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Longitudinal and Hall voltages are measured in a clean twinned,€B#-,_ 5 single crystal in the liquid
and solid vortex phases. For magnetic fields tilted away fromcthgis more than about 2°, a scaling law
|pxy| =ApfX with B~1.4 is observed, which is unaffected by the vortex-lattice melting transition. The vortex-
solid Hall conductivity is nonlinear and diverges to negative values at low temperature. When the magnetic
field is aligned to thec axis, the twin-boundary correlated disorder modifies the scaling lawBaftl The
scaling law is unaffected by the Bose-glass transition. We discuss the scaling behavior in terms of a dimension-
dependent percolation theory. The twin-boundary guided vortex motion is also investigated.

[. INTRODUCTION the vortex phase transition is not a vortex-glass transition.
Vinokur et al'? proposed that the scaling law with strictly
A current flowing in a conductor exposed to a magneticB=2 is a general feature of any vortex state with disorder-
field gives rise to a Hall voltage. The Hall effect has been adominated dynamics, without the need to invoke the vortex-
powerful probe of the mechanisms of charge transport irglass scaling. In this model the Hall conductivity is indepen-
metals and semiconductors. Similarly, a Hall voltage is ob-dent of disorder and is directly linked to the microscopic
served in superconductors in high magnetic fields and carryprocesses determining the single vortex equation of motion.
ing large electric currents. The Hall effect in this system is anThis is in conflict with the spread of the observygdand with
intriguing phenomenon that has triggered a very large exthe change of the Hall conductivity at the vortex-lattice melt-
perimental and theoretical literature. Remarkable experimering transition!®?°
tal facts include the “Hall anomaly,” i.e., the Hall-effect We report here measurements intended to study in par-
sign reversal in the superconducting vortex state with respedicular the scaling law of the Hall resistivity in various vortex
to the normal state, as observed in various high- and lowphases(e.g., Bragg-glass, Bose-glass, vortex-liquiand
temperature type-Il superconductdmnd the Hall resistivity —across the different vortex phase transitions. We perform ex-
“scaling law” prOCpfx with 1< 8<2 (p,, is the Hall resis-  periments in a twinned YB&u;O;_ 5 crystal, and by finely
tivity, pyy is the longitudinal resistivity? orienting the magnetic field parallel or at an angle to the twin
Many theoretical explanations have been proposed, mostoundaries we can tune between the different vortex phases.
of them addressing the Hall anomaly, which is believed to baVe will show that the scaling law observed in the vortex-
a fundamental problem of vortex dynamics. These theoriefiquid remains unchanged in the vortex solid phad®agg-
are developed either in terms of microscopic electronicglass or Bose-glagsWhen the magnetic field is parallel to
processes;” or including pinnin vortex-vortex  the twin boundaries, we obtain a critical expongat2, cor-
interactions)'° time-dependent Ginzburg-Landau theoriks, responding to a constant Hall conductivity, below and
phenomenological modeté;2* or other ideas® The most slightly above the Bose-glass transition. This is the first time
frequently adopted approach is microscopic: it ascribes théhat an exponent oB~2 is shown to correspond to a con-
Hall effect in the vortex state to hydrodynamic and vortex-stant Hall conductivity. When the field is tilted away from
core forces, which determine the single vortex trajectorythe twin boundaries, we obtajf~1.4. In this case the Hall
(e.g., in Ref. 4 In the scenario the Hall anomaly results conductivity is current dependent in the Bragg-glass and is
from microscopic details of the Fermi surface. However, ainfluenced by the melting transition, demonstrating that the
consensus is not achieved on fundamental points like thelall conductivity is pinning dependent. Finally we tenta-
transverse force on a vortex moving in a superff§itf,or on  tively propose a general model for the Hall resistivity scaling
experimental problems like the doping dependéefice. law, describing the progressive transition to a frozen
Some of these theories also predict the scaling law, ifpinned vortex assembly in terms of a percolation process.
particular by including the pinnintjor considering vortex- In the picture, random distributed domains of frozen vortices
lattice defects. However, only two theories are specifically provide vanishing electric resistivity, while the remaining
developed to explain the scaling law. Dorseyal'® have  domains are dissipative. The theoretical expongiig then
proposed a scaling theory near the vortex-glass transitiodependent on the dimensionality of the vortex system only,
with an universal, sample independent pov#&r2 for the in particularB=2 in two-dimensions, as for vortices aligned
three-dimensional regime. But the scaling is also seen wheto unidirectional strong correlated disordéwins), and
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B=1.44 for three-dimensions, as for pointlike disorder or Vs Vy
splayed correlated defects. (a)
Because of the presence of twin boundaries, guided vor- I

tex motion occurs in our sample, resulting in a symmetric
part (with respect to the magnetic figldf the transverse
resistivity, in addition of the antisymmetric “true” Hall ef-
fect. As this work will show, the guided vortex motion is not
relevant to the conclusions we will obtain for the Hall effect.
However, in order to dissipate doubts, we will show also the
experiments on the guided vortex motion effect, although
they could be omitted.

Il. RESULTS

A. Sample and contacts Vx Vy

a very clean twinned YB&£u;0;_ 5 (YBCO) single crystal

with a sharp resistive transition at abolf=93.5 K. The

microtwinned crystal has dimensions 8.0.4 mn? in the y

a-b plane, and thickness 24m in thec direction. The major [ e

twin family is at 135° from the long edge of the sample.

Some untwinned domains and some twins at 90° from the e

dominant family are also present. A nine-gold contacts pat-

tern has been deposited on the surface of the sample. Two m el

kinds of experiments have been conducted. L —
(1) Using the contact configuration shown in Figa)l we

are able to measure the usual Hall effect. In particular the

longitudinal resistivityp,, and Hall resistivityp,, are mea- Iy

sured simultaneously by injecting an -adc current,l,,

along the longest dimension of the crystal, and by measuring

the in-phase voltages parall®,, and perpendiculal/y, to

the current at the ac frequen30 Hz). Notice that when the

dc current component is absent we measure the usual longi- . )

tudinal and Hall resistivities, while in the presence of a dc FIG. 1. Schema_ttlc contact connec.tlons for the Hall effect mea-

component we really measuddV/dl, i.e., the differential surement. Of the _nlne_contac_ts deposnted on the_ crystal sur_face only

longitudinal and Hall resistivities. The measurement of the>cVen aré used in this configuratighe crystal is schematically

differential resistivity provides the sensitivity necessary toShown as a rec.tangle. Proportions bereen sample dlmgn5|ons and

. . . h contact dimensions are close to reglitfhe Hall voltage is ob-
probe the moving vortex solid phasi@sge also the discussion tained from[V, (B)— V(- B)]/2. (b) Schematic contact connec-
concerning Fig. B The experimental method is presented in Y Y ’

L AL . tion for the orientable electric current experiment for guided vortex
detail in Refs. 19 and 21. The Hall conductivity is obtained |\ .01 The ae-dc current can be oriented in any directioroted

by 7y = ny/(P>2<x+P§y)’ and the Hall angledy by tané, ;) in the plane of the sample, and the modulE$ and argument

= ny/Pxx- Be of the resulting electric field measured. They reference frame
(2) Using the contact configuration shown in Figbl we  used is shown in the lower part of the figure. The dominant twin

are able to orient the applied -&dc current in any direction family is at 135° in this reference frame.

in the sample plane, and to measure the electric field modu-

lus and direction. This will permit us to observe the guidedBose-glass theof§ predicts that for magnetic fields well

vortex motion. The application of an orientabletadc cur-  aligned to the twin boundaries the vortex-solid phase is a

rent is obtained by two in-phase sources with ac and dc consmecticlike phase(Bose-glass and the transition to the

ponents, as explained in detail elsewh%JTg]— in the inset of  vortex-liquid is a Bose-glass transition. When the field is

Fig. 1(b) is the angle of the applied current density g8dis  tilted away from the twin boundaries the vortex-solid phase

the angle of the electric field in the samey reference is a Bragg-glass and the transition to the vortex liquid is a

frame. Magneto-optical observatidhshave clearly shown vortex-lattice melting transition.

The transport experiments shown below are performed in (b) | |

that the dominant twin family is at 135° in they reference ~ We found experimental evidence for this angular behav-
frame of Fig. 1b). This will also be confirmed by the results ior. Figure 2 shows the longitudinal resistivity, measured
on guided vortex motion in Sec. Il C. at 6 T for zero dc current and a small ac currentjof

=1 Alcn?, and for different angles between the applied
magnetic field and the axis, as a function of the tempera-
ture. We use the contact configuration of Figa)1 One can

We begin by showing the characteristic features in transglearly see the effect of twin boundaries beldwg. The
port measurements usually associated to the vortex phasgin-boundary pinning reduces the longitudinal resistivity, as
transitions’? and discussing the angular dependefiche  expected for correlated disord@r.

B. Identification of the vortex phases and phase transitions
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fluence of twin boundaries on vortex motion, using the con-
tact configuration shown in Fig.(), before addressing the
Hall effect itself. The purpose of these experiments is to
justify the statement that we can eliminate the influence of
the vortex guided motion by extracting the antisymmetric
part of the transverse resistivity upon magnetic field reversal.
Using the contact configuration of Figil we can orient the
actdc current in a given directio; in the sample plane,
and measure the electric field modul& and direction8g
at the ac frequency(The act-dc electric current does not
“turn.” ) The total current density used js=60 A/cn? dc
+10 A/cnt? ac or j=100 A/cn? dc+25 Alcn? ac. Notice
that by superimposing the ac current on top of a large dc
current, the vortex-solid phases can be driven in motion un-
der the effect of the large Lorentz force well below the
vortex-lattice melting or Bose-glass transitions.

Figure 3a) represents the evolution of the moduls

Py, (MQcm)

FIG. 2. The longitudinal resisitivity p,, in a twinned

YBa,Cu;0;_ s single crystal at 6 T as a function of the temperature, . L) h
measured at low-ac current density,.=1 Alcn?, for differ- (dashed linesand argumenge (plain lineg of the electric

ent angles between the field and thec axis field as the m_agnetic field is _reduc_ed frd@w3 T to 10T, for
(—0.2°,0°,0.2°,0.5°,1°,2°,3°,5°.7°,10°,12°20° Inset: the onset & SETI€S of glven_current prlentanoyjﬁ and ata=0°. The
temperaturel ,,,sc;as a function of the angle, at 2 T and 6 T. For total erem_dens'ty used js=60 A/cmz dc+10 A/en? ac.
abouta>2° the onset temperature follows the usual anisotropic law! N€ orientations; of the current is indicated all around the
of the vortex-lattice melting temperature. For small angles the onse®olar plot. In other words, Fig.(8) representsE|(8;) and
temperature increases as expected from the Bose-glass tiseery SBe(Bj) curves. The Bose-glass transition happens between
text for detail3. the two curves separated by the shaded area. For a given
current orientatiorg; , the orientation of the electric fieldg

The inset of Fig. 2 shows the onset temperaflifg, o of is reported at the different fields. For example, follow Be
pyx Measured with a criterion of 0,20 cm, as a function of line [the thicker line in Fig. 8)] when the current is oriented
the ang|e_ For decreasing, |arge ang]’éﬁ]se(:Tm) de- at ,8]':00. At hlgh magnetic fleld, in the vortex ||qU|d, the
creases according to a usual anisotropy {&vFor small ~ angle gg is slightly shifted from zero by about5°. This
ang]es, the onset [emperatuT@nse(:TBG) increases and indicates the contact misalignment with d(landy axes. By
reaches a maximum at=0°. This kind of behavior has been decreasing magnetic fields the electric field progressively
associatet to the change in the nature of the transition ac-turns togg~45° in the solid phase. This is a clear signature
cording to the Bose-glass theory. We have fitted the part of the guided vortex motion along the dominant twin family
the data for small angles with the expressidp,se{a) at 135"_. N_otice that the effect is progressive and starts deep
=Tonsero( 1 — Sinalx; ted whereTgnse0, Xc, andv are free 1IN the_ _I|qU|d phase, without sharp changes at the Bose-glass
parameters. The critical exponentis v=1.23 forB=2 T  transition. o _
andv=1.09 forB=6 T, in agreement with the value of=1 The guided vortex motion in the vortex solid phaBese-
+0.2 found by Grigeraet al?® at B=6 T. The transiton 9lass is hardly visible in Fig. 8). In order to improve that,
between the two regimes happens at an anglef about 2°,  Fig. 3(b) is a polar plot of the electric field modulyg| as
consistently with the crossover anglef ~2.1° of Ref. 23  the current is rotated in the sample pldieat is, |E|(5))
for twinned YBCO crystals similar to the one we use. Noticecurved in the vortex solid phase &=2 T and two different
that, since we have no thermodynamic data, we cannot affirfemperature§ =88 K andT=87.5 K (the Bose-glass tran-
rigorously what the order of the vortex phase transitions wesition is Tgg~88.2 K). The total current density used jis
observe is. However, considering that the angular deper=100 A/cn? dc+25 A/cnt ac. Figure 8b) nicely shows
dence is just the same as in Ref. 23, that our sample is mudhe influence of the dominant twin family and could be dis-
thinner than the crystals of same origin used for calorimetricussed in detaft! but for our purpose here it principally
measurement¥, that it is very clear(it has very low normal shows that ai3;=0° [that is, the contact configuration of
state resistivity of 25u cm), we assume that the onset in Fig. 1(@) used for usual Hall effect experiments belavere
resistivity in Fig. 1 can be associated to the vortex-latticelS N0 absolute guided vortex motiewven in the Bragg-glass.
melting transitioR? for a>2°, that we denote by ,,, andto ~ Therefore, since the vortices have a trajectory not strictly
the Bose-glass transition far<2°, that we denote b¥ . parallel to the twin planes, the motion is influenced by the
Moreover, at the end of Sec. Il D we provide experimentalintrinsic Hall angle, and thetrue) Hall effect can be ex-
arguments supporting that the distinction of the two vortex-tracted.
phases remains valid also when the two vortex-phases are Exactly similar measurements have been performed with
driven by large electric currents. the magnetic field inclined at=4°, as shown in Fig. 4. In
this case the vortex phase transition is the vortex-lattice melt-
ing, which happens between the two curves separated by the
shaded area in Fig.(d. The guided vortex motion still oc-

Having identified the crossover angle and the phase trareurs, as shown by the anisotropic shapes of Figa). dnd
sitions, we now present the experiments concerning the ind(b), however the effect is less important and more gradual.

C. Guided vortex motion
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(b)

oa=0°

FIG. 3. Representation of the evolution of the modyEsand
argumentBg of the electric field, for a series of given current ori-
entationsp; [that is,|E[(;) and Bg(B;) curveq, as the magnetic
field is reduced fromB=3 T to 1 T, obtained using the contact
configuration of Fig. tb) with «=0°, T=89K and j
=60 Alcn? dc+10 A/cn? ac. The orientationgs; are indicated
around the plot. The continuous lines show the argurggnof the

electric field on a polar scale. The dashed lines show the modulu

|E| on a radial linear scale from @entej to 50 wV cm™ 1, for the
magnetic fieldB8=3, 2.5, 2, 1.7, and 1.5 {from outside towards
the centex. The Bose-glass transition occurs in the shaded éoea.
Polar plot of the electric field moduly&| as the current is rotated
in the sample planghat is, |[E|(;) curved atB=2 T, a=0° and
j=100 A/cnt dc+25 Alen? ac for T=88 K and T=87.5 K. At
these temperatures we are in the vortex-solid pliBsse-glasp

For example, the thicker line in Fig(&@, when the current is

(b)

875K

o=4°

FIG. 4. Same as Fig. 3, but far=3°. (a) Representation of the
evolution of the modulu$E| and argumengg of the electric field,
for a series of given current orientatiofis, as the magnetic field is
reduced fromB=2.5 T to 1 T, obtained using the contact configu-
ration of Fig. 1b) with a=4°, T=89 K and j=60 A/cn? dc
+10 Alcn? ac. The orientationg; are indicated around the plot.
The continuous lines show the argumght of the electric field on
a polar scale. The dashed lines show the mod|Hjson a radial
linear scale from @centey to 40 wV cm™ 1, for the magnetic fields
§:2.5, 2,1.7, 1.6, and 1.5 {(from outside towards the cenjelhe
vortex-lattice melting occurs in the shaded af&aPolar plot of the
electric field modulus as the current is rotated in the sample plane at
B=2T, a=4° and j=100 Alcn? dc+25 Alcn? ac for T
=87.5 K. At this temperature we are in the vortex-solid phase
(Bragg-glass

upon magnetic field reversal in the contact configuration of
Fig. 1(a). They also have revealed no sharp change of the
guided vortex motion at the vortex phase transition, eliminat-

oriented atB;=0°, shows that by decreasing the magneticing the possibility that twin boundaries could explain the
field the electric field progressively turns, but only to aboutsharp change of the Hall conductivity at the vortex-lattice

30°. Finally, the same conclusions obtained é6+0° con-

melting!® With all this in hand, we will now present the

cerning the influence of the guided vortex motion on the Hallresults of the Hall effect using the standard contact configu-

measurements, are obtained far=4°, that is, Fig. 4b)
shows that in the vortex-solid & =0° there is no absolute
guided motion.

D. Hall effect

ration shown in Fig. @a). The inset of Fig. 5 shows the Hall
conductivity o, as a function of the temperature AT and

at a=7° and a=0°, measured with large dc and ac current
densities [4.=150 Alcnt,j,.=50 Alcnt) so that the Hall
signal is detected deep inside the vortex-solid. In the inset
the small difference in temperature between the vortex-

The previous section has shown that we can eliminate thiattice melting transition at,, for a=7° and the Bose-glass
influence of the guided vortex motion on the Hall effect by transition atTzg for a=0° is not visible. By reducing the
extracting the antisymmetric part of the transverse resisitivittemperature from the normal state the Hall conductivity
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FIG. 6. Log-log plot of|p,y| Vs py for different current densi-

. : . : “AB _ ties at 89 K anda=3°. For each curve the current densities are
The linear fit according to a scaling la,y| =Apj, gives B~1.4 indicated by {4c,jac), both in units of A/cma. The position of the

for a=7 N and~2.0 fqr a=0° as |nd|cate_d by th? two straight vortex-lattice melting field is indicated. The linear fit according to a
dashed lines. The position of the vortex-lattice melting temperature

Tm, and of the Bose-glass temperatufgg, are indicated in the Scaling law|py,|=Apiy gives the average values~0.012 and

curves, as well as the temperature of twin-boundary pinning onse(gml'4 (see dashed lineand there is no current dependence of the
! y Parameters. Inset: The field dependence of the Hall conductivity

T.T.B' Notice that the scaling law i.s.unafficted byzcroszsing the tran-UX at 89 K, for various ac and dc current densities. The dotted
sitions. Inset: the Hall conductivityg,,= pxy/(pyxt pxy), as a ve?tical line denotes the vortex-lattice melting transitiorBat
function of the temperature at=7° anda=0°. The dashed vertical '
lines denote the transitions at,, Tgg, and Trg. The current
densities arg 4.= 150 A/cn?, j,.=50 Alcnt. smaller the dc currentAbove B, in the vortex-liquid the
Hall conductivity is linear. The current dependence of the
becomes negative beloW,. In the vortex-liquid phase the scaling law is investigated in the main panel of Fig. 6, which
Hall conductivities ata=0° and a=7° coincide down to shows a log-log plot ofp,y| vs py, constructed from mea-
aboutTrg. Below roughlyT+g and fora=0° we observe an surements as a function of the magnetic field at a constant
approximately constant Hall conductivity until the large scat-temperature of 89 K and different current densities. The fit to
tering of the data begins. For the angle tilted away from thea power-law dependence of a fovirm(y| =Apfx, with A and
c axis, «=7°, the Hall conductivity decreases smoothly until 8 free parameters as above, gives the average values
the vortex-lattice melting transition occurs. Beldly, the  ~0.012 andB~1.4. There is no change of the scaling law
Hall conductivity deviates from its behavior in the vortex- with the current densityneither in liquid nor in the Bragg-
liquid phase and goes rapidly towards large negative valueglass phases. Notice also that even if strictly speaking we
(see also the current dependence in Fig. 6 beldlwe Hall ~measure the differential resistivity, which differs from the
angle, not shown in Fig. 5, tends to small values. usual resistivity in the nonlinear voltage-current regime, the
We investigate now the Hall resistivity scaling behavior. scaling law is unaffected by crossing from the lin@ayuid)
The main panel of Fig. 5 shows the log-log plot|pf,| vs  to the nonlineaxsolid) vortex-phases.
pxx for a=7° anda=0° at 2 T and large dc and ac current  As a conclusion of the experimental section, we underline
densities. The position of the vortex-lattice melting andthat the general trend of the Hall resistivity is captured by a
Bose-glass temperatures are indicated. The fit to a power-lawery robust scaling IaWpr|:Apfx. The scaling law im-
dependence of a forfip,,| =Ap%,, gives fora=0° the val-  plies tandy = p&; * anda,y=p, 2. Consistently, with an ex-
uesA~0.005 and8~2.0, and fora=7° it givesA~0.02 and  ponent less than two at>a*, as the longitudinal resistivity
B~1.4, as shown by the two straight dashed lines. A separatgnds to zero, the Hall conductivity diverges, and the Hall
fit to the solid and liquid part gives the same result within theangle is small. The strong nonlinear dependence of the lon-
experimental errofwe also obtairB~1.4 in the whole range gitudinal resistivity in the Bragg-glass phase is reflected in
3° to 79. There is no change of tHexyl VS pyx dependence the Hall conductivity, which below the melting transition
at the vortex-lattice melting transition or at the Bose-glassdiverges faster, the smaller the current density. &er0°
transition, suggesting that such a scaling law is effectivelyand consistently with an exponeg#t=2 the Hall conductivity

FIG. 5. Log-log plot ofl py,| VS pxx at 2 T anda=7° anda=0°.

insensitive to the specific vortex phase. seems to be a constant below ab®yg, the temperature of
The Hall effect current dependence is shown in Fig. 6 fortwin-boundary pinning onset.
a@=3°. The inset of Fig. 6 shows the Hall conductivity, as One could argue that in presence of high electric current

a function of the magnetic field at 89 K and different dc densities, and at high magnetic fields such that the average
currents. Ata=3° the vortex phase transition is the vortex- distance between vortices is much less than the average sepa-
lattice melting atB,,. The curves have larger noise over ration between twins, the distinction of a moving Bragg-
signal ratio than above. Nevertheless the current dependengé&ass and a moving Bose-glass has not very much significa-
is clearly observable in the diverging,, . Below the melting tion. However, our results show exactly the opposite: the
field B, the Hall conductivity o, decreases faster, the scaling law, or the Hall conductivity, is different in the two
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moving vortex phases, and the two vortex phases can beal percolation threshold densipy . The critical exponent is
distinguished, at last with respect to the Hall behavior. Not~1.3 in two dimensions, antk~1.6 in three dimensiorts.
tice also that, since for=0° the exponenpB~2 is observed Similarly, the Hall numbeRy diverges afRy = sp~ 9, where
belowT+g, not only the correlated twin disorder changes theg= »(d— 2)** whered is the dimension. In two dimensions
nature of the static and dynamic vortex-solid pha@sagg- g=0 and as a consequence the Hall conductivity,
glass to Bose-glagsbut also induces two different vortex- ~HR, 02, is exactly proportional tarZ, (at constant mag-

liquids, with different dynamic properties. netic fieldH). In three dimensionsg=»~0.93" such that
Oyy™ U)%;g/txo-}(.):m'
. DISCUSSION This immediately leads to a percolation model for the

vortex scaling behavior, provided the vortex conductivity is
interpreted as the electric resistivity of the metallic/insulating
system, since a high vortex mobility means large electric

Qissipation, while high electronic mobility means low elec-

:)hUt a: corr? pliadte ix:)l;e:]n?glor; |ks) n?:] yet a?r:;]eved. A con[;s 'Stenmc dissipation. With the identification that the conductivity
reg(c))ri/ez k?'élre eOBra datazugggit tEZf:coriper?]‘:e%% i\F;éXtheo?Xin the metallic/insulating system is the resistiviyin the

. ; i 2—glt
for the Hall scaling law, far enough from the sign change,v rex system, one obtains the scaling laye:pi, = and

does not require phase-dependent parameters. Moreover, Vge=2—g/t for the vortex system. The percolation model is

. Very appealing since it provides two universal exponents,
have found thato,, becomes current dependent in the. e.. =2 and B=1.44, which correspond to the most fre-

Bragg-glass phase. This contradicts the idea that the Hall | d . | esi h

conductivity is independent of pinnirig. quently reported experimental estimate. These exponents are
A significant result of this paper is that the exponght determined by the dimensionality of the vortex system, that

entering the scaling law idisorF:jee-type dependenltrrl) par- is, determined by the vortex localization along correlated de-

ticular B~2.0 for correlated planar disorder agd=1.4 for fects, or by the geometry of the samples. For the magnetic

uncorrelated pointlike disorder. This suggests an aIternativgeId accurately aligned to the twin boundaries, which local-

; . . Izes the vortices along the axis, the system is two dimen-
explanation for the scaling behavior, as proposed by X .
.20 . : ) sional andB~2. The same exponent is observed in two-
Geshkenbeiri? If one views the vortex freezing as an inho- . ; . o9 P Y
: . : imensional filmg® When the magnetic field is “slightly
mogeneous, nonsimultaneous process, with regions whe . 2 e oo
4 . . o L Iled away from the twin boundarig¢2°—3° are enoughthe
vortices are pinnedthus with vanishing resistivily and re- . : )
) . ; . vortices recover the third degree of freedom @hell.4. This
gions where they can still movéhus inducing a nonzero . . .
. S . o2 is also likely to happen when splayed defects are introduced
electric resistivity, the vortex freezing behavior in supercon- ,~ ~ L U h
: . . g by irradiation, bringing back the exponent form 2 to 1°5.
ductors has strong analogies with thercolation transition

in inhomogeneous conductors. In the case of a mixed
metallic/insulating system, the conductivity is governed by
percolation processes and the longitudinal conductivity is ex- We are grateful to V. Geshkenbein and G. Blatter for
pressed as,,* p', wheredp=p—p. is the difference be- many discussions. This work was supported by the Swiss
tween the conducting metallic phase dengitgnd the criti-  National Science Foundation.

A Hall resistivity that vanishes as a power of the longitu-
dinal resistivity has been observed by various authé?g’
and predicted in different theoretical contextee Sec.)|
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