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1. Introduction

Recently, the acceleration voltage of the four ion sources of the second neutraijbetmmon

the ASDEX Upgradetokamakhasbeenupgradedrom 60 kV to around100 kV in order to

increasecentral plasmaheating at high plasmadensities.Beam operation under optimum
perveance condition is now possible up to 93 kV limited byptheer supplies.The maximum
beam heating power remained at 2.5 MW per source, resulting in a totaloM@r of 10 MW

(DO) at 60kV from thefirst injector plus additional10 MW (DO) at 93 kV from the upgraded
secondinjector. This allows to investigatethe effect of beamenergy on various plasma
properties at reasonably high heating powers.

On ASDEX Upgrade, a remarkable self-similarity of thednd T-profiles intype-l ELMy H-
mode discharges was found over a large range of plasma parameteratbhprhigh densities
[1]. This so-called “profile stiffness” wdsirther investigatedoy heatinghigh densityplasmas
with the same power but different beam energiesresulting in significantly different beam
deposition profiles. The experimental results and their analysis are presented in this paper.

2. Experimental Results

The experimenthave beenperformedwith plasmasof two different triangularities:(i) atlow

15 ‘ ‘ triangularity = 0.15, measuredit the sepa-
ratrix) with 1, = 1.2% M,_Aé, B; =2.55T, qg5 =
35atn,= 110 m"™ and (ii) at medium
05 - jia0rt eoky 1 triangularity § = 0.3) with 1 MA,2.05 T and
Qo5 = 4.0 atn = 1.210°°m™. For bothbeam
energies the injection geometmas the same.
The rather high densities — necessaryto
achievethe significantly different deposition
profiles for the two beam energies— were
obtained and maintained by feedback con-
trolled gaspuffing. As shown for the low-6
casein Fig. 1, quasi-stationaryphasesat
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higher plasma energy content (see Fig. Bfer0.15): atthe maximumheatingpower, Wyup
obtained with the 6@V beamsis surprisinglyby typically 10% abovethe value reachedwith

the 93 kV beams.
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Fig. 2: Density and temperature profiles of the discharges shown in Fig.1 measure:

normalized poloidal flux radius

during the 7.5 MW heating phase.

the flattop phase,
therefore neglec-
ting smallchanges

due to sawteeth. The neutral bedapositionprofiles, calculatedfor the given plasmaprofiles
by the ASTRA code[2], are shownin Fig. 3. Clearly, the higher energybeamsleadto a
significantly stronger central heating deposition.

The density profile (Fig. 2), as deduced from a deconvolusion ofredgeurementith a Li
beam and several DCN interferometer channels, is somewhat more peaked for tieadéogier
beamswith a slightly lower pedestaldensity and higher central density. This observation,
though not very pronounced, is reproducible for both triangularities and fegagihgpowers.
No significant differencesare found in the sawtoothbehaviour. The shapeof the electron
temperature profiles (see Fig. 2, Thomson scattering data; logarithmic scale)ssnitznryand

Heating power density profiles obviously not affected

60 kV 93 kv by the different heating
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Fig. 3: NBI and ohmic power deposition profiles for the pair of discharges sh(ma‘mtammg a constant
in Fig. 1, illustrating the difference in central power deposition due to pedestal pressure [1].

different beam energy (NBI power: 7.5 MW). As a consequenceof
the stiff profile shape this highertemperaturas preservedover the whole plasma.Together
with the similarly higher ion temperatures (see Fig. 2, CXR spectroscopy) this adoouhés
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differences in the total plasma enepntent.Ilt shouldbe notedthat the T;-profile shapesare
rathersimilar, too. MHD activity associatedvith the presencef fastions (like fishbones)is
small in all discharges considered here.

The above mentionedobservationof slightly stronger peakeddensity profiles and corres-
pondingly higher temperatures — though simiashape- is alsofound for NBI heatingwith
the more tangentialbeamswhen comparedo the heatingwith the more normal beamsat the
same beam energy. In this cate differencesare more pronouncedThis may be partly due

to the differencesin fishbone frequency associatedwith the different injection angles.
However, a common feature of the more tangentialand the 60 kV beams, respectively,
compared to the more normal or the 93 kV beams is their higher angular momenturmhigut.
resultsin a strongertoroidal rotation,as measuredor the tangential/normatomparison.The
effect, howeverjs too smallto affectthe W,,p-signal. Theseobservationsnay indicatethat
the angularmomentuminput, or the plasmarotation, has someeffect on plasmatransport.
However, the main experimentalresultto keepin mind is the stiffnessof the T~ and T;-
profiles, independently of the significantly varied heating power profiles at all heating powers.

3. Transport Analysis

Transportanalysisof the experimentdiscussedibovewere doneusingthe ASTRA code[2]
basedon the plasmaprofiles determinedduring the various stationary phases.The species
distribution of the neutral beam powegy/2:Ey3: 62%:29%:9%for 93 kV; 65%:25%:10%
for 60 kV) was taken into account. Beam power losses are estimated to beZ0®unmdainly
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Fig. 4: Heat flux profiles for the 7.5 MW heating Fig. 5: Profiles ofx.4 as calculated by ASTRA
phase of the two discharges shown in Fig. 1. during the 7.5 MW heating phase for the

pair of discharges given in Fig. 1.

due to beam ionisation in the S@hddueto orbit losses.The contributionof the fastionsto

the plasma energy is, even at 7.5 MW, below 10% due toigihedensity. The datadiscussed
in the following refer to 7.5 MW of NBI heating in tde= 0.15 discharge for whictme power
deposition profiles were already shown in Fig. 3. Clearly, the ohmic inplé tdectronsmay
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not be neglected in the centre of the plasma. The deduced heat flux prafgesenin Fig. 4.
At ppo = 0.4 the differencein gye4 between93 kV and 60 kV amountsto a factor of 2.
Finally, the resultingeffective heatconductivity coefficientsare shownin Fig. 5. Acrossthe
whole plasmg for 60 KV is below the valuefor 93 kV beamswith a differenceof up to a
factor of 2 despiteof the very similar temperaturgrofiles in both cases Obviously, the heat
conductivity adjustsitself to maintainthe observedstiff temperaturgrofiles. Qualitatively the
same results have beehtainedfor the highertriangularity dischargeaswell asfor the lower
heatingpowers.In the later cases,however,the differencesin x.¢ betweenthe 60 kV and
93 kV beams is less pronounced due to the stronger contribution of ohmic heating.

4. Summary and Discussion

The observation aoftiff Te-profilesin NBI heatedplasmashavebeenreportedearlier[3,4,5].

Similar conclusionshave beendrawn from on-axis/off-axisECRH experimentson ASDEX

Upgrade[6]. The experimentgeportedhereare characterisetby havinga ratherhigh heating
power and by the fact that the only parametetbeing changedbetweenthe two shotsto be
compareds the beamenergy.They clearly show that x.¢ Strongly reactson changesof the
heatingpower depositionprofile in the sensethat the shapeof the electronaswell as the ion

temperature profiles remain maintained. This result was foubd independenof the plasma
triangularity. All the experiments refer to H-mode plasmas with type-I ELMs.

In order to describe the above experimental results aspitysicsbasediransportmodel, it is
obvious that only such models having a strong tendency to mainfhwill be adequateln
a first attempt, thSTRA codewasrun in its predictivemodewith the transportcoefficients
asgiven by the IFS/PPPLmodel[7] which is basedon ITG physics. An adjustmentof the
calculated and measuredtemperatureswas made at the edge pedestal. The calculated
temperature profiles turned out to be rather indeperafethe different depositionprofiles due
to the different beamenergies- the modelobviously reproduceghe experimentallyobserved
profile stiffness. For both beam energies, however, the calcutatgzbraturesn the centreof
the plasma are by arou3@% below the measured/alues.The reasonfor this behaviourwill
be studied further.

Finally, it should be mentionedthat the high densitiesnecessaryto producethe different
depositionprofiles restrictthe experimentgo relatively low edgetemperaturesand leadto a
rather strong coupling of ions and electrons. It remains sebawhetherthe situationwill be
different in a regime ofow densityand high temperaturavherethe electronsarelesscoupled
to the ions. Experiments pointing in this directions will be performed in the near future.
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