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Abstract 

Large, locked islands precede 95% of the disruptions occurring in JET with an ITER-like wall 

[1]. Electron cyclotron current drive can stabilize large islands and is planned for stabilization 

of tearing modes on ITER. The theory of current condensation [2] predicts a nonlinear 

amplification of power deposition due to the temperature sensitivity of ECCD, which 

improves stabilization efficiency by self-focusing power deposition at island O-points. 

Alternatively, premature nonlinear damping can occur at the island periphery, “shadowing” 

island center and reducing stabilization efficiency. The effect can be significant when large 

ECCD (~20MW for ITER) power is available. We present a numerical code OCCAMI (Of 

Current Condensation Amid Magnetic Islands) [3] and preliminary simulation results for 

possible experiments on ASDEX Upgrade (AUG) verifying the theory of current 

condensation. 

 

Introduction 

The change in local EC power deposition produced by temperature perturbation, 𝑇" , is 

𝑃!" ∝ exp(−𝑤#) = exp-−w$""
# / exp 0

𝑤$""# 𝑇"
𝑇 1 

Where 𝑤$"" determines the temperature sensitivity of the power deposition. For ECCD, 

deposition can be sensitive to small %
%
". This produces a nonlinear feedback (current 

condensation) that can improve island stabilization efficiency by self-focusing power 

deposition to island o-points. For X2 mode, the sensitivity is approximately 
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where  
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and 𝐼*(𝜉) is the 𝜈-th modified Bessel function of the first kind. 

The effectiveness of current condensation in island stabilization is sensitive to various 

geometric effects. w$""
#  is dependent on 𝑁|| magnetic field and ray trajectory. Relativistic 

resonance condition +,
-
≥ 	E1 − 𝑁||# prohibits damping in a LFS region, bounded by “pinch 

points” where the equality holds. 

 

Methods 

Candidate scenarios are chosen for AUG, a medium-sized D-shaped tokamak. 8 outboard EC 

wave launchers provide ~0.7MW each at 140GHz in X2 mode. [5] EC beams are directed by 

fast steerable mirrors, and each has range of motion covering the full poloidal plane and ±25° 

in the toroidal plane. [6]   

We selected 2 candidate scenarios with q=2/1 and 3/2 rotating NTM. (Fig. 1a, b) EFIT 

Equilibrium and island 𝑇$, density profiles are taken from 5.4s and 3.4s in shot 35350. 

Rotating islands are treated as annuli to reduce run time. In more realistic calculations, 𝑃.$/ 

will be averaged over multiple runs with different island phases.  

  

  
Fig. 1a: equilibrium and profile at t=5.4s, q=2/1 Fig. 1b: equilibrium and profile at t=3.4s, q=3/2 
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Our numerical code OCCAMI (Of Current Condensation Amid Magnetic Islands) iterates 

between Genray, a geometric ray-tracer [4], for propagation and power deposition, and a heat 

diffusion equation solver for island temperature profile. Island thermal conductivity (𝜅) is 

assumed constant. Heat diffusion equation is: 

𝜕𝑢
𝜕𝜎 = −

𝑃.$/
𝑛𝜒0𝑇1

𝜎
𝐸(𝜎) − (1 − 𝜎#)𝐾(𝜎)

𝑊𝑀
32𝜋𝑟!𝑅2

 

where 𝑢 = (𝑇 − 𝑇1)/𝑇1 is the normalized island temperature; 𝑇1 is temperature at separatrix; 

𝜎 is island flux coordinate, and takes 0 at o-point and 1 at separatrix; 𝐸(𝜎), 	𝐾(𝜎) are 

complete elliptical integrals of the first and second kind; 𝑊 is island width in normalized 

radius; 𝑅2 is major radius; 𝑀 is island mode number. We assume constant diffusion 

coefficient 𝜒0 ≈ 0.1𝑚#/𝑠.  Strength of non-linear effect is benchmarked using amplification 

of u	between the first and last iteration. 

 

Results 

During simulation, non-linear amplification is observed for all launchers in both scenarios. 

𝑤$""#  is maximized at high 𝑁|| for all launchers and tends to be high away from the resonance 

plane, while power deposition tends to be higher close to the resonance plane. (Fig. 2) There 

is trade-off between the two effects. Amplification is maximized when launching at maximum 

allowed toroidal angle. Additional direct heating at island o-point can produce a nonlinear 

shift in the location of maximum deposition from outside the island to inside the island. This 

is a promising scenario for validating the theory. 

 

Recent results in AUG and W7X find that when heating power increase, 𝜒34+ substantially 

increases, while 𝜒$ remains approximately constant.[7] A two-fluid diffusion equation will be 

developed for future calculations. 
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Fig. 2: Poloidal 𝑤!""#  map, launcher #0, 5.4s 

 

Fig. 3: Damping profiles as island heating increases, 

98°pol angle, launcher #0, 5.4s 

Conclusion and discussion 

This project has produced a narrowed parameter range for current condensation experiments 

at AUG. Calculation using realistic island geometry and gaussian beams will be conducted in 

the range for greater accuracy. Effect of additional heating’s location, width, magnitude will 

be investigated in greater detail, and will be reproduced using multi-launcher configurations if 

feasible. 
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