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Project description (12 lines max):
The proposed project has two important scopes: a technical and a scientific one. The technical part is the
transfer of knowledge and expertise in local magnetisation measurements using miniature Hall probes arrays for future use in an apparatus in Kosice as well as testing of Hall probes in collaboration with an expert
(Thierry Klein). The scientific goal of the project is the experimental study of iron based superconductors by
complementary methods down to 0.3K. Combination of local magnetization measurements with ultra-sensitive ac-calorimetry as well as tunnelling spectroscopy has proven to be a powerful tool to uncover effects
that would otherwise stay undiscovered – for example existence of new states of vortices in superconduc3
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tors. Lately for example, in our collaboration we have showed by combination of different techniques performed on the same crystals that the phase diagram of different high-temperature pnictides families differ
significantly. While in one family a vortex-liquid phase occupies a large portion of the mixed-state phase
diagram, this is not the case in another family (publications 3,4).
Scientific objectives of the project (12 lines max):
The recent discovery of superconductivity at unusually high temperature in rare earth iron oxypnictides has
been the focus of a tremendous number of theoretical and experimental work in the past two years. The
possible coexistence of superconductivity with a complex magnetic structure makes this system particularly
fascinating and a nonconventional pairing mechanism associated with multigap superconductivity in electron and hole pockets has been suggested by different groups. However, there are numerous open questions to be answered and properties yet to be uncovered. Within this project we would like to study the
phase diagram Temperature vs Magnetic field and magnetic relaxation in iron based superconductors. To
do this, local magnetization measurements using Hall probes is an excellent choice. We will study the first
penetration field (related to the lower critical field Hc1) into the sample up to very low temperatures and for
different orientations of the field in respect to crystallographic structure of the material. The resulting anisotropy of Hc1 will be addressed as well.
Technical description of work to be performed (20 lines max):
For a detailed experimental research of novel superconductors it is essential to have several complementary techniques applicable to the same crystal of the material. Moreover, often it is very difficult to prepare
novel superconductors thus the resulting single-crystals have minute dimensions. Experimental study of
such crystals is not possible using commercially available measurement systems and construction of
unique experimental equipment is highly desirable. For decades the scientific research in the Centre of low
temperature physics IEP SAS was performed using such “home-made” devices and equipment. Lately, in
collaboration with our colleagues from CNRS Grenoble, the technique of ac-calorimetry was introduced in
the low temperature laboratory in Kosice and has already shown its impact (see publications 1,2). Recently
we are working on implementation of a new technique of experimental research – local magnetization
measurements using miniature Hall probes. This work is done in collaboration with several research institutions. First of all the probes are produced at Institute of Electrical Engineering in Bratislava and second the
know-how comes from CNRS, Grenoble. There, Dr. Thierry Klein is well recognized specialist with longstanding expertise in the field. The technique will in the end highly improve the research infrastructure
available in Kosice. The proposed project will open an opportunity not only to test the new probes with an
experienced professional but also to transfer the knowledge and practice toward applicant who will be responsible for its implementation later in Kosice.
The array of Hall probes will be tested in different magnetic fields up to 8T and temperatures down to 300
mK. We will test their sensitivity, stability and reliability while performing research of superconducting properties of one type of pnictides.
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