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How small a metal particle is required

in order to resolve individual electronic states? Scanning-Tunneling Microscope:
Need 3E > kaT.
, 2;2
SE = 4e. _2nh
3N  mk.V
STM Tip
_ 90 nm®

" 8E/meV j

metal substrate

Suppose we want 3E > kg (1 K) ~0.1 meV.

= V< (10 nm)3.

D10 nm

STM studies have been attempted, but discrete electronic
states on the particles have never been resolved.

(some recent progressd
Problems:
Mechanical instability
Difficult to cool to mK temperatures
Often, electrical leads not filtered effectively
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EVEN/ODD ELECTRON EFFECT IN MAGNETIC FIELD

For even number of electrons, the first tunneling state
exhibits Zeeman spin splitting. ,

For odd number of electrons, the first state does not
exhibit Zeeman splitting.

Independent Electron Picture:
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Magnetic field dependence for odd-electron particle
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Discrete States in a Superconducting Particle
Even-to-odd tunneling:

— —— } unoccupied states

tunneling e”

dd-to-even tunneling:

1st tunneling state 2nd tunneling state

tunneling tunneling
e- e-
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L T T
\\\\\‘ A A
- v g '
Cooper Pair

First two tunneling states are separated in energy by
~ 2A
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SUPERCONDUCTIVITY in nm-SCALE PARTICLES

Atld e
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Transitisa 13 ConTinvous, #ot frst ordes

What is the Lower Size Limit for
Superconductivity?

8E oy ~ Aq

Calculate Ay g, Aggy Using MFT with uniform level
spacings

OE gyen i = 356 A,

OB o, = 089 A,

MFT with random level spacings

Indpde quantum fluctuations of the order parameter
Parity effects in ground state persist for SE > A,

Exact and DMAG solutions:
Richardson (J. Math. Phys. 18, 1802 (77))
Mastelione, Falci, Fazio (PRL 80, 4542 (98))
Berger and Halperin (PRB 58, 5213 (98))
Dukelsky and Sierra (PRL 83, 172 (99))
Braun and von Delft (cond-mat/9907402)



SIZE-DEPENDENCE OF SUPERCONDUCTIVITY?
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Cross-Over to a Fluctuation-Dominated Regime for
Very Small Nanoparticles .

No phase transition.
Qualitative change in behavior.

0.4 — d=0

<clchifchlciT > = <°5°|T ><°5°u >

Exact solution: Richardson (1960's)

Review: Jan von Delft, Habilitation thesis
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