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Multiterminal transport measurements: In-plane anisotropy and vortex liquid correlation
in YBa,Cu;0,_;
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Using a modified pseudoflux transformer geometry, the in-plane anisotropy and vortex-liquid correlation of
an untwinned YBaCu;0O;_ 5 single crystal have been studied. The square-shaped, multiterminal sample design
allows comparative studies af andb-axis properties for arbitrarily oriented magnetic fields. We compare the
in-plane resistivity in the case of intrinsic pinning with the longitudinal resistivity, i.e., with the resistivity in
absence of a macroscopic Lorentz force. The relative ratio between resistiyjtéa®l p,, in the vortex state
can be made to vary over a wide range by controlling the direction of the applied magnetic field. Evidence is
found for almost isotropic fluctuations corresponding to a fluctuation anisoty&,py 1.1, noted to be clearly
lower than the anisotropy,,=1.27 obtained from the vortex phase diagram.
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I. INTRODUCTION pare with experiments since a direct connection between cor-
relation length and resistivity is lacking. The mechanism be-
There are several open questions concerning the fielddind the nonzero vortex-liquid resistivity in absence of a net

temperature |—T) phase diagram of the highs supercon- Lorentz force is thus clearly connected to the question of
ductors. One of the major challenges is the nature of th&ortex correlation. From a technological point of view it
vortex liquid. Early studies through multiterminal measure-Would be valuable to control this dissipation or at least to be
ments with the magnetic field parallel to the crystallographicable to predict its magnitude. The excess resistivity, i.e., the
¢ axis suggested that the vortex liquid in,BL,CaCyOg, ,  difference inp betweenH L j andH | j, is much easier to
(Bi-2212) is uncorrelated in all directiorls? while the corre-  [@ke into account since it can be described as a Lorentz-
lation along the vortex lines in twinned YB@u;O;-_ 4 force-driven flux motior

(YBCO) is lost within the liquid phas&:® Clean, untwinned In this paper, we present new, symmetric, pseudoflux
. . s o transformer(PFT) measurements on untwinned YBCO, al-
YBCO undergoes a first-order, solid-to-liquid transition at a

. . . lowing comparisons of in-plane resistivities for different
6,7
melting tgmperaturgm, and was first reported by lpez field directions on the same crystal. We compare resistivities
et al. to display an uncorrelated liquftl.

arallel and perpendicular to the field and calculate the Lor-
It has now been well established, both from numericalp perp

. ion<-11 i . 5 entz force contribution. The latter seems to have its maxi-
simulations,” and from multiterminal measurementhat  ym within the vortex liquid and extend up to just around

global phase coherence is lost when entering the vortexr . For H perfectly aligned within theab plane, intrinsic
liquid state. The liquid is thus dissipative in all directions, pinning suppresses the melting steps of the transversal resis-
including the longitudinal one along the magnetic field. It is tjity p, , butis argued not to destroy the first-order charac-
important to note, however, that the loss of superconductinger of the transition. In- and out-of-plane anisotropies are
coherence does not imply a system of decoupled pancakefetermined from théi —T phase diagram of the melting tran-
aboveT,,. The liquid still consists of vortex liné& 1 with sition. The observed rapid change of thle-plane anisotropy

finite (long wavelengthline tension at least close T,.***"  with temperature around, is explained as an effect of al-
The system is instead denotedtangledsince the longitudi- most isotropic superconducting fluctuations.

nal vortex correlation is lost in the limit of infinitely thick

samples. The degree and structure of the entanglement is an Il. EXPERIMENTAL
open question. It is clear, though, from the large Lorentz
force contribution to the resistivity in clean sampte®that YBCO single crystals were grown using a standard self-

the entanglement is on a scale much longer than the interpl&lux method?® and annealed in Dat 400 °C for 6 days. A
nar distance. The vortices will, in other words, be relativelyplate-shaped crystal with approximate size 3330
straight as long as the direction of the applied magnetic field< 10 um?® and zero resistanck, just above 92 K was cho-
has a significant influence on vortex motion and dissipationsen and verified in a polarized light microscope to be un-
even though a longitudinal current cannot be maintainedwinned. Epoxy silver painfEPO-TEK H20B was used to
without dissipation. apply eight contacts, two on each side, as shown in the inset
From resistive measurements on untwinned YBCO, Righbf Fig. 1. All measurements were made with a currént
et al. found the velocity correlation length to be a few mi- =50 uA, lying well within the Ohmic response regime of
crometers just abové,,,? and multiterminal measurements the vortex liquid. A dc picovoltmeter with a voltage resolu-
by Rydh and Rapp indicated even stronger longitudinal tion around 0.3 nV was used as a preamplifier throughout the
correlation in the liquid. Theoretical simulations seem tomeasurements. Voltages were measured during slow tem-
give much shorter correlation lengthShut are hard to com- perature sweeps while scanning the current. Magnetic fields
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FIG. 1. Measured voltag¥,s as a function of current patH f; %
andlz;, =50 wA), temperature, and magnetic field. The fields are >
given byuoH=12, 9, 6, 4, 2, 0.5, and 0 (from left to right. Inset: - 0.01 i
Equipotential curves for currertg (i.e., current flowing between & |
contacts 2 and )6at an anisotropy value,,=1.36 reflecting the ht
typical normal-state distribution or thid || ¢ case. Actual contact >
positions are shown. 0.00 - : . . . .
0.03 C I| T I T Il T T T T T T T ]
up to 12 T were applied both in plane and out of plane, as _ [ 12\
well as slightly off theab plane and within thébc plane, e}
using a rotatable sample holder with an angular resolution of L 4
0.01°. = 002 r
_ 1T
Z e
Ill. RESULTS AND DISCUSSION a I T (K)
= 0.01 |
A. Effects of the magnetic field direction S r
In Fig. 1 experimental data for fields parallel to thexis = =
are shown. Unlike the conventional PFT configuration, this 0.00 [ .(:/. . Tf

setup probes intervortex correlations wher c. No current 38 29 ' 90
is flowing along the field direction, and, therefore, thegi-

tudinal vortex-line correlation strength does not influence the TX)

studied voltages. We find that the system is well described by FIG. 2. Top: Resistive transition in the Lorentz-force configura-

local COI.']dUCtIVIty,. so that th.e ratio betweefy(l57) and tion with the magnetic field aligned 1° away from thaxis. Close
V(I 2¢) is determined exclusively by sample/contact geom-, 1 ihe difference inV/l for the two current paths vanishes,
etry and anisotropic properties. Intervortex correlations arg,gicating thatp, is small. Middle: With the current flowing mainly
consequently weak, i.e., the vortex-liquid viscosity is I0W 5jong the magnetic field, the macroscopic Lorentz force gives no
enough to have negligible effect on the vortex flow on thenet contribution toV,s. The inset shows a comparison of the in-
scale of the sample. Melting steps can be clearly seen fQjlane resistive ratiol',, as calculated from measurements of
fields from 0.5 to 6 T but there is no step at 9 or 12 T.V (14,159 (top panel and V(16,15 (middle panel, respec-
Comparing the response at low and high fields, the voltageavely, with H directed 1° from thea axis. Bottom: With the same
ratio reveals no qualitative change when crossing the uppeturrent contacts as in the middle panel, but witlaligned 1° away
critical point, located between 6 and 9 T. from theb axis, the Lorentz contribution is recovered. Also note the
The inset of Fig. 1 also shows equipotential curves obincreased,y, in the vortex stateéinsed, the shift inT,, when com-
tained by using a finite difference method to solve theparing with the top panel, and the disappearance of the melting step
Laplace equation, assuming local conductivity. The Laplaceét around 1 T.
equation can be expressed with resistivity and in-plane an-
isotropy ., @s independent parameters. The anisotropy isheen used to successfully model, for instance, the vortex lig-
therefore, directly related to, for instance, the ratiouid of YBCO in the Corbino disc geometfy.
Vi5(137)/V15(156). Various voltage ratios are in practice pre- In the measurements presented in Fig. 2, we applied the
calculated as a function of anisotropy and later used to defield almost parallel to theb plane. It was not aligned ex-
termine the actual anisotropy from measurements. The asctly within the plane, since intrinsic pinning would have set
sumption of local conductivity can be checked by comparingn and suppressed the vortex flow and possible melting steps.
vap for different current distributions, and has previously The range of intrinsic pinning can be estimated from the dip
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observed in the angular dependencep ) around9=0° R L L
(H || ab). The width of the dip is typically found to be of the | moH=12T 7]
order of 0.5°% To be able to detect changes in the Lorentz 100 | J
force contribution, we, therefore, chose to apply the field 1° F o~ ]
away from theab plane. This is outside the dip, having a [  HIb " ]
total width ~0.7° in our sample, but close enough to i@ T s ]
plane not to significantly alter the magnitude of the Lorentz [ u=4.0 ]
force. & i1 ;,J"r

In the top panel of Fig. 2 the field was aligned almost & 107 ¢ Ve E
parallel to thea axis while the current was sent mainly along L __,,-" ]
the b axis, so that the field was mainly perpendicular to the [ Hlle 27 I ]
current. In this case there is, thus, a net Lorentz force di- L / ' _
rected along the axis. Clear melting steps can be seen for //f' Hlla
all fields. TheV/I curves of the two current paths coincide 102 | slope 1.0 h 3
close to the melting transition, indicating that is small. F pe - ru=37 1
This is supported by the results in the middle panel, where L Y o ]

the current is sent along tlzeaxis, i.e., with the field mainly 2 1 0
parallel to the current. The different current path curves then 10 10 10
differ even around ,,, as they would ifpy, is large compared Pu/Po
to p,. Without a net macroscopic Lorentz force the melting o . . .
steps disappear completely, leaving smoothly vanishing tails, F!G: 3. Resistivity along the axis as a function of the-axis
This suggests that the step feature is caused solely tﬁggstlvny at 121_'for_the thretoa main field directiorfgor H || aa_nd
Lorentz-force-induced dissipation. Note that the vortex con. I 0 the field is aligned 1° away from the plane to avoid the
pation. Note that the vortex co
fiquration remains unchanaed between the top and middllntrlnsm pinning) The constanpo is arbitrarily d_eflned apy, at 96
9 - 9 . L p ) K. The exponenju is defined through the relatigs~ pf’ .
panels. In the vortex solid the pinned lattice is immobile at
low currents, but the amount of defects is too low for all
vortices to become individually pinned in the not-so-viscouscannot represent the in-plane anisotropy, in the vortex
liguid. Hence the Lorentz force suddenly becomes free to adiquid, and we therefore use separate notations.
when crossingl . At least two scenarios have been suggested for the
We find good agreement between the in-plane resistivgradual change from a vortex system with a preferential di-
ratios T',p=(pa/pp)? calculated from different current rection to the state without any signs of the Lorentz force;
paths(see inset, middle panel of Fig).af the conductivity  either the vortices entangle or they decouple into pancake
would display nonlocal behavior, one could instead expecvortices in the Cu@layers. If the coupling strength between
clear discrepancies. A local conductivity picture combinedneighboring pancake vortices would be a critical parameter
with Lorentz-force arguments is, thus, used to explain alsdor the vortex-liquid behavior one could expect the correla-
the results of Fig. 2. tion strength to be sensitive to the orientation of the magnetic
To further study the Lorentz-force configuration, we ap-field relative to the layered structure. Such a dependence is
plied the field(almos) along theb axis, while keeping the not seen. The transitions with within the ab plane closely
main current direction from the middle panel, so that theresemble the case witH || ¢ (e.g., Refs. 8, 21, or 23We
current again is perpendicular to the field. As seen in théherefore believe that this kind of decoupling is not dominant
bottom panel, the typical signs of the melting transition arein YBCO. Since the present measurements and our earlier
recovered. Following the Lorentz-force picture, the coinci-results® are in strong favor of the local-conductivity model,
dence of theV/l curves close tdl,, suggests that, for this we further argue that the vortex-liquid behavior is indepen-
field direction, p, is small close toT,,. The additional dent of the sample dimensiofes long as the sample is three
Lorentz-force resistivity has, thus, been addeg jonstead. ~ dimensional This means that there is no shortest length
The top and bottom panels show quite similar behavior, buscale over which vortices entangle and below which dissipa-
some differences can be noted. First, the effect of in-plan&on would be zero due to relatively straight, disentangled
anisotropy is reflected by a shift ifi,,, increasing with in- vortices. With an entangled state we, thus, mean any state
creasing magnetic field. Second, the melting step at 1 T hagllowing a simple line bending.
almost disappeared, indicating a possible field-directional de- To obtain a quantitative measure of the dissipation in the
pendence of the lower critical point. vortex liquid, we further investigated the relation betwegn
In the inset of the bottom panel of Fig. 2, we shby, for  andp,, for the three main magnetic-field directions, as shown
theH || b case. Comparing with the middle panel inset, it isin Fig. 3. It is seen that there is a connection between longi-
seen that the ratio decreases rapidly with decreasing temperiadinal and transversal resistivity, which can be described by
ture for H || a, while the opposite is true when the field is the expressiomp~p# . For H || a we find an exponeni
directed along thé axis.T ,, may thus depend both on field =3.7, while for H || b we obtain x=4.0. The case with
direction and strength, but should not vary with current dis-H || ¢ is just a comparison of twe, resistivities and thus
tribution if local conductivity is to hold. It is clear thdt,, yields a slope 1.0 to a good approximation.
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resulting in an in-plane anisotropy,,=1.27. To further
check the consistency of these values, we used the obtained
parameters and Eqg$l) and (2) to calculate T, () for
pmoH=4 T (H in thebc plang. Our measurements are well
described by the calculated curve, as seen in the inset of Fig.
4. The in-plane anisotropy obtained from the zero-field resis-
tivities has a valuey,,~1.32 atT., but displays a rather
strong temperature dependence. By extrapolating this resis-
tive anisotropy from just abovéE; to lower temperatures, we
estimatey,,=1.23 at 85 K. The anisotropy as determined
from the vortex phase diagram is, thus, consistent also with
j the resistive anisotropy in zero field.

Various values ofy,, for YBCO can be found in the
literature. From early Bitter pattern decorations Dolan
et al3! obtained an in-plane anisotropy of 1.13, comparable
to results from magnetic-torque measuremen&*? and

FIG. 4. Magnetic phase diagram around the melting transitiorsMall-angle neutron scatterftig( yap=1.12-1.18). Values
for H directed along the axis and 1° from the andb axes. The ~ 'eported from infrared spectroscopy measuremtsodu-
curves are fitted to measured data poifgmbols using Eq.(1).  lation of Josephson critical curreftand scanning tunneling
For H || b voltage measurements were made using two sets of poicroscopy® are usually largexin the range 1.2-1)7but
tential contactsy,s (¢ ) andV,g (X). The inset shows the melting also less certain. More detailed comparisons are rendered
temperature as a function of magnetic-field direction at 4 T wherdifficult by the fact thaty,, varies both with temperature and
the field is rotated from nearly || b (9=1°) toH || c (9=90°).  oxygen deficiency.

The curve is calculated using parameters obtained from the fitted
curves in the main figure.

12 +

MoH (T)

T (K)

C. Origin of vortex-liquid dissipation

B. Anisotropy from the vortex phase diagram Let us now further discuss the origin of dissipation in the
In Fig. 4 the experimentally determined melting transi-mixed state. It is clear that dissipation in the vortex so_lid at
tions H,(T) are shown forH | ¢ andH aligned 1° away high currents is caused by vortex motion under_ the_ action of
from a and b towards thec axis. SinceH,, is anisotropy the Lorentz force_._The vortex lattice in YBCO |s.p|nned at
dependent, the measurements in the figure present an indW current densities, but a system without pinning defects
pendent method to determine both in- and out-of-plané?r @bove the depinning critical current would become dissi-
anisotropies. The way anisotropy affects the melting transiPative. The solid should still be able to carry a supercurrent
tion is well known and understodd;*’ even though there @longthe applied magnetic field, though, which the vortex
are some quantitative differences in the actual temperatufiduid cannot da:®!” Surface barriers have been Jound to
dependence between theory and experiments. For the presé@fiect the resistive behavior of Bi-2212 aroufigh.” We
case with anisotropy both within the plane and between th8ave not observed such signatures in the present case, which

plane and the axis, we used the relation is also in agreement with the results of Ref. 21. The differ-
ence in field strength where melting steps occur for Bi-2212
Hg T\" and YBCO may explain why surface barrier effects appear to
Hm:—,y (1_ T (D pe significant only for Bi-2212.
ca¥ch€ 9,0 c

When the magnetic field is aligned exactly within the
where plane, the macroscopic Lorentz force contribution to the

_ 12 vortex-liquid resistivity disappears, as illustrated in the main
cos 9 coSe N cos 9 SIHZQD) @ part of Fig. 5. Intrinsic pinning from the layered structure,

7(2:.3 ng thus, effectively inhibits the motion of vortices perpendicular
to the layers, at least at low currents. If instead thaxis
HereHg is a constanty., and ., the out-of-plane anisotro- resistivity is studied, not changing the conditibinL c, the
pies, ¥ the angle from theb plane to thec axis, ande the  sharp step af,, is found to be unaffected by the intrinsic
angle from thea axis to theb axis. The temperature depen- pinning2®-4°This indicates that the solid-to-liquid transition
dence of Eq.(1) is known to give a good description of stays first order even when the field is aligned within the
experiments on YBCO using an exponentin the range plane. In thej | ¢ case the driving force acts along the
1.3-1.5(Refs. 27—30D The angular dependence of E®) planes. Hence the vortices do not need to pass any pinning
was obtained by extending the general anisotropic scalingarriers to move.
approach by Blatteet al® to include in-plane anisotropy. The resistivity that remains when the macroscopic Lor-
By taking T,=92.1 K, n=1.4 and adjustindHy, vca, entz force contribution has been suppressed by the intrinsic
and y.,, EQ. (1) was fitted to the measured data points,pinning is almost independent of the angle between current
generating the three curves seen in the main part of Fig. &and magnetic field. This is illustrated in the inset of Fig. 5.
The anisotropies were found to be,=7.0 andy.,,=8.9, The observation leads to the question whether the remaining

819#,: ( S|r\219+
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FIG. 5. N:)rmallzeci resistivity as a function of temperature at 4 £\ g petermination of the contribution from the macroscopic
T for ﬂfzoﬁo anlq 1.0°. Fo;l_ aligned elxactly mvitglgothﬁ plane all | orentz force to the resistivity. Tha-axis resistivities for the two
f(la%?sii\?ityt GeJ_ma;mgo?rtszliz:azapb%e?;e nessitihatedlzz (‘It')e:gerléless field directions(curves 2 ar!d Bare normalized byygb(T). Thick

) ) . S ab curves correspond to the differences between the Lorentz force and
fairly well with the b-axis resistivity { || H). force-free configurationgy r=p, —p), for the two field directions.

Upper inset: In-plane resistive ratio at 120 T above 95 K as a
resistivity should equal the longitudinal resistiv'ﬂw for the function of temperatu_re and magnetic-fi_eld direction. NOFE the dif-
case without intrinsic pinning. Our results do not fully an- ference betweefi,, with H along thec axis andl',, with H in the
swer this question. Comparing the twg curves of the main plane at tt_amperatu're_s _aroum'g._ Lower inset: IfI",, is expressed
figure, the longitudinal resistivity seems, at first glance, toa§afunct|on of resistivity Igvel instead of temperature, the apparent
have been further decreased by the pinning. More likelydiscrepancy around’; vanishes[Curves 1 and 2H || a) were
however, the difference could arise from the small but ﬁniteObt"’lmeOI from measurements'¢f;. Curves 3 and 44 | b) were
. ) . ; . - based on measurements\tfg. |

c-axis component in the vortex direction, i.e., from the 1
misalignment.

The Lorentz force contribution to the resistivity can be
determined by calculating, = p, —p|. When doing so, it is
important to leaveT,, and other vortex properties un-

bottom panels of Fig. 2, we see that there is no direct con-
nection betweem ., ande 4 ,. This is astonishing, since the
upper critical pointH,, is substantially increased for the
changed. One, therefore, needs to keep the same field dir m_-plane_d_lrectlons. A pl_au5|ble explanat_lc_)n coulgl be_ that the
tion Wheh detérmining) ’andp This requires either dif- SBwer critical pomt., unlike the upper critical point, is con-
ferent samples or thé use (H)f a pseudoflux transformerr]eCted to a matching e'ffect.' It has been found that the state
configuration. The resistivities finally have to be rescaled to al‘)glomep is well described in terms of a Bose gléés‘[he
common Ievél abovd .. Due to the rather strong tempera- dn‘fergncg NHcp _betyveen the two in-plane directions may,
ture dependence of tch.e resistive anisotropy, we assumedthus’ indicate a pinning effept from '_[he copperroxygen chains
’ dt from the oxygen vacancies within the chains.

fc')mpIZ’sIg‘ﬁi;ﬁﬁ:gog;u?%otmg f:srg:;:(f rﬁi'rs\’}évsetﬁglr?()t' Going back to the discussion of Fig. 6, we see that
Py abl =) a extends to the vicinity ofr;. Unfortunately, a better knowl-

B e e e £008 of e tempeatr opendence of e eapolid i
par;ellof the figure \7\7e note that the || a case seems to plane anisotropy is requ_wed_ to determine thg exact location
require a lower Loréntz force to yield the same correspondpf Zero Lorentz. resistivity, 1.e., where the d|rec.t|op Of- the
ing vortex flow applied magnetic field has no influence on the dissipation. It
: has been suggested that the vortex liquid should be divided

Althqugh the dlﬁgrence 'y may partly .make direct into two well-defined regions, where only the low tempera-
comparisons impossible, an analysis of the field dependengg part would have a nonzero vortex-line tensibiwe

of pir nevgrtheless reyeals that the .maximp.m Qecreases would expect a dramatic drop @f  to zero if the line ten-
for H | b.W'th decregsmg magnetic field, while it stays €ON" sion would suddenly vanish. Instead, Fig. 6 indicates a
stant or increases shghtly fot || a (not shown. At 1.T pnly gradual loss of line tension unfll, is reached.

a small fraction remains g ¢ for H along theb axis, indi-
cating a lower critical field around 1 T for this field direction.
This is in qualitative agreement with the bottom panel of Fig.
2, where the upturn i, is almost absent at 1 T. The field In the upper inset of Fig. 6 we show the in-plane resistive
Hicp at the lower critical point depends on correlated disorderatioI' ;= (pa/pp) 12 as a function of temperature. Fdr|| ¢

or strong point defect8 =3 Figure 1 indicates thatl,c, in  there is no reason whly,, should not equay,;,. AroundT,

our sample is slightly below 0.5 T fatl | ¢, whichisinline theH | aandH | b curves forl",, come together and here
with earlier observation&: Comparing this with the top and again one could expedt,, to represent the true in-plane

D. Contribution from fluctuations
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anisotropy. Why then is the anisotropy lower in a small tem-6. This observation agrees with E(B) and indicates that
perature range close td, when the field lies within the vortex liquid properties are suitably studied at constant resis-
plane? One possible explanation could be the influence divity levels. Measurements on the vortex liquid close to the
superconducting fluctuations. The fluctuation magnetoconglass transition support this conclusith.
ductivity can be calculated directly from magnetoresistivity,
Ac"(H, T)=0"(H, T)—a"(0,T)~—Ap(H,T)/p?(0T) as-
suming a field independent normal-state resistivity. Accord-
ing to theory, the fluctuation anisotropyy,=(ap/cy)*? We have presented modified flux transformer measure-
=(Ac/Ac™¥2 should be both field and temperature inde-ments where the vortex liquid was studied in different
pendent foH || c (Ref. 49. If the experimental conductivity magnetic-field directions and Lorentz-force configurations.
is a sum of the normal state and fluctuation conductivitiesThe results were interpreted with local conductivity, vortex-
o=oN+ ", the anisotropyy,, will depend on the amount line motion, and a Lorentz-force-driven resistivity. A rela-
of fluctuations, following tively large Lorentz force contribution was found by study-
ing the resistivities parallel and perpendicular to the field.
pr+pfg This contribution was suppressed when the field was exactly
( Nb/ il y2 Ny il 3 parallel to theab plane, as vortex motion was prohibited by
Yav' Yap/ Pb T Pb the intrinsic pinning from Cu@ planes. The resulting, fea-
Here ygbz(pg/pg)lfz andpN is the normal-state resistivity tureless transition rather well agreed with the longitudinal
expected in the absence of fluctuatiqnsually extrapolated resistivity, i.e., with the resistivity in the magnetic-field di-
from high temperaturg@sThe fluctuations are diminished by rection.
magnetic field, an effect that also depends on the orientation We further studied in-plane anisotropy effects on the vor-
of the field. ForH | c the upper critical fieldH,, is com-  tex behavior and determined both in- and out-of-plane
paratively small. A 12 T field, therefore, can substantiallyanisotropies from the field-temperature phase diagram. The
reduce the amount of fluctuations, bringing the system closeén-plane anisotropy deduced from resistivity data was found
to the normal state. With the same field applied alongathe to be higher than what fluctuation measurements suggest,
plane the change is less pronounced due to the larger inadicating the presence of almost isotropic fluctuations. The
planeH,. Calculatinga- and b-axis resistivities from mea- varying amount of such fluctuations was suggested to cause
surements shown in Fig. 1H(| c¢) at a temperature corre- the relatively strong temperature dependence of the resistive
sponding to the anomalous region in Fig. 6 and using th@nisotropy around and beloW, .
definition Ap(H,T)=p(H,T)—p(0,T), we obtainy‘;{b~1.1
in agreement with recent results from magnetoconductivity
measurement®. This low-fluctuation anisotropy, thus, re-
sults in a highery,, whenH || ¢ than when the same field is Support from the Swedish Research Council for Engineer-
applied along thab plane. ing SciencesTFR) and the Swedish Foundation for Strate-
The anomaly around is resolved ifl",, is plotted as a gic ResearcSSH under the OXIDE program is gratefully
function of p instead ofT, as shown in the lower inset of Fig. acknowledged.

IV. SUMMARY AND CONCLUSIONS

Yap=(7ap)?
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