






Predicted probabilities of different ground-state spins from random
matrix theory  (P. W. Brouwer et al., PRB 60, 13977 (1999).)

l = J/d



In GaAs lateral quantum dots, there is evidence for non-minimal spin states
from several different experiments.

(from thesis of Josh Folk, Stanford)

Non-minimal spin states also affect the
peak spacing and peak-height statistics,
and the temperature dependence of 
Coulomb peaks.
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Probable explanation:  For GaAs, J/d ~ 0.3, large enough to produce a
significant fraction of ground states with non-minimal spins.  
For Al and Au, J/d < 0.1, too small.

Other metals span a wide range of different exchange strengths, and 
remain to be explored.

numbers are J/d.

Gorokhov and Brouwer, PRB 69, 155417 (2004).









Enhancement of pair correlations about the Fermi level.
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Probability of partial 
pair occupancy in 

the superconducting 
ground state

J. von Delft, Phys. Rep. 345, 61 (2001).
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Micron-scale aluminum island

J. Hergenrother



Direct measurements of average charge on an aluminum island

= Q0

P. Lafarge et al.
PRL 70, 994 (1993)
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Odd to even transitions

Even to odd transitions
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Ferromagnetic nanoparticles
Low field behavior

MH

H

schematic
sketch:

• No more simple Zeeman splitting -- internal
magnetic field.
• Strong coupling between energy levels and
magnetic moment.
• More levels than expected for particle in a box,
due to the effects of spin waves.
• Detailed microscopic picture of the effects of
exchange interactions and magnetic anisotropy.



High field behavior

•Non-monotonic shifts of energy levels with field.
•One sign of slope at high field.
•Typical level spacing is ~0.2 meV -- much smaller than estimates
based on independent-electron model. 
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Anisotropy varies from state to state
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Explains:
ßThe different energy shifts for each tunneling resonance.
ßThe form of the non-monotonic dependence at low field.

DE =Energy required to add/ remove one e 
 k = anisotropy constant
 dk/k  relative variation
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