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It is found theoretically that once there are two neighboring neoclassical tearing modes (NTMs), the more 

unstable NTM suppresses the less unstable one, in agreement with the experimental results.  The mechanism 

for the suppression is the decrease of the helical pressure perturbation of a NTM by the magnetic perturbation 

of another mode.  Similarly, the NTM is found to be stabilized by an externally applied helical field of a suf-

ficiently large magnitude with a different helicity, suggesting a possible method for stabilizing the NTM. 

1. Introduction

NTMs have been found to limit the β value of tokamak plasmas and have therefore at-

tracted much research efforts[1-4].  One issue regarding the NTMs is still of great concern: 

whether NTMs of different helicities driven by the pressure gradient can develop simulta-

neously in a tokamak reactor, leading to an enhanced transport or even to disruptions. As the 

β values for the mode onset is found to be proportional to the normalized ion Larmor radius 

ρ*[5], in a reactor NTMs could occur for much lower β values than existing tokamaks.

In the present paper the interaction between NTMs is studied. It is found that whenever 

the amplitude of a m/n=2/1 mode becomes sufficiently large, the 3/2 mode decays due to the 

decrease of the 3/2 pressure perturbation by the 2/1 magnetic perturbation,  where m and n 

are the poloidal and toroidal mode numbers, respectively. The numerical results agree with 

the experimental observations on ASDEX Upgrade[6].  Similarly, the NTM is found to be 

suppressed by an externally applied static helical magnetic field of a different helicity if the 

field amplitude is sufficiently large[7], suggesting a possible method for stabilizing NTMs in 

addition to the localized RF current drive[8]. 

2. Model

The  basic  equations  describing the NTMs are  Ohm’s law, the equation of motion, and 

the pressure evolution equation,
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where B=B0t+∇ψ× et and v=-∇φ× et are the magnetic field and velocity, and ψ and φ the mag-

netic flux function and the stream function, respectively.  j=-∇ 2ψ is the current density along 

the et (toroidal) direction, jb=-g(√ε/Bp)dp/dr the bootstrap current density.  g is a function of 

the minor radius r depending on the collisionality, ε=r/R the inverse aspect ratio, Bp the po-

loidal field, ρ the mass density, µ the viscosity, p the pressure, Q the heating power, E the 

equilibrium electric field, and χ the transport coefficient. The subscripts b and ⊥  denote the 

parallel and perpendicular components, respectively. B0t is assumed to be a constant, and the 

bootstrap current is the only toroidal effect included. 

3. Results

On ASDEX Upgrade NTMs of different helicities m/n=5/4, 4/3, 3/2, 2/1 have been ob-

served, mostly coupled to an (m-1)/n kink mode. These NTMs, however, never occur simul-

taneously. They often appear as a sequence, starting with the mode of highest mode numbers. 

Such a sequence is shown in Fig. 1, in which the time evolution of the perturbed poloidal 

field amplitudes of the 3/2 and the 2/1 NTMs are shown. It is seen that, once the 2/1 mode is 

strong, the 3/2 mode decays. 
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Fig.1 The time evolution of the 2/1 and 3/2 poloidal
field amplitude, measured by Mirnov coils.

Fig.2 The time evolution of the island width of a 3/2 NTM 
with (curve a) and without (curve b) a 2/1 mode (curve c).
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To understand the experimental results, Eqs. (1)-(3) are solved using an initial value code 

TM, which had been used to simulate the nonlinear growth of the single and double 

NTMs[9-11]. In the calculations, χb=2×109a2/τR, χ⊥ =24a2/τR, and S=τR/τA=5×106 are taken, 

where τA=a/vA, τR=a2µ0/η, and a is the  minor radius. For the q-profile used, the distance be-

tween the rational surfaces of interest is approximately the same as the experimental one.

For a single m/n=3/2 mode, the time evolution of the normalized island width, w3/2/a,  is 

shown by the Curve b in Fig. 2. The q=3/2 surface is at r3/2=0.6a with a local bootstrap 



current density fraction f≡jBS/j0=0.17. The 3/2 island grows and saturates.  If the 2/1 pertur-

bation and the coupling between the 3/2 and the 2/1 modes are also included, keeping all the 

other input parameters unchanged, the time evolution of w3/2/a and w2/1/a are shown Curves a 

and c. The q=2/1 surface is at r2/1=0.725a, and f=0.13 at r2/1. It is seen that w3/2 decays as w2/1 

becomes large.  Numerical results also indicate that, the interaction between NTMs is stron-

ger when their distance is smaller or their amplitudes are larger.

Analytical work has been carried out for understanding the numerical results[6,7]. The 

fundamental harmonic pressure perturbation of a NTM is found to be decreased when there 

is a helical magnetic field of a different helicity. This decrease leads to the corresponding de-

crease of the bootstrap current perturbation and therefore the drive of the NTM.  Similar to 

Fig. 2, the 4/3 mode is found to be suppressed by the 3/2 mode. 

  Based on the results discussed above, the effect of a externally applied static helical 

magnetic field on NTMs is also investigated.  For resulting in no magnetic islands inside the 

plasma and considering ψm/n~rm inside the plasma, it is desirable to select the field mode 

numbers to be m/n<1 with m=1 or 2. Here the effect of an m/n=1/3 helical field on the 3/2 

NTM is studied numerically, by using the boundary condition ψ1/3(a)≠0.  

Fig.3 The time evolution of the normalized  3/2 island 
width with and without the m/n=1/3 helical field.

Fig.4 The required ψ for stabilizing the 3/2 mode.  The 
squares (circles) denote the stable (unstable) cases. 
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In Fig. 3 the time evolution of the normalized m/n=3/2 island width is shown for 

Ψ≡ψ1/3(a)/a|B0|=0 and =3.5×10-3, respectively, with f=0.17, χb=2×108a2/τR, and χ⊥ =2.4a2/τR.  

It is seen that w grows for Ψ=0 while decays for a sufficiently large Ψ.  

The required amplitude of the 1/3 helical field for stabilizing the 3/2 mode is seen from 

Fig. 4 with w=0.26a at t=0, where the stable (squares) and unstable (circles) cases are shown 

in the Ψ-f plane.  The required  field amplitude Ψ is proportional to f.  The magnitude of the 

transport coefficients can also affect the results to some extent.  



In Fig. 5 it is shown that, the 3/2 island grows and saturates without the helical field but 

decays when the 1/3 field is turned on at t=0.005τR with Ψ=3.5×10-3 and  4.5×10-3, respec-

tively.  The larger Ψ is, the faster the island decays.  Using a nonlinear MHD code in toroidal 

geometry XTOR[12], the decrease of the 3/2 pressure perturbation amplitude by the helical 

field of a 2/1 mode is also observed (Fig. 6), in agreement with the results introduced above.  

In Fig. 6 the 3/2 pressure perturbations are taken with approximately the same 3/2 magnetic 

island width for the two cases, and ψ2/1 is about 10 times lager than ψ1/3 for Curve b. 

Fig.5 The time evolution of the normalized  3/2 island 
width with ψ=0, 0.0035 and 0.0045, respectively.

Fig.6 The 3/2 pressure perturbations without (a) and
with the 2/1 mode and their couplings (b) from XTOR. 
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4. Summary

Once there are two neighboring NTMs, the less unstable one is found to be suppressed by 

the more unstable one, due to the decrease of the helical pressure perturbation of one NTM 

by the magnetic perturbation of another, in agreement with the experimental observations on 

ASDEX Upgrade.  NTMs is also found to be stabilized by an externally applied static helical 

magnetic field of a different helicity, suggesting a possible simple method for stabilizing 

NTMs. For typical ASDEX Upgrade parameters, the required helical field amplitude for sta-

bilizing the 3/2 mode is found to be less than one percent of the toroidal field. 
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