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Vortex Behavior in High-7,. Superconductors with
Disorder

In a recent Letter,! Nelson studied the effect of
thermally excited fluctuations on the vortices or flux lines
(FL’s) in high-T, superconductors. As a result, he found
that the FL density, n, vanishes as n~ (H —H,1)?, with
B=1 as the applied magnetic field H approaches the
lower critical field H;,. He also argued that FL fluctua-
tions can lead to the appearance of two liquidlike states
which can be distinguished by the degree of FL entangle-
ment.

In this Comment, we consider the pinning and
roughening of the FL’s as a result of quenched impurities
or defects. Strong pinning of the FL’s by disorder is
necessary in order to reach high critical currents and,
thus, desirable from a technological point of view.?
Here, we show that the disorder increases the distance
between the lines, and that the FL density »
~(H—H,,)? vanishes with changed exponent f==%.
In addition, we argue that the array of FL’s may still ex-
hibit long-range translational order even in the presence
of impurities or defects.

Consider an array of N FL’s of length L with coordi-
nates (z,r;(z)) where i=1,2,...,N, and with an ener-
gy as given by Eq. (1) in Ref. 1. The presence of dis-
order leads to a random potential of the form
YN fbdzv(z,1,(z)). For simplicity, we take the
correlations of this potential to be short-ranged with

V)V (E ) =86G -2V G —r),

where 8,(x) is a smeared-out & function of width a. As
mentioned by Nelson, an isolated FL of length L will
then make transverse excursions of order &, =A, L%,
with ¢> %.3 If 8,(x) is taken to scale as (1/x)(x/a)?,
a Flory-type argument leads to ¢=3/(6—2p) and
A, =(A/22a?)3 for TST*=(3A)'3, where X is the
line tension of a single FL.* The value {==0.6 as found
numerically’ corresponds to p= 5.

Assuming that pinning arises from normal-conducting
precipitates of diameter D and concentration C, we find
that A=3246C, where a =max(D,4(Inx) /2£), £ denotes
the correlation length of the superconductor, and x the
Landau-Ginzburg parameter. Using C=10!2 cm 73,
D==5%10"%cm, and L =1 cm, we obtain &, =103 cm
which is larger than the thermally excited roughness
even at 77==80 K.

Within the FL array or lattice, the largest humps of a
single FL are characterized by &, =1/v/n and by a lon-
gitudinal correlation length, &==(1/4,vn) ¢ Then,
the excess free energy per unit volume arising from the
disorder-induced fluctuations scales as nZ(&,/&)?
~ZAYn'% and the Gibbs free energy per unit volume,

g(n), has the asymptotic form
g(n) = E—H/H.)n+cozAd¥n'*, )

for small n. Minimizing this free energy yields n~ (H
—H.1)? with =¢/(1—¢). For thermal fluctuations,
¢=1% and f=1 (Ref. 1); for fluctuations induced by dis-
order with short-ranged correlations, ¢==0.6 and 8= %.
On large scales, the state of the FL’s can be described
by a displacement field u(R)=uf(z,r)=r;(z)—r?,
where rf corresponds to a reference lattice with lattice
parameter 1/v/n. Long-range translational order

(LRTO) leads to
AC,(R)=({[u(R) —u(0)]? = const

for large R, while AC,(R)~R with £.>0 implies
the destruction of this order. In previous theories, the
random potential ¥V(z,r;(z)) has been replaced by
h; (r)r;(z) —tP1=h(R)u(R), where h(R) is an un-
correlated random field.¢ This leads to ¢ =(4—d)/2
which would imply the destruction of LRTO by pinning
in d < 4 dimensions. However, such a replacement of V
clearly overestimates the disorder and, in addition, yields
the wrong result for roughness, &,, of a single FL. The
correct behavior of &£, is recovered from a random
field with anisotropic correlations, (h,-(q)hé-(—qD
~&;;g>~%. Such a field leads to AC,(R)~R** with
to=¢~(d—1)/2. For d=3 and {==0.6, {, is negative
indicating the persistence of LRTO even in the presence
of weak disorder. On the other hand, strong disorder
will melt the FL lattice and can lead to the entanglement
of the FL’s. Thus, all three FL states considered by Nel-
son' could well survive even for superconductors with
quenched impurities or defects.
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