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INTRODUCTION

Toroidicity-induced Alfv6n Eigenmodes (TAE) were observed in many experiments on
tokamaks including recent DT experiments on TFTR[l] and in spherical tokamak exper-
iments such as START[2] and are believed to result in a degradation of fusion product

confinement in a reactor. The unique features of NSTX, such as low aspect ratio, high
plasma and energetic particle beta, low Alfv6n velocity with respect to beam ion injection
velocity, and large Larmor radii present an entirely new regimes for studying energetic
particle physics. Proposed NBI ions and high harmonic ICRH in NSTX[4] will produce

super Alfv6nic fast ions inducing a strong drive for TAEs. For example, NBI ions will

be injected at ~ = 80keV, which gives following estimates for the injected ion velocity
and the Alfv& velocity v~o = 3 x 108cm/s >> ~ACI= 108cm/s, fast ion Larmor radius
~~b/a m 1/4, and drift orbit radial width &/a = (q/c) pL~/a m 1/2. In this work TAEs
in NSTX are analyzed using the improved NOVA-K code[5], which includes fast ion fi-
nite orbit width and Larmor radius effects to calculate the stability [6] and predicts the
sat urat ion amplitude for the mode using a quasilinear theory[7]. Then the ORBIT code
is used[8] to estimate the effect of TAEs on fast neutral beam ions.

LINEAR EIGENMODE STUDY

In NOVA code calculations the conservation of three particle integrals of motion is as-

sumed, which are velocity v, magnetic moment p = v: /2B, and toroidal canonical mo-
ment urn Pp. We analysed four NSTX equilibria. The first equilibrium has low central

safety factor qO = 0.4, and q.~~. = 15, which corresponds to TRANSP analysis code[9]
run #lll12P60 at (@) - 87r(p) / (B2) = 10% (/3t0. : 87r(p) /13jo = 34% ). The second
equilibrium has medium qo = 0.7, q~dg~= 16 at (~) = 10%. And the third and the
fourth equilibria have high qo = 2.8, q,~~~ = 12 at high beta (/3) = 1570 and medium

bet a (~) = 8%, respectively. Pressure and density profiles can be presented in the form
~(~) = P(0) (1 – @l.03)1”7,n.(~) = ne(0) (1 – @l”G2)0’48for low-q. and medium-qo cases,
while for high-q. case we use P(@) = P(0) (1 – @18)2, n.(@) = n.(0) (1 – @10)0”12.Vac-

uum magnetic field is B. = 0.3T at the geometrical axis.
Density and safety factor profiles are usually flat near the plasma center creating the

aligned gap along the minor radius. Calculations show that Alfv& continuum gap is large
due to the effect of strong toroidal coupling and does not close at high beta /3 N 1, so
that TAEs still can exist. For each toroidal mode number n we found several TAE modes.

Caclulations also show that in NSTX TAEs typically have very broad radial structure
covering the whole minor radius. Thermal tail ions may be super-Alfv6nic at energies
Q > 6keV, which indicates that plasma ion W*ieffects are important but are neglected in
our model. Figure 1 illustrates the gap structure, where the frequency of the continuum
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1. Introduction Over a wide pressure range FeC12is
rather compressible due to its layered structure. At low
pressures h-FeC12 condenses into a close-packed,
hexagonal phase with a Cd12 structure [1] similar to the
other anhydrous divalent transition metal halides.
Anhydrous FeCl, was synthesized by a direct Fe-Cl,
reaction using Fe enriched to 25’ZO‘7Fe. The anhydrous
material is colorless and transparent.

2. Experiments and Results The high-pressure hyper-
fine interaction parameters of the FeCl, phases were
determined for the first time by using Mossbauer
spectroscopy in a diamond anvil cell at 5< T < 300 K.
These parameters: ~ (hyperfine field), QS (quadruple
splitting), and IS (isomer shift) were employed to
characterize detailed properties of three distinct pressure
phases discovered for pressures up to 61 GPa. Typical
low temperature Mossbauer spectra of FeCl, in range 3.5
-61 Gpa are shown in Fig. 1.

In the 3.5 to 31 GPa pressure range one finds very
small values of H,f (1 -3 T) and large values of QS (2.8 -
3.6 mm/s). The small values of H~ are explained as being
the result of cancellation of the Fermi contact term by the
orbital term, both comparable in magnitude but of
opposite signs.

At 34 GPa a sudden drop in QS and an increase in
H~ concurrently occur, the latter increasing tenfold to 36
T. It is possible that there is a change in the
crystallographic symmetry at - 34 GPa [2] without a
drastic change in volume; the IS, a measure of the
density, is hardly changed. The observed value of 36 T is
very close to the Fermi contact term of FeClz at ambient
pressure, estimated to be about 141.91T [3]. That being
the case, this suggests that the orbital contribution has
been quenched at P > 34 GPa, and in this new high
pressure phase, Hw>> QS and the angle between H,f and
the principal axis of the electric-field-gradient is = 55°.

At P >42 GPa, a sluggish transition into a third
phase begins. At - 52 GPa remnants of the previous
phase are still observed. This third phase involves: 1) a
smaller QS, 2) a drastic decrease in IS (drastic increase in
density), and most importantly, 3) a transition to a
diamagnetic state of Fe’+. Processes (2) and (3) are
consistent with a-crossover from a 5T2~high-spin into a
‘Al, low spin state of Fe’+. The breakdown of the Hund
rules is in accord with a smaller ionic radius, and a larger
density and smaller IS.

Alternatively, it could signal a Mott or a Charge-
Transfer (CT) transition resulting in a metallic,
nonmagnetic state. The CT transition involves Cl@)-
Fe(d) mixing leading to a reduced IS.
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Fig.1. Low temperature “Fe Mossbauer spectra of
anhydrous FeC12 at various pressures. Solid lines are
theoretical fits to the data.

Resistance and XRD experiments are presently being
carried out to elucidate the nature of these three phases in
FeClz.
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