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In tmdllcl iolJ . 
Highest energy confinement during neutral-beam healing is obtained when the discharge is 
in the quiescent , ELM-free H-mode. The improved energy confmement is linked 10 higher 
particle and also impurity confinement / 1 /. In the original ASDEX DV-J ruvertor configu­
ration and with stainleSs-steel vessel wails, this resulted in an accumulation of metallic im­
purities. The excessive radiation power losses tenninated the H-phase after about 100 ms 
/2/. After carbonization of the walls aimed at reducing the metallic impurity content and, 
secondly, the prolongation of the ASDEX NI-heating pulse in me new DV -ll divertor con­
figuration / 3/, much longer quiescent H-phases could be expected. This, however, was 
not achieved . After a quiescent phase of less than 150 ms, the H-mode converts back into 
the L-mode. 

Plasma oarameler evo' " lion 
Fig.1 shows the time evolution of various plasma parameters during discharge # 24939 
which exhibits an ELM-free H-phase from 1.19 to 1.325 s ( Jp = 380 kA, B t = 2.36 T, 
iie(O.95 s) = 3.7 x 1013 cm-3, PNl = 1.3 MW, DO ~ D· co-injection, DV-U divertor con­
figu·ration in single-null operation, slightly carbonized walls ).The L-phase between 1.0 
and 1.19 s does not become fully stationary ( see gas feed rate ). There are three charac­
teristic times during the H-phase: Firstly, the L- to H-mode transition at 1.19 s, indicated 
by the sharp drop in the Dn-signal, is triggered by a sawtooth (see soft X-ray intensity). 
The improved energy and particle confmement result in rising Pp and iie ( the gas valve 
switches off). Global radiation power losses ( PRAD ) and local radiation power losses at 
the plasma centre (PRAD(O» start 10 grow as well. This is only partly due to the density 
rise but also due to impurity accumulation, as is demonstrated by the increasing ZerC<O) 
value at the plasma centre ( Zeft{a!2) decreases /4 f). The time evolution of PRAD(O) is 
closely correlated with that of soft X-ray and metallic impurity line intensities, which are 
emittod from the plasma core. The OVlline intensity, more representative of the impurity 
influx al the plasma edge, is fairly constant. At 1.27 s, the second characteristic time, ~I? 
saturates at a value of 1.2. While density and radiation losses continue to grow, Te,Q ana 
Zert<O) begin to decline. In contrast, Te(af2) (see Fig. 2) and Zeffia/2) go up. Sawteeih are 
visible on the soft X-ray signal over the entire H-phase. At 1.:3"25 s , the third time mark, 
the H-mode is tenninated by sudden collapse producing s imultaneous dips or peaks on 
most centre and edge signals. While the discharge falls ~ck into the L-mode, il develops 
transiently its highest PRAD(O) and Zert<O) values. At about 1.70 s, a really stationary 
L-mode is reached with much lower values of Te 0 and ~p and much higher ones of 
PRAD(O) and loop voltage (UL) than during the fJISt (-mode at 1.15 s. 

As usual, in the H-mode the "e profLies are broader and the Te proftles are higher at the 
edge than in Ihe L-mode ( Fig. 2 ). But , with the more open DV -U divertor configuration 
/3/, the "e profLies of the H-mode are even flatter in the centre and steeper at the edge than 
those obtained with the more closed DV-I configuration. 
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Impllrit)' accumulation al the plasma cenlre 
Fig. 3 shows the ~entra1 peaking of the PRAD profJ.1e during the quiescent H-mode , which 
is only panly caused by the increase of the ne and the decrease of the Te profLIes ( Fig. 2 ), 
but which mainly reflects the accumulation of metallic impurities with medium-Z value at 
the plasma centre (accumulation of low-Z elements cannot be excluded ). Copper originates 
from the new divertor target plates, iron from the weakly carbonized walls. Accumulation 
has been s imulated quantitatively using the model described in Ref. / 5 / : The influx of 
metals ( <l>Cu = I. S;It 1019 s· l ) does not change at the L- to H-mode conversion. But the 
anomalous diffusion coefficient drops by an order of magnitude ( Dan = 0.9 ~ 0 .1 m21s ) 
over the whole plasma cross-section, thus suppressing the impurity outward fl ow. Since 
neoclassical inward drift ( vFe(a/2) = 0.8 m/s ) is not counteracted any more, this leads to 
impurity accumulation . At the Iln m;uimum ( 1.27 s ), metal concentrations of 0.5 % are 
atttained at the plasma centre, wi'th equal contributions of iron and copper. 

The ex tremely high central radiation values ( PRAD(O) in Fig. 3 ) can be sustained station­
ary during the second L-phase ( l. 70 s ) in association with lower Te(r) ( Fig . 2 ). 1n con­
trast to the first L-phase at 1.15 s, the second L-phase is sawteeth-free. 

OuenrhiTll' of the yuiescent H-mode by central radiation losses 
Fig. 4 presents the time variation of the global power balance and Fig. 5 of the local one 
for the pl asma centre . Neutral -beam power depositions have been calculated with the 
FREY A code. The power deposition onto the divertor target plates was not measured, 
which may explain the missing power in some global balances . The blocking of the 
energy flow into the diven or during the qu iescent H-mode /6/ is less perfect with the 
present DV·Il divertor ( see RADdi v ) than the former DV-J . Radiation power losses 
vol~me - integraled over the outer plasma half-radius (RADedge ) always dominate over 
radi ation losses from the inner half-radius (RADcenter)' But , it is mainly the enhancement 
of RADcenler by a fact or of 5 that raises the global radiation power losses, RADseoler + 
RADedge , from 46% of the total heating power in the oJunic and L-phase(s) to 82 % at the 
collapse of the H-mode. For compensation of such high radiation losses .and the power 
losses into the divertor, energy is taken from the plasma ( dW/dt < 0). 

The local power balance at the plasma centre reveals, th at the quiescent H-mode is 
quenched when the central radiation power losses PRAO(D) reach I W·cm-3 which is 
almost exactly hundred per cent of the local heating power ( POH(O) + PN[(O». Power for 
transport losses must be drawn from the energy reservoir of the plasma ( dW(O) / dt < 0 ). 

( ' on\"lusinll 
During the ELM-free H-mode, impurily accum ulation in the plasma core occurs as a con­
sequence of improved confinement. The exponentiall y growing radiation power losses at 
the plasma centre become as high as the local power input and , thus, quench the H-mode. 
The IIp saturation ( 1.27 s) cannot be attributed to radiation power losses from the plasma 
centre ( r < 20 cm ); perhaps, radiation losses at outer radu play a role. 
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E.ig,.j. . Time evolution of various plasma 
paramelers during discharge 11 24939 which 
shows an ELM·free H phase. 
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E.J.a...2. : Radial profiles of eleclron density ne 
ailif"""temperalure Teat typical limes during 
discharge 11 24939 ( the L or H m()!:le charac· 
ter is indicated behind the lime value ). 
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Fia.3 . Bolometncally determined radial pro· 
iTfiS oi radiation power dens,ly ( at same 
times as in Fig. 2 ). 
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Time evolution 01 the l2.£!!.! power balance at 
the plasma centre of discharge # 24939 

PflAO{O} denotes the bolometrically deter­
mined local radiation power losses at the 
plasma centre, and NI(O), OHIO}, dW(O}/dl 
represent also loc al va lues 

Oependig on their sign . the lime derivatives 
of the respective plasma energy contents , 
dW/dt and dW(O)/dt, are added to the Inpu t 
or 105s channels. 
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