
Lowest TFIT of 46 mK 
⇓

22 µeV upper bound for intrinsic line width
⇓

0.2 ns lower bound for excited spin state 
decoherence time
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First Observation in SETs !

Nonequilibrium Kondo phenomena 
in single-electron transistors

M. A. Kastner, C. M. Marcus
A. Kogan, G. Granger, and S. Amasha

Abstract
We have measured the spin splitting in a parallel 
magnetic field B of localized states in single-
electron transistors (SETs) using a new method, 
inelastic spin-flip cotunneling. In the same devices 
we have also measured the splitting with B of a 
Kondo peak. We have found that the Kondo peak 
splitting appears only above a threshold field as 
predicted by theory, but that the magnitude of the 
splitting is larger than predicted.
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Conclusion
• We have made the first observation of the inelastic 

spin-flip cotunneling threshold in SETs.
• We have used inelastic spin-flip cotunneling to 

precisely measure the Zeeman splitting in an SET.
• We have measured the splitting of a Kondo peak in a 

magnetic field and found that the splitting appears only 
above a threshold field as predicted by theory. 
However,  ∆K > |g|µBB in contradiction to theory.

• Future Plans: Further measurements to explore the
dependence of ∆K on TK and B.
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Kondo temperature dependence of  ∆K

• SETs allow us to control Kondo
Temperature!

• Haldane Formula: 
TK = TK, 0 exp(παg

2e2(Vg-V0)2/ ΓU )
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Zeeman splitting from spin-flip cotunneling

• Same small g-factor at different 
occupancies and in two samples in different 
dilution refrigerators

• Result confirmed by electron addition 
spectroscopy

• Hypothesis:
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Kondo effect and Kondo splitting

B= 0, Vds= 0

Meir et. al. PRL 70, 2601 (1993)
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Theoretical predictions
• Kondo splitting appears only above a threshold 

magnetic field. (T. A. Costi, PRL 85, 1504 (2000) )

• The splitting between the Kondo peaks 2 ∆K is 
always less than twice the Zeeman energy:

2 ∆K < 2 |g|µBB  at all fields.
(Moore & Wen, PRL 85, 1722 (2000) )
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