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Recently, quantum simulators, which permit the study of many-body problems in quantum mechanics, have
been studied extensively. In order to analyze a certain quantum system, quantum simulator mimics it by using
the other guantum system, which can be more easily controlled. In our study, we used highly polarized nuclear
spins to construct a quantum simulator for magnetic phase transitions. Nuclear spin can be polarized more than
a few tens of percent by DNP (Dynamic Nuclear Polarization) under a high magnetic field and at very low
temperature. Magnetic phase transitions of the highly polarized nuclear spins have been realized by adiabatic
demagnetization in the rotating frame. Furthermore, it has been proposed that quantum simulation of magnetic
phase transition can be implemented by irradiating a multipulse sequence to effectively transform the dipolar
interaction. Thus, it is necessary to develop an ENDOR (Electron Nuclear DOuble Resonance) resonator, which
can efficiently manipulate the electron spins and the nuclear spins for the DNP experiments.

In this study, we developed ENDOR cavity to obtain highly polarized nuclear spins. Samples have to been
sufficiently cooled down by a dilution refrigerator, because electron spin polarization is nearly 100% below 1
K. We improved our ENDOR cavity by changing the material for sample cooling. We used Tm?** doped CaF,.
Tm?* has unpaired electron spin. We achieved c.a. 70% polarization of *°F nuclear spins at 0.3K and 2.9T. We
also numerically calculated the necessary polarization for nuclear magnetic phase transitions. The polarization
is dependent on an angle between a static magnetic field and the sample orientation. The calculated maximum
polarization is about 63%. Our experimental result is higher than the maximum polarization.




