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The experimental validation of the TEAR code against the T-10 tokamak data on the m = 2 

mode behavior under RMP is presented. The Ohmic regime with the intrinsically rotating 

m = 2 mode is chosen for the code validation. The RMP consists of the stationary error 

field, the magnetic field of the eddy current in the resistive vacuum vessel wall and the 

magnetic field of the externally applied controlled halo-current in the plasma SOL [1 - 4].  

 

The halo-current loop consists of the rail limiter, plasma SOL, vacuum vessel and external 

part of the circuit. The angular position of the m = 2, n = 1 component of the halo-current 

magnetic field coincides within ten degrees with the position of the same component of the 

error field. In two options, a controllable connector or a controllable EMF source are 

introduced into the external part of the halo-current circuit. A capacitor bank is used as the 

power supply for the EMF source. In separate experiments the EMF source is controlled by 

two types of signals. In the first case of the preprogrammed control signal, the direct halo-

current with different amplitudes and directions or the oscillating halo-current with variable 

frequency is applied to the originally rotating m = 2 mode. In the second case, the control 

signal is formed by a feedback circuit from the m = 2 mode signal of the MHD magnetic 

sensors.  

 

The space structure of the MHD mode is measured with a set of poloidal magnetic field 

sensors located at the inner side of the vacuum vessel wall. For each mode with certain 

poloidal, m, and toroidal, n, numbers the poloidal magnetic field perturbation at the radial 

position of the magnetic sensors is          C S, , cos sinB t B t m n B t m n        ,  

where  and  are the toroidal and poloidal angles respectively, BC(t) and BS(t) are the 

cosine and sine components of the measured mode of the magnetic perturbation. The amplitude 

of the mode is      2 2

AMPL C SB t B t B t  . The spatial phase of this mode is defined as 

     S Carctant B t B t      and the instantaneous value of the mode frequency is 

 t d dt   . The frequency averaged over period of the oscillations is denoted by  .  

 

The TEAR code [5] is based on the two-fluid MHD approximation that gives coupled 

diffusion-type equations for the magnetic flux perturbation and for the plasma rotation 

velocity. The inverse resistive time, R = 100 s
-1
, and the intrinsic value of mode natural 

frequency, nat 0/2 = 2.5 kHz, are considered as input parameters in our calculations. The 

cosine and sine components, 
CΔ  and 

SΔ , of the tearing mode stability index are found 

separately for both the cosine and sine space components of the flux function. In the 

calculations of the flux function radial dependences, we take into account the halo-current 

at the plasma boundary with the surface density calculated according to [4] and two 

currents outside the plasma, including the current which produces the error field and the 

current generated in the resistive vacuum vessel wall due to the magnetic flux variations in 

time.  
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We consider the axisymmetric velocities of the toroidal and poloidal plasma rotation. The 

values of plasma viscosity components are chosen under the assumptions that the Prandtl 

number [6] can be of the order of unity or a few times exceed unity and that the poloidal 

viscosity is much higher than the toroidal viscosity. Under these assumptions, the values of 

the toroidal and poloidal momentum radial diffusivity / = (0.60.8) m
2
s
–1

 and 

 / = 200 are used in the calculations.  
 

Halo-current induced by the rotating m = 2, n = 1 mode  

In this experiment [1], the external part of the 

halo-current circuit between the rail limiter 

and vacuum vessel is provided with a 

controllable connector that is switched on at a 

preprogrammed moment of time during the 

tokamak discharge. After the connector is 

switched on, an oscillating current arises in the 

halo-current circuit. The switching-on of the 

connector in the halo-current circuit results in 

a downshift of the MHD mode frequency. This 

result is illustrated in the left panel of FIG.1. 

The result of simulation is shown in the right 

panel of the same figure. The halo-current is 

calculated as the current induced in the halo-

current circuit by the oscillating m = 2 mode 

magnetic field. The experimentally obtained current-voltage characteristic of this circuit is 

used in the calculations.  
 

Preprogrammed direct halo-current pulse  

The experimental waveforms of the halo-current and the m = 2 mode signals are shown in 

the left panels of FIG.2, FIG.3 and FIG.4 for cases of different halo-current directions and 

amplitudes. In this figures one can see that the direct halo-current affects the instantaneous 

value of the mode frequency. The mode rotation stops in cases of high amplitude halo-

current pulses. This mode-locking effect has different threshold values at the positive 

(FIG.2) and negative (FIG.3) halo-current directions.  
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FIG.2. The m = 2 mode locking by the 

positive halo-current pulse 
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FIG.3. The m = 2 mode locking by the 

negative halo-current pulse 

For the moderate halo-current amplitude (see FIG.4), the effect on the mode rotation 

depends on the halo-current direction. The application of the negative halo-current is 

followed by an increase of the mode frequency. After the change of the halo-current sign to 

positive, the mode frequency decreases and the mode rotation becomes more irregular.  
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FIG.1. The effect of the induced halo-current on 

the m = 2 mode rotation. The switching time of 

the controlled connector is shown with the 

vertical dashed lines. 
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In the cases of preprogrammed halo-current, the 

waveforms of its pulses are used as input data for 

our calculations. The results of the simulation are 

shown in the right panels of FIG.2, FIG.3 and 

FIG.4. Similar to the experiment, the changes of 

the mode dynamics are attributed to the joint 

effect of the permanent error field and the 

magnetic field of the applied halo-current. In the 

case of positive halo-current, the mode locking 

takes place at lower halo-current amplitude 

because in this case the error field and the 

magnetic field of halo-current have same 

directions. In FIG. 4, a partial compensation of 

the error field by the magnetic field of the 

negative halo-current takes place. In the case of the positive halo-current, its magnetic field 

is added to the error field.  

 

The experimental data and simulation results on 

the process of the halo-current relatively slow 

variation in time are shown in FIG.5. In this 

figure one can see the variation of the halo-

current value from zero to minus 0.7 kA during 

several oscillation periods. Along with the halo-

current variation, the total value of RMP 

consisting of the error field and magnetic field of 

the halo-current first decreases to zero and then 

increases in the opposite direction. In this 

process, the range of the instantaneous frequency 

fluctuations decreases and later increases again. 

The transition of RMP through the zero value is 

accompanied by the change of the mode 

instantaneous frequency dependence on the 

current value of the mode spatial phase (FIG.6).  

 

The observed fluctuations of the mode rotation 

velocity take place due to cyclical variations of 

the electromagnetic torque applied to the 

resonant layer in the process of magnetic island 

rotation with respect to the RMP. The phase of 

these fluctuations depends on the RMP direction.  

 

Preprogrammed oscillating halo-current  

Under the oscillating control signal, the shift of 

the m = 2 mode frequency to the value of the 

halo-current frequency is observed [2]. In the 

case of the control signal frequency variation, the 

m = 2 mode frequency follows the halo-current frequency HALO . This result is illustrated 

in FIG.7, where the case of a saw-tooth-form variation of the control signal frequency is 

shown.  
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FIG.4. The effect of the moderate direct halo-

current on the m = 2 mode rotation 
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FIG.5. The m = 2 mode dynamics under the 

direct halo-current variation in time. The 

average frequency is shown with dash-dot 

curves in the bottom panels.  
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FIG.6. The dependences of the m = 2 mode 

instantaneous frequency on the current value 

of the mode phase in two time intervals  

(t1 – t2) and (t3 – t4) shown with vertical 

dashed lines in FIG.5 
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Feedback-controlled halo-current  

In this experiment [2], the time derivative of 

the m = 2 mode sine component is used as 

the feedback signal to control the halo-

current. The effect of the halo-current on the 

mode dynamics depends on the choice of the 

feedback phase shift (see FIG.8 and FIG.9). 

The absolute value of the feedback gain, KFB, 

is 24 AsT
−1

 just after the switching-on of the 

EMF power supply and degrades to zero 

along with the discharge of the power supply 

capacitor. Some variations of the mode 

frequency under feedback-controlled halo-current are observed in this experiment. Similar 

frequency variations take place in the modelling of this experiment shown in the right 

panels of FIG.8 and FIG.9.  
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FIG.8. Variation of the m = 2 mode frequency 

under feedback-controlled halo-current: 

JHALO = KFB dBS/dt 
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FIG.9. Variation of the m = 2 mode frequency 

under feedback-controlled halo-current: 

JHALO = – KFB dBS/dt 

 

Summary  

A good agreement is obtained between the results of the TEAR code calculations and 

experimental data on the tearing mode behavior under resonant magnetic perturbation in 

T-10 tokamak. The magnetic field of the controlled halo-current in the plasma SOL is 

included in the RMP. In the experiment and modelling, a downshift of the mode frequency 

is observed under halo-current induced by rotating m = 2 mode. In the case of the 

preprogrammed halo-current control signal, the rotation of the m = 2 mode stops under a 

sufficiently high pulse of direct halo-current. The application of an oscillating halo-current 

results in the shift of the m = 2 mode frequency to the frequency of the halo-current 

oscillations. In the case of the feedback control, some increase or decrease of the m = 2 

mode frequency are observed at different values of the feedback phase shift.  
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FIG.7. The m = 2 mode dynamics under halo-

current frequency variation  
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