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Vortex line pinning in Bi.2SraCaCu208 single crystals with columnar
defects

C.J. van der Beck "_, B. Schmidt b, M. Konczykowski b V.M. Vinokur a and G.W. Crabtree a

"Materials Science Division, Argonne National Laboratory, Argonne, Illinois 60489

bLaboratoire des Solides Irradi6s, Ecole Polytechnique, 91128 Palaiseau, France

The ac transntittivity of heavy-ion irradiated Bi2Sr2CaCu2Os single crystals shows a sharp cusp as function
of tile dc field orientation with respect to the columnar defects. This unambiguously demonstrates the connected
nature of vortices in these samples. In contrast, the irreversibility line does not reveal a cusp.

1. INTRODUCTION ac magnetic shielding experiments were carried
out using the Local Hall Probe Magnetometer.

From the point of view of applications, one of An ac-fleld of magnitude hac _, 2.1Oe and fre-
the main drawbacks of the Bi2Sr_.CaCu2Os high- quency f = 7.75Hz is applied parallel to the sam-
temperature superconductor is its layered struc- pie c-axis. A miniature Hall probe, placed in the
ture and the very high ensuing effective mass centre of the sample top surface, is used to mea-
anisotropy. This causes the vortex lattice in the sure the screening of the ac field by the sample.
mixed state to be extremely soft, which translates Results are presented as the ac transmittivity TH

to a high sensitivity to thermal fluctuations, a low [2], TH = 0 corresponding to complete screening
critical current j¢ and high flux creep rates. In and TH 1 to complete transmission of the ae-
fact, it was recently inferred from neutron diffrac- field. The third harmonic transmittivity TH3 is a
tion experiments that above B._D _. 600G, two- measure of the nonlinearity of the sample V(I)-
dimensional (2D) vortex segments in adjacent lay- response. The experiment is placed in a static
ers are effectively decoupled [1]. field H, the orientation of which can be varied

In this paper, we show that the introduction with respect to the sample c-axis and the colum-
of columnar defects parallel to the sample c-axis nat defects.
causes the vortex tilt modulus ca4 to increase dra-

matically. Angular dependent ac- screening mea-
surements show that vortices remain connected 3. RESULTS AND DISCUSSION

at least up to the matching field Be. The angu- Figure 1 shows the angular dependence of
lar dependence of the irreversibility line is deter- the in-phase fundamental transmittivity T_/ and
mined by the thermal depinning rate. third harmonic amplitude ITHzl, for H = 5kG

and several temperatures T. Both harmonics

2 EXPERIMENTAL show a sharp cusp around the.angle where the
• field is aligned with the columnar defects (O =

The Bi,.Sr_.CaCu._Os single-crystal was cut out 90°). Such a cusp is not expected when the an-
of a larger picce grown using the traveling- gular dependence is determined by the anisotropy
solvent floating zone technique, and had dimen- of the unirradiated material: the transmittivity
sions 0.66(I) x 0.34(w) x 0.030(t)mn_. It was Jr- should then be a smooth function of e, with a
radiated, parallel to the sample c-axis, at a dose maximum around 90°. A cusp is, however, ex-
of 2.5 x 10t4m -2 5.8GeV Pb ions, in order to pro- pected in the case of vortex line localization by
duce continuous amorphous tracks traversing the the columns in the Bose-glass phase [3]. The
entire crystal. The matching field, at which there cusp, and hence the linear nature of the vortices,
are equally many vortices and columnar defects, persists up to the matching field, B¢ = 5kG_
was B, _ 5kG. T: after irradiation was 90.7K. much higher than the 2D crossover field B_.n of
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_= , , tially fast. Note that Fig. 2 does not reveal a cusp
-- _: around ®, = 0. Although this observation ex-

0.01 __ cludes the identification of the irreversibility line

with the Bose-glass phase transition [3], it can be
explained in terms of thermal depinning. Namely,
TI corresponds exactly to the depinning temper-

030 so 70 90 110 130 lSO ature as determined from the frequency depen-
O ( ° ) dence of TH I [5]. Above T1, the thermal wander-

Figure 1. Angular dependence of T_! (a) and ing of the vortices causes the exponential drop
ITltal(b) for H = 5kG and f = 7.75Hz. O = 900 with temperature of the pinning energy, which is' reflected in the temperature dependence of On.
corresponds to the field being aligned with the
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