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Outline

« Experiment in NEM

* Kondo effect in- and out- of equilibrium
« Odd-N shuttle at weak coupling

* Odd-N shuttle at strong coupling

* Kondo forces and retardation time
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FIG. 1. Electron micrograph of the quantum bell: The pendu-
lum is clamped on the upper side of the structure. It can be
set into motion by ac power, which is applied to the gates on
the left- and right-hand sides (G1 and G2) of the clapper (C).



Nano-electro-mechanical shuttling
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InAs nano-wire
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Silicon - on - insulator setup
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Cantilever
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Displacement measurements
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Coulomb Blockade in NEM
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Single orbital level coupled to two leads
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Single orbital level coupled to two leads i
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Time-dependent Glazman-Raikh rotation —
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From Anderson model to Kondo model
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Odd-N Kondo shuttle 1" > Tk
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Kondo effect at strong coupling T' < T

Scattering phase 61 +6, = 0. ot — o) = . 0e = S—

Effective strong coupling Hamiltonian

- Sk + &k + 1
Hﬁxedpomt - ; gkpkspks o - Vv T ¥ks¥k's + 2T PPl
08 8
L we+TeT N W
—TMV T-in (w) —] 2 T}Z\’ . — TV Im Ts(u)) — ]. — 2 TIQ\,

Low temperature conductance

G =Gy [1 — (wT/TK-)Q] , T< Tk



Kondo Force in NEM setup
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Odd-N Kondo shuttle 1" < Tk
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Rotating frame basis
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Friedel Phase
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Tunnel current
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Key assumptions

Adiabaticity hwo < Tk < B,
Integer valency - Kondo effect I'< B,

Smallness of inelastic corrections T < Ty

Weak non-equilibrium eViias < Tk
Small magnetization effects B < Ty

Conjecture: one parametric scaling still holds at weak non-equilibrium



Tunnel current associated with Friedel phase
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Tunnel current: Ohmic contribution
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Retardation time
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Electromotive Force
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Conclusions

« Study of Kondo-NEM phenomenon gives an additional

(as compared with a standard conductance measurements in

a hon-mechanical device) information on retardation effects in
formation of many-particle cloud accompanied the Kondo tunneling.

* Measuring the nanomechanical response on Kondo-transport in
nanomechanical single-electronic device enables one to study kinetics
of Kondo effect and offers a new approach for studying nonequilibrium
Kondo phenomena

* Kondo effect provides a possibility for super high tunability
of the mechanical dissipation as well as super sensitive detection
of mechanical displacement.



