
    
Fig.1. Schematic of the CFQS mapping system   

Magnetic flux surface mapping system at Chinese First 
Quasi-axisymmetric Stellarator 

 
X.R. Liu1, H.F. Liu1*, Y. Xu1, M. Shoji2, 3, A. Shimizu2, 3, M. Isobe2, 3, J. Cheng1, X.Q. Wang1, 
J. Huang1, H. Liu1, X. Zhang1, J.F. Shen1, J. Hu1, H. Lan1, Y.C. Li1, X.F. Zheng1, D. Li1, W.M 
Xuan1, C.J. Tang1, D. P. Yin4 and the CFQS team 
 
1 Institute of Fusion Science, School of Physical Science and Technology, Southwest Jiaotong University, 
Chengdu 610031, China 
2 National Institute for Fusion Science, National Institutes of Natural Sciences, Toki 509-5292, Japan 
3 The Graduate University for Advanced Studies, SOKENDAI, Toki 509-5292, Japan 
4 Hefei Keye Electro Physical Equipment Manufacturing Co., Ltd, Hefei, China 

*Email: hfliu@swjtu.edu.cn 
 
 

The Chinese First Quasi-axisymmetric Stellarator (CFQS) is developed by the collaboration 
of Southwest Jiaotong University (SWJTU) in China and National Institute for Fusion Science 
(NIFS) in Japan [1]. It is designed to have the major radius R0=1.0 m, the toroidal magnetic 
field Bt=1.0 T, and the toroidal periodic number Np=2 [2,3,4]. In August 2024, CFQS-Test 
(CFQS-T) device has begun commissioning with a magnetic field strength of 0.1 T. 

In this work, we designed the CFQS mapping system, which is one of the most important 
diagnostic tools to validating designed magnetic configuration for stellarators and torsatrons 
[5,6]. Including an electron gun, a fluorescent mesh, and a high-sensitivity camera, this system 
enables the visualization of the geometric structure of the magnetic surfaces [7]. Figure 1 shows 
the schematic of the CFQS mapping 
system. During mapping experiments, 
the energy of the electron beam could 
be adjusted between 20 to 250 eV, 
emitting from an aperture that is about 
1mm in diameter. And the electron 
gun’s drive mechanism is designed to 
possess three freedoms: horizontal tilt 
(about ±18 degrees), movement along 
the radial direction (about 700 mm), 
and rotation (about ±30 degrees). The 
first two adjustments allow the 
electron gun to reach the magnetic 
axis and different magnetic surfaces, while the latter ensures that the emission direction of the 
electron beam remains as parallel as possible to the magnetic field lines, thereby minimizing the 
Larmor radius. As an imaging plane, the movable fluorescent mesh with a transmittance of 0.95 
is designed to serve both the coverage of the entire magnetic surface and the periodic motion of 
the electron beam in the toroidal direction. And the high sensitivity camera is required to have 
long exposure times under dark conditions to capture the light emitted by the fluorescent agent 
(ZnO) when electron beam strikes the mesh to obtain the geometric profile of the magnetic 
surface.  

The components of the mapping system have finished tests before the experiments. The 
electron gun's maximum emission current reached 8 mA, and the displacement accuracy of the 
electron gun's drive mechanism is about 0.1 mm. This ensures precise determination of the 
electron gun's actual position for magnetic field line tracing and mapping the entire magnetic 
surface in both simulations and experiments. The fluorescent agent (ZnO) was tested for 
luminescence in a dark environment, emitting visible yellow-green light when exposed to 



    
Fig.3. Magnetic flux surface mapping image 

 

blue-violet light. Additionally, the high sensitivity camera, at the designed distance, can clearly 
capture the grid lines of the fluorescent mesh (~ 0.3 mm). 

 

 
Fig. 2. (a) Photo of the electron gun. (c) Photo of the fluorescent mesh taken by the high sensitivity camera. (c) 

Photo of the high sensitivity camera. 
		
This mapping system has been successfully developed on CFQS-T and completed the 

validation of the quasi-axisymmetric magnetic field configuration. Figure 2 shows photos of 
the components of the mapping system in the 
CFQS-T. Additionally, we used an optical path 
to ensure that the high sensitivity camera is as 
perpendicular as possible to the magnetic 
surface. Note that the photos of the fluorescent 
mesh inside the device were taken with the high 
sensitivity camera. Figure 3 shows an 
experimental image of one magnetic flux 
surface measured by this mapping system. The 
experimental conditions are as follows: the 
vacuum level is approximately 10⁻⁵ Pa, the 
magnetic field strength is 0.1 T, the electron 
beam energy is around 40 eV, and the exposure 
time of the high-sensitivity camera is 55 s. Additionally, the position of the electron gun is 
located near the designed outermost closed magnetic surface.  
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