A Compact Recoil Spectrometer for Time Integrated Neutron Energy Spectrum Measurements on the Z Machine
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A new recoil proton telescope, referred to as the Compact Recoil Spectrometer (CRS), has been developed at the Z machine to measure the time integrated neutron energy spectrum emitted from Magnetized Liner Inertial Fusion (MagLIF) experiments. Recoil protons are generated as collimated neutrons from the fusion plasma scatter in a hydrogen-rich converter foil located within the diagnostic. The recoil protons are then measured by a CR-39 solid-state nuclear track detector. The recoil proton energy spectrum is inferred from the track diameter distribution present on the CR-39 after it has been chemically etched. A set of tungsten Step Range Filters (SRF) are placed in front of the CR-39 to both increase the energy range of recoil protons which can be measured but also to improve the recoil proton energy spectrum reconstruction accuracy. The time integrated neutron energy spectrum is inferred from a forward fit to the measured recoil proton energy spectrum using a diagnostic forward model developed in MCNP. Example recoil proton energy spectrum measurements from Magnetized Liner Inertial Fusion experiments on Z are presented and the primary deuterium-deuterium (DD) fusion yield and liner areal density are inferred. The CRS inferred values are compared to those inferred from neutron time of flight and activation diagnostics across several experiments. The CRS is an absolutely calibrated diagnostic and provides a new absolute yield measurement for the Z machine.
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