
Closure of Joint Work Sites
MAC recognized that the obligation to provide host support shown in the compilation list will terminate at the
end of the EDA.

ITER data
MAC urges the HTLs and the Director to finalize the work before the end of the EDA with circulating the final
task reports after approval, according to agreed procedures.

MAC recommends ITER Council to ask the Director to distribute the documentation shown in point 1.1.6 of
the Technical Basis for the ITER-FEAT Outline Design to all Parties before the end of the EDA.

MAC recognizes the need to initiate discussions on ways how to handle data produced on facilities
constructed during the ITER EDA and that would be operated beyond the end of EDA. MAC asks MAC-CPs
to submit a draft principle at the next MAC meeting.

XA0055631

TWENTYSEVENTH EUROPEAN PHYSICAL SOCIETY CONFERENCE ON
CONTROLLED FUSION AND PLASMA PHYSICS
by Yuri Igitkhanov, ITER Garching JWS

The 27th European Physical Society Conference on Controlled Fusion and Plasma Physics was held in
Budapest, 12-16 June 2000, and was attended by leading fusion physicists from Europe and around the
world. Many of the presented papers had direct relevance to ITER or touched on issues related to the physics
of reactor plasmas in tokamaks and stellarators. About 10 invited papers were presented, covering a wide
range of problems in plasma physics, including confinement and transport issues in fusion devices,
astrophysics, and industrial application of plasmas. More than 100 papers were presented on plasma theory
and experiments from tolamaks and stellarators. Important, ITER-relevant issues covered will be described
below.

Scaling of edge pedestal parameters using the international Pedestal Database was presented (Hatae et al.,
JAERI). The multi-machine pedestal width scaling shows that the parameter dependence of pedestal width is
rather different, e. g. some machines observe an ion poloidal Larmor radius dependence, while, in others,
such a dependence is not observed. This scaling study was focused on the type I ELM (edge localised mode)
regime, and presents a universal parameter dependence for the pedestal width. Based on this result it
becomes apparent that the pedestal width scales with the size of machine. This is favourable for ITER.

The variation of confinement with elongation and triangularity in ELM-y H-mode had been tested on JET
(Lomas et al., JET). It was found that the confinement scales strongly with plasma current and elongation,
and weakly with the toroidal magnetic field, in a manner similar to the ITER scaling relationships. However, as
previously demonstrated on both JET and ASDEX, and in contrast to the ITER scaling, these data show a
degradation of confinement as the density is increased by gas fuelling. Both elongation and triangularity
increase can counteract the confinement degradation with gas puffing, suggesting that the variation of the
edge ballooning limit with shape plays an important role. In addition, vertical stability becomes an important
consideration at high elongation, and, empirically, the plasma growth rate in H-mode plasma needs to be
reduced by a factor two below that sustainable in L-mode plasmas in order to survive type I ELMs.

The dependence on density of the H-mode power threshold was analysed for different tokamaks. It was
found that the L-H transition theory based on the Alfven-drift turbulence stabilisation by increasing the edge
beta can reproduce the power dependence on density in agreement with that seen in experiments (Igitkhanov
et al., ITER). The theory gives a strong inverse proportional dependence of threshold power on density at low
density in agreement with JT-60 and Compass data and predicts almost linear dependence on density at high
densities seen in ASDEX and C-MOD. There is also an intermediate range of density where power is almost
independent of density. This case corresponds to JET data.

The predictive modelling of JET shows that accumulation of fast particles near the separatrix could increase
the pedestal width and explain experimentally observed differences between type I ELMs, induced by NBI
and ICRH in JET (Parail et al., JET). Strong gas puffing in NB-heated plasmas could effectively reduce the
fast particle population near the separatrix which brings ELM frequency to that of ICRF heated plasmas.



The edge electric field structure and the magnetic drift effect on the L-H transition was analysed in Dlll-D
(Carlstrom et al.,) It was shown that changing the direction of magnetic field causes up to a five-fold increase
in the L-H power threshold but does not significantly alter the edge profiles of density and temperature near
the plasma edge. This result indicates that additional physics, other than that involving the local edge profiles
of density and temperature near the plasma mid-plane, is needed to describe the L-H transition. The plasma
transition near the X-point shows substantial changes when the direction of magnetic field is changed,
suggesting that physics associated with the X-point region may play a key role in determining the H mode
power threshold.

Plasma contamination due to impurity release from divertor plates during ITER type I ELMs had been
numerically investigated (Landman, Wuerz). Subsequent ELMs depositing their energy onto divertor plate
might result in enhanced impurity production. First numerical estimations show that the maximum tolerable
ELM energy is about 0.5 MJ/m2, which is considerably lower for redeposited layers, occurring after disruption
at the divertor plate, than for the virgin vertical target. It was also shown that released impurities between
ELMs can contaminate the upstream SOL (scrape-off layer) region and concentrate near the X-point. Lateral
deflection of the hot evaporated plasma due to the current flow in the vapour has been also found by
numerical calculation.

Many papers were devoted to the physics of the internal transport barrier (ITB) and their role in advanced
scenarios with enhanced core confinement. To be relevant for a reactor, these favourable confinement
properties have to persist under conditions of predominant electron heating, and of close thermal coupling
between electrons and ions. Thus the ion-electron energy exchange time/energy confinement time under
nominal ITER conditions would have to be about ten times lower than in typical ASDEX ITB discharges. The
reactor-relevant conditions were closely reproduced on JET where electron-ion thermalised plasma was
obtained by ICRH heating following the production of strongly peaked density profiles by pellet injection (PEP
mode). This observation was compared with theoretical predictions of transport models and stability analyses
in a review talk (Lackner, IPP).

High density H-mode disharges with good confinement and small ELMs have been reported from Dlll-D
(Leonard, Dlll-D). These discharges were made possible by a combination of gas puffing with divertor
pumping. The gas puffing increases the pedestal density close to the Greenwald limit with little or no change
in the pedestal pressure. At pedestal densities above this level the pedestal pressure begins to degrade as
the pedestal temperature drops below about 200 eV. Initially, this results in a drop in the main plasma
confinement due to stiffness in the electron temperature and flattening of the density profile. However, at
higher densities the density profile spontaneously re-peaks to the pre-gas puff shape on an energy
confinement timescale, compensating for the reduction in pedestal pressure and re-establishing good
confinement. This density profile peaking occurs under conditions which enhance the neoclassical Ware
pinch. These regimes, if sustained at high power, are promising for reactor conditions.

Projecting to ITER, it seems now that the difficulty to operate in type l-ELMy H-mode regime can be over-
come by reducing the ELM energy and at the same time keeping good confinement by using pellets. A key
point is to decrease the pedestal pressure by increasing ELM frequency by gas-puffing and to recover the
associated reduction of H-factor by density profile peaking by pellet injection. Another possibility for reduced
ELM energy with good confinement is alternative ELM regimes, i.e., Type II ELMy discharges. So far, all di-
vertor tokamaks reported this regime. Most consistently, important parameters are high triangularity and high
safety factor. This alternative regime can be employed as the reference operation for ITER (Sugihara, ITER).
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