thereappear two transmission hannels for traveling eletroni waves: ballistihannel through a wire and a hannel formed by the QD Kondo resonane atthe Fermi level. Destrutive interferene of both hannels auses suppressionof the transmission. This geometry is oneptually analogous to the Fanomodel [2℄ onsisting of a ontinuous spetrum and a disrete level.A single quantum dot side-attahed to a perfet wire was investigatedin resonant regime in [3�5℄. Quantum interferene in a QD bridged by adiret hannel was also investigated by us [6℄. In this paper we study adouble-side-QD arrangement (see the diagram inset in Fig. 1).� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(629)
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 [eV]Fig. 1. Condutane vs QD1 spatial level position for the system depited in theinset. Curves are alulated for T = 0, U = 1 meV "2 = �U=2 and oupling tothe wire t = 5:3 meV ( = 1; 2). Two urves for �nite temperatures (irles) arealso inluded. Curve with stars orresponds to T = 0 and "2 = 0:1 meV. Curvefor t1 = 3:8 meV (triangles) depits QD1 in Coulomb blokade regime.Hamiltonian of the nanodevie is taken in the form:H = X=1;2X� "d+;�d;� + X=1;2Un"n#+ X=1;2�;k t [d+�k� + h..℄ + X�=L;Rk;k0;� t�[+k�;�k0� + h..℄ +Hwire +Hel ; (1)where -index numbers quantum dots. We assume spin-only degeneray ofthe disrete QD's levels. t represents hopping between the wire and thequantum dots and t�- hopping between the wire and the eletrode �. Thelast two terms in Eq. (1) represent the perfet single-mode quantum wireand the eletrodes. Density of states in the wire and in the eletrodes havebeen assumed to have Lorentzian shape with a halfwidth muh larger thanKondo temperature of eah QD.To alulate ondutane through the onsidered nanodevie, total den-sity of states should be known at the point where both quantum dots areattahed to the wire. It has been alulated with the use of Dyson equa-tion written in the form of sattering T -matrix for interating ase. At the�rst stage the alulation has been performed for eletron G0;� propagatingthrough the wire in the presene of one quantum dot only (Eq. (2)). ThenDyson equation (Eq. (3)) has been written in the presene of the seond QD,but with a Green funtion already dressed in the �rst step G1;�. As a result



Strong Eletron Correlations and Quantum Interferene : : : 631we have: G1;�(!) = G0;�(!) +G0;�(!)T1;�(!)G0;�(!) ; (2)G2;�(!) = G1;�(!) +G1;�(!)T2;�(!)G1;�(!) ; (3)with the sattering matrix T;�(!) = t2Gd;�(!) whih ontains eletroniorrelations ausing Kondo e�et. A bare ondution eletron retarded prop-agator is taken in the form G0;�(!) = �i��wire(!). Gd;�(!) is a dressedpropagator of the eletron loalized in QD . The interferene e�ets be-tween G0;� (G1;�) and Gd1;� (Gd2;�) are omprised in the terms [G0;�℄2T1;�([G1;� ℄2T2;�).In Eq. (3) apart from terms of the type G0;�(!)T;�(!)G0;�(!),( = 1; 2), whih desribe sattering of the eletroni wave in a partiulardot , also terms of the form G0;�(!)T1;�(!)G0;�(!)T2;�(!)G0;�(!) appear,desribing proesses of multiple sattering, when both DQs are involved. Wehave analyzed the in�uene on the ondutane of eah term separately.Calulations of dressed propagators Gd1(!) and Gd2(!) inluding many-body e�ets have been performed within interpolative perturbative sheme(IPS) [7℄ whih is an extension of the selfonsistent seond order perturbationin Coulomb repulsion U [8℄ to the atomi limit. This method ful�lls Friedel�Langreth sum rule [9℄ and allows to alulate density of states of quantum dotoupled to eletrodes and ondutane for various temperatures and ouplingto eletrodes. Spetral density of the nanodevie has been alulated fromthe relation �nano;�(!) = �(1=�)ImG2;�(! + iÆ).Linear-response zero bias ondutane has been alulated [10℄ for thesymmetri oupling to the leads � (!) = 2�t2�el(!) (tL = tR = t):G(Vg1; Vg2) = 2�e2h X� 1Z�1 � (")���f(")�" � �nano;�("; Vg1; Vg2)d" ; (4)where f(") is the Fermi distribution funtion, and gate voltage dependeneon the quantum dots level positions has been written expliitly.Condutane through the nanodevie vs level position of QD1 and rep-resentative values of QD2 level position is plotted in Fig. 1. A perfet res-onane at T = 0 for the Anderson impurity takes plae when " = �U=2,i.e. for the symmetri Anderson model. In the onsidered symmetry it or-responds to a full strength of destrutive interferene and total extintionof the transmission. When the dot level is empty (" > 0) or fully oupied(" + U < 0) the dot very weakly disturbs the transport through the wire.Thus, by setting "2 = 0:1 meV (see Fig. 1) QD2 is driven far from resonane.In this ase ondutane vs level position "1 resembles the urve for one side-oupled quantum dot [3�5℄. When the level "1 is shifted towards the Fermilevel, "F = 0, by an appropriate gate voltage, the QD1 is gradually tuned



632 P. Stefa«skito a maximum resonane. In the range of "1 < 0 and "1 + U > 0 (i.e. whenlevel "1 is singly oupied) the eletroni transport is ompletely bloked atT = 0. Piture drastially hanges when QD2 is driven to a perfet reso-nane by setting "2 = �0:5 meV (see the urve with blak squares). In thisase, when "1 is doubly oupied or empty, the ondutane is destroyed inturn by perfet Kondo resonane of QD2 (it is seen that ondutane goes tozero when j "1 j ! 1). When "1 is shifted towards Fermi level, the multiplesattering inreases and enhanes the ondutane to the unitary limit when"1 reahes the value �U=2. These terms exatly ompensate destrutivein�uene of QD2 in this region. Thus, the ondutane is fully bloked byresonant sattering of QD1. When "1 rosses Fermi level multiple satteringdereases and ondutane is diminished by destrutive interferene of QD2again.At �nite temperatures, neither QD1 nor QD2 are able to fully blok theondutane beause Kondo e�et is partially diminished. In this ase, anintermediate situation takes plae when both QDs have omparable destru-tive in�uene on eletroni wave propagating through the wire and a plateauof ondutane is observed (see the urves for �nite temperatures).For weaker oupling of the QD1 to the wire (t1 = 3:8 meV) the dot entersCoulomb blokade regime and two peaks with a separation of the order ofU beome visible in ondutane.This work was supported by the Polish State Committee for Sienti�Researh (KBN) under Grant No. 2 P03B 087 19.REFERENCES[1℄ D. Goldhaber-Gordon, H. Shtrinkman, D. Mahalu, D. Abush-Magder,U. Meirav, M.A. Kastner, Nature, 391 156 (1998); J. Göres, D. Goldhaber-Gordon, S. Heemeyer, M.A Kastner, H. Shtrinkman, D. Mahalu, U. Meirav,Phys. Rev. B62, 2188 (2000); D. Goldhaber-Gordon, M.A. Kastner, Solid St.Commun. 119, 245 (2001).[2℄ U. Fano, Phys. Rev. 124, 1866 (1961).[3℄ K. Kang, S.J. Cho, J.-J. Kim, S.-C. Shin, Phys. Rev. B63, 113304 (2001).[4℄ M.E. Torio, K. Hallberg, A.C. Ceato, C.R. Proetto, Phys. Rev. B65, 085302(2002).[5℄ A.A. Aligia, C.R. Proetto, Phys. Rev. B65, 165305 (2002).[6℄ B.R. Buªka, P. Stefa«ski, Phys. Rev. Lett. 86, 5128 (2001).[7℄ A. Levy-Yeyati, A. Martin-Rodero, F. Flores, Phys. Rev. Lett. 71, 2991 (1993).[8℄ B. Horvati¢, D. �ok£evi¢, V. Zlati¢, Phys. Rev. B36, 675 (1987).[9℄ D.C. Langreth, Phys. Rev. 150, 516 (1966).[10℄ Y. Meir, N.S. Wingreen, Phys. Rev. Lett. 68, 2512 (1992).


