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Comment on “Pinning Strength Dependence of 02
Mixed-State Hall Effect in YBa,Cu307 Crystals
with Columnar Defects”
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In a recent Letter, Kanget al.[1] report their study
of the pinning dependence of the Hall effect in
YBa,Cw;07-5 (YBCO) crystals. They measure the
Hall and longitudinal resistivity,p,, and p.., respec-
tively, both in crystals with relatively weak pinning and in
those where pinning is enhanced through ion irradiation.
They argue that differences between the two cases, in
the Hall conductivityo,, (=p,,/p2,) and the exponent
a (from the scaling relatiorp,, = p¢.), support Wang, a0l t
Dong, and Ting (WDT) [2] who attribute the Hall effect
sign change to pinning. We argue that the data of Kang
et al. are quantitatively inconsistent with WDT and, in
fact, support [3], which predicts,, to be independent of
pinning.

First, o,, is unchangedover a large range of tem-
perature in spite of a substantial pinning enhancemerftiG. 1. p., (a), o\, (b), andp,. (c) vs reduced temperature
from ion irradiation. This is illustrated by Fig. 1, taken % gff'o%fe\chcizrgg£y§:2|?rg#0ﬁ i :ter a'?gti riir:roz;/:,jri]a?es dCICOriggals
from Figs. 1, 2, and 4 of Ref. [1], Wher@xy' Oxys respectively. The arrows mark the temperattise ’
andp../p.(T = T.) are plotted vs reduced temperature
T/T.. At temperatures abové,, o,, is unaffected by
ion irradiation, whereas botp,,/p. (T = T.) and|p.y|
are greatly reduced in the irradiated sample.
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Our studies [4] are also inconsistent with WDT. In fact,

While WDT do allowp,, andp,, to be more strongly W€ showo, in YBCO and MaSi to be independent of
affected by pinning thanr,,, the parameters in their current density (and therefore pinning) contrary to [2] but

model are inconsistent with this data. They predict[2] " @greement with [3]. , N o
We argue that sample inhomogeneities, an extrinsic

o < {n — 7(n + 2T)}/B (1) effect, can easily explain the downturn of,, in the
’ irradiated samples. Firstr,, is not measured directly,

where B is the magnetic fieldfl., is the upper critical but is calculated by the expression [al,/p3,. If the
field, 7 > 0 sets the relative role of pinning, and both transport current |s.un|form, this expression is valid.
n and I' are vortex drag terms[ is due to pinning However, variations in the current path do not affeet
effects and, in general, depends on the vortex velocitnd P)%x in the same way, and any spatial variations in
v, in addition to7 and B. To make the most favorable Pinning strength, for example, will become amplified as
comparison with the data, we chooesuch that the Vortex motion freezes out. Thus, it is not surprising that

relative change otr,, with respect tol is a minimum. the downturn ino, occurs only wherp,, is small. We
This occurs in the limity — = for negativeos,, and in find thin film samples of YBCO with relatively broad

the limity — 0 for positivec,. We consider the former transition widths show features s, similar to that in
case sincer,, < 0 at the temperaturg,. We estimate Fig- 1, while higher quality samples do not

the change id" due to ion irradiation from the expression
2] pxx * B/(n + T). At T =T, (see Fig. 1),p., is
less in the ion irradiated sample by at least a factor of :

7. This implies(yp + I'') = 7(» + I'), where the prime Bi?vzg:;?t?/n(t)folt/lzgzﬁj

indicates the irradiated sample. Thus, considering Eq. (1) college Park, Maryland 20742-4111

in the limit’y — o, whereo,, « ¥(n + 2I'), o, should

be at least a factor of 6 more negative in the irradiateqReceived 21 October 1996 [S0031-9007(97)04498-0]
sample. However, this is contrary to Fig. 1, wherg is  PACS numbers: 74.60.Ge, 72.15.Gd, 74.25.Fy

unchangedy ion irradiation forT = Tj,.

In addition, Kanget al.argue that their observation [1] W.N. Kanget al., Phys. Rev. Lett76, 2993 (1996).
of a scaling exponentx = 1.5 in irradiated samples 2] z.p. wang, Jinming Dong, and C.S. Ting, Phys. Rev.
supports the model of WDT. However, WDT only predict Lett. 72, 3875 (1994).
a = 1.5 in the non-Ohmic regime since they assume [3] V.M. Vinokur et al., Phys. Rev. Lett71, 1242 (1993).
I' « (1/v;)"/?, whereas the data is in the Ohmic regime. [4] A.W. Smith et al., Phys. Rev. B56, R2944 (1997).
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