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THE SECOND STABILITY REGIME *
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ABSTRACT

Self stabilization effects were experimentally observed in the first period of
operation of the ATF device. This effect is reproduced by the nonlinear calculations.

INTRODUCTION

In the initial period of operation in the ATF device the p self stabilization effect on

fluctuatons was observed. The measured magnetic fluctuations increased with p up to

£ 0 oi ~ \ .5% and decreased tor higher £ values(1}. This indicated that ATF was

operating in a regime where p self stabilization effects were dominant. ATF was
designed to operate in the second stability regime with respect to ideal MHD (2).
It was shown that resistive instabilities remain unstable in the second stability regime,
but they can be affected by beta self stabilization effects(3). In this paper, we present

detailed nonlinear MHD studies of these instabilities for equilibrium parameters
corresponding to those of ATF. The results show a reduction in the (m=2,3 ; n=1)

magnetic perturbations at high p as in the experiment. The effect of the p self
stabilization is also seen in the simulations by a sharp reduction of the turbulence

inside the plasma core at high p and a decrease in the saturation level of the kinetic
energy.

EQUILIBRIA

The approach followed in generating the equilibria was the stellerator
expansion(4) whereby a two dimensional equilibrium is generated by performing
a toroidal angle average. This results in an equilibrium equation very similar to the
Grad-Shafranov equation which is solved by standard techniques(5). Four equilibria
with pQ values of .26%, .80%, 1.5% and 2.3% and with profiles closely matching those

seen experimentally were used for the study. The t- profiles and the magnetic wells
for these equilibria are shown below (Fig. 1) Two features of the above profiles have
an effect on the stability of ATF as P is increased. The first feature is the formation of a

magnetic well as shown on the left. At the lowest value of p there is a magnetic hill
throughout the plasma but a magnetic well develops and becomes deeper and

broader as P increases. The second feature is the change in the i profile near the
magnetic axis induced
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by the requirement of zero net current.
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As p increases the shear decreases resulting in fewer lower order rational surfaces.

This is illustrated on the right where the * profiles are shown in the plasma interior

(the plasma edge is at r=29cm) for the different values of (5. The low m relevant

rational surfaces are indicated. At the lowest p both the (m=10 ; n=3 and the (m=7 ;

n=2) are present inside r=10cm. At the highest P there are no included rational
surfaces to support the instability near the plasma magnetic axis. Both these effects
are present in the nonlinear stability results shown below.

RESULTS
The nonlinear evolution of the resistive interchange instability (with an appreciable

resistive ballooning component when toroidal effects are included) is studied with the
reduced MHD equations derived by Strauss (6). We use as input the ATF equilibria

just described. The pressure profiles have a gradient in the region .35 < * < .40.
The lowest m rational surfaces in this region are: (m:n=2:5; 3:8; 4:11; 5:13 ). The
corresponding modes have the largest linear growth rates in the cylindrical limit, while
the n=1 modes (m=2,3;n=1) have growth rates close to zero. When the steady state
in the nonlinear evolution is reached these two components are the largest, and they
dominate the magnetic energy spectrum as expected from the resistive pressure-
gradient-driven turbulence theory(3). The saturated level of the (m=2,3;n=1)
fluctuations as a function of PQ have the same features as the experimental data
(Fig- 2).
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The B self stabilization effect is also seen in the saturated pressure contours (Fig. 3).

At the lowest B(.26%) the radial extent of the tubulence is from the edge to about 1/4 of

the minor radius and increases at the next highest p(.80%). Some healing of the

contours is seen,however, at pg=1 -5% and at the highest 0 equilibrium flux surfaces

are unaffected in the plasma core. Two effects are responsible for the change of the

radial extent of the turbulence with p. First, the magnetic well broadens with p and

second the i profile becomes flat in the interior region. The flatness excludes lower
order rational surfaces which can support an instability. Focusing on the results of the
nonlinear evolutions, there are three salient features:1) The development of fine
scale turbulence about half way out in plasma radius. 2) An m=1 bulk displacement
of the plasma, and 3) A central pressure collapse. The turbulence is driven by
the large pressure gradient. The outward displacement and central collapse are
(m=1 ; n=0) and (m=0; n=0) effects respectively. Toroidal effects strongly couple
modes with the same n and m's that differ by 1. Since nonlinearly modes with

n=n-j+n2 , n-|-n2 and m=m^+m2 , mi-rr^ are driven by modes with toroidal mode

numbers n-j , n2 and poloidal modes numbers m-j m2, the toroidal effects drive the

(m=1 ; n=0). This gives the displacement. At the magnetic axis the pressure
perturbation can be driven only by an m=1 mode. Since the only m=1 mode with
appreciable strength near the axis is the (m=1 ; n=0), the (m=0 ; n=0) pressure
collapse results from (m=1 ; n=0) self-coupling. This could be the cause
of the flatness of the core profiles measured in ATF.
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For comparison.calculations in cylindrical geometry were also done. The
mid radius turbulence was very similar to that seen with toroidal geometry.
However, the displacement and the central pressure collapse are not seen
since.as described earlier, they are due to toroidal coupling.
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