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Fig. 1. (a) Projection of ECE and ECEI diagnostic measurement positions on the poloidal cross section on the EAST (By = 1.79 T);
(b) toroidal location of ECE and ECEI diagnoses on the EAST, with a 45° difference in toroidal angle ¢ .
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EAST@42288, Bp=1.79 T t=4.85—4.95 s
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Fig. 2. Data of shot 42288 of the EAST: (a) Black line is I,, plasma current, and the red line is the total power of ICRH; (b) the
black line indicates plasma energy storage W4, and the red line indicates plasma density me x 1019 ; (c) the radial value I, of
the channel in row 12 and column 6 of ECEI; (d) absolute temperature T; of ECE’s second measurement channel (R = 187 cm).
The diagram on the panels (a)—(d) show the variation of discharge parameters of 1—8.8 s over time, the diagram on the panels
(e)—(h) show the variation of discharge parameters of 4.85—4.95 s over time, and the blue verticals line show the time when the

sawtooth inversion surface is given.
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Fig. 3. Flow diagram of mapping relationship between
ECEI laboratory coordinates and plasma magnetic surface
coordinates is obtained by using ECEI disturbance data of

sawtooth crash process.
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Fig. 4. Results identificate inversion surfaces in shot 42288: (a)-(d) Corresponding to the time selected by the four vertical lines in

Fig. 2, respectively.
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Fig. 5. (a) For EAST of 42288 shot 4.90609 s, the shape of the magnetic surface fitted by the ECEI sawtooth inversion surface (red
line) is compared with the shape of the EFIT magnetic surface (black dashed line); (b) local magnification of panel (a); (¢) change

of Shafranov shift of EFIT magnetic surface with normalized small radius p, where the red vertical line is the maximum range of

the ECEI diagnostic window in p.
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Fig. 6. Schematic showing the ECEI laboratory coordinates
mapping to the magnetic surface coordinates. Interpolate
ECE data to obtain the absolute temperature at the mag-
netic surface 1 position ( Rz, Z2 ), and then the ECEI
channel ( R1,Z; ) at the same magnetic surface is obtained
by using coordinate transformation. The zigzag inversion
surface is approximately an ellipse, the major axis is aq ,

the short axis is bg , and the magnetic surface is g .
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Fig. 7. ECEI calibration coefficient of EAST, the horizontal
and vertical coordinates represent the radial and vertical
channel numbers of ECEI respectively, the color bars rep-
resent the value of the calibrated coefficient, and white is
the position of the bad track.
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Fig. 8. Results of ECEI calibration were compared with those of ECE: (a) Comparison of all ECEI channels and ECE absolute

temperatures after calibration; (b) the absolute temperature of ECEI center channel ( j = 12) compared with ECE after calibration.
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Fig. 9. Trajectories of ECEI core core movement tracing during sawtooth collapse: (a) Area range of the core tracked by the

centroid method based on the absolute temperature; (b) core tracks obtained at different ranges.
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Abstract

Electron cyclotron emission imaging (ECEI) system can provide the poloidal two-dimensional (2D) relative
electron temperature perturbation profile of the core plasma with high spatial and temporal resolution. After
absolute calibration of ECEI system, 2D absolute electron temperature profile and its perturbation can be
provided. It can provide experimental data support for studying the local heat transport and the evolution of
magnetic surface of macro magneto-hydro-dynamics instability. However, due to a large number of
measurement channels and the wide measuring area of ECEI diagnostic system, the absolute calibration method
in which a blackbody radiation source is used as a standard source, still has technical difficulties.

This paper provides an absolute calibration method of ECEI diagnostic system on EAST tokamak, which
can cover all the channels of ECEI system. Firstly, the sawtooth inversion surface can be determined by
measuring the relative electron temperature change before and after the collapse of the sawtooth. The magnetic
surface position and the shape ( Siy ) of the ECEI measuring area are fitted based on the position and shape of
the inversion surface. Then, the one-to-one mapping relationship between laboratory coordinates of each ECEI
channel and magnetic surface is obtained. Secondly, according to the assumption that the electron temperature
is the same on each magnetic surface in equilibrium, the electron temperature of each magnetic surface is fitted
by the electron cyclotron emission (ECE) system result, while the ECE system is absolutely calibrated. The
calibration coefficient k(i, j) of each ECEI channel is obtained by comparing with the signal amplitude and the
electron temperature on the magnetic surface. The relative error of absolute electron temperature between ECEI
and ECE is no more than 6% at the same location.

Based on the absolute electron temperature profile provided by ECEI, the motion of the magnetic axis
during sawtooth instability can be tracked. It is found that the radial displacement of the magnetic axis occurs
followed by the poloidal displacement during sawtooth collapse. This result indicates that after absolute
calibration, the ECEI system can provide more abundant information about experimental research.

EAST MDS ‘ ECEI data ‘ ECE data ‘
data

----------- K(i.j)
Select tokamak shot Recognize Calibration using coordinate Calibration
number and time inversion surface correspondence coefficient

Keywords: plasma diagnostics, calibration, sawtooth, electron cyclotron emission imaging
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