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Abstract

Resistive local MHD modes become unstable in negative shear tokamaks, although ideal ones
arestablefor ¢ 2 1. Whenélipticity (x) andtriangularity (§) areincreased at afixed central beta
value, resistive local MHD modes have stabilizing tendency and become marginal at « 2 1.8
evenford ~ 0. Alsolow aspect ratio negative shear tokamaks are favorablefor stabilizing these
modes.

1. Introduction

Recent topic in the tokamak research is the negative magnetic shear (or reversed magnetic
shear) configuration[1,2] for improving plasma confinement and making it possible to obtain a
stationary operation with ahigh bootstrap current. From experimental results the negative shear
region with ¢’ < 0 and velocity shear of toroidal flow near the minimum surface of safety factor
q with ¢ = 0 are ingredients for generating the internal transport barrier which contributes to
the confinement improvement[3]. Here our concern is in the MHD stability in the negative
shear region, since the high performance of the negative shear configuration will be limited by
the behavior of unstable MHD modeg[4]. Experimentally magnetic fluctuations were observed
when ¢..;, decreases. The limiting value seems q,.i, 2 2; however, ¢, ~ 1.5 wasrealized in
some Cases.

In Section 2 MHD equilibria for nega-
tive shear tokamaks are discussed first. Then
the stability criteria for both ideal and re-
sstive local MHD modes are shown, which
were obtained by Glasser, Greene and Johnson
(GGJ)[5]. InSection 3itisshownthat theresis-
tive local modes become unstable in the neg-
ative shear region of a circular cross-section
tokamak. The stabilizing tendency given by B
non-circularity such as ellipticity and triangu- ° 02 04 0s 08
larity isalso shown. The negative shear config-
uration in low aspect ratio tokamaks is exam-
ined for improving the stability. Concluding
remarks are given in Section 4.
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Figure 1. q profiles in the equilibrium calculations.
The horizontal axis label is the normalized plasma
minor radius.
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2. MHD Equilibrium and L ocal Stability

For calculating the MHD equilibrium of negative shear tokamak, we assumed severa safety
factor profiles as shown in Fig.1. The parameters for describing the non-circular cross-section
are the same as given by Freidberg[6]. The MHD equilibria were calculated with VMEC
code devel oped for three-dimensional MHD equilibriain stellaratorg 7]. The pressure profileis
assumed P = Py(1— ®r)?, where &1 denotesatoroidal flux function. Thelocal MHD stability
was examined with the GGJ stability criteria]5],

1
for theideal MHD modes, and
Dr=E+F+H*<0 (2)

for the resistive MHD modes. Here E, F' and H are the same quantities given by GGJ. It is
noted that the criterion (1) can be written as

1 2
DR—D1+<H—§> <0. (3)
Therefore, the resistive modes will be easily destabilized in configurations with large values of

\H—1/2|.

3. Local MHD Stability for Negative Shear Tokamaks

Theideal local MHD stability criterion (1) isthe 0.05

same as the Mercier criterion[8], which gives 0

that the negative shear tokamak is stable for 005

min 2 (0.9 — 1.5). 1t should be noted that the @

specific marginal value of ¢, depends onthe 2 o

dlipticity, », andthetriangularity, 5. Thusthere = °%° o
is no significant difference between the normal 02 .
and negative shear case for ideal interchange -0.25

modes. 0.3
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It is found that the resistive loca MHD g

modes become unstable in the negative shear
region of circular tokamak with an aspect ra-
tio 3 even for g, > 1.0 as shown in Fig.2.
Here Dy, = —(¢)>Dy, is plotted as a function
of average radius at 3(0) = 3%, and Dy, > 0
is necessary for stability. The rotationa transform is denoted as+. It is noted that the case
with ¢o = 3.1, 3 = 1.13% and Sy = 3.1 is stable. Here 3 is an average beta value and
By = BaBr/Ip, where By isatoroidal field and Ip is a plasma current. The resistive local
modes are destabilized with the increase of ¢, at a fixed ¢, (see Fig.1). This tendency is

Figure 2. D), dependence on g for the circular
tokamak with A = 3 and 3(0) = 3% (or
B ~1.13%and By ~3.1).
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understandable by checking the contributionsfrom (H — 1/2)? and D; to Dy, separately. When
qo increases, the contribution of (H — 1/2)? overcomes that of D;(< 0) in the negative shear

region.

Figure 3 shows the effect of eliptic de-
formation of flux surfaces on Dy with keep-
ing the safety factor profile in Fig.1. When
k 2, 1.8, the resistive local modes becomes
stableevenfor § = 0 at 5(0) = 3% . Figure 4
shows the effect of triangular deformation of
flux surfaceson Dy a « = 1.6. The stability
isimproved with the increase of §. The stabi-
lizing or destabilizing tendency for changing
K or ¢ are aso understandable by checking the
contributionsfrom (H — 1/2)? and D, to Dg
separately. Itisalso found that the decrease of
aspect ratio improvesthe stability to theresis-
tive local modes as shown in Fig.5. Here the
safety factor profile and the vacuum toroidal
field at the plasma center are kept constant.
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Figure 4. Dj; dependence on ¢ for the non-
circular tokamak with A = 3, k = 1.6, and
B(0) = 3%. q profile is fixed at g = 5.35 in
Fig.1. Here, stable cases are (§ = 0.2, 3 =
1.10%, By = 2.27) and (6 = 0.4, 3 = 1.11%,
By = 2.09). Unstable cases are (§ = —0.2, =
1.09%, By = 2.53) and (6 = 0.0, 3 = 1.09%,
By = 2.45).
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Figure 3. Dj; dependence on « for the elliptic
tokamak with A = 3 and 3(0) = 3%. q profile is
fixed at g = 5.35in Fig.1. Here, stable cases are
(k = 1.8, 8 = 1.08%, By = 2.17) and (k = 2.2,
B = 1.07%, By = 1.70). Unstable cases are
(k = 0.8, 3 = 1.15%, By = 3.22), (k = 1.0,
B = 1.13%, By = 3.13),and (k = 1.4, 3 =
1.11%, By = 2.72).
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Figure 5. D, dependence on A for the circular
tokamak with 3(0) = 3%. ¢ profile is fixed at
go = 5.35in Fig.1. The stable caseis (A = 1.25,
B = 1.27%, By = 0.72), and unstable cases
are (A = 2.0, 3 = 1.18%, By = 2.03) and
(A=3.0,3=1.13%, By = 3.13).
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Figure 6 shows that there exists the marginal value Gy ~ 1 for destabilizing the resistive
interchange modes in the case of circular tokamak with ¢y = 5.35. It should be noted that the
marginal 5(0) or 5 depends on the characteristics of MHD equilibrium.

4. Concluding Remarks

In negative shear tokamaks, theresistive inter-
change modes become unstable with the in-
crease of plasma pressure. It is considered
that global resistive modes at the low order
resonant surfaces appear, when the local re-
sistive stability criterion Dy isviolated, from
results for stellarators and heliotrong[9]. On
the other hand, sincethe plasmatemperatureis
high in the negative shear region, the FLR ef-
fect may stabilizethelocal MHD mode. Since
the toroidal flow with velocity shear observed
near the internal transport barrier is not in-
cluded in the present analysis, it is necessary
to study the toroidal shear flow effect on the
MHD modeq[10].
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Figure 6. D), dependence on Gy for the circular
tokamak with A = 3. ¢ profile is fixed at gy = 5.35
in Fig.1. Equilibria with Gx above 1.0 become
unstable.
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