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Magnetotransport measurements were carried out on irradiategSrL8aCuy0Og,s and
Bi; 8Py ,SKLCaCyOg,s 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 anisotrop}&BCaCuyOg. s(y>200) supports the existence of
a strong interlayer coupling of the pancake vortices due to columnar defectsByp to
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I. INTRODUCTION a Bose-glass phase at temperatlire€ Tgg, Where vortex

Among the high-temperature superconducting cupratelines are localized at the CD's. A signature of a 3D Bose-
(HTCS'S), Bi,Sr,CaCuyOg,s (BSCCO exhibits one of the gIgss—to—vortex-hqwd transition can be cor_13|_derec_1 as the
largest electromagnetic anisotropies. In such anisotropic madlniversal scaling of current-voltage characteristics with well-
terials, the flux lines consist of stacks of two-dimensionaldefined critical exponent.Thus, a proof for the correlation
(2D) pancake vortices which are weakly coupled together byrature of vortex pinning by CD's is the existence of the
Josephson interactions. However, a strong anisotropy, whicBose-glass transition in highly anisotropic superconductor-
is caused by a highly 2D crystal structure, may cause somike BSCCO.
weak flux pinning at high temperature and under high mag- In order to study the influence of the dimensionality of
netic fields. As a result, the BSCCO compound exhibits avortices on the Bose glass, we have investigated the vortex
small critical current densityJ,) and a low irreversibility —dynamics over a wide range of filling fraction and tempera-
line (Hj,). Numerous experiments, including moderatetures in BSCCO and BiPhy,SrCaCyOg,s (BPSCCQ
chemical doping with Pb(Refs. 1 and P and ion single crystals having CD’s. The main difference between
irradiation?# have been carried out in order to improve thethese two systems is their anisotropy factorOur results
pinning properties in BSCCO. In these compounds, the mostuggested that the pancake vortices pinned by columnar
remarkable features are an enhancement of the critical cutracks behave as well-coupled vortex lines at fields up to the

rent densityJ, and an upward shift of the irreversibility line. matching fieldB,, in irradiated BSCCO single crystals.
The improved flux pinning properties in heavily Pb-doped

BSCCO is supposed to stem from the lowered electronic Il. EXPERIMENT
anisotropy and the existence of strong 3D correlations in the
flux line structure®® On the other hand, heavy-ion irradiation =~ The BSCCO(sample } and BPSCCQsample 2 single
(HIl) introduces columnar defect€D’s) which may act as ~ Crystals were-grown by a self-flux method which was de-
strong pinning centers of vortices and increase ¢raxis ~ scribed elsewheté with typical dimensions of X1
correlation by suppressing thermal fluctuations of pancake<0.03 mn¥. Samples 1 and 2 were irradiated with 5.8-GeV
vortices when the applied magnetic field is aligned with thePb ions using the high-energy beam IIHRABAT facility )
defects’ The observation of the uniaxial increase of pinningat Ganil(Caen, France The electronic stopping powés,
along the direction of the tracks in ac screertingd Joseph- ~ 32 keV/nm) of the Pb ions varied by less than 10% within
son plasma resonarfcmeasurements was considered as evithe thickness of the samples and was sufficiently large for
dence of vortices behaving as lines rather than independeptoducing homogeneous CD'’s throughout the thickness of
stacks of pancakes after the introduction of correlated disoreur crystals'® Columnar tracks of diameter @
der. These results are in contrast with the magnetization ang 90 A+10 A were created along theaxis with a matching
torque measurements on HIl BSCCO single crystals whedose ofB,=0.75 T (B,=¢,/d where ¢, is the elementary
the enhanced pinning by CD’s was found to be isotrdgft. flux quantum andd is the mean distance between CD’s
Thompsoret all reported that there is almost no difference Isothermall-V characteristics were obtained by using a dc
between], measured under either the magnetic field appliedfour-probe method with a voltage resolution of 10V and a
parallel to CD’s or symmetrically opposite to tbeaxis at an  temperature stability better than 5 mK. The contact resis-
angle of 60° from the CD’s. They claimed that it is due to thetance is sufficiently low to prevent heating effects up to 80
2D nature of the vortex state in highly anisotropic BSCCO.mA. More, no bulk heating effects were detected from the
Thus, the influence of the dimensionality of vortices on thetemperature controller. The crystal is mounted on the sample
vortex dynamics in heavy-ion-irradiated BSCCO with ex- holder with its length along the rotating axis. For all samples,
tremely large anisotropy remains unclear. the zero-field Ohmic resistance as a function of the tempera-
For a system of vortex lines in the presence of CD’s,ture did not exhibit any anomaly. An estimation of the width
Nelson and Vinokut* theoretically predicted an existence of of the superconducting transitidkiT = 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 I(R)/dT. For samples 1 and 2 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
102 deg. The angular dependence of the resistaR@®,
where 6 is the angle betweeab planes and the direction of
the applied magnetic field, was derived from the linear part
of thel-V characteristics in the vicinity of thab planeg(i.e.,

low angle valuep Typical currents from 5QuA to 1 mA are ol L
injected into the sample, in order to remain within the Ohmic ' 20 40 60 80
regime.

Ill. RESULTS 102

A. Electronic anisotropy measurements

In order to determine the electronic anisotropy parameter 10°
vy for BSCCO and BPSCCO samples before irradiation, the
angular dependence of the resistance was (sl Refs. 15 $ ;
and 16 for details According to the scaling approach from 100 BPSCCO
isotropic to anisotropic superconductors which was devel- \

oped by Blatteret al,'” the magnetic fieldd at an arbitrary N T=75K
angle 6 with respect to theab plane must be scaled to a 100 [AVOLE
reduced field as follows: 0 10 20 30 40 50 60 70 80 90

He(6) = H(sirf0 + cog6ly?)2. (1) 0 (degrees)

The angular dependené&,(6) of BSCCO and BPSCCO FIG. 1. R(e) curves measured at various magnetic_field_s(a)r
single crystals measured at a given temperature clodg to @0 uniradiated BSrpCaCyOg,; and (b) an uniradiated
for different values of magnetic fields is shown in Fig. 1. The Bl1e”252CaCy0g.; single crystal.
£(6) for both samples of BSCCO and BPSCCO which was

. T conducting state(R=V/1=0, in the low-current-density
extr_acted from théX(ueH, 6) feature is shown in Fig. 2. Re- limit) were investigatedmeasured upon cooling, in an ap-
ferring to Eq.(1), one can see that the paramejecan be

. . -~ plied magnetic field belov8, along thec axis). Note that the
determined from the saturated valuess6d) (i.e., where it applied magnetic fielt was aligned with the tracks by us-

becomes constaniThus, as seen from Fig. 2, as for BSCCO, jhg the well-known dip feature occurring in dissipation pro-
y=380 and thl_s value is comparable to the typlqal valuegess forgri~0 (see the inset of Fig.)3and y=(m/2-6) is
recently found in the overdopéd=360-490, the optimally  jefined as the angle between the applied fidldand the

doped (y=550, and slightly underdoped(y=800  rystalc axis. Typical isothermal-V curves measured for

Bi,S,CaCyOg. s single crystals as wetf* In a similar  gpscco(sample 2 at f=0.333 are shown in Fig. Gvhere
way as for BPSCCOy was found to be 6Qsee the inset of

Fig. 2). 10° T
Recently, a reduction of the electromagnetic anisotropy i BSCCO 1

due to a substitution of Pb for Bi in B$r,CaCyOg, s Single

crystals has been reporté4?® Indeed, it has been shown T=84K

Rgp (MQ)

that the Pb doping in BSCCO single crystals reduces the 102 E 102

electromagnetic anisotropy parametefrom 300 to 35 as & E ey,

the Pb content varies from 0 to 0.6 while measuringrat '} L | BPSCCO §

=100 K. A systematic decrease pfwith an increase of Pb- 100 L'E T=75K i
doping level was generally attributed to an enhancement of E ¥=60 3
the interlayer Josephson coupling by the Pb substitution. Mo- [ o0 [ R,

tohashiet al?* showed that after doping Pb, the penetration [ 104 10° 102 107 100

depth along thes axis, \., which was determined from re- 10° 5 "')4 : 1(',\, : ""2 : "“';'('y‘ T
flectivity measurements, is one order smaller than that of the

optimally doped BSCCO, and it reflects a drastic enhance- (2"6)/n

ment of the interlayer coupling in Pb-doped BSCCO.
FIG. 2. Scaling parametes(6) as a function of 29/7) in a

log-log plot for (a Bi,SrLCaCuyOg,s and (b)

Bi, gPly ,.SKnCaCyOg,s samples. The solid lines are the classical
Thel-V curves in the vicinity of the glass-liquid transition anisotropic 3D model with an anisotropy parameter of 380 and 60

at well-defined temperatures from a resistive state to a supefer BSCCO and BPSCCO, respectively.

B. Current-voltage characteristics
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FIG. 3. Typicall-V characteristics arountlgg at f=0.333 for N o e e
the irradiated Bj gPh, ,Sr,CaCyOg,5 Sample. From the right to the B A Syt

left, the data were obtained at the following temperatures: 59.38 K, 070 75 80 85 90

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 T(K)
indicate the linear response observed at high temperatures for low
currents. The dashed line represents the power law dependence of
V’“'(_m)m atT=Tgg, With a slope/=(z+1)/3~2. The inset shows  gigtanceR(T) for ueH=0.2 T and 0.5 T. The solid lines represent
a typical angular dependence of the resistance, as a function of thg, power law ofR=Ry(T-Tga)"- @2, with a slope[ v, (z-2)]™
gnglc_az//_ between thec axis and the applied magnetic field, after _q 33 gng intercepTag=72.4 K and 71 K, respectively. In com-
irradiation. parison the dashed line represent a slppez]1~0.2 which is
typical for power law ofR=Ry(T-Tgg)"+% The inset:l-V charac-
f is filing factor andf=uH/B,). One can see that the teristics at the solid-liquid transition. The dashed line represents the
characteristics shift from a linear respon@éxl) for low  power law dependence of ~1#1"3 at T=Tgg, with a slope(
current densitiegsolid lineg aboveTgg to a power law re- =(z+1)/3~2.
gime atTgg (V= 1¢) and finally to a strongly nonlinear re-

sponse below the transition temperatur@//lc«exp In general, from a power law dependende- 11’3 at

[-(Io/1)*]). A very similar change in the curvature was ob- t__ “and the fitting Ohmic resistance nély in the ther-
served in both samples. This result is expected for a glassyg|ly assisted flux-flow regime which should vanish accord-
vortex system and basically could be explained by the Bosq-ng to R~[(T-Tge)/ Teal"- @2, the estimated values of the

glass me'?'”g theord? ) dynamic exponenz and the static exponent, could be
_ According to Nelson and Vmokt}l’-,fora.Bose—glass tran-  qeterminedfthe slope of the solid ling=(z+1)/3 in the
sition in the presence of 1D correlated disorder, the meltlngnset of Fig. 4 gives {~2]. Therefore, a plot of
of the Bose glass can be described by a scaling formalism inj InR/AT)1=(T-Tgg)/[v,(z-2)]  versus ’ temperature
which the correlation volume diverges Bt Tgg(uoH). This should be a straight line with a slope equal tdid/z-2)]
volume is anisotropic in the presence of CD’s and the Correl'ntercepting the temperature axis @kg The plot of
lation IengthsfH parallel to and¢ | pgrpendicglar to the col- (d InRIAT) 2= (T-Tae) /[v, (z-2)] versus. temperature i
umns obeying the relatio,« &7 with =2 in the case of Fig. 4 ensures this typeL of behavior. We obtairfed (z
screened vortex interactioa=1 for isotropic pinning such _2)']~3 andTen=72.4 K and 71 K forf.:o 133 and 0.333
as point disorder as well as for an incompressible Bose-glase bini hBG ' ’ ~1' 475 SO
with long-range interactiong® The current density which otg)tr;inlenéng these two measurements,~1 andz~> were

's perpendicular to the CD's and the magnetic fidldligned Another special feature observed in heavy-ion-irradiated

with the correlated defects can be derived from the following ductors is th ¢ o i the di
scaling ansatz: 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
quﬂz_ 2\ KgT 2 Bose-glass theory is demonstrated by the angular depen-
dence of the voltage when the magnetic field is tilted away
where¢ | (T)=¢,(0)[(T-Tgg)/Tgg| ¥+, zis the critical expo-  from the CD’s directionsee Fig. 5. Figure a) shows the
nent for the correlation time £, andF, andF_ are two  voltage as a function of temperature under 0.3i €., f
scaling functions defined in the flux liquid stat&>Tgg) =0.4). Note that the field was applied at various anglies
and localized flux-line stat€l < Tgg), respectively. The scal- =(m/2-6) with respect to the CD directions for the irradi-
ing function F,(x)=const,F-(x)<cexp-1/x*) for x—0  ated BPSCCO single crystal. Figuréobshows the evolution
and F,(x— ) ocx@V/1+a) y, s the critical exponent de- of this V() as a function of applied magnetic field. One can
scribing the divergence of the correlation lengthsnd &, see that, for the lowedt andB <B, values, theV(y) curves
(note that we seta (=y/v,)=2 in order to make the exhibit in the vortex solid state a clear dip occurringyat
compression modulus of the vortex-liquid phasg; ~0 when the field is applied along the columnar ion tracks.
~[KgT(uoH)?/ ¢3]1 € & remain finite atT=Tgg (Ref. 13].  This pronounced downward dip of dissipation around

FIG. 4. Typical inverse of the logarithmic derivative of the re-

Thus,z, v, andTgg are the only free parameters.

E _. <J§|§¢¢o)’
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y (degrees) 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,
12 e HH=06T sie ® 1] and 0.8 according to Eq(2). The same scaling exponents
T? . ﬁﬁigiﬂ ,’ T T \ o0k f\ EE =5.3£0.2 andv, =1.1+0.1 are used for all fields. The inset shows
X_10Fq u2H=o.3T,’ \ %TZ 4‘ i 13 that all of the isothermal-V curve collapse by plottindRscq
§> s l.// T=6201K \E.f ’," i ER =(VI)/|t|*+=2 againstlg.,=1/(T|t|*"+), using the data of Fig. 3.
S, /’/ . . °\: b ¢ p0H=0.75T‘\A§_§ . _
3 /Q/c W¢ Rq" 30204020 0 20 40 60 03 enhancement. I_n contrast, for extremely anisotropic
% 4 ! F v (Deg) 3 Bi,Sr,CaCyOg/BiSr,CuGy multllaye.rs (Ref. 29 an.d
£, ,;’ﬂ/, ey ‘,.K.l\\g\\\ E YBQZCL@O7_§/PrBa§Cu307_5 superlattlc'eQRef. 30 no di-
2 ’g:a-ﬁni\ﬂ%y wa_‘;:gazg ] rectional effect has been shown. This result has been ex-
T i ] plained by a strongly 2D behavior of these materials.

60 -40 -20 0 20 40 60 80 100 120
v (degrees)
(b) IV. DISCUSSION

FIG. 5. Voltage as a function of the angle between the applied The I-V curves in th? critical region scale acco_rding to
magnetic field and the CD’s direction for irradiated BPSCCO singIeEq' 2 were separat_ed into two curves correlspond_ln@to
crystal measured in solid state witk30 mA: (a) V(i) as a func-  andF_ with the obtained exponents. From Fig. 6, it can be

tion of temperature at 0.3 Tb) V(i)as a function of applied mag- S€€n clearly that all of the-V isothermal _characteristics
netic field at 62.01 K. aroundTgg 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

uoH//CD's is ascribed to CD pinning. When the magneticPerfectly onto two positive(T>Tgs) and negative (T
field is tilted away from the CD's, the dissipation increases< Tsc) curvature curves while plottingsc,=(V/1)/[t]+*?

with increasing angle, indicating that the pinning by CD’s againstlsca=1/(T[t|*"), wheret=[(T-Tgg)/Tgc]. From the
remains effective up to the accommodation angle[note  scaling analysis, the optimum values of the critical exponents
that the accommodation angll, is determined experimen- are z=53+0.2 and v,=1.1+0.1 [ie, n=v,(z-2)

tally as half the angular width between maximum of voltage=3.63+0.3. A similar scaling behavior was obtained over a
indicated by arrows in Figs.(8 and §b)]. For BPSCCO, Wwide range off as of 0.026, 0.04, 0.066, 0.133, 0.2, 0.266,
,~30° atT=62.01 K. This increase of the voltage has been0.333, 0.466, 0.566, 0.666, and 0.900 for BSC&@e the
related to vortex pinning by CD’s, witly, as the limit of the  inset of Fig. 3. The vertical dashed lingor an example, see
effectiveness of CD pinning. Thus, abowg the pinning due  Fig. 6) gives an estimation for the current crossover separat-
to CD’s disappears and the dissipation is more controlled byng the Ohmic and non-Ohmic behavidt which can be

the intrinsic pinning. These results reinforce the assumptiomised to evaluate the correlation length. At low temperatures,
of a strong localization of the vortex at the CD's when they(£ll€,)"?~20-30 A was obtained for both samples.

are aligned. Such a strong angular dependence of pinning is The critical exponents that we obtained are in accordance
expected for 3D vortices, but not for extremely weak-with the numerical simulations for the strongly screened vor-
coupling 2D pancake vortices. Similar directional propertiestex interaction$® Those exponents are also consistent with
of vortices trapped in CD’s were reported by transport exthose reported for heavy-ion-irradiated,B#,CaCuyOg thin
periments on both moderately anisotropic layered cuprates 4#ms.3! In the BSCCO system, Miet al32 reported an av-
YBa,Cu;0,_5 (Ref. 26 and on highly anisotropic material erage of the combined critical exponentsv, (z-2) of 9 for
such as TJBa,CaCyOg (Refs. 27 and 2Band were inter- BSCCO thin films irradiated a@,=1 T, while Seowet al’
preted in terms of vortex-line behavior as predicted by theobtainedn as of 8.5 from the-axis resistivity measurements
Bose-glass theory. In this framework the presence of CD'®n BSCCO single crystals irradiated B, =2 T. These two
promotes the localization of vortices along the CD’s, increasvalues are about 3 times larger than our results. The differ-
ing c-axis coherence and thus leading to a directional pinningence in critical exponents can be explained because columnar
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g AL LU LA I IR L L | ||||||||= perimposed Onto tWO main curves. The SO"d |ine represents
[E = BSCCO 25 an attempt to fif - (x) ~ exg—(1o/1)#] with x=1/3which is
o ° BPSCCO o=2 E . . . . .
< i E ,_53402 3 typical for douk_)le-superkmk excitations in the transport pro-
3 3F ve11+01 > E cess for flux lines close to the transition. Thus, the creep
- 2fF ° < 2 process in the Bose-glass phase can be described by a
@ 1F E variable-range hopping mechanism for both samples in the
- _? E E low-current limit. Two remarkable points should be empha-
2F = sized here: Firstz and v, are found for both samples to be
j : 3ttt 6: insensitive toH over a range of fields corresponding to a
-5 Evunt vt voond ot o o v ol v (0 filling fraction 0.133<f<0.9. Second, the same scaling
43240123 45286 7 8

functions with the critical exponentg=5.3+0.2 andv,
Log 4, (J/Jp") =1.1+0.1 can be used for both samples, emphasizing the
universality of the transition in this field range. Moreover, it
FIG. 7. Rescaled-V _characteristics_ l_Jsing Eq2) obtained_ in_ can be noted that we could not scak curves for uoH
both samples over a Wlde range of flll!ng factors. The sqlld line < B¢/10 in either BSCCO or Pb-doped BSCCO. A very
corresponds to a variable-range hopping creep mechanlsm: Thﬁrong curvature that rapidly deviates from the high-
Szme scalilr.'g Cfritical ?xporr]lents are .use% for all ;iekl)d% Thet'nselremperature linear regime was observed and it suggests a
shows scaling torms f1or the reS|st|V|ty apove an elogy; al H : : H H .
different filling factors off =0.026, 0.04, 0.066, 0.133, 0.266, 0.333, mu.I(.;E abrupt Fieplnnllng of Ithe Vgrt!cezm tht;S |r(])W-er|d rang-eh
0.466, 0.566, 0.666, and 0.900 for the BSCCO sample. e experimental results obtained in both systems wit
very different electronic anisotropies appear to be very con-
tracks are misaligned by 2°-3° in the previous studies orsistent with the Bose-glass predictions for vortex line pinned
irradiated BSCCO single crystaifor an example, see Ref. by CD’s. The observed Bose-glass behavior in highly aniso-
7). In fact, the critical scaling behavior has been recentlytropic BSCCO(y=380 with CD’s indicates that the pancake
observed in irradiated untwinned YB2u;,0,_s single crystal  vortices pinned by columnar tracks in heavy-ion-irradiated
only at very small angles of —1< <1° (Ref. 33, whereas, BSCCO crystals act as well-coupled vortex lines. The 3D
above 1°, there is no way to fit the data to the scaling law otoupling of vortices by CD’s was demonstrated by the trans-
the resistivity, indicating that the vortex dynamics deviatesport measurements in flux transformer geom@tgnd Jo-
from the Bose-glass theory. Another possible explanation igsephson plasma resonance in BSCCO with CP's.
that the reported exponents for irradiated BSCCO single Our observations are in contradiction with the interpreta-
crystals are extracted from out-of-plane transport measureion of the irreversibility in terms of single-pancake depin-
ments(i.e., current transpoit parallel to the common direc- ning from CD’s in Ref. 18. In fact, the directional effect
tion of the magnetic field and CD’swhile our critical expo-  (uniaxial pinning and critical scaling up to the matching
nents are derived from electrical transport perpendicular téield B, clearly evidenced in Pb-substituted BSCCO, are not
the magnetic field and CD axes. For the vortex motion in thén favor of 2D Abrikosov pancake vortices pinned by differ-
Bose glass with currents parallel to CD’s afdNelson and  ent column sites. However, the experiments in Ref. 18 were
Radzihovsky* predicted that above the Bose-glass transiperformed on an optimally doped=360) or a lightly over-
tion, the longitudinal dc resistivity(T) ~ (T-Tgg)"'* van-  doped irradiated BSCCOy=550 and these values of are
ishes much faster than the corresponding transverse resistiuch higher compared tp=60 found in our Pb-substituted
ity p.(T)~(T-Tge)"+*?. As shown in Fig. 5, in the BSCCO crystals. Numerous studies performed on High-
thermally assisted flux-flow regime our data agree more witlsuperconductors indicated that the value of the electronic an-
the power lawp, (T)~(T-Tgg)"+*? than thep(T)~(T  isotropy strongly affects the static and dynamic properties of
—Tge)"+? power law. the vortex matter in the presence of CB’%or example, the
The comparison with the reportedvalue found by Miu 3D Bose glass was observed at field below the matching field
et al. on BSCCO thin films is more complicated. In fact, B, by ac magnetic susceptibility measurements in irradiated
several possibilities have been considered to explain the diBSCCO single crystat¥, whereas the Bose-glass behavior
ference concerning the vortex pinning by CD’s between thinvas not observed in irradiated Sir,CuG;,s (Bi-2201).
films and single crystals as characteristic thin-film geometryThis difference is due to the extremely weak coupling be-
strong influence of other defects in thin films, etc. The sameween pancake vortices along the axis in Bi-2201 (y
discussion was reported for a large scattering in reporteé 700) even under the presence of CD’s. Thus, the anisotropy
exponents values in either YBCO single crystals and thins the parameter which controls the occurrence of the Bose-

flms. The exponentsz~2.2-2.3,v,~0.9-1, and @  glass behavior in heavy-ion-irradiated BSCCO crystals.
~1.1-1.2, implying an incompressible Bose glass, were ob-

tained for YBCO crystaf$3® as compared t@~5.7, v,
~1.8, anda~ 5/3 obtained for YBCO thin filmg®

The data in Fig. 7, whose axes are normalized when the We have presented experimental results of Ithé char-
resistivity was measured in units pg(pgfvpn) and the cur-  acteristics of heavy-ion-irradiated BPSCCO and BSCCO
rent in units of J* [J* = Jg|t|*+ ) with J;=KgT/(&,&.)],  single crystals. The electronic anisotropy parameter was
show that the whole set of curves obtained for both sampletound to bey=60 and 380 for BPSCCO and BSCCO before
and various magnetic field8,/10<u,H <Bj) can be su- irradiation, respectively. The extraction of the anisotropy pa-

V. CONCLUSIONS
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rameter from magnetoresistance data gives comparable valance with numerical simulations of strongly screened vor-
ues to those reported so far for BSCCO and BPSCCO. Otex interactions. The existence of the Bose-glass—to-liquid
the other hand, the vortex pinning properties in irradiatedransition at Tgg(ugH) in the case of highly anisotropic
BSCCO and BPSCCO single crystals were thoroughly studBiSr,CaCyQg, s (y>200 with CD’s suggests that vortices
ied over a wide range of filling fraction and temperature. Thebehave as lines rather than independent stacks of pancakes at
angular measurements for both samples show that the disglelds up to the matching fielB,.

pation in the vortex solid state has an usual anisotropic pin-

ning effect when the vortex lines and the CD’s are aligned. ACKNOWLEDGMENTS
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