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Liu et al. Reply: Ao in his Comment [1] proposes an al-
ternative to the model of vortex tunneling in the presence
of strong damping which we used in our Letter [2] to ex-
plain the unusual temperature dependence of the resis-
tance, R =Roexp(T/Ty), that we observed in ultrathin
superconducting films. This temperature dependence
holds over a wide range of normal-state resistances, in-
cluding what Ao would term both the weak and the
strong damping limits. Thus Ao’s model would in princi-
ple be applicable only to that fraction of the films in the
weak damping limit, whereas the one we used would ap-
ply to the remainder.

However, there are some difficulties with Ao’s claim
that Eq. (2) of his Comment can satisfactorily explain
the data. He states that “there is no explicit dependence
on the normal sheet resistance” in this equation. This
contradicts the earlier statements within the Comment to
the effect that the parameter v entering into Eq. (2) “‘de-
creases as disorder increases.” Therefore, InR, as defined
by Eq. (2) in fact does depend on the normal resistance
Ry, but the Comment does not give explicitly the depen-
dence. This result is inconsistent with the experimental
finding that the parameter T was independent of Ry.

In addition to the above, we have strong doubts as to
the applicability of the concept of underdamped tunneling
to the case of vortex motion in a superconducting film.
Vortices in films have normal cores. Motion of these
cores must cause dissipation. The existence of this dissi-
pation is supported by the long history of studies of flux-
flow resistance in superconducting films. The only known
superconducting geometry in which vortex motion may be
underdamped is that of an array of Josephson junctions
[3], where vortices do not have normal cores. As long as
vortices in films remain well-defined objects, they will
have normal cores, and we believe that the overdamped
model will describe their motion.

When films are made more and more resistive, the very
fact that vortices are induced only by an external field be-
comes unclear. In particular, it was proposed [4] that the
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superconductor-insulator transition is driven by the spon-
taneous formation of free vortices. In our view, the fact
that a film may have properties which place it far from
the superconductor-insulator transition, rather than a
particular value of its resistance, allows the use of the
concept of vortices, and as long as this concept is applic-
able one can use the overdamped model. We would like
to point out that even the most resistive films used in the
experiments [2] were clearly very far from the insulating
state.

In summary, it is our view that an analysis of data on
the basis of an overdamped model of vortex tunneling is
adequate if the superconducting films are sufficiently far
from the transition to the insulating state.
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