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Abstract. The recent research progress on the J-TEXT tokamak is introduced. The 
interaction between resonant magnetic perturbations (RMPs) and plasma have been 

carried out on the J-TEXT tokamak and the results show that the m/n = 2/1(m and n 

are the poioidal and toroidal mode numbers, respectively) mode locking is obtained 

with sufficiently large R M P s  while suppression of the m/n = 2/1 tearing mode by 

moderate magnetic perturbation amplitude is also observed. With a model based on 

reduced magnetohydrodynamics (MHD) equations, both the mode locking and mode 

suppression by R M P s  are simulated and the results are in good agreement with the 

experimental observations. To observe the current profile，a high resolution 

three-wave far infrared polarimeter/interferometer is set up and the first results 

indicate it works well.

1 .Introduction
The J-TEXT tokamak [1]is a conventional iron core tokamak which is originally 

named as TEXT/TEXT-U tokamak and reconstructed for young student training and 

some physics research. The operation parameters of J-TEXT is summarized as: the 

major radius R  = 1 0 5  cm, the minor radius r = 2^>-z9 cm with a movable 

titanium-carbide coated graphite limiter, the maximum centrer-line toroidal field B T  = 

3 T, the maximum plasma current Ip = 400 kA lasting for 400 ms? plasma densities ne 

= l-l〇xl019 m"3, and electron temperature Te-1 keV. The main work on the J-TEXT 

tokamak in the recent years is emphasized on the observations and analysis of 

magnetohydrodynamic (MHD) activities, especially the influence of resonant 

magnetic perturbations (RMPs) on tearing mode[2,3]. Besides the three-wave far 

infrared laser polarimeter/interferometer is set up and initial results is presented[4-6].

2. Influence of Resonant Magnetic Perturbations on the MHD Activities 
2.1. Experimental Setup
In an attempt to investigate the influence of R M P s  on the M H D  instabilities, two sets 

of R M P  field coils are installed on the J-TEXT tokamak. The layout of J-TEXT 

perturbation field coils is illustrated in Fig.1.One set (namely static R M P s  or SRMP) 

installed between the vacuum vessel and toroidal field coils can generate stochastic 

field perturbations at the plasma edge and was designed and installed on the TEXT-U
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before[7]. The S R M P  consists of three cosine coils arranged at toroidal angle intervals 

of 90 degrees, and two sine coils located at opposite positions. The other set, named 

dynamic R M P  or D R M P  [8] mounted inside the J-TEXT vacuum chamber consists of 

twelve saddle coils, which are assigned to four groups at equivalent locations 

toroidally. At present, Both S R M P  and D R M P  are operated in D C  current mode. In 

future, the D R M P  carrying A C  current can generate rotating helical magnetic field 

perturbations with low mode numbers. A  poloidal Mirnov array consisting of 24 2-D 

Mirnov pickup coils and a toroidal Mimov array consisting of 8 pickup coils are used 

to analyze the poloidal and toroidal structures of the M H D  modes. And the locked 

mode detector including a pair of saddle probes installed outside the vacuum vessel at 

opposite toroidal locations is used to detect stationary 2/1 magnetic island.

FIG.1.The layout of S R M P  coils (including Sine coils in violet and Cosine coils in 

green) and D R M P  coils (in blue), poloidal Mirnov array, toroidal Mirnov array, and 

locked mode detector on the J-TEXT tokamak.

W e  have done mode structure analysis to the S R M P  and D R M P  field. About SRMP, 

because the coil width is a little small, it has many high toroidal modes., Under the 

typical ohmic discharging condition on J-TEXT, the edge safety factor is about 3.5 

and the main resonant modes are just 2/1 and 3/1 mode. So the perturbed magnetic 

field with a dominant component of m/n = 2/1 (m and n are the poloidal and toroidal 

mode number, respectively) is primarily needed to study its effect on the m/n = 2/1  

tearing mode. Fig. 2. displays the whole corresponding radial field spectra of modes 

produced by S R M P  ⑷  and D R M P  (b) at plasma edge (a = 27 cm)，respectively. In the 

figure, the amplitude of other components of S R M P  such as m/n = 3/1,2/3 and 3/3 are 

also large, but slightly smaller than that of m/n = 2/1, while the D R M P  produces the 

radial perturbation field dominated by m  = 2. W e  can get the suitable field spectrum 

by changing the direction and adjusting the amplitude of each coil current (in 

S R M P / D R M P  coils). By the way, it is should be noted that the perturbed magnetic 

field given here is calculated without taking the plasma responses into account.
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FIG. z. the radial magnetic perturbation field spectra of modes produced by S R M P  (a) 

and D R M P  (b) at the plasma edge (a = 27 cm), respectively.

2.2. Observation and Simulation
When externally magnetic field perturbations are applied, the resulting 

electromagnetic force on the tearing mode can drive or drag the magnetic island and 

thereafter, change its rotation speed and affect the island width [9].Therefore, the 

mode locking and mode suppression phenomena are watched with different initial 

condition and R M P  strength.

During mode locking, the mode frequency will decrease accordingly with the increase 

of the R M P  strength and mode locking will occur when the R M P  reaches the 

threshold. Then Br grows up quickly and there is a sudden decrease on soft X-ray and 

density and Fig 3a gives an example. On the other hand, R M P  can suppress the tearing 

mode to very small or zero just in fig 3b, then we can usually see the appearance of 

saw tooth, which indicates a plasma confining improvement. However, if we maintain 

the R M P  for long or increase the R M P  amplitude, a locked mode may be stimulated. 

Then a large amount of energy loss or even disruption can be observed. The 

amplitudes of R M P  in these two cases are respectively 3.7 G  and 4.1 G, from which 

we can see that the result is very sensitive to the amplitude, when the initial mode 

frequency is low (typically smaller than 4 kHz), the mode can easily be locked. By 

statistics, we found R M P  can suppress the tearing mode to a very small level under a 

high frequency (larger than 5.5 kHz), when the initial mode frequency is low (smaller 

than 4 kHz), the mode can easily be locked, just as showed in fig 3c .
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1020734, in red dash line) and locked mode (J-TEXT shot 1020725, in blue solid line) 

and the statistics between R M P  intensity and tearing mode frequency respectively. 

Each signal indicates as plasma current (Ip), S R M P  coil current (I_SRMP)? Mirnov 

pickup coil signal (dB0/dt), Locked mode signal (Br), loop voltage (Vloop), central 

line averaged plasma density (lin一ne)，intensity of Soft X-rays (soft X) tearing mode 

frequency (fMH〇) .

To explain the mode locking and mode suppression by RMPs, a nonlinear numerical 

modeling based on reduced M H D  equations has been carried out with the 

experimental parameters input[10]. The simulation results are shown in Fig 4. The 

normalized mode angular frequency, cop/co〇, and island width at nonlinear saturation 

are shown as a function of the applied R M P  amplitude w  for co〇=6Jxl〇7r；? in figure 

4(a) and 9.5><103/r̂  in figure 4(b), respectively, where cop (〇〇) is the mode angular 

frequency with (without) the RMP. The initial island width for these calculations is 

w〇=0.〇4a at r=0? and the R M P  is applied from /=0. For a lower original mode 

frequency (co〇=6.3><103/r/? in figure 4(a)), no mode stabilization by the R M P  is 

observed. The mode frequency decreases with increasing y/a, while the island width 
slightly increases. The mode locking happens for sufficiently large R M P  amplitude, 

i//a >4.1 xl0'6a^, resulting in a sharp increase in the island width and drop in the mode 

frequency (to zero). The about 50% drop in mode frequency before mode locking has 

been predicted theoretically in [11] and observed experimentally in [12]. For a higher 

original mode frequency (co〇=9.5xl03/r/? in figure 4(b)), however, the mode is 

stabilized by the R M P  if the R M P  amplitude is not too large. Three different regimes 

are observed from figure 4(b):

(i) M ode suppression regime (i//a<4.46^<10'5aBt) , in which the island width decreases
witn increasing R M P  amplitude. It is interesting to note that the mode frequency 

decreases with increasing for i//a< 2 .2 x \0 'saB t but increases for

2 .2x \0"5aBt<y/a< 4 A 6 x l0 '5aBt. Such a frequency increase is likely to be caused by a 
weaker electromagnetic force acting on the island with decreasing island width.

(ii) Sm all locked island regime {4 .46^10 '5aBt <i//a<5.6xlO "5aBt), in which the mode is 
locked to the R M P  as indicated by the zero mode frequency, while the island width is 

very small, different from the usual mode locking which corresponds to a large island.

(iii) m ode locking regime (y/a> 5 .6x lO '5aBi), beginning from a large jump in the island 
width. The mode frequency is also zero in this regime, but the island width is 

significantly larger than the original one without RMP.
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FIG. 4. Normalized mode angular frequency, cop/co〇, and island width, w/a, at
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nonlinear saturation versus yん for c〇〇=6.3xl〇3/r尺⑻  and 9.5x1 〇3/r/e (b)，with the 

initial island width w〇=0.04(2. For a lower value of co〇 as shown in (a), only mode 

locking is seen with increasing \j/a. For a higher value of co〇 (b)? however, three 
different regimes exist: (i) M ode suppression regime (\i/a< 4 .4 6 ^1 0 '4 5aB t)^ in which the 
island width decreases with increasing R M P  amplitude; (ii) 5>wa// び/awJ

regim e (4.46><10'^8[ <\)Ja<5.6'xlO'5aBt)^ in which the mode is locked to the R M P  as 
indicated by the zero mode frequency, while the island width is quite small; (̂lii) M ode  
locking  regime (i//a> 5 .6 xJ 0 '5aB t) , beginning from a large jump in the island width.

3. First results from Three-Wave Far Infrared Laser Polarimeter/Interferometer
To increase the understanding of M H D  evolutions, a three-wave far infrared 

polarimeter/interferometer is designed and set up for current profile change. While the 

simultaneous interferometric and polarimetric measurements can be achieved and the 

temporal resolution and phase resolution is ljxs and 〜0.1 degree respectively. Eight 

chords with 5cm chord-spacing are installed in the latest campaign for the profile 

measurement, which could be increased to 30 mixers with 1.5cm spacing in the future. 

The typical results are shown in figure 5 in which waveform of plasma current is 

given in fig 5a? evolution of Faraday Angle is shown in fig 5b and the profile of 

Faraday Angle in three different time points is indicated in fig 5c. It is found that the 

zero-crossing point of Faraday Angle profile is slightly shifted outward 〜2cm 

compared to center of the plasma (0 cm) and in consistence with Shafranov shift on 

J-TEXT tokamak. The plasma current is 180 kA and qa is ~4 in this charge and the 

chord positions of -10cm，-5cm，0cm，5cm, 10cm，15cm, 20cm and 25cm.

FIG. 5. the time trace of plasma current (a), Faraday Angle at eight different place (b) 

and the Faraday Angle profile at different time respectively.

4. Summary
The recent experimental campaign on the J-TEXT tokamak emphasizes the 

observation and analysis of M H D  activity under different conditions. Firstly, the 

experimental investigation and simulation of the interaction between the R M P s  and 

the Ohmic plasma are carried out by using the newly developed R M P  coils. With 

sufficiently large RMPs, the m/n=2/l(m and n are the poloidal and toroidal mode 

numbers) mode locking is easily obtained. In addition to normal mode locking events,
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suppression of the m/n=2/l tearing mode by moderate magnetic perturbation 

amplitude is observed. With experimental parameters as input, both the mode locking 

and mode suppression by R M P s  are also obtained from nonlinear numerical modeling 

based on reduced M H D  equations. It is found that the suppression of the tearing mode 

by R M P s  of moderate amplitude is possible for a sufficiently high plasma rotation 

frequency and low Alfven velocity. A  high resolution three-wave far infrared 

polarimeter/interferometer is constructed with l|is temporal resolution and about 0.1  

degree phase resolution respectively, the initial results is consistent with calculation.
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