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1 Introduction

Due to the encouraging results produced by the START (Small Tight As-
pect Ratio Tokamak) experiment new fields in tokamak physics became im-
portant, such as natural elongation of the plasma cross-section, edge safety
factors which strongly exceed the cylindrical values, paramagnetic states at
low toroidal fields, partly isodynamic equilibria, a natural divertor configu-
ration, avoiding the classical divertor coils and strongly enhanced bootstrap
current at low aspect ratio [1].

However, since only a comparatively small primary solenoid can be imple-
mented, the achievement of long pulse durations could be a severe problem.

To overcome this problem, essentially the bootstrap effect is considered
[2] which it is predicted to become dominating if 3, approaches unity. Since
the total § must stay below the Culham - Lausanne ("Troyon’) limit, it is
not possible to increase the bootstrap fraction only by increasing the heating
power. Instead one has to consider an increase the minor half axis (at con-
stant aspect ratio). This will also decrease the index for the divertor power
handling 74, = %.

2 Plasma equilibrium

The treatment of the semifree and the free boundary value problem is based
on the Grad - Shafranov equation, a partial differential equation (PDE) ([1]):
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A* is the standard toroidal elliptic operator and js(R, z) (> 0) the toroidal
current density. 1 is the poloidal flux function. The f - function f(1) can be
obtained from [2]
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The prime denotes the derivative —dfb . The expression (2) accounts for the (lo-

cal) ohmic current density 74, the bootstrap current density 72, the diamag-
netic current and the Pfirsch - Schliiter current density [1]. The quantities
ja and jy are defined as j, = <= and j, = i@f; . The boundary values
for ¢ on the rectangle surrounding the computational domain are obtained

from the coil data and the plasma current distribution. [1].

The iteration of equation (1) proceeds until convergence concerning the
flux function ¢ (R, z) is achieved.

By means of flux function ¢ and the f - function f(¢) the 2d - distribution
of the toroidal current density j;, the poloidal current density j,, the poloidal
field B, and the toroidal field B; can be obtained. Also the geodesic field
line curvature can be computed by means of the flux- and f-function [1].

The toroidal component of the bootstrap current density, which is needed
for the equilibrium iteration, is given by
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The neoclassical coefficients account for the different collisionalities of trapped
and passing particles. The dependence of these coefficients on the trapped
particles fraction and on the effective charge number are given in [2].

3 Results

In the following the equilibrium properties of a plasma with the profiles
fi = foaz;(1 — %)% are discussed. i=1 stand for the plasma density, i=2
for the electron temperature and i=3 for the ion temperature. The profile
parameters are a3 = 2.5, f1-3 = 1, finae, = 8 10%em™ and frraz,, =
2.5 keV.
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Fig. 1 displays the flat top plasma equilibrium belonging to the afore-
mentioned plasma parameters. The shaping coils are switched off so that the
plasma has its natural elongation of x,., = 1.6.

In Fig. 2 the divertor coils are switched on (Iz, = 0.3 MA). As a con-
sequence the elongation increases to k = 2. The plasma boundary does not
touch the centerpost anymore.

The distribution of the bootstrap current density (Fig. 3) is characterized
by the zero at the magnetic axis and by the strong peak at the inboard side
due to the fact that the j, scales roughly with %. The maximum value is
Jbmas = 0.39 %’24 corresponding to a total bootstrap current of I, = 2.37
MA.

Fig. 4 shows a contourplot of the total field characterized by the peaks
due to the poloidal field coils and a magnetic well just in front of the outer
poloidal field coils. It is generated by the diamagnetism due to the large
poloidal 8, = 1.1. The diamagnetism reduces the toroidal field and therefore
the total field at the outboard side where the pressure gradient is large.
Calculations at low ( show that the magnetic well disappears. Fig. 4 also
shows that at the outboard side of the magnetic well, i. e. for R > Ry e,
the lines |§tot] = const are roughly parallel to the flux surfaces ) = const.
(Ryey is the radius of the local minimum of |§t0t].)

The calculations show that a 'Long Pulsed Spherical Torus’, mainly re-
sorting to the bootstrap current, should be feasible if the aforementioned
profile parameters can be realized and if the minor half axis of the device
is large enough. 'LPST’ fits well to the family of ST’s aiming at a 8,=1
Since the minor half axis of e. g. NSTX and MAST is smaller than that of
LPST an increase of T¢,, T}, by roughly a factor 2 is necessary to reach the
same (B,=1 and thus the same bootstrap fraction. In fact, for NSTX a large
bootstrap fractions (=~ 80%) is predicted at ~ T,,, T;, =5 keV.
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