Study of the efficiency of helium-3 nuclear polarization in magnetized plasma under various RF pumping conditions
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Hyperpolarized noble gases (helium-3 and xenon-129) serve as probes for studying porous media using nuclear magnetic resonance (NMR) techniques. Their principal advantage lies in the substantial enhancement of detection sensitivity. The most widely employed methods for producing hyperpolarized gases are optical techniques: spin-exchange optical pumping (SEOP) and metastability exchange optical pumping (MEOP), with the latter being exclusively applicable for the hyperpolarization of helium-3 nuclear spins. In 2018, a new polarization method for hyperpolarizing helium-3 nuclei in plasma was discovered and called PAMP (polarization atoms in a magnetized plasma) [1].
To achieve polarization via PAMP method, helium-3 plasma must be subjected to a strong magnetic field while maintaining the following conditions: high-purity helium-3 (with impurity levels of ~1 ppm) and a gas pressure of approximately 10 mbar. The PAMP method offers a distinct advantage over alternative approaches through its relative implementation simplicity, as it eliminates the need for complex laser systems.
For the investigation of helium-3 nuclear spin polarization dynamics using the PAMP technique, we assembled a specialized experimental setup comprising: a high-purity helium-3 gas purification system with polarization cells, NMR signal detection apparatus specifically designed for helium-3, and an RF excitation system for plasma generation in helium-3 [2].
Subsequent experimental studies focused on evaluating the efficiency of PAMP-induced polarization under various conditions. We systematically examined the dependence of polarization magnitude on temperature in the range 300- 520 K and RF power for creating plasma revealing a pronounced correlation between polarization and these parameters [3]. The maximum achieved polarization magnitude in our experiments reached 8%.
In this work, we investigated the dependence of both polarization magnitude and rate on the power and frequency of RF excitation. Detailed measurements of the polarization kinetics demonstrated that the process occurs with remarkable rapidity, exhibiting a time constant of approximately 1 second at high RF power levels. The RF excitation power (Weff) was varied across a broad range from several watts up to ~60 watts, while the excitation frequency was varied between 12 and 55 MHz. These studies provided comprehensive characterization of the polarization dynamics under different excitation conditions. Experimental data show that increasing the pumping frequency enhances the polarization rate at constant power.
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