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ESR Detected by Measuring Mechanical Forces of a Cantilever in Samples of a Limited Number of Spins
- A potential of MRFM for studying physics of interfaces and thin films
Measuring mechanical forces of ultrasoft cantilevers coupled to magnetic resonance, so called magnetic
resonance force microscopy (MRFM), is a novel scheme recommended for imaging a single molecule by MRI
technique and for reading spin states in solid-state quantum computing. Moreover, MRFM is quite adequate for
studying materials of a limited number of spins like artificially-layered thin-film samples in-situ because
signal-to-noise ratio (SNR) of MRFM is basically determined by a spin concentration rather than by the number
of spins. For example, a study on high-k gate dielectric materials for the next generation MOSFET can be one of
the important subjects of MRFM in a material research field. Recently, we built a low temperature (~ 6 K)
MRFM setup and tested the setup successfully at room temperature by measuring a force-detected ESR signal in
a DPPH sample. We have been replacing a cantilever by one of much lower spring constant for improved force
sensitivity and increasing a magnetic field gradient (> 0.01 G/nm) to acquire such a large filling factor to apply to
thin-film samples. We will report our recent progresses in MRFM instrumentation and discuss the preliminary
data.
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Two-fluid hydrodynamics in the BCS-BEC crossover of trapped Fermi gases

In the BCS-BEC crossover region in atomic superfluid Fermi gases, the collision cross-section is so

large that one should be able to access the local equilibrium region described by Landau's two-fluid
hydrodynamic equations. These equations are difficult to solve in a trapped gas because all the thermodynamic
functions are position-dependent. We present a new variational approach that allows one to deal with this
problem. The nature of first and second sound modes changes in the different regions of the BCS-BEC

Crossover.
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Evaporative Cooling of Buffer-gas Loaded Atoms

Buffer-gas loading of magnetic traps has been shown to be a versatile method for loading large numbers of
atoms and molecules into magnetic traps. Further cooling, after trapping, is important for exploration of new
physics. In this talk, evaporative cooling of magnetically trapped, buffer-gas loaded samples is discussed.
Evaporative cooling of buffer-gas loaded Cr and Mo has been achieved. Recently we have also evaporatively
cooled metastable helium. Using a cryogenic helium buffer-gas, 10*11 4He* atoms are trapped at an initial
temperature of 0.4~K. The trapped sample is evaporatively cooled into the ultracold regime, resulting in a cloud
of 2 X10"9 4He atoms at 1.4~mK. This is a ten-fold improvement on the number produced by laser cooling and

demonstrates a significant increase in phase space density for a sample trapped using buffer-gas loading.
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QHE in 2-D electron system
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Search for new alloys and intermetallic compounds with novel physical and functional properties
1) Studies of half metallic Co,MnSn Heusler alloy on bulk, thin-film and nano-scale hetero-interface
100% Half metallic TMR
TMR Heusler Co,MnSn
Coo,MnSn Mn Fe Cr Slater-Pauling
Co,MnSn
Co,MnSn
2) Non-Fermi liquid behavior near ferromagnetic quantum critical points in NizAl and YCo,
MnSi, ZrZn, Te K Fermi
NizAl  Ni 1% Al T.=0 K Pauli
YCo, Co 13% Al Ni3.XA|1+X Y(COl.XAlx)z
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