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Motivation:  tearing modes in current-carrying stellarators sometimes lead
to disruptions, which should be avoided in NCSX.

Assumptions in ∆′ calculation:  Cylindrical, 1-D model

Zero β

Neoclassical effects (not included in this study) may suppress growth of
tearing  modes in QAS configuration of NCSX

Framework  of method:

Free potential energy of ideal and tearing modes:
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   ψ = perturbed helical flux function

Euler equation of free energy integral is solved for ψ:
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In stellarator, j(r) is partially decoupled from rotational transform.

• Tearing modes
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• Kink modes:  ψ(r) has a root at 0 < r < b.

-  Benchmarked against W7-AS calculation  and experiment.
-  Examined li_383, hi_3351, & ii395 NCSX cases.



Modeling of W7-AS shot #47623 shown in E. Sallander et al, paper presented at
12 Int, Workshop on Stellarators, Madison, 1999; & Nucl. Fusion 40, 1499 (2000)
Shown on next page is corresponding figure from W7-AS paper.

0

2 105

4 105

6 105

0.35

0.45

0.55

0.65

0 0.04 0.08 0.12 0.16

W7-AS

j(r)
iota(r)

J 
(A

/m
2 ) iota_bar

 r(m)

0

1

2

3

4

0.3

0.4

0.5

0.6

0.7

0 0.04 0.08 0.12 0.16

psi
iota_bar

ψ
iota_

bar

r (m)

ISLAND WIDTH



E. Sallander et al.

low order rational resonances present in the outer
region of the plasma in discharges with ohmic cur-
rent drive in the positive direction.

The stability of the observed current density pro-
files against tearing modes is studied with a ∆′ code
[7] neglecting neoclassical effects. The code predic-
tions are compared with the experimental observa-
tions. The applied ∆′ analysis gives only a rough
estimate of the stability of an observed current den-
sity profile against tearing modes since it is derived in
a linear cylinder geometry, disregarding the stabiliz-
ing effect of toroidal curvature and conducting wall.
The contribution of the stellarator field is taken into
account in the code by the addition of an externally
provided rotational transform to the profile of the
rotational transform associated with the plasma cur-
rent. The free potential energy, δW , to drive tearing
modes is expressed by

δW = −πR0
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where Ψ assigns the perturbed helical flux function,
Ψ = irBr/m, with the radial magnetic field pertur-
bation, Br, and
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A plasma is considered unstable if a perturbation
of the equilibrium exists that lowers the potential
energy (δW < 0). Depending on the radial profiles
of the current density and the rotational transform,
sufficiently negative values of the second term on the
right hand side of Eq. (2) can exceed the stabilizing
effect of the field line bending terms, and this can
give rise to an instability. The relation between the
perturbed helical flux and the driving forces of the
instability is given by the tearing mode equation,
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This equation is solved for the perturbed helical flux.
The current density profile is derived as the sum of
the bootstrap current density, jbs(r), and the ohmic
current density, joh (r). The bootstrap current den-
sity is calculated according to Ref. [13] in an axisym-
metric configuration, using mainly the electron den-
sity, ne(r), and electron temperature profiles, Te(r).
A factor of 0.7 is included in this calculation since
the bootstrap current in W7-AS is reduced as com-
pared with its value in an axisymmetric calculation
[14]. The calculated bootstrap current is in fairly
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Figure 7. Radial profiles of the current density, j, and of

the rotational transform, ι, for the ECR heated discharge

(No. 47623) started at ιext = 0.35. The current density

has a contribution from the bootstrap current density,

jbs (dotted curve), and one from the ohmic current den-

sity, joh (broken curve). The radial position of the low

order rational surface, ι = 1/2, is marked by the verti-

cal dotted line. The horizontal lines indicate the width of

the saturated island. The vertical broken line marks the

minor plasma radius, a. Results of the ∆′ analysis for the

discharge (No. 47623) from top to bottom: radial profiles

of the perturbed magnetic fields, Br (full curve) and Bθ

(broken curve), the perturbed flux, Ψ, and the term A,

as given by Eq. (2).

good agreement with the results of more sophisti-
cated three dimensional models. Under the assump-
tion of constant effective charge, Zeff = const, the
ohmic current is approximated as joh (r) ∝ Te(r)3/2

based on radially resolved Thomson scattering data.
∆′ gives the discontinuity of the solutions of Eq. (3)
across the resonant layer, rs, in terms of Ψ′/Ψ. It is
defined as

∆′ =
Ψ′

Ψ

∣∣∣∣∣
r=rs+ε

r=rs−ε

, ε −→ 0. (4)

The sign of ∆′ determines the stability of a mode. A
positive sign of ∆′ indicates a current density radial
profile that is unstable against tearing modes. Equa-
tion (4) is used to calculate the position of marginal

1504 Nuclear Fusion, Vol. 40, No. 8 (2000)



Li_383: Unstable to n/m = 1/2 tearing mode; ∆′ = 40 m-1.
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Hi_3351: stable to n/m =2/3 tearing mode, but Ψ changes sign,

indicating internal kink instability.
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ii395: unstable to n/m = 1/2 tearing mode, stable to n/m = 2/3 tearing
mode, but the 2/3 is ideally unstable.
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Summary of delta-prime calculations

li383   ii395 hi3351

n/m 1/2 1/2 2/3 2/3
rs (m) 0.215 0.139 0.321 0.302

 (m-1) 40 48.6 -65.6 -17.0

rs 8.6 6.8 -21.1 -5.2

width (m) 0.07 0.04 stable stable

    b/a varied between 1.2 & 1.4; little change in ∆′.

Conclusions

• The n/m = 1/2 tearing mode was found to be unstable in both

cases in which the resonance was present in the plasma.  The

resonance was well in the interior, and the growth rate may be low

due to the high temperature.  Also, it is possible that the mode

may be stabilized by neoclassical effects.  It is interesting to note

that in W7-AS, n/m = 1/2 modes are not destabilized  with

bootstrap & Ohkawa currents alone (no OH) even though the ∆′

analysis predicts instability.

• The n/m = 2/3 tearing mode was stable in both ii395 and hi3351,

although an ideal internal kink instability was predicted for both.

The possibility of internal, and external, kinks should be looked at

further, but can be more accurately evaluated with TERPSICHORE .


