The goal of this Interagency Agreement and the associated grant to Indiana University was to extend the technique of polarized neutron scattering by the development and application of polarized 3He-based neutron spin filters. 


We developed a compact wide-angle neutron spin filter system that has been tested on the Multi-Axis Crystal Spectrometer (MACS) at the NIST Center for Neutron Research (NCNR). A cylindrical 3He cell in a shielded RF solenoid polarizes the neutrons incident on the sample. After scattering from the sample, neutrons are detected after passing through a 3He analyzer cell. Both cells and the sample are contained within a uniform magnetic field provided by a vertical solenoid. Nuclear magnetic resonance is employed to reverse the incident neutron polarization and monitor the 3He polarization in all cells. In the first experiment using this apparatus, Friedel-like oscillations from interstitial iron in superconducting FeSeTe were studied. Due to issues with temperature-dependent relaxation in quartz wide-angle cells, this experiment was carried out with cylindrical boron-free aluminosilicate glass cells, limiting the angular coverage.  We have developed aluminosilicate glass analyzer cells that cover 110 degrees, and have long lifetimes (100 - 400 h) and high polarizations (65% - 80%). Hybrid spin exchange optical pumping (SEOP) and high power diode lasers narrowed by chirped volume Bragg gratings are employed to polarize the 3He cells.  The 3He polarization has been measured by electron paramagnetic resonance (EPR) and neutron transmission. Two of these wide-angle cells covering a total angle of 240 degrees will be used as the neutron spin analyzers in upcoming MACS experiments. Additional progress includes an improved holding field solenoid and decreased spin-flip losses.   For NMR-based inversion of the 3He polarization in the polarizer cell, we have reduced the polarization losses in both the polarizer cell and the analyzer cell to < 0.1%.  We have studied temperature dependent relaxation in quartz cells.


We have collaborated with the NCNR, SNS, and JCNS spin filter programs (see publications below).  In collaboration with the NCNR we have obtained polarization values as high as 85% using lasers spectrally narrowed with chirped volume Bragg gratings.  With our collaborators we conducted further studies of neutron beam-induced alkali spin relaxation.  In addition we have fabricated and tested using double cells to bypass this issue.   Our development of spin filters has also had application to axion limits, the LANSCE NPDGamma experiment and neutron interferometry.   
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