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Purpose and Background of the Research
Figure 2. Field-induced superconductivity

® Outline of the Research o in ferromagnetic superconductors and
We focus on unconventional superconductivity based on the strongly correlated f- UTe,

Figure 3. relation between magnetism,
superconductivity, and topological science

electron systems. Special attention is given to novel heavy fermion superconductor
UTe2 and ferromagnetic superconductors, and understanding spin-triplet
superconducting states and topological superconductivity through experiments under

P g po'eg P Y g P @ Our targets and methodology

extreme conditions and microscopic theory.
P Y Our targets and research contents are following: 1) Microscopic elucidation on

X . . . .
Purpose, Originality superconducting and magnetic phases through experiments under extreme conditions

(low temperature, high field, high pressure), 2) determination of order parameters for

Expected Research Achievements

sum:gg:"":fgﬁ:i'w - 'i:;;;fg:":’emeznfa:;:gim"’ multiple superconducting phases, 3) edge states and novel phenomena due to
microfabrication 9 topological superconductivity, 4) highest quality single crystals and new materials, 5)
Fermiology. In order to detect the edge state in transport measurements, we perform
Physics of topological spin-triplet superconductivity through the microfabrication in a focus ion beam. Using this technology, we expect novel
Sapasiimants Uk ot sundians aud mlamssopls ook phenomena, such as non-reciprocal transport phenomena, diode effect on topological
superconductivity, half-integer quantum vortex and so on. For the development of
New materials with ) = new materials, we focus on characteristic crystal structures, such as zig-zag, ladder,
characteristic structure Jll Toeote e o ettty SHRSEERTELEg fipes combining various crystal growth technique mainly on uranium compounds. Uranium

compounds with 5f electrons are “gold mines” to explore unusual novel phenomena,
such as unconventional superconductivity, “hidden order”, from a viewpoint of
fundamental science. Our research project may shed lights on a new aspect for

Topological superconductivity based on the spin-triplet superconductors actinide research.

Sophisticated experiments on high quality single crystals

Uranium compounds are main targets Non-reciprocal resistivity S ——
Leading studies on ferromagnetic superconductivity more than 20 years measurements and edge current transport measurements

Explore Majorana fermion FIB sample Edg‘icu"e"t ®
m Application for qubit and quantum computing edg?®/-\ .

New research fields (fundamental science and
application)

Topological SC Novel bhenonena Innovation Bias current v

Inspired from spintronics studies and application for
Figure 1. Outline of the research topological superconductivity
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® Backgound

Ferromagnetism and superconductivity had been thought to be competitive phenomena,
but our studies reveal coexistence of both phenomena with a spin-triplet state, in
which superconductivity survives under extremely high magnetic field. Surprisingly,
superconductivity is even induced by magnetic field. Recent theories propose that
spin-triplet superconductivity is a good playground for topological superconductivity.

Figure 4. FIB sample and detection for Figure 5. High quality large single
edge current crystals of spin-triplet superconductor
UTe,

This might be connected to a hunt for Majorana fermion and application to quamtum
computing. Homepage

Address, etc. http://www.imr.tohoku.ac.jp/ja/about/divisions-and-centers/research-division/25.html




