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Single orbital level coupled to two leads 

Tunneling width 



Single orbital level coupled to two leads 

Time-dependent Glazman-Raikh rotation 
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From Anderson model to Kondo model 



Kondo cloud 

RK ⇠ vF/TK

Kondo cloud is exponentially big ! 
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How to detect it? 
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Odd-N Kondo shuttle 
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Kondo effect at strong coupling 

Scattering phase 

Effective strong coupling Hamiltonian 

Low temperature conductance 

T ⌧ TK
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Kondo Force in NEM setup 

MK,	  K.Kikoin,	  L.Gorelik	  and	  R.Shekhter	  arXiv:1206.4435	  



Odd-N Kondo shuttle T ⌧ TK
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Friedel Phase 
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Tunnel current 
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Key assumptions 

Adiabaticity 

T ⌧ TKSmallness of inelastic corrections 

eVbias ⌧ TK
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� ⌧ EcInteger valency – Kondo effect  

Weak non-equilibrium 

Small magnetization effects 

Conjecture: one parametric scaling still holds at weak non-equilibrium 
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Ī0(t) =
ẏ
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Tunnel current: Ohmic contribution II 



Tunnel current: Ohmic contribution III 
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Exponential sensitivity 



M.Kiselev,	  K.Kikoin,	  L.Gorelik	  and	  R.Shekhter	  arXiv:1206.4435	  

KonstanXn	  Kikoin,	  
TAU,	  Israel	  

Leonid	  Gorelik,	  
Chalmers,	  Sweden	  

Robert	  Shekhter,	  	  
Gothenburg,	  Sweden	  

This work is done in collaboration with 



Conclusions 

• 	  Study of Kondo-NEM phenomenon gives an additional  
(as compared with a standard conductance measurements in  
a non-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.	  


