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Comment on "Persistent Currents in Mesoscopic
Rings by Suppression of Charge Fluctuations"

0, 8
0)

In Ref. [1] and the following two [2,3] Letters, an analytic expression is derived for the average Aux-dependent
equilibrium current at T =0 in an ensemble of mesoscopic metallic rings in a model of noninteracting electrons.
The temperature dependence is explicit only in the Letter
by Schmid. It seems appropriate to point out that an
evaluation of Eqs. (12) and (13) of Ref. [1] shows the
first harmonic in 2e@/h (where @ is the threading fiux)
of this current to be significantly more sensitive to temcurrent calculated
perature than the interaction-induced
by us [4, 5]. The two dependences are shown in scaled
form in Fig. 1.
The interaction-induced eA'ect is well described by the
formula exp[ —T/3T~]. The one-electron
interpolating
contribution falls to 1/e of its zero-temperature value at
0.7T~. Here T~ is hvFl/3L, . with vF the Fermi velocity,
l the mean free path, and L the perimeter of one ring.
For completeness we recall that the calculated T=O
amplitudes of the two contributions, in units of evF/L, are
=4/AkF (for vanishing phase breaking), where 2 is
the cross-sectional area and kF the Fermi momentum,
and I'"'=), *8I/3trL, where k is the effective coupling
constant. It is also worth noting that strong spin-orbit
scattering, which seems to be the relevant limit for the
copper rings [6], does not affect I'"' [5], whereas the results of Ref. [7] imply a reduction of
by a factor of 4.
The experimental result [6], in the above units, is given
as 3 x 10
exp[ —T/(80 mK)]. The parameters recently
quoted by Levy [8] are l =300 4, L =2.2X10
cm, and
A =350X450 A . The standard numbers for copper are
'
and vF =1.57 x 10 cm/sec
kF =1.36 A
Using the above numerical values, one obtains 3T] =75
=1.
and I'"'=1.2&10 A. *. The calmK,
culation of k* is difficult precisely because it is equivalent
to calculating the transition temperature of a superconductor [9]. The value of 0.3, estimated by us [4] from
first-order perturbation theory in the screened Coulomb
repulsion, gives good agreement with experiment, but it is
known [10,11] that there is a reduction due to multiple
scattering in the Cooper channel. This correction is logarithmic [2,5], and we consider it extremely unlikely that
it could amount to a factor of more than 5 to 10. The
open questions in this regard do not, however, diminish
the force of the following conclusions: (i) The singleelectron eAect is too small by almost 3 orders of magnitude, and too sensitive to temperature, to account for the
observations.
(ii) The temperature dependence of the
interaction-induced
eAect is in very good agreement with
the experiment, suggesting that some essential physics
has been correctly identified, and, as a corollary, that this
dependence should be calculated in future studies.
We thank Albert Schmid for stimulating discussions.
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FIG. 1. Scaled amplitude vs temperature in units of T],
defined in the text. Solid curve: interaction-induced
current;
dashed curve: one-electron contribution.
The arrows indicate
the temperature at which the amplitudes are reduced by 1/e, respectively.
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