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is not valid in higher dimensions if N > 2. This has important consequences
for the non-linear transport properties of quantum dots {29]. Spin selection
rules can prohibit direct ground state to ground state transitions in some
cases.

4. Persistent Currents

The method described in Section 2 can also be used to obtain the persistent
currents circulating in small, normally conducting rings in the presence of
an Aharonov—Bohm flux. The origir of the discrepancy of at least one order
of magnitude between experimental results [9] and theoretical estimates is
still not understood. It is now common belief that proper inclusion of the
electron—electron interaction would improve the theoretical result but that
the Hartree-Fock approximation is not sufficient [13, 21].

The influence of the Coulomb interaction in the presence of disorder is
also not understood. Within a continuum model the Coulomb interaction
is claimed to enhance strongly the current as compared to its (low) value
caused by the disorder [22]. On the other hand, for a discrete Hubbard-type
model including long range interactions {23] a reduction of the current even
below the value for vanishing interaction is obtained.

An interesting question is the importance of the electron spin which
has been investigated only for the one-dimensional Hubbard model in the
absence of disorder [24]. Neither spinless impurities nor the Aharonov—
Bohm flux destroy the total electron spin as a good quantum number.
Only levels of equal spin repel each other when the flux is changed; levels
corresponding to different spins can intersect.

We consider N electrons in a quasi 1D ring penetrated by a flux & %
(® denotes the number of flux quanta). In polar coordinates,
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B = h?/2mI? is the rotational constant of a mass m on a ring of circum-
ference L.

For simplicity we assume that only one impurity is present, described
by the potential v(¥). Its range is shorter than e = L/N .

The pocket state approximation requires that vibrational excitation en-
ergies even of long wave lengths should be large,
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