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The drastically improved plasma has been obtained
through the LHD experiments started in 1998. In the
recent experiments, the maximum averaged beta value
< Baia > of 4.5% was obtained by high power NBI heat-
ing up to 12MW in the configuration with R,x = 3.6m
and B,x = 0.45T, where R,x and B,y are magnetic axis
position and toroidal magnetic field on the magnetic axis,
respectively. Up to now, the beta collapse phenomenon
has not been reported in the LHD experiment. Steady
state divertor operation with high performance plasmas
was demonstrated for more than 30 minutes in the LHD-
[CRF heating experiments.

The LHD achieves these high-performance plasma con-
finement by the coordination of magnetic surface region
and chaotic field line layer. Therefore, it is necessary
to establish a numerical method to analyze the high
beta equilibrium that doesn’t assume the existence of
the magnetic surface.

The magnetic field B satisfies always the relation
V - B = 0. The essential freedom of B is two and B
can be expressed by a vector potential of 2 component.
In the rotating helical coordinate system (X,Y,¢), we
can express B as follows without loss of generality (LHD

Gauge [1]). o

B=VxA, A= 0 ; (1)
p{¥ +Y®}/r

where p is the helical pitch (= 5 for the LHD) and
r = rg+ Xcospp — Ysinpp. LHD equilibrium com-
posed of magnetic surface region and chaotic field line
region can be obtained numerically by the force balance

equation 1
VP=JxB, J=—VxB. (2)
Ho

Profiles of [P(X,Y,¢),®(X,Y,¢), V(X,Y,¢)] are ob-
tained as the solution of eq.(2) under the appropriate
boundary conditions. To solve the equation (2), we have
developed an analytical expressions for the LHD gauge
(@, W) created by external coil currents Joxt ().

Under the Coulomb gage, the vector potential of ex-
ternal coil currents Jox () is given by the Biot-Savart
law. Therefore, vector potential under the LHD gauge is

given by

po [ 5 s Jexi(@’)
A(z) =10 Tt L vy, :
(@) 47r/d T Py +Vx, (3)
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where the scalar function y is determined by
0= Ay (4)

® and ¥ are verified to be smooth and single-valued func-

tion in the vaccum vessel of the LHD (Fig.1).

(a)

Fig.1.
of Rax = 3.75m. (a) ®(X,Y,7/10): The chain line shows

the line of & = 0, and X represent the position of the

Numerical example of LHD gauge for the case

magnetix axis. (b) W(X,Y,7/10): Poinvare pltos of lines
of force corresponding coil currents are also shown. W
can approximate automatically the magnetic surface.
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