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Magnetotransport measurements were carried out on irradiated Bi2Sr2CaCu2O8+d and
Bi1.8Pb0.2Sr2CaCu2O8+d single crystals in order to investigate their vortex pinning properties. A three-
dimensional Bose-glass transition with the same critical exponents is present in both cases. The occurrence of
the Bose-glass transition in the case of highly anisotropic Bi2Sr2CaCu2O8+dsg.200d supports the existence of
a strong interlayer coupling of the pancake vortices due to columnar defects up toBf.
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I. INTRODUCTION

Among the high-temperature superconducting cuprates
(HTCS’s), Bi2Sr2CaCu2O8+d (BSCCO) exhibits one of the
largest electromagnetic anisotropies. In such anisotropic ma-
terials, the flux lines consist of stacks of two-dimensional
(2D) pancake vortices which are weakly coupled together by
Josephson interactions. However, a strong anisotropy, which
is caused by a highly 2D crystal structure, may cause some
weak flux pinning at high temperature and under high mag-
netic fields. As a result, the BSCCO compound exhibits a
small critical current densitysJcd and a low irreversibility
line sHirrd. Numerous experiments, including moderate
chemical doping with Pb (Refs. 1 and 2) and ion
irradiation,3,4 have been carried out in order to improve the
pinning properties in BSCCO. In these compounds, the most
remarkable features are an enhancement of the critical cur-
rent densityJc and an upward shift of the irreversibility line.
The improved flux pinning properties in heavily Pb-doped
BSCCO is supposed to stem from the lowered electronic
anisotropy and the existence of strong 3D correlations in the
flux line structure.5,6 On the other hand, heavy-ion irradiation
(HII ) introduces columnar defects(CD’s) which may act as
strong pinning centers of vortices and increase thec-axis
correlation by suppressing thermal fluctuations of pancake
vortices when the applied magnetic field is aligned with the
defects.7 The observation of the uniaxial increase of pinning
along the direction of the tracks in ac screening4 and Joseph-
son plasma resonance8 measurements was considered as evi-
dence of vortices behaving as lines rather than independent
stacks of pancakes after the introduction of correlated disor-
der. These results are in contrast with the magnetization and
torque measurements on HII BSCCO single crystals when
the enhanced pinning by CD’s was found to be isotropic.9,10

Thompsonet al.10 reported that there is almost no difference
betweenJc measured under either the magnetic field applied
parallel to CD’s or symmetrically opposite to thec axis at an
angle of 60° from the CD’s. They claimed that it is due to the
2D nature of the vortex state in highly anisotropic BSCCO.
Thus, the influence of the dimensionality of vortices on the
vortex dynamics in heavy-ion-irradiated BSCCO with ex-
tremely large anisotropy remains unclear.

For a system of vortex lines in the presence of CD’s,
Nelson and Vinokur11 theoretically predicted an existence of

a Bose-glass phase at temperatureT,TBG, where vortex
lines are localized at the CD’s. A signature of a 3D Bose-
glass–to–vortex-liquid transition can be considered as the
universal scaling of current-voltage characteristics with well-
defined critical exponents.12 Thus, a proof for the correlation
nature of vortex pinning by CD’s is the existence of the
Bose-glass transition in highly anisotropic superconductor-
like BSCCO.

In order to study the influence of the dimensionality of
vortices on the Bose glass, we have investigated the vortex
dynamics over a wide range of filling fraction and tempera-
tures in BSCCO and Bi1.8Pb0.2Sr2CaCu2O8+d (BPSCCO)
single crystals having CD’s. The main difference between
these two systems is their anisotropy factorg. Our results
suggested that the pancake vortices pinned by columnar
tracks behave as well-coupled vortex lines at fields up to the
matching fieldBf in irradiated BSCCO single crystals.

II. EXPERIMENT

The BSCCO(sample 1) and BPSCCO(sample 2) single
crystals were-grown by a self-flux method which was de-
scribed elsewhere13 with typical dimensions of 131
30.03 mm3. Samples 1 and 2 were irradiated with 5.8-GeV
Pb ions using the high-energy beam line(IRABAT facility )
at Ganil (Caen, France). The electronic stopping powersSe

,32 keV/nmd of the Pb ions varied by less than 10% within
the thickness of the samples and was sufficiently large for
producing homogeneous CD’s throughout the thickness of
our crystals.14 Columnar tracks of diameter 2C0
<90 Å±10 Å were created along thec axis with a matching
dose ofBf=0.75 T (Bf=f0/d wheref0 is the elementary
flux quantum andd is the mean distance between CD’s).
IsothermalI-V characteristics were obtained by using a dc
four-probe method with a voltage resolution of 10−10 V and a
temperature stability better than 5 mK. The contact resis-
tance is sufficiently low to prevent heating effects up to 80
mA. More, no bulk heating effects were detected from the
temperature controller. The crystal is mounted on the sample
holder with its length along the rotating axis. For all samples,
the zero-field Ohmic resistance as a function of the tempera-
ture did not exhibit any anomaly. An estimation of the width
of the superconducting transitionDT<1.0–1.5 K is obtained
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from the width which was measured at a half maximum of
the peak in d lnsRd /dT. For samples 1 and 2,TC was found to
be 89.5 K and 80 K, respectively. The magnetic field was
applied parallel to the CD’s. A rotating sample holder is con-
trolled by a computer with an angular resolution of about
10−3 deg. The angular dependence of the resistanceRsud,
whereu is the angle betweenab planes and the direction of
the applied magnetic field, was derived from the linear part
of the I-V characteristics in the vicinity of theab planes(i.e.,
low angle values). Typical currents from 50mA to 1 mA are
injected into the sample, in order to remain within the Ohmic
regime.

III. RESULTS

A. Electronic anisotropy measurements

In order to determine the electronic anisotropy parameter
g for BSCCO and BPSCCO samples before irradiation, the
angular dependence of the resistance was used(see Refs. 15
and 16 for details). According to the scaling approach from
isotropic to anisotropic superconductors which was devel-
oped by Blatteret al.,17 the magnetic fieldH at an arbitrary
angle u with respect to theab plane must be scaled to a
reduced field as follows:

H«sud = Hssin2u + cos2u/g2d1/2. s1d

The angular dependenceRabsud of BSCCO and BPSCCO
single crystals measured at a given temperature close toTC
for different values of magnetic fields is shown in Fig. 1. The
«sud for both samples of BSCCO and BPSCCO which was
extracted from theRsm0H ,ud feature is shown in Fig. 2. Re-
ferring to Eq.(1), one can see that the parameterg can be
determined from the saturated values of«sud (i.e., where it
becomes constant). Thus, as seen from Fig. 2, as for BSCCO,
g=380 and this value is comparable to the typical values
recently found in the overdopedsg=360–490d, the optimally
doped sg=550d, and slightly underdoped sg=800d
Bi2Sr2CaCu2O8+d single crystals as well.18,19 In a similar
way as for BPSCCO,g was found to be 60(see the inset of
Fig. 2).

Recently, a reduction of the electromagnetic anisotropy
due to a substitution of Pb for Bi in Bi2Sr2CaCu2O8+d single
crystals has been reported.20–23 Indeed, it has been shown
that the Pb doping in BSCCO single crystals reduces the
electromagnetic anisotropy parameterg from 300 to 35 as
the Pb content varies from 0 to 0.6 while measuring atT
=100 K. A systematic decrease ofg with an increase of Pb-
doping level was generally attributed to an enhancement of
the interlayer Josephson coupling by the Pb substitution. Mo-
tohashiet al.24 showed that after doping Pb, the penetration
depth along thec axis, lc, which was determined from re-
flectivity measurements, is one order smaller than that of the
optimally doped BSCCO, and it reflects a drastic enhance-
ment of the interlayer coupling in Pb-doped BSCCO.

B. Current-voltage characteristics

The I-V curves in the vicinity of the glass-liquid transition
at well-defined temperatures from a resistive state to a super-

conducting state(R;V/ I =0, in the low-current-density
limit ) were investigated(measured upon cooling, in an ap-
plied magnetic field belowBf along thec axis). Note that the
applied magnetic fieldH was aligned with the tracks by us-
ing the well-known dip feature occurring in dissipation pro-
cess forcmin<0 (see the inset of Fig. 3) andc=sp /2−ud is
defined as the angle between the applied fieldH and the
crystal c axis. Typical isothermalI-V curves measured for
BPSCCO(sample 2) at f =0.333 are shown in Fig. 3(where

FIG. 1. Rsud curves measured at various magnetic fields for(a)
an unirradiated Bi2Sr2CaCu2O8+d and (b) an unirradiated
Bi1.8Pb0.2Sr2CaCu2O8+d single crystal.

FIG. 2. Scaling parameter«sud as a function of 2su /pd in a
log-log plot for (a) Bi2Sr2CaCu2O8+d and (b)
Bi1.8Pb0.2Sr2CaCu2O8+d samples. The solid lines are the classical
anisotropic 3D model with an anisotropy parameter of 380 and 60
for BSCCO and BPSCCO, respectively.
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f is filling factor and f ;m0H /Bf). One can see that the
characteristics shift from a linear responsesV~ Id for low
current densities(solid lines) aboveTBG to a power law re-
gime atTBG sV~ Izd and finally to a strongly nonlinear re-
sponse below the transition temperature(V/ I ~exp
f−sI0/ Idmg). A very similar change in the curvature was ob-
served in both samples. This result is expected for a glassy
vortex system and basically could be explained by the Bose-
glass melting theory.11

According to Nelson and Vinokur,11 for a Bose-glass tran-
sition in the presence of 1D correlated disorder, the melting
of the Bose glass can be described by a scaling formalism in
which the correlation volume diverges atT=TBGsm0Hd. This
volume is anisotropic in the presence of CD’s and the corre-
lation lengthsji parallel to andj' perpendicular to the col-
umns obeying the relationji ~j'

a with a=2 in the case of
screened vortex interactions(a=1 for isotropic pinning such
as point disorder as well as for an incompressible Bose-glass
with long-range interactions).25 The current densityJ which
is perpendicular to the CD’s and the magnetic fieldH aligned
with the correlated defects can be derived from the following
scaling ansatz:

E

Jjij'
−z = F±SJjij'f0

KBT
D , s2d

wherej'sTd=j's0dusT−TBGd /TBGu−n' , z is the critical expo-
nent for the correlation timet~j'

z , andF+ and F− are two
scaling functions defined in the flux liquid statesT.TBGd
and localized flux-line statesT,TBGd, respectively. The scal-
ing function F+sxd=const,F−sxd~exps−1/xmd for x→0
and F±sx→`d~xsz+1d/s1+ad. n' is the critical exponent de-
scribing the divergence of the correlation lengthsji and j'

(note that we seta s;ni /n'd=2 in order to make the
compression modulus of the vortex-liquid phasec11
,fKBTsm0Hd2/f0

2g /j'
2 ji remain finite atT=TBG (Ref. 11)].

Thus,z, n', andTBG are the only free parameters.
In general, from a power law dependenceV, I sz+1d/3 at

T=TBG and the fitting Ohmic resistance nearTBG in the ther-
mally assisted flux-flow regime which should vanish accord-
ing to R,fsT−TBGd /TBGgn'sz−2d, the estimated values of the
dynamic exponentz and the static exponentn' could be
determined[the slope of the solid linez=sz+1d /3 in the
inset of Fig. 4 gives z,2]. Therefore, a plot of
sd ln R/dTd−1=sT−TBGd / fn'sz−2dg versus temperature
should be a straight line with a slope equal to 1/fn'sz−2dg
intercepting the temperature axis atTBG. The plot of
sd ln R/dTd−1=sT−TBGd / fn'sz−2dg versus temperature in
Fig. 4 ensures this type of behavior. We obtainedfn'sz
−2dg,3 andTBG=72.4 K and 71 K, forf =0.133 and 0.333.
Combining these two measurements,n',1 andz,5 were
obtained.

Another special feature observed in heavy-ion-irradiated
superconductors is the appearance of a minimum in the dis-
sipation process when the vortex lines and CD’s are aligned.
The anisotropic pinning behavior which was predicted by the
Bose-glass theory is demonstrated by the angular depen-
dence of the voltage when the magnetic field is tilted away
from the CD’s direction(see Fig. 5). Figure 5(a) shows the
voltage as a function of temperature under 0.3 T(i.e., f
=0.4). Note that the field was applied at various anglesc
=sp /2−ud with respect to the CD directions for the irradi-
ated BPSCCO single crystal. Figure 5(b) shows the evolution
of this Vscd as a function of applied magnetic field. One can
see that, for the lowestT andB,Bf values, theVscd curves
exhibit in the vortex solid state a clear dip occurring atc
,0 when the field is applied along the columnar ion tracks.
This pronounced downward dip of dissipation around

FIG. 3. Typical I-V characteristics aroundTBG at f =0.333 for
the irradiated Bi1.8Pb0.2Sr2CaCu2O8+d sample. From the right to the
left, the data were obtained at the following temperatures: 59.38 K,
59.95 K, 60.52 K, 61.09 K, 61.67 K, 62.23 K, 62.81 K, 63.38 K,
63.96 K, 64.53 K, 65.11 K, 65.68 K, and 66.25 K. The solid lines
indicate the linear response observed at high temperatures for low
currents. The dashed line represents the power law dependence of
V, I sz+1d/3 at T=TBG, with a slopez=sz+1d /3,2. The inset shows
a typical angular dependence of the resistance, as a function of the
angle c between thec axis and the applied magnetic field, after
irradiation.

FIG. 4. Typical inverse of the logarithmic derivative of the re-
sistanceRsTd for m0H=0.2 T and 0.5 T. The solid lines represent
the power law ofR=R0sT−TBGdn'sz−2d, with a slopefn'sz−2dg−1

,0.33 and interceptTBG=72.4 K and 71 K, respectively. In com-
parison the dashed line represent a slopefn'zg−1,0.2 which is
typical for power law ofR=R0sT−TBGdn'z. The inset:I-V charac-
teristics at the solid-liquid transition. The dashed line represents the
power law dependence ofV, I sz+1d/3 at T=TBG, with a slopez
=sz+1d /3,2.

VORTEX DYNAMICS IN HEAVY-ION-IRRADIATED … PHYSICAL REVIEW B 70, 224509(2004)

224509-3



m0H //CD’s is ascribed to CD pinning. When the magnetic
field is tilted away from the CD’s, the dissipation increases
with increasing angle, indicating that the pinning by CD’s
remains effective up to the accommodation angleca [note
that the accommodation angleca is determined experimen-
tally as half the angular width between maximum of voltage
indicated by arrows in Figs. 5(a) and 5(b)]. For BPSCCO,
ca<30° atT=62.01 K. This increase of the voltage has been
related to vortex pinning by CD’s, withca as the limit of the
effectiveness of CD pinning. Thus, aboveca, the pinning due
to CD’s disappears and the dissipation is more controlled by
the intrinsic pinning. These results reinforce the assumption
of a strong localization of the vortex at the CD’s when they
are aligned. Such a strong angular dependence of pinning is
expected for 3D vortices, but not for extremely weak-
coupling 2D pancake vortices. Similar directional properties
of vortices trapped in CD’s were reported by transport ex-
periments on both moderately anisotropic layered cuprates as
YBa2Cu3O7−d (Ref. 26) and on highly anisotropic material
such as Tl2Ba2CaCu2O8 (Refs. 27 and 28) and were inter-
preted in terms of vortex-line behavior as predicted by the
Bose-glass theory. In this framework the presence of CD’s
promotes the localization of vortices along the CD’s, increas-
ing c-axis coherence and thus leading to a directional pinning

enhancement. In contrast, for extremely anisotropic
Bi2Sr2CaCu2O8/BiSr2CuO6 multilayers (Ref. 29) and
YBa2Cu3O7−d /PrBa2Cu3O7−d superlattices(Ref. 30) no di-
rectional effect has been shown. This result has been ex-
plained by a strongly 2D behavior of these materials.

IV. DISCUSSION

The I-V curves in the critical region scale according to
Eq. (2) were separated into two curves corresponding toF+
andF− with the obtained exponents. From Fig. 6, it can be
seen clearly that all of theI-V isothermal characteristics
aroundTBG for BPSCCO crystal at different filling factors of
f =0.133, 0.266, 0.333, 0.4, 0.533, 0.666, and 0.8 collapse
perfectly onto two positivesT.TBGd and negativesT
,TBGd curvature curves while plottingRscal=sV/ Id / utun'sz−2d

againstIscal= I / sTutu3n'd, wheret=fsT−TBGd /TBGg. From the
scaling analysis, the optimum values of the critical exponents
are z=5.3±0.2 and n'=1.1±0.1 [i.e., n=n'sz−2d
=3.63±0.3]. A similar scaling behavior was obtained over a
wide range off as of 0.026, 0.04, 0.066, 0.133, 0.2, 0.266,
0.333, 0.466, 0.566, 0.666, and 0.900 for BSCCO(see the
inset of Fig. 7). The vertical dashed line(for an example, see
Fig. 6) gives an estimation for the current crossover separat-
ing the Ohmic and non-Ohmic behaviurJ* which can be
used to evaluate the correlation length. At low temperatures,
sj ij'd1/2,20–30 Å was obtained for both samples.

The critical exponents that we obtained are in accordance
with the numerical simulations for the strongly screened vor-
tex interactions.25 Those exponents are also consistent with
those reported for heavy-ion-irradiated Tl2Ba2CaCu2O8 thin
films.31 In the BSCCO system, Miuet al.32 reported an av-
erage of the combined critical exponentsn=n'sz−2d of 9 for
BSCCO thin films irradiated atBf=1 T, while Seowet al.7

obtainedn as of 8.5 from thec-axis resistivity measurements
on BSCCO single crystals irradiated atBf=2 T. These two
values are about 3 times larger than our results. The differ-
ence in critical exponents can be explained because columnar

FIG. 5. Voltage as a function of the angle between the applied
magnetic field and the CD’s direction for irradiated BPSCCO single
crystal measured in solid state withI =30 mA: (a) Vscd as a func-
tion of temperature at 0.3 T.(b) Vscdas a function of applied mag-
netic field at 62.01 K.

FIG. 6. Scaling forms for irradiated BPSCCO sample at indi-
cated filling fraction off =0.133, 0.266, 0.333, 0.4, 0.533, 0.666,
and 0.8 according to Eq.(2). The same scaling exponentsz
=5.3±0.2 andn'=1.1±0.1 are used for all fields. The inset shows
that all of the isothermalI-V curve collapse by plottingRscal

=sV/ Id / utun'sz−2d againstIscal= I / sTutu3n'd, using the data of Fig. 3.
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tracks are misaligned by 2°–3° in the previous studies on
irradiated BSCCO single crystals(for an example, see Ref.
7). In fact, the critical scaling behavior has been recently
observed in irradiated untwinned YBa2Cu3O7−d single crystal
only at very small angles of −1°,c,1° (Ref. 33), whereas,
above 1°, there is no way to fit the data to the scaling law of
the resistivity, indicating that the vortex dynamics deviates
from the Bose-glass theory. Another possible explanation is
that the reported exponents for irradiated BSCCO single
crystals are extracted from out-of-plane transport measure-
ments(i.e., current transportJ parallel to the common direc-
tion of the magnetic field and CD’s), while our critical expo-
nents are derived from electrical transport perpendicular to
the magnetic field and CD axes. For the vortex motion in the
Bose glass with currents parallel to CD’s andH, Nelson and
Radzihovsky34 predicted that above the Bose-glass transi-
tion, the longitudinal dc resistivityrisTd,sT−TBGdn'z van-
ishes much faster than the corresponding transverse resistiv-
ity r'sTd,sT−TBGdn'sz−2d. As shown in Fig. 5, in the
thermally assisted flux-flow regime our data agree more with
the power lawr'sTd,sT−TBGdn'sz−2d than therisTd,sT
−TBGdn'z power law.

The comparison with the reportedn value found by Miu
et al. on BSCCO thin films is more complicated. In fact,
several possibilities have been considered to explain the dif-
ference concerning the vortex pinning by CD’s between thin
films and single crystals as characteristic thin-film geometry,
strong influence of other defects in thin films, etc. The same
discussion was reported for a large scattering in reported
exponents values in either YBCO single crystals and thin
films. The exponents z,2.2–2.3,n',0.9–1, and a
,1.1–1.2, implying an incompressible Bose glass, were ob-
tained for YBCO crystals12,35 as compared toz,5.7, n'

,1.8, anda,5/3 obtained for YBCO thin films.36

The data in Fig. 7, whose axes are normalized when the
resistivity was measured in units ofr0

*sr0
* ,rnd and the cur-

rent in units ofJ* [J* = J0
* utun's1+ad with J0

* =KBT/ sj0ij0'd],
show that the whole set of curves obtained for both samples
and various magnetic fieldssBf /10,m0H,Bfd can be su-

perimposed onto two main curves. The solid line represents
an attempt to fitF−sxd,expf−sI0/ Idmg with m=1/3 which is
typical for double-superkink excitations in the transport pro-
cess for flux lines close to the transition. Thus, the creep
process in the Bose-glass phase can be described by a
variable-range hopping mechanism for both samples in the
low-current limit. Two remarkable points should be empha-
sized here: First,z andn' are found for both samples to be
insensitive toH over a range of fields corresponding to a
filling fraction 0.133, f ,0.9. Second, the same scaling
functions with the critical exponentsz=5.3±0.2 andn'

=1.1±0.1 can be used for both samples, emphasizing the
universality of the transition in this field range. Moreover, it
can be noted that we could not scaleI-V curves form0H
øBf /10 in either BSCCO or Pb-doped BSCCO. A very
strong curvature that rapidly deviates from the high-
temperature linear regime was observed and it suggests a
much abrupt depinning of the vortices in this low-field range.

The experimental results obtained in both systems with
very different electronic anisotropies appear to be very con-
sistent with the Bose-glass predictions for vortex line pinned
by CD’s. The observed Bose-glass behavior in highly aniso-
tropic BSCCOsg=380d with CD’s indicates that the pancake
vortices pinned by columnar tracks in heavy-ion-irradiated
BSCCO crystals act as well-coupled vortex lines. The 3D
coupling of vortices by CD’s was demonstrated by the trans-
port measurements in flux transformer geometry37 and Jo-
sephson plasma resonance in BSCCO with CD’s.38

Our observations are in contradiction with the interpreta-
tion of the irreversibility in terms of single-pancake depin-
ning from CD’s in Ref. 18. In fact, the directional effect
(uniaxial pinning) and critical scaling up to the matching
field Bf, clearly evidenced in Pb-substituted BSCCO, are not
in favor of 2D Abrikosov pancake vortices pinned by differ-
ent column sites. However, the experiments in Ref. 18 were
performed on an optimally dopedsg=360d or a lightly over-
doped irradiated BSCCOsg=550d and these values ofg are
much higher compared tog=60 found in our Pb-substituted
BSCCO crystals. Numerous studies performed on high-TC
superconductors indicated that the value of the electronic an-
isotropy strongly affects the static and dynamic properties of
the vortex matter in the presence of CD’s.39 For example, the
3D Bose glass was observed at field below the matching field
Bf by ac magnetic susceptibility measurements in irradiated
BSCCO single crystals,40 whereas the Bose-glass behavior
was not observed in irradiated Bi2Sr2CuO6+d sBi-2201d.
This difference is due to the extremely weak coupling be-
tween pancake vortices along thec axis in Bi-2201 sg
=700d even under the presence of CD’s. Thus, the anisotropy
is the parameter which controls the occurrence of the Bose-
glass behavior in heavy-ion-irradiated BSCCO crystals.

V. CONCLUSIONS

We have presented experimental results of theI-V char-
acteristics of heavy-ion-irradiated BPSCCO and BSCCO
single crystals. The electronic anisotropy parameter was
found to beg=60 and 380 for BPSCCO and BSCCO before
irradiation, respectively. The extraction of the anisotropy pa-

FIG. 7. RescaledI-V characteristics using Eq.(2) obtained in
both samples over a wide range of filling factors. The solid line
corresponds to a variable-range hopping creep mechanism. The
same scaling critical exponents are used for all fields. The inset
shows scaling forms for the resistivity above and belowTBG at
different filling factors off =0.026, 0.04, 0.066, 0.133, 0.266, 0.333,
0.466, 0.566, 0.666, and 0.900 for the BSCCO sample.
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rameter from magnetoresistance data gives comparable val-
ues to those reported so far for BSCCO and BPSCCO. On
the other hand, the vortex pinning properties in irradiated
BSCCO and BPSCCO single crystals were thoroughly stud-
ied over a wide range of filling fraction and temperature. The
angular measurements for both samples show that the dissi-
pation in the vortex solid state has an usual anisotropic pin-
ning effect when the vortex lines and the CD’s are aligned.
The I-V characteristics measured atTù50 K for Bf /10
,H,Bf are analyzed in terms of the critical scaling ofI
-V characteristics when the magnetic field is parallel to the
tracks. A 3D Bose-glass transition with the same critical ex-
ponents was found in both samples. The critical exponents
that we obtained,z=5.3±0.2 andn'=1.1±0.1, are in accor-

dance with numerical simulations of strongly screened vor-
tex interactions. The existence of the Bose-glass–to–liquid
transition at TBGsm0Hd in the case of highly anisotropic
BiSr2CaCu2O8+d sg.200d with CD’s suggests that vortices
behave as lines rather than independent stacks of pancakes at
fields up to the matching fieldBf.
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