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Evaluation of MHD stability of weak shear configuration in LHD plasma
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AT TR ET

In Large Helical Device (LHD) experiments, the beta collapse phenomenon has been occurred by
magneto-hydro dynamics (MHD) instability in the week shear configuration. We have evaluated the
Mercier parameter about two discharges, which are with and without the beta collapse in the week shear
configuration. The evaluation of the Mercier parameter is used the pressure and rotational transform
profiles measured by Thomson scattering system and motional Stark effect diagnostic, respectively. We
will clarify the threshold of the beta limit by the evaluation of the Mercier parameter.

1. Introduction

In toroidal magnetic confinement devices, the
increase of the plasma beta value is one of the
important issues for the achievement of the
nuclear fusion plant. The plasma beta is limited
by the plasma current and/or pressure driven
MHD instabilities. The minor collapse and
disruption are occurred by MHD instabilities in
tokamak plasmas. In the LHD (one of the typical
helical device) experiments, the beta collapse
phenomenon has been also observed by MHD
instability in the week shear configuration. This
study's purpose is to clarify the threshold of the
beta limit by the evaluation of the Mercier
parameter D,.

In this study, we have calculated the equilibrium
of LHD plasmas with and without the beta collapse
by using VMEC code [1]. We had already
calculated the equilibrium by using the plasma
pressure, which is measured by Thomson scattering
system, and the rotational transform #2rn profile
assumed as uniform, parabolic and hollow current
density profile. However the estimated D, had large
scatter. So, it was found that the current density

profile is important in order to precisely estimate D,.

Therefore, it is used for the calculation of the
equilibrium that #2n profile was measured by
motional Stark effect (MSE) diagnostic.

2. B collapse in week shear configuration
In order to form the week shear configuration,
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Fig.1. Time evolution of (a) the port through power of
NBI, (b) ratio of plasma current I, and toroidal magnetic

field By, and (c) volume averaged beta </fg,> measured
by a diamagnetic loop.

the plasma current is necessary in the LHD
configuration. The plasma current 1, was generated
by unbalanced Neutral Beam (NB) injection. For
example, over 100 kA of plasma current was
observed by unbalanced NB injection in LHD
device [2]. Figure 1 shows the temporal evolution
of the port through power of NBI, ratio of I, and
toroidal magnetic field B, and voluve averaged beta
<[> measured by a diamagnetic loop. Because a
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Fig.2. Profiles of rotational transform #2x and Mercier

parameter D, of discharge (a) with collapse and (b)
without collapse. Rotational transform profiles are
measured by MSE diagnostic and calculated by the
polynomial fitting of plasma current profile.

neon gas puff is applied at the discharge of #105387
to increase the ramp-up rate of I, the beta collapse
is occurred at about t = 4.17 sec, 1,/B; = 37.2 KA/T,
and <> = 1.29 %. On the other hand, the I,
ramp-up rate of the discharge of #105390 is smaller
than the rate of discharge with Ne gas puff. So, the
discharge of #105390 cannot be observed the beta
collapse. After t = 4.5 sec, <fi,> is decreased with
the electron density because hydrogen gas, which is
the main discharge gas, puff is terminated at t = 4.5
sec.

3. Calculation of equilibrium

Figure 2 shows profiles of #2n and D,. In Fig.2
(a), opened circles indicate #2w profile measured by
MSE diagnostic, which has time resolution of 0.3
sec, at t = 3.9 sec. At t = 3.9 sec, the plasma
parameter is as follows, <f.> = 1.40 % and I,/B; =
28.2 KkA/T. The fitting curve is «2n profile
calculated by the polynomial fitting of plasma
current profile. The curve of D, is evaluated by the
measured pressure profile and fitting curve of #/2x.
In Fig.2 (b), it shows profiles of #2r and D, at t =
4.5 sec. At t = 4.5 sec, the plasma parameter is as
follows, <fi.> = 1.34 % and 1,/B; = 28.8 kKA/T.
From the measurement of #2x profile, it is found
that magnetic shear of #105390 is larger than the
shear of #105387 around the resonant surface of
m/n = 1/1 (m and n are the poloidal and toroidal
mode number, respectively). And it is found that
the D, of #105390 is smaller than D, of #105387
around the m/n = 1/1 surface. These results are
indicated that the discharge of #105387 is more
unstable than #105390 and it is consistent with the
experimental result of Fig. 1.

4, Summary

We indicate that D, could be evaluated at LHD
plasma with and without the beta collapse by using
MSE diagnostic. The result is obtained that D, of
the discharge with collapse is larger than D, of the
discharge without collapse. As the future works, we
will evaluate the D, of other discharges and clarify
the threshold of the beta limit by the D,.
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