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Introduction. The JET tokamak has been turned into a fully metadachine including a
beryllium first wall and a tungsten divertor. Tutsys has low sputtering yield but very high
radiation capability and therefore limiting the ¢isten content is a crucial issue in order to
maintain high temperatures and good fusion yiekht€l electron heating has been shown
to be efficient to reduce impurity radiation of thlasma core [1]. lon cyclotron resonance
heating (ICRH) has the disadvantage to enhanceutigsten source because RF sheath
rectification occurs in the near-field of the amtareading to DC potential exceeding 100V
and subsequent sputtering [2]. On JET, experimpatformed in L-mode [3-4] and H-
Mode [4-5] with 3-4AMW of ICRH power have shown @rsficant reduction of the core
(r/a<0.2) tungsten concentration when comparedBbadwly heated pulses. We report here
experiments performed in H-mode with ICRH power tap6MW. Optimization of the

heating scenario (position of the IC resonance,iibrity concentration) is also presented.

Experimental scenario and improvement of the ICRH power handling capability. The

reported experiments were carried out in low tridagty with a magnetic field of 2.7T, a

" See the Appendix of F. Romanelli et al., Proceeslofghe 24th IAEA Fusion Energy Conference, 2012,
San Diego, USA
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plasma current of 2.5MA and a NBI power in the BBAW range in order to be well above
the L-H threshold transition. Sweeping of the &rgoints AR~12cm) was used to control
the temperature of the divertor tiles. Central itgngas typically 7x16°m™. The hydrogen
minority ICRH scenario in dipole strap phasing @8MHz) was used with a minority
concentration X[H] of about 6% (unless specified)l ahe IC resonance layer slightly off-
axis AR~8cm on the high field side) with respect of thegmetic axis (unless specified).

The power handling capability of the 4-antenna IC&M&tem has been significantly
improved by using Pgas injection from top or mid-plane valves insteadivertor valves.
With a gas rate of 1xZ€el./s, the coupling resistance is enhanced by 5@$ihg a mid-
plane valve close to the antenna, and the laundREdpower output is increased
accordingly for a given RF voltage [6]. Plasmasgsjas injection from these locations
have slightly lower impurity contamination when qmaned with standard injection from
the divertor. Moreover the pedestal pressure is afficted and the H-factor of these
discharges is even often slightly higher. At lowsgate (0.55x1%el./s), 4.5MWwas
coupled during 3s in H-mode plasmas with type-1 B, Mhereas the power could be
pushed to MW with higher gas rate (1.25%0/s).

Effect of ICRH power on the coretungsten radiation. When a fraction of the NBI power
is replaced by ICRH power (Ry), thecentral electron temperature increases linearli wit
Picrn When exceeding SMWAT~=1.5keV with 6MW) and it results in an increased
peaking of the electron temperature inside r/a<Bt3the same time a flattening of the
density profile occurs with a peaking facte{Q)/<n> decreasing from 1.55 to 1.45 with
Picrn =BMW. For the NBI-only pulse, the central lineagtated soft X-ray radiation
indicates tungsten accumulation and strong flusbintipe impurity by the sawtooth crash
whereas, when applying 6MW of ICRH, the radiatismmore steady although the time-
averaged value is slightly higher (Figure 1). After-convolution of the light integrated
along the soft X-ray channels, the strong decreésere radiation (r/a<0.2), averaged on 1
second, is confirmed with increasing ICRH powercfdased 3 time with 6MW) while the
radiation at mid-radius and total bulk radiationo(f bolometry) start to decrease from
Picrn ~4MW (Figure 2). The nickel impurity content atdwiadius, measured by VUV
spectrometer, also starts decreasing from this ptavel. This reduction of core radiation
is beneficial for the global energy confinement #melthermal confinement time (andsh

factor) increases by ~6 % with 6MW of ICRH power.
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JET # 84744 & 84746
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Fig.1. JET pulses 84744 (with ICRH, red lines) Fig.2 Fraction of radiated power in the plasma
and 84746 (no ICRH, blue lines). Ptot=20MW, bulk, radiated power density and Ni
Gas rate=1.2x%el./s. concentrations. Gas rate=0.9-1.2%&0/s.

When increasing the ICRH power, both the enhanceakipg of £ and the
flattening of R contribute to make the convection evolving fronwand to outward,
consistently with the reduction of peaking of tleliated power B{(r/a=0)/Radr/a=0.3)
(figure 3). This suggests that neo-classical trartsis the main cause for reduction of

tungsten concentration in the core.

Optimization of the ICRH scenario. The minority concentration X[H] was varied
between 2 and 22% in a series of pulses with cohp@ver (Rg=15MW, Rcrny=4.8MW)
[8]. When reducing X[H], the electron temperaturefie gets more peaked and the core
radiation peaking estimated from.g/a=0)./ Raq (r/a=0.45) decreases strongly. However
the central radiation, from SXR, does not vary byrenthan ~15% between X[H]=2% and
X[H]=15% after 3s of ICRH. In the 2% case a 3.5wtsath-free period is obtained and
very slow accumulation of tungsten in the core bsevved. The H-factor increases from
~0.69 to ~0.75 and neutron yield by a factor ~2 nvXgH] is reduced from 20% to 2%.
This is related to the reduction of the RF heaséffgiency at high X[H] [8].

When the position of the hydrogen IC resonance we#dpect of the magnetic is moved
from -20cm (HFS) to +10cm (LFS) by varying the mefim field, thecentral electron
temperature increases by ~15% and the peak coratiosd(r/a<0.2) decreases by more

than 50% (figure 4). At the same time the amplitafiehe (1,1) mode, averaged on ~3



41%* EPS Conference on Plasma Physics 04.129

sawtooth periods (close circles), decreases vgnfsiantly. Frequency spectrum indicates
the presence of fishbones when the resonance theofow field side (B> 2.7T) which

contribute to the removal of the tungsten fromadbee.
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Figure 3. Peaking of the radiated power density Figure 4. T, (1,1) mode amplitude, radiated
vs. normalized gradient lengths. power vs. magnetic field. (central IC resonance is
for Bt=2.78T)

Conclusions. By extending the available ICRH power, mitigatioh the core tungsten
contamination of H-mode plasma core has been agtiiem JET with the ITER-like wall.
Low hydrogen minority concentration (X|H]<5%) arehtral heating or off-axis on the low
field side (inside g=1 surface) are both benefifmal reducing the plasma core (r/a<0.2)
radiation. This is also beneficial for the globakgyy confinement and the total radiated
power starts decreasing when the ICRH power excébti¥. A 3.5s-long sawtooth-free
discharge indicates very slow W accumulation whicluld be an issue for long pulse
operation.
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