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Quantum point contacts

GaAs

Constriction width ~ λF   ⇒ 
  Waveguide transmission modes
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A clue that something subtle is going on...

An extra plateau at 0.7x2e2/h



Low energy features: the zero bias anomaly
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A multitude of explanations



A multitude of explanations

•Explains extra conductance plateau, but does not 
address zero bias anomaly.
•Spin current measurements detect no polarization at 
zero magnetic field (our group).



A multitude of explanations



A multitude of explanations

Density functional calculations 
justify “localized state” in 
clean point contact due to 
interactions Meir, 2008



A multitude of explanations

•Explains zero bias anomaly and extra plateau
•ZBA splits with field***
•Most popular theory for many years



Magnetic field dependence of ZBA

B=0
B=8T

Cronenwett, 2002



Magnetic field dependence of ZBA

B=0
B=8T

Zero bias anomaly splits 
by 2gμBB -- the smoking 

gun of Kondo effect



Is the splitting real?

•“Splitting” is obvious 
only within a narrow 
range of conductance 

•Observed g-factor is 
higher than the bulk 
g=0.44, closer to the 
exchange-enhanced 
splitting of 2DEG

Still --- a zero-bias 
anomaly that splits by 
2gμBB must be Kondo.
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Cracks in the Kondo argument:
1.  ZBA at very low conductance

Compare to Sarkozy 
et al, PRB 2009

Cronenwett, 2002

Ren, 2009



Cracks in the Kondo argument:
1.  ZBA at very low conductance
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TK ∼ (UΓ)1/2e−πε/2Γ

Expect lower TK near pinchoff



Cracks in the Kondo argument:
2.  ZBA splitting is too small near pinchoff
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Cracks in the Kondo argument:
2.  ZBA splitting is too small near pinchoff
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and depends on microscopic potential in device
Ren, 2009



Cracks in the Kondo argument:
3.  Similar ZBA above 2e2/h
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Cracks in the Kondo argument:
3.  Similar ZBA above 2e2/h
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B=0
... and it splits 

with field

Ren, 2009

2gμBB,
g~3x0.44



Cracks in the Kondo argument:
4.  Transmission through saddle point splits 

by 2gμBB with no many-body physics!
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Cracks in the Kondo argument:
4.  Transmission through saddle point splits 

by 2gμBB with no many-body physics!
2gμBB Splitting 

depends on g-
factor in leads, 
enhanced by 
exchange 
interaction



Where does this leave us? 
An assembly of existing literature,
informed by recent measurements:

High energy conductance ~ 
0.7x2e2/h comes from spin 
excitations + e-e interactions



Where does this leave us? 
An assembly of existing literature,
informed by recent measurements:

Zero-bias anomaly comes from 
physics in the leads: scattering 
from Friedel oscillations (this is 
why it does not depend on QPC 
conductance)



Where does this leave us? 
An assembly of existing literature,
informed by recent measurements:

Saddle point 
potential (one-
body physics)
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Scattering from 
Friedel oscillations
(Yue, Glazman, 
Matveev 2004) 

ZBA splitting  by 2gμBB 



Where does this leave us? 
An assembly of existing literature,
informed by recent measurements:

Splitting of zero-bias 
anomaly at high 
conductance by 2gμBB 
was a red herring--
can result simply from 
saddle-point model
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Conclusions

What looks like Kondo, acts like Kondo,
tastes like Kondo...

isn’t always Kondo


