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Abstract

Two types of improved confinement regimes, H-mode and I0C( improved
ohmic confinement)-mode, are studied in circular-limiter plasmas on JIPP T-liU.
When the rapid ramp-down of plasma current ( CRD ) is employed during
auxiliary heating, the threshold heating power required for the L-H transition is
reduced by 30-50 %, compared with that in the case without CRD. This is
interpreted to be due to enhancement of the global magnetic shear near the
plasma edge by CRD. This model based on edge magnetic shear is also
applicable to the limiter H-mode obtained without CRD by high heating power. In
the limiter configuration, improved confinement regime, I0C-mode, is obtained in
ohmically heated high density plasmas by gas puff control. This improvement
may be aitributed to reduction of anomalous transport, since radiation loss has

only minor effect.

Keywords: Limiter H-Mode, L-H Transition, Edge Magnetic Shear, Edge Toroidal
Current Density, Edge Localized Modes, Limiter IOC-Mode, Gas Puff

Control, Density Fluctuations



1. LIMITER H-MODE

Trigger mechanism of the L-H transition is still unclear, while many
tokamaks have obtained the H-mode in divertor and limiter configurations since
its discovery in ASDEX [1]. Recently, transition models based on the change in
edge radial electric field [2,3] are developed. They seems to partly explain the
data of edge radial electric field obtained experimentally [4,5] and dramatic
suppression of edge fluctuations in high-frequency and short-wavelength region
at the transition [6]. The models, however, might not explain the experimental
observation in ASDEX [7]: coherent magnetic fluctuations with low mode
numbers { m=3 or 4, n=1), which are localized near the plasma edge and are
excited during L-phase, are suppressed just prior to the transition. In ref.7, a new
transition model is proposed that the transition is governed by the change in a
toroidal current density ( i¢ ) near the edge. We test the new model in the limiter
tokamak JIPP T-HU { R=91 cm, a=23 cm, Bi=2.8-3.0 T), modifying the edge
current density by the rapid ramp-down in plasma current ( CRD ) [8]. The limiter
configuration is advantageous for studying the effect of magnetic shear on the
fransition, because the magnetic shear can be simply changed by modifying the
current density profile with the same external magnetic configuration.

Figure 1 shows the effect of CRD on the L-H transition, where heating
power is set below the threshold in the case without CRD [8]. The transition does
not always correlate with high edge electron temperature ( Tep ) just prior to the
transition. The dependence of the heating power ( RF or RF+NBI) on plasma
current ( Ip ) at the transition is investigated for H-modes with and without CRD.
The threshold power in the case with CRD is lower by 30-50 % than that in the
case without CRD for the same Ip [8]. Itis concluded that the transition is

determined not by the decreased Ip, but by the modification of the edge jo-profile.



Figure 2(a) shows the H-mode with CRD, where the transition is initiated
without any sawtooth event and without any rise in Tep prior to the transition.
The magnetic shear near the edge 3, (at 1/a=0.8, where the transport barrier
determined experimentally is located at 1/a=0.8-0.9 [8]) calculated by a magnetic
diffusion equation is appreciably increased by CRD. When it increases up to a
certain value Sm=1.8-2.0, the transition readily occurs. The increase in Sms up to
the value means that a current channel is almost detached from the limiter, as
shown in Fig.2(b). On the other hand, rapid ramp-up of Ip easily quenches the H-
mode obtained at very high heating power (PRr+ PNt = 2.6 MW). This is
interpreted that Sm» is appreciably reduced by the ramp-up.

We now consider whether the H-mode without CRD, obtained with high
heating power, is governed by the same mechanism, i.e., edge magnetic shear
or edge Jo-profile. When strong electron heating occurs or when an appreciable
amount of bootstrap current is generated in the plasra volume by high power
heating, the plasma current Ip tends to increase on a time scale shorter than the
resistive diffusion time of the plasma. Then, a reversed toroidal electric field near
the edge may be induced tokconserve poloidal magnetic flux. This field may
detach the current channel from the limiter, keeping Ip constant, as shown in
Fig.3(b). This change in lp-profile is inferred from time evolution of low mode
number magnetic fluctuations driven by Vis, as observed in ASDEX[7]. If the
rational surface of the mode locates within the detached region (i¢=0), it may be
easily stabilized, because of reduced V¢ and enhanced Smo{=2 ) there. Figure
3(a) shows time evolution of m/n=3/1 mode cbserved in H-mode without CRD,
where the rational surface locates near the edge around r/a=0.8-0.9.
Suppression of the mode can be explained by the above discussion. Note that,

as shown in Fig.3(a), the m/n=3/1 mode can be most unstable in the course of



the transition (L-to-H, or H-to-L, or ELM) between L-type i¢-profile and H-type
one, accompanying ELM(-like) spike in the Ho/Dy-emission.

Above experimental evidence of JIPP T-1IU suggesis that the transition
between L-phase and H-one is governed by edge current density or the related

magnetic shear rather than edge radial electric field or its shear.

2. Limiter /0C-Mode

Improved continement mode in ohmically heated high density plasmas,
IOC-mode, was discovered in divertor configuration of ASDEX by gas puff control
[10]. In JIPP T-llU, IOC-mode has been obtained in the limiter configuration by
the same technique [11]. The transition is triggered by sudden reduction of gas
puff rate in ohmically heated high density plasmas at high q{a)=6( Fig.4(a) ).
After the transition, electron density profile starts to peak, and electron and ion
temperatures increase obviously. Then, plasma confinement is improved
considerably. The improvement may be attributed to reduction of anomalous
transport, since radiation power loss has only minor effect on this ohmically
heated plasma. However, density fluctuations related to electron and ion modes,
measured by FIR-laser scattering [12], exhibit only small change, as shown in
Fig.4(b). We need further study on fluctuations of density and plasma potential,

and other plasma parameters in this limiter I0C-mode.
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Figure Captions

Fig.1 The effect of rapid current ramp-down on the L-H transition in iCRF heated
deuterium plasmas with about 10 % hydrogen minority, where PRp=1.2
MW and Bi=2.8 T. 1y denotes the Hy/Dy-emission.

Fig.2 (a) H-mode triggered by CRD without any sawtooth event and without any
Teb-fise prior to the transition, where Prp=1.3 MW and Py;=0.6 MW.
Sm» is the magnetic shear at 1/a=0.8 calculated for the Zeffvalue from
visible bremsstrahlung. (b) Mode! profiles of ¢, g(safety factor) and 8m (
global magnetic shear) for H-mode initiated by CRD.

Fig.3 (a) Power spectrum calcuiated from Mirnov probe signal BQIN from t=225 ms
to 230 ms in the H-mode without CRD, where Prr=1.1 MW and Ppj=0.75
MW. Spectral peak C corresponds to m/n=3/1 unstable mode whose
rational surface locates near the edge. Time evolution of the m/n=3/1
mode filtered from signals of Mirnov probes on the inner and outer
midplane (15<f<35 kHz), edge and central electron temperatures, and
Ha/Dy-emission measured by a detector viewing outer edge.. (b) Model
profites for H-mode obtained without CRD.

Fig.4 (a) Temporal evolution of limiter IOC-discharge, where a vertical dotted line
indicates the 10C-transition. {b) Time variation of electron density
fluctuations obtained by FIR-laser scattering with heterodyne detection in

the other I0OC-shot.
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