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Sustaining divertor detachment is essential for reactor operation but remains challenging in ELMy H-mode 

plasmas. Conventional diagnostics like Langmuir probes suffer from erosion [1], while tomography requires 

absolute calibration and intensive computation [2]—limiting real-time control during ELMs. 

We present X-IRIS (X-point Ionization and Radiation Interface Structure), as shown in Fig.1, a novel, non-

invasive, calibration-free method for detachment monitoring. It uses phase shifts between spectroscopic sightlines 

near the X-point, responding to turbulent filament transport, to infer divertor energy dissipation and entropy 

dynamics without requiring calibrated measurements [3]. The detailed configurations of the utilized diagnostics 

are depicted in Fig. 2. 

 

Fig.1 Framework of X-IRIS 

 
Fig.2 Poloidal diagram of the detected areas of interest 

Validated across heating schemes (e.g., Fig.3), X-IRIS reveals how cross-separatrix flow asymmetry affects 

detachment and distinguishes the roles of NBI and RF heating in power dissipation. This approach paves the way 

for efficient, calibration-independent monitoring in future tokamaks.  
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Fig. 3 Segments of an unsteady NBI and RF synergetic heating discharge applied with X-IRIS. 

ACKNOWLEDGEMENTS 

This work was supported by the National Natural Science Foundation of China No.12275312 and the HFIPS 

Director’s Fund No. BJPY2023A05. Furthermore, the authors would like to appreciate the staff at EAST 

(https://cstr.cn/31130.02.EAST) for technical support and data assistance. 

REFERENCES 

[1] Stangeby P. C., A problem in the interpretation of tokamak Langmuir probes when a fast electron component is present 

Plasma Phys. Control. Fusion 37 (1995) 1031–7 

[2] Perek A. et al., A spectroscopic inference and SOLPS-ITER comparison of flux-resolved edge plasma parameters in 

detachment experiments on TCV Nucl. Fusion 62 (2022) 096012 

[3] Wüthrich C. et al., Dependence of divertor turbulence on plasma density and current in TCV Nucl. Fusion 65 (2025) 

016011 


	enabling adaptive detachment control: novel insights from calibration-free x-point phase difference

