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Abstract
Three c-axis twist Josephson junction experiments to test the symmetry of the superconducting order parameter have been performed on
Bi2Sr2CaCu2O8+d. These are the experiments performed on bicrystals [Q. Li et al., Phys. Rev. Lett. 83, 4160 (1999)], on artificially prepared cross
whiskers [Y. Takano et al., Phys. Rev. B 65, 140513 (2002); Physica C 408-410, 296 (2004)], and on naturally-formed cross whiskers [Yu. I. Latyshev
et al., Phys. Rev. B 70, 094517 (2004)]. These experiments are analyzed in terms of the twist theorem for weak, first-order c-axis tunneling between
two d-wave superconductors twisted 45- about the c axis, with treatments of weak, first-order c-axis tunneling matrix elements with varying amounts
of coherent and incoherent components and order parameter forms, including the effects of the Fermi surface details, strong coherent tunneling,
orthorhombicity, nanoscale disorder, and order parameter twisting near the physical twist junction. It is shown that in all three experiments, essentially
all of the c-axis Josephson tunneling arises from an s-wave component to the superconducting order parameter, and that the overall order parameter
must contain a substantial s-wave component for T £ Tc. In addition, the c-axis tunneling in the bicrystal and natural cross-whisker experiments must
be strongly incoherent. New calculations for in-plane (001) tilt grain boundary junctions relevant to the IBM tricrystal and related phase-sensitive
experiments will also be presented.
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