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INTRODUCTION

It is foreseen that the next step tokamak fusion experiment (ITER) will operate in improved
confinement regimes such as the H-mode [9]. H-mode is characterised by a spontaneous confinement
transition that leads to an increase in plasma density and temperature, when the plasma heating
power exceeds a given threshold [5]. H-mode confinement is obtained mostly in divertor plasmas
[6], i.e. in configurations with the magnetic separatrix inside the vacuum vessel, either two (“double
null configuration”) or one (‘“single null configuration™) poloidal field nulls [7]. Transitions to H-
mode have been also observed in limiter plasma configurations. These observations have been
reported in several tokamaks, such as TFTR [1], TEXT-U [4] and JIPP T-1IU [8] Tokamaks. H-
mode confinement transitions have been also recently observed in JET inner wall limiter plasmas

and the confinement properties of these plasmas are analysed in this paper.

1. LIMITER H-MODE IN JET

Confinement transitions with the characteristics of H-mode are observed in JET inner wall limited
plasmas in experiments performed at magnetic field of 0.8T and at a current of 0.9MA, using SMW
of auxiliary heating power. The NBI heating is switch on for a period of 3 seconds (Fig.1), which is
sufficient to achieve quasi steady state, given that both the overall energy confinement time and the
beam slowing down time in these discharges are less than 200ms. During this period several abrupt
transitions in confinement are observed, which are characterised by a significant decrease in the H-
alpha emission (Fig.2). These confinement transitions are short lived, with duration of up to 20ms,
but the overall stored energy increases by up to 5% and edge density by up to 20% (Fig.2). In the
Ohmic phase of the discharge, the L.-mode confinement time is 300ms. The confinement time in
the L-mode phase with SMW of NBI auxiliary power is around 100-150ms. The value of the stored
energy measured by the diamagnetic loop under these conditions is 0.8MJ and it is modulated by
the Sawtooth activity (Fig.1). The increase in plasma stored energy during the H-mode transition is
around 30-40kJ (5%) in approximately 10-15ms. This transient increase in the plasma stored energy
can be explained by a 50% reduction of the power loss, which corresponds to a transient increase of

up to 200% in confinement time, i.e. to around 300ms.

2. FLUCTUATIONS SPECTRA

These transitions in confinement correlate also with a significant decrease in the fluctuations measured
by the microwave reflectometer probing the plasma edge (Fig.3) [3] and magnetic sensors (Fig.4),
accompanied by a reduction of the D-alpha emission (Fig.2). The density measurements using
Thompson scattering shows a very flat density profile, with a maximum value of (2-3)><1019 m~>. The
plasma edge fluctuations measurements are performed using two fixed frequency (18, 29GHz) O-
3 The

comparison of the fluctuations in the transitions to limiter H-mode in JET with similar discharges

mode reflectometer channels, probing the plasma edge with densities (0.5-1.0)><1019 m

(same current, magnetic field and auxiliary heating power) in divertor (x-point) configuration shows

a similar behaviour, as shown in figure 5 (limiter) and figure 6 (x-point).



In particular, the reduction of the fluctuation levels at high frequencies (f>10kHz) and an increase
in the fluctuation levels at lower frequencies (f<10kHz). In both cases the fluctuation measurements
are performed just before (10ms) and just after the L-H transition (10ms). Thus, the density,
temperature and rotation profiles have not evolved significantly during 20ms and can be assumed
to be the same. Therefore, the changes in the fluctuation levels can be attributed to changes in the

turbulence levels. density fluctuations

3. TERMINATION OF THE GOOD CONFINEMENT PERIOD

The termination of the period of good confinement correlates with the observation of a burst of magnetic
fluctuations (Fig.7), similar to those associated with Edge Localised Modes (ELMs) (Fig.8) for the same
plasma current, magnetic field and auxiliary heating power. A 500 microseconds delay between the

maximum in the magnetic activity and the sudden increase in the D-alpha light is observed in both cases.

CONCLUSIONS

JET inner wall limiter configurations at low field and current show confinement transitions with
the same characteristics of H-modes i.e. increase in density and stored energy, accompanied with a
decrease in D-alpha and in the density fluctuations (with similar spectral characteristics for similar
plasma parameters plasma current, magnetic field and auxiliary heating power). However, limiter
H-modes in JET are short lived (<20ms) and they are terminated by a burst of magnetic fluctuations
with very similar characteristics to those of ELMs. The onset of the good confinement period is
caused by a reduction in micro-turbulent transport very close to the plasma edge. On the other hand
the termination of the period of good confinement has a clear magnetic signature, most likely

caused by an edge instability driven by the steep pressure or current profiles.
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Figure 1: Time evolution of NBI power for the limiter — Figure 2: D-alpha light emission and edge density

Pulse No: 60908 and the central soft x-rays emission
showing the Sawtooth.

(microwave interferometer) evolution during the H-mode
transitions.
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Figure 3: The overall spectrum of density fluctuation
measured by the microwave reflectometer channels
18.59GHz and 29.14GHz (Pulse No: 60908), probing the
plasma edge.

Figure 4: Spectrogram of magnetic fluctuations (Mirnov
coils), shows no correlation between h-mode transitions
and (sawtooth, fishbones or TAE) in Pulse No: 60908.



http://figures.jet.efda.org/JG04.163-13c.eps
http://figures.jet.efda.org/JG04.163-6c.eps
http://figures.jet.efda.org/JG04.346-1c.eps
http://figures.jet.efda.org/JG04.163-14c.eps

Pulse No: 60904, t = 23.1070, t = 23.1208

Pulse No: 60900, t = 21.0798, t = 21.1098
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Figure 5: Spectrum of density fluctuations from 18GHz  Figure 6: Spectrum of density fluctuations from 18GHz
reflectometer just before(10ms) the H-mode transition  reflectometer before the H-mode transition (solid line)
(solid line) and just (10ms) after the transition (dashed  and after the transition (dashed line) in x-point
line) in limiter configuration. configuration.
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Figure 7. D-alpha emission and magnetic fluctuations
showing a burst of magnetic activity before the
termination of the period of good confinement (limiter
configuration Pulse No: 60908)

Figure 8. D-alpha emission and magnetic fluctuations
showing a burst of magnetic activity and an increase in
the D-alpha during a Edge Localised Mode (ELM) event
(x-point configuration Pulse No: 60900)
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