Neutral Density Measurement in High-Temperature Core Plasmas by High-Dynamic-Range Spectroscopy 
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Particle balance in magnetically confined fusion plasmas is governed by particle sources, transport, and recycling. Although neutrals are often assumed to ionize predominantly at the plasma edge due to short ionization lengths, repeated charge-exchange collisions with hot ions can generate energetic neutrals that penetrate into the core. These hot neutrals are subsequently ionized by electron impact and can provide a direct particle source to the main plasma, influencing density profile formation. 
Measuring core neutral emission has been difficult because it is orders of magnitude weaker than edge emission and can be easily masked by detector noise and the wall-reflected light. To overcome this challenge, the authors proposed to utilize the temperature difference between hot core neutrals (~1 keV) and cold edge neutrals (a few eV), rather than the spatial position alone [1]. The high-temperature neutral emission in the core will appear in the shifted wavelength due to the Doppler effect. 
We have developed a high-dynamic-range (HDR) spectroscopic technique [2] to measure the neutrals in both the core and edge regions, which can measure the Balmer-α emission profile with 10⁶ dynamic range. With this capability, the hot-core component can be separated from the dominant cold-edge background, enabling detection of neutral populations with effective temperatures exceeding 1 keV. In this talk, we will outline the measurement principle, key instrumental requirements, and analysis procedures to extract the neutral density from the spectrum [3]. This involves an inversion process, which is validated by Monte Carlo neutral-transport simulations. 
This technique has been extended and adopted by other groups [4, 5]. Additionally, we are planning to install the same system on W7-X, where suppression of ITG turbulence via steep density gradients is critical to achieve high-performance plasma.
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