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Insulator CuxBi2Se3 and CaBi2-xSe3", 2010 Fall Meeting of the Physical Society of Japan 
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Research Details: 
The newly discovered topological insulators are materials with a bulk-insulating gap, exhibiting 
quantum-Hall-like behavior in the absence of a magnetic field. We studied the Cu intercalated 
Bi2Se3 and found differences in the behavior of vortices from what is found in usual type-II 
superconductors. We conclude that observations are consistent with odd-parity pairing and that 
the paired electrons form a spin-triplet state driven by strong spin-orbit interactions in the 
material. We published our research work in an article as a Rapid Communication in Physical 
Review B, and was cited in Physics spotlight exceptional research by American Physical Society 
(http://physics.aps.org/synopsis-for/10.1103/PhysRevB.83.220513) 

We observed three different phenomenon of peak effect, paramagnetic Meissner effect (PME) 
and the surface superconductivity in Nb crystal. The paramagnetic Meissner effect appeared 
when the superconductivity in the bulk ceases; it is observed up to very large fields. We 
explained the observations of PME signal along with surface superconductivity on the basis of 
flux compression in the interior of the sample when the surface superconductivity exists near to 
the surface. We observed that the intensity of the PME signal is high at the low-field/high-
temperature side and intensity decreased as we increased the field or decreased the temperature. 
We suggested that the observed evolution in the strength of the PME signal may be understood on 
the basis of the temperature dependence of the superconducting coherence length. We also found 
the distinct path dependent magnetization response in the vicinity of the onset of the PME from 
the low temperature side in the field-cooled cool down and the field-cooled warm up responses. 
Thus, the PME not only appeared along with surface superconductivity phenomenon, but it is also 
associated with a path dependent phenomenon. We believe that the path dependent magnetization 
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response is an evidence for the nucleation of vortices in the superconductor before 
superconductivity permeates in the sample throughout. We published our research work in an 
article in Physical Review B, and in focus new item in Nature India section of Nature Magazine 
http://www.nature.com/nindia/2008/081228/full/nindia.2008.342.html 

The discovery of superconductivity in the iron based pnictides in the year 2008 has been a 
stimulating trigger to the field of superconductivity. Many different types of iron based 
superconductors stand reported in the literature so far: e.g., ReFeAsO (Re = rare earth) i.e., 1111 
phase; secondly, MFe2As2 (M = Ba, Ca, Sr), i.e., 122 phase and FeSe. We explored the vortex 
phase diagram in a single crystal of FeSe0.5Te0.50 with a Tc =14.3 K via detailed magnetization 
measurements. The possible role of the crystalline anisotropy on vortex pinning is explored via 
magnetic torque magnetometer. We presented evidence in favor of pinning related to spatial 
variations of the charge carrier mean free path leading to small bundle vortex pinning by 
randomly distributed (weak) pinning centers. This work can be seen online in arXiv 
(http://arxiv.org/abs/1104.1332) and presently under review process.  

We explored the magnetic field dependence of the critical current density from dc magnetization 
measurements concerning the anisotropic behaviour of flux line lattice (FLL) in a single crystal of 
YNi2B2C, even though borocarbide superconductors show structural anisotropy of c/a ~ 3, their 
intrinsic superconducting parameters show little anisotropy (~1.2). The peak effect (PE) 
phenomenon is observed for all crystallographic orientations, but the second magnetization peak 
(SMP) anomaly is observed only for H//a. Our study revealed that the FLL is developed when H// 
[110] is better ordered within the basal plane. However, the FLL for H//c is found to be even 
more ordered than that for H//[110]. The perfect square symmetry of the FLL for H//c is perhaps 
responsible for promoting the realization of the best spatial order of the FLL prior to the onset of 
the PE, indicating a correlation between the crystalline lattice and the vortex lattice. We have also 
found a change over in the power law governing the decay of the critical current density which is 
identified as a crossover from weak to weaker pinning regime in the phase diagram (Physica C 
469, 151 (2009)). We are also investigating the magnetic anisotropies as well as structural 
properties of magnetic nanowires and nanochains and have communicated two manuscripts for 
publication. 
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