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Fig. 1. Poloidal cross section of EAST tokamak with upper
single null (USN) plasma and the lines of sight (LOS) of
three EUV spectrometers (azure blue is EUV _Short, red is
EUV_Long, blue is EUV_Long2).
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Fig. 2. Typical vertical profiles of normalized intensity of impurity lines: (a) Peaked profile; (b) symmetrical profile with double

peaks (I,/I; = 1); (¢) upward asymmetrical profile (I,/I; > 1); (d) downward asymmetrical profile (I,/I; < 1). The gray dash line

indicates the mid-plane where p = 0 locates.
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Fig. 3. Time evolution of (a) plasma current, I,; (b) heating power from lower hybrid wave, Prgyw, and electron cyclotron wave,
Prcry; (¢) heating power from neutral beam injection, Pyppr; (d) line-averaged electron density, n,, and central electron temperat-
ure, Tyy; (e) valve voltage of upper outboard gas puff inlet located at window “O”; (f) D, signal of upper divertor; (g) line emission
intensity of CVI (C** at 33.73 A); (h) line emission intensity of tungsten in unresolved transition array (W-UTA at 45-70 A);
(i) central toroidal rotation velocity, Vio; (j) asymmetry factor I,/I; of line emission intensity for W2+ at 51.457 A, W32+ at 52.2 A

for EAST discharge #93801.
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Fig. 4. Vertical profiles of line emission intensity for (a), (d), W2 51.457 A; (b), (e), W3t 52.2 A; (c), (f) W+ 60.93 A during t, =
2.4-2.6 s (blue), t, = 3.6-3.8 s (red) and #3 = 5.0-5.2 s (green) in EAST discharge # 93801. Normalized line intensity I, in (a)—(c),
and raw line intensity I in (d)—(f) .
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Abstract

By using the high-performance extreme ultraviolet spatial resolution impurity spectrometer, the up-down
asymmetric distribution of tungsten impurity radiation in EAST tokamak is studied experimentally for the first
time. The results show that during the co-directional neutral beam injection, the central toroidal rotation
velocity is large, the up-down asymmetry is strong, and the side with strong radiation deviates from ion
B x VB drift direction. However, after injecting deuterated methane CD, into plasma through the valve of the
upper divertor outer plate, the central toroidal rotation velocity decreases rapidly, and the asymmetry of the
original tungsten impurity radiation decreases soon and finally reverses. In this work, a further statistical study
of the W3* impurity radiation asymmetry factor I,/I; depending on the central toroidal rotation velocity Vi, is
performed. The results show that when V,, is larger than 30 km/s, the side with strong radiation deviates from
ion B x VB drift direction, however, when V,, decreases to below 20 km/s, the asymmetry can be reversed.
The relation of toroidal rotation velocity with impurity radiation asymmetry validates the prediction from drift-
kinetic theory, and demonstrates that the centrifugal force induced by the toroidal rotation directly causes the
asymmetric distribution of tungsten impurities through affecting the momentum conservation parallel to the
magnetic field. The experimental observation of the asymmetric distribution of tungsten impurities in this work
lays a solid foundation for further studying the poloidal transport of high-Z impurities and provides some

important references for controlling the high-Z impurities in future fusion reactors.
Keywords: EAST tokamak, impurity up/down asymmetry, toroidal field direction, divertor gas puffing
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