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High power density ICRF launchewsll be needed fofTER and after the end of the 2004
and 2005campaigns on JET, an ITHRe ICRF launcher will be installed and tested in
JET. The reference design coupling performafaipole phasingmay beimprovedif the
loss of heating efficiency for tHauncher in toroidal monopole phasisgeducedin older
measurements of plasma energy content vs. input patv@ET practically no hydrogen
minority heating was observddr monopolewith the pesent A2 antennae [1athough the
coupling resistance wgebetter in monopole than in dipolehe unaccounted coupled power
in monopole is likely deposited through parasitic absorptidghe enhanced sheaths

To further investigate the phasing dependence of heatiiogeedy with the JET A2
antennae,L-mode oupling experiments were conductedrying input power and its
modulation, antennplasma disince, plasma configurationymber of active antennasnd
phasing Comparative monopole/dipold2 MHz ICRF power rampup (< 8 MW)
discharges at B=2.7T with hydrogen minoty scenario for two plasma currents [=2.8 MA
(so calledstandard flux expansio&FE configuration) and I=2 MA (diagnostics optimized
DOC configuration)are shown in Fig.1
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Fig.1 Evolution of coupled power and plasma energy for a) SFBMA §#52672, #52670)
and b) DOCGU 2 MA (#58944, #58949¢onfigurations in a power ramyp to 8 MW with
steps of 2 MW.
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In both cases in monopole the diamagnetic plasma energy grows significantly slower with
power than in dipole. The heating efficiency is about one half of that found in dipole
phasing (OpiOpi). The result was confirmed both by plasma energy content considerations
and NPA analysis [2] of the minority fast ion tails, indicating that the poor heating in the
plasma core was not due to increase of transport. In the SFE case, with dipole phasing the
line-integrated proton distribution function is about 5 times larger than with monopole
phasing throughout the NPA measurement range of 0.3-1.1 MeV. However, the
characteristic tail temperatures of the line-integrated distribution functions are very
similar, about 240-250 keV. The pitch-angle averaged Fokker-Planck ICRF code PION [3] is
used to compare the calculated thermal and non-thermal contributions to the plasma
diamagnetic energy content with the measured one. Depending on plasma temperature,
density and injected power, different proportions end up in bulk plasma and to fast ions.
The idea is to scale down the power seen by PION to influence the fast ion energy content
and use this to match the diamagnetic energy calculated by PION to that of magnetic
measurements.

Wdia = Wth + (3/2)Wfast

The amount of power that must be left out from the sitims to match W is equal to
the power not absorbed in the plasi@anstraining the calculatioresowith the measured
proton tail temperature, the time evolution of the meas diamagnetic energy is
qualitatively reproduced for the SFE casthe coupled ICRF power for monopole phasing
in the simulation is reduced by a factor of @@d central hydrogen concentration is
assumed to be about twice the hydrogen concentratiosuneehat the plasma edgehe
ICRF power absorbed by protons for monopole phasingdsitab0% of that for dipole
phasingin this SFE caseDirect electron dampgand damping at the second harmonic
resonance of deuterium majority ions and carbon minamits are, according to the PION
code, small, and the electron temperature and neutrosunegaents do not suggest that
these damping mechanisms would take monggodor monopole than for dipole phasing.
Furthermore, mode conversion, as estimated with the Buchdelel, is not strong enough
to account for the difference.
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Fig.2 (a) Diamagnetic energy content from measurementsdrd from PION calculations
with full power (---) and with optimally scaled power) to match the measuredqgd (b)
Thermal energy content), fast ion energy content calculated by PION usingrijgdcted
power (---) and optimally scaled power)(
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Figure 2(a)showsfor the DOGU casethe measured diamagnetic energy together with two
PION calculations where the dotted black line corresptmdssimulation made taking into
account the total injected power in the experiment edeithe dashed bluedins made
with optimally scaled input power. At the highest powe8 &filw, PION calculations show
that about 55% of the injected power is not absorbedlrgooreplasma. Thermal plasma
energy content and fast ion energy contents for thesponding snulations are plotted in
Figure 2(b) For the DOGU case, no NPA diagnostics was available.

In both SFE and DO® case, the reference antenna fremlasma distancROG) was 4
cm while the updown asymmetry for thiglistance was larger for the DA No
significant changein the difference in the monopole and dipole plasma dwmating
efficiencies was found when the ROG was variednf4 cm to 8 cm and back withMW
of coupled power. Power and phase modulation (bebndipole and monopole) within the
same discharge produced similar resutts, tThe heating efficiency inOpipi phasing was
larger than in monopole but closer to that of monopgbkn dipole while the Oppi0O
phasing resulted only 10% lower heating efficiency thaa thpole. Interestingly,
monopole antennae with only one (1.6 MW) or two sti@?2 MW) active heatedvith a
1.5 times better efficiency than the standard antenitednstraps active (4 MW)In all the
casesdiscussed aboyehe coupling resistance remained-2.5imes higher in monopole
than in dipole throughout the discharge.

The above results indicate that the parallel wave nuspeectrum radiatedytthe antenna
plays an important role ithe plasma core heating efficiency. This may support thdemn
of parasitic ICRF absorption by the near or far gath voltageectification [4]. This is
further suppaed by the fact that the part of the ICR&upled powewhich is not seen to
be absorbedn the coreis not detected in the measured radiation or divertat loss
channelsHeating efficiency and the missing power (HERAD-ETC)/ERF in terms of the
total injected power EIN, radiated power ERAD, heating @& TC at the divertor
thermocouple and coupled rf power ERF are shown for various JET aliges with
different ICRF phasings, power and configuration in Tabla spite of large measurement
inaccuracies themissing power seems to be systematically large for IG®RF heating
efficiency and vice versa, in accordance with earlier findingsmfréhermocouple
measurements [5].

The problems in the antenna rf probe operation duringmbeopole heating prevent
relating the lost power to the antenna sheath dissipatinclusivelyAs the plama density

or the flux of particles towards the antenna fromas known, one is not able to estimate
the sheath power dissipation. Estimates of this pow#r measonable guesses for the
antenna plasma properties and standard rf sheath modetst doe as large parasitic loss
as seen in the present experiments. However, it slpeshat sheaths far from the antenna
can also dissipate significant amount of power and thuseggonsible for the missing
power[6]. In the present experiments, the abedrbCRF power in the core plasma was of
the same order of magnitude as the single pass absoppéditted for the ICRF waves.
The monopole heating may thus be a viable option inifgeacenarios of such devices
where this single pass absorption is lan§significant parasitic absorption applies only to
that part of the coupled wave power which is not absbdwging the single pass through
the core or does not reach the core by wave propagation
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Shot [phasingFrequenc|B/I Powe|Rog/gap3/gadd  [remark{Heating |(EIN-
#) (MHz)  [(T/MA)|[(Mw) (101¢ efficienc31ERAD-
m-2) ETC)/ERK

(“missing
power’)

526700000 |42 2.7/2.8(8 4/7/8.4 §) SFE |[0.5 0.7+0.1

526720piOpi 42 2.7/2.8[~8 4/7/8.4 §) ~1 0+0.1

48860000 |42 2.7/2. 715 3.7/5.5/95 |6 0.3 0.5 +0.15

4886 0piOpi |42 2.7/12.7(5.5 13.7/5.5/9.5 §) 0.95 0+0.2

DOC-

589440000 {42 2.7/2.0(8 4/7/11.5 5.7 U 0.35 0.5+ 0.15

589490piOpi |42 2.7/2.0{4 4/7/11.5 5.5 ~1 0+0.25

5894940 0 |42 2.7/2.0(3.5 4/7/11.5 5.6 2 0.5 0.5+ 0.25

straps
5895¢ 0 K42 2.7/2.0{1.5 4/7/11.5 5.5 |1 strap|0.5 0+0.6
] [Rog
526770000 {42 2.7/2.8|6 4/7/8.4 5.7 scan 0.3 0.6 +0.1
. [Rog

526760piDpi|42 2.7/2.8l6  l4/7/8.4 65 | o3 -1 0+0.1

5868(@00 deg|37 1.8/2.0l4 5/9.6/8.3 6 0.43 0.6 + 0.15

5868290 deg51 3420l |oes3 s ﬁ;:\"wo.gs 0+0.15

Table I. Heating efficiency and power input and loss balancevémous JET ICRF
discharges.
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