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Investigations of the ITER baseline scenario (BLS) eithatah the dimensionless parameters
of ITER such as the safety factgs; = 3, normalized plasma pressusg = 1.8, plasma-
shape parameters (e.g. elongatioor triangularity§), Greenwald fractionfgy, = 0.85,
collisionality v ~ 0.01, or they mimic operational strategies envisaged for the BLISER.
The goal is to identify important physics ingredients, whiben must be understood and
extrapolated to the full scale plasma in ITER via physics et@dUsing this strategy, possible
showstoppers, models shortcomings and important phyaicee identified and verified.

A possible issue identified in the past at ASDEX Upgrade (Ai@)at for operation at lovyys;
and strong shaping, i.e.> 0.3, large pedestal pressures and densities with ELMs areadaser
[1], which are beyond the ITER allowed sizes and extend evsoiid the multi-machine
ELM size scaling [2]. For similar strongly shaped plasmag,@V, the observations are very
similar and high densities and large ELMs are also obser8pdAnother issue identified at
AUG with W-walls, is that the normalized H-mode confinementpproximately 15 % too
low (Hos,y,2) ~ 0.85) for the appropriate ITER relevagly ~ 1.8, i.e. for obtaining ITER-
relevant stored energies more heating power is neededtbataling predicts. As examples
with (Hys (,,2) ~ 1.0) exist in the C-wall AUG, it was attempted to regain the coarfinent via
N-seeding in the W-wall AUG. However, for the ITER BLS no comiment improvement via
N-seeding was observed [4]. A deeper analysis and a coropaonghe ITER BLS at TCV is
presented in the following.

In figure 1(a), the evaluation of &, ) is plotted versugsy for highly shaped discharges
in H-mode. For the high-density discharges with Greenweddtion f;y, > 0.55 the blue
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Fig. 1. Trends in global parameters for the ITER BLS discharges itGAMore details in the text.
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crossesd.0 < ¢g5 < 3.3) indicate a clear trend, which is described by the blackdiiae,
l.e. Hog(y2 = 0.467 - By. The data is parallel shifted to the actual goal for basetiise
charges in ITER{y; = 3) indicated by the left gray circle. A suggestion to achidwe TER
goals, i.e. the same fusion power, for lower plasma curr@gpt£ 3.6) and thus improved
operational and mode stability, is investigated in disgharcorresponding to the blue dia-
monds. However, these data follow approximately the saemwdtine. The corresponding
goal in the depicted parameters which are also indicatetarright gray circle is also not
achieved in AUG. Only discharges witfyyy < 0.55 (red crosses foB.0 < g95 < 3.3 and
red diamonds foB.3 < q¢; < 3.7) manage to appear above the trendline indicating corre-
spondence with the ITER goals iy (, o) for By ~ 1.8. Still, the ITER fqy = 0.85 is not
met. The low density branch is only accessible in AUG if magngerturbations are applied
which then lead to density pump-out [5]. As for all scenatlus data arrange parallel to the
trendline, i.e. for highepy higherHys (, ») are achieved, the deviation of tii&y (, ») values
from the trendline is investigated versfis, in figure 1(b). A clear dependence iy, be-
comes apparent, which corresponds mostly to electron tyemsias the plasma current and
shapes of all data points in the database are very similare &l improved performance at
low densities is a general observation (e.g. in [6]) fromaas machines. For the presented
database also density peaking is very closely linked tofghe as can be seen in figure 1(c).
Note, that the underlying physics is related to colli-
sionality [7]. It is not clear to what extent density 4
peaking is the underlying reason for the systemaE
ically improved Hyg (, 2y, as for the mvestlgatlonsO
in [6] other players such as ExB-shear, turbulen@
stabilization via fast particles and a dependence @ns
heating distribution between electrons and ions ages;
under discussion. However, it is worthwhile to noté Hi!'
that for discharges in TCV, where all of the abov%
play a minor role thelys (, »)-factors are above 1 at %}
By = 1.8, while also a5y dependence is observed o
[3]. Infigure 2, the density profiles of a typical ITER
BLS in TCV is compared to one from AUG. Even
though the TCV case exhibits a larger collisionality- |
than the AUG case, the density profile is strongly1of-
peaked, which via an ASTRA-GLF23 modeling isci
found to be caused by the specifics of the here dora-
inant ITG turbulence and partly also by the particlé 5
source of the neutral beam heating [3]. For AUG, thg
modeling of the profiles using ASTRA-TGLF [8, 9]
is presented in figure 3(a) along with a low density
case in figure 3(b). TGLF is used to predict all pre- o 52 04 06 08 0

r/a
sented profiles withip,,,. = 0.85, while the bound-
ary condition atp,,, = 0.85 is taken from the ex- F19-2: Comparison of typical density pro-
perimental data. The modeled profiles are consistéi§e from ITER BLS in TCV and AUG.
with the experimental data in all cases and specifically gresily peaking at low density is re-
produced quantitatively. Note, that for the high-densédgea scan of the core radiated power
was performed by changing the W-concentration from 0 to p&File all profiles are remark-
ably stiff considering that core radiation is scanned inrttoglel from 0 to 2.8 MW, for 7 MW
of transported power at the edge. The experimental valuthéocore radiation, i.e. 1.4 MW,

AUG 35564, 3.2-4.0s ]
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is covered by this scan. For the high densities, the heatdlegeailibrate quickly such that

core radiation can be well associated with missing heatovggp and thus, the radiated power
should correspond to a case in which the respective heatwemis not injected and no core
radiation exists. The analysis presented in figure 3(a)esigghat all profiles would be almost

. (a) high densiy case: #35552 3.75-4.0s 6 (b) low density case: #36150 3.95s-4.00s
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Fig.3: Modeling of core profiles using TGLF for a high- and low-depsiase. More details in the
text.

unchanged for lower heating power and thiig,should not change, whilB g (, ) would in-
crease as radiation losses are not considered for it. Hoywevexperiment, a decrease of
heating power is associated with a changg ef For the above high-density case a change of
2MW beam heating relates )y change of about 0.2-0.4 as can be judged from comparable
discharges. Considering the good agreement of the corelmgdad its insensitivity to core
radiation, this change must originate from the pedestalthus, cannot be investigated with
the presented modeling. Note, that at very small heatingep®yust above the LH-threshold
(=~ 3-4 MW) small ELMs help to obtain quasi-stable discharges wositive deviations from
the trendline forHyg (, 2y (in figure 1(a)). For such a scenario an additional core tiafiaf

2.8 MW will most probably make a difference.

For the low collisionality case in figure 3(b) the influenceExdB shear was found to be neg-
ligible for the core profiles, while the beam fueling is ob&et to have only a very minor
effect consistent with earlier results from AUG [7]. Thusetexperimental observations in-
dicate that the density peaking is a natural consequendeeaddnsity change. It should be
noted that inHos (,2) a positive density behavior is assumed, s ;2 o« n2*!, which
expresses a co-linearity of good energy and particle caomfeme, but is problematic when de-
scribing scenarios with particularly high densities duéitgh shaping or gas fueling. Thus, a
new confinement scaling [10] was developed in the framewblKRA focusing also on high-
density discharges and in particularly the discharges stittng shaping like the ITER BLS.
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This new scaling (here called ' f@) ' ' T i)
H20IL), which corresponds 14} o4l

to the ITER-like scaling in

[10] gives H20ILx n0147. _ 2T 02

Reproducing figure 1(a) ands 1.0 |
1(b) using H20IL instead of T sl
Hog (y2) results in figure 4(a) o L

and 4(b). Clearly, figure 4(a) 0.6 | |+ as33 fa055 i 055
still exhibits a dependence g4 [0 [O7 BT Al
of H20IL on By, i.e. heat- 1.0 TS5, 20 25 00 02 04 06 08 10 12

ing power. The trendline Greenwald fraction
(H20IL= 0.5 - By) is 0.9 at Fig.2: Corresponding to figure 1(a) and (b) but using the new

By = 1.8, butthere are manyITPAZO-IL [10] scaling instead 0H98,(y,2)

data points also at H20IL=1, which corresponds to the exoebehavior according to the
scaling. However, the scaling predicts for ITER about 25&0l¢ov confinement such that the
ITER value has to be H20IL=1.25 in order for ITER to fulfill itesign value. This value is
not reached with any of the data points in the AUG databasg¢h&unore the changed density
dependence of H20IL leads to the observations that low tedata points do not perform
better anymore such that also the data points with densalipg do not exceed the trendline
sufficiently, as can be seenin figure 4(b). It may be spealithit the changed density scaling
in H20IL takes the effect of density peaking into account prajects this effect onto density.
For ITER, it is well known that high densities are consisteith low collisionalities and thus
strong density peaking. This combination is not abundanhenAUG database and at least
less abundant in the ITPA database used for the developrhEi20dL .

Conclusions The AUG and TCV strongly shaped plasmagg@t< 3.7 behave very similar in
terms of the large low-frequent ELMs and the high naturabdess. It is observed that at TCV
a strong density peaking is the natural result of turbulearidport and beam fueling even at
high collisionalities, while at AUG the density peaking idypobserved at low collisionalities,
consistent with earlier observations. A deficiency of thaefeement in terms offys (, 2)

is observed at AUG, but vanishes for low density cases feafutensity peaking at AUG.
The Hyg (,2) at TCV shows no deficiencies and for all cases density pedkingserved in
agreement with ASTRA GLF23 modelling. When judging the cosfnent with the newly
developed ITPA20-IL scaling the density peaking plays rle for AUG and H20IL=1 can
be obtained in the ITER BLS at AUG, however, the ITPA20-IL Isga predicts too small
performance for ITER itself. Possibly density peaking, ethwill occur in ITER at high
densities is neglected in this scaling which would helpidlgshe performance gap for ITER.
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