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Development of Adiabatic Demagnetization Refrigerator using Paramagnetic Ceramic and
Its Application to the Study of Quantum Properties at Very Low Temperatures by Means of
Ultrasonic Phase Comparison Method

Department of Physics, Graduate School of Science, Hokkaido University
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We have developed a technique to measure high-frequency properties at temperatures
below 1 K using an adiabatic demagnetization refrigerator (ADR) with a paramagnetic oxide
KBaYb (BO3)., and built-in coaxial wires, in combination with a general-purpose Physical
Property Measurement System (PPMS). The system successfully achieved cooling to 0.73 K
within 7 hours from room temperature. However, the cooling capacity was insufficient when
an RF signal was continuously applied during cooling. To investigate the elastic properties of
synthetic diamond below 1 K, we use a conventional > He-* He dilution refrigerator. Our results
revealed a softening of the transverse elastic constant Cy down to 20 mK. This softening is
insensitive to magnetic fields, and similar softening has been reported for Si, strongly
suggest that a presence of an as-yet-unidentified, defect-derived quantum ground state with
T1 or T> symmetry at ppb-level concentrations in all three diamonds studied.
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