Probing Burning Plasma Physics on SPARC via Neutron Emission Spectrometry
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The SPARC tokamak is expected to robustly enter the burning plasma regime (Q>5) in DT operations and therefore offers an opportunity to study novel effects of alpha heating in reactor-relevant plasma scenarios of interest to the entire fusion community. As demonstrated at JET and NIF, neutron spectrometry offers a unique lens through which to study the kinetic physics of alpha heating [1,2]. This talk presents the design, construction, and characterization of the high-resolution magnetic proton recoil (MPR) neutron spectrometer for SPARC and discusses the opportunities for burning plasma studies enabled by this instrument. 
The MPR neutron spectrometry technique proceeds via three steps: first, a collimated neutron beam is made incident on a thin plastic foil where neutrons elastically scatter protons; next, forward scattered protons are selected by an aperture to enter an ion optical beamline which focuses and sorts them according to their momentum; finally, the deflected protons land on a hodoscope detector array that records their spatial distribution which is directly related to the incident neutron energy spectrum. The MPR spectrometer will view SPARC’s core plasma, and occupies the midplane line of sight of the poloidal neutron camera. We present here the as-built instrumental response function based on measured magnetic fields, which have been optimized to maximize resolution and sensitivity, constrained by limited space and power. 
In the second half of the talk, we present predictions of how burning plasma effects will manifest in the neutron spectrum. Chief among these is the alpha knock-on neutron signal, fast secondary neutrons produced by fusion of suprathermal ions generated by large angle scattering with energetic alphas. These predictions are made by coupling CQL3D, a Fokker-Planck (FP) solver, and DRESS, a general collision integral calculator [3, 4]. CQL3D solves the bounce-averaged FP equation in tokamak geometry, and DRESS is used to compute large-angle corrections to the collision operator using nuclear cross section data. The results of this kinetic model are then fed into MPRTools, a synthetic diagnostic workflow, to assess the observability of burning plasma physics effects under different SPARC scenarios. It is found that while the nonthermal fusion is a small contribution to overall fusion power, it does significantly perturb the ion distribution functions and produce a measurable feature in the neutron spectrum that can be used to evaluate alpha heating and confinement. 
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