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Enhancement of critical current density for high-Tc superconductors by hybrid
pinning in all magnetic field orientations
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Flux pinning properties of columnar defects (CDs) were investigated at the
magnetic field B parallel to the ab-plane (B || ab) in high-Tc superconductors, where CDs tilted off
the ab-plane were systematically produced by heavy-ion irradiations. The critical current density
Jc at B || ab drastically increases when CDs were installed at crossing angles of +-5 deg. relative

to the ab-plane. By contrast, CDs tilted even at 5 deg. relative to the ab-plane have no
contribution to flux pinning at B || ab, whereas the strong pinning is exhibited at the magnetic
field along their length. This study is the first to experimentally clarify the splay effect of CDs
at B || ab, leading to the guideline for strong and isotropic pinning landscape in high-Tc
superconducting materials.
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