(®)
2013 2014

Development of a quantum simulator using nuclear spins
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We have studied a quantum simulator for magnetic phase transitions using highly
polarized nuclear spins. We applied two dynamic nuclear polarization (DNP) methods to polarize nuclear
spins so that the nuclear spin temperature was cooled effectively. We have constructed a cavity, which
can manipulate electron and nuclear spins efficiently below 1 K for DNP with unpaired electron spins at a
thermal equilibrium state. As a result, fluorine in a fluorite crystal was polarized as high as 50% by
DNP. We also obtained proton polarization of 34 % in a p-terphenyl crystal at room temperature using DNP
with electron spins in the triplet states. Critical nuclear polarization to obtain magnetic phase
transition in the p-terphenyl crystal was calculated using mean field theory. It is found that proton
polarization of 26% is required at the magic angle between the molecular long axis and the direction of
the static magnetic field to obtain ferromagnetic sandwich ordering.
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