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1. Introduction

At ASDEX Upgrade the NBI heating power has been doubled to 14 MW H or 20 MW D.
Additionally the new cryo pump (100 I/s)[1] started operation increasing the pumping capacity
by afactor of ~ 7. This allows to analyse a substantially wider part of the parameter space
in terms of transport and confinement. Since the higher H® power now allows to obtain type |
ELMy H-modesin hydrogen aswell, thefirst part of this paper treats the isotope effect of typel
EL My H-mode confinement which isinvestigated by global and local analysis. The second part
comparestypel and typelll ELMy H-mode global and local confinement data to investigatethe
effect of pedestal height and profile stiffness. Finaly, we analyse the effect of the saturation of
the stored kinetic energy with increasing power in H and D. The analysisis limited to plasmas
without neoclassical tearing modes which have been observed with deuterium for powers above
5 MW to 15 MW depending mainly on 3y and v* [2].

2. | sotope effect in typel ELMy H-modes

An influence of the isotope mass on confinement in ASDEX Upgrade plasmas has aready been
reported for L-mode and H-mode [3] with the restriction, that only type Il ELMy H-modes
could be included for hydrogen. The new results are shown in Figure 1, which compares total
energy confinement times 75 of type | ELMy H-modes in H and D (i.e. NBI losses except
shinethrough and energy content dueto fast particlesare not subtracted). Asabscissathe TER-
92P(y,tot) [4] ELMy H-mode scaling has been used with the modification that it was cal culated
setting A; = 2 alsofor hydrogen. Thustheisotope dependence (A?-*®) of thescaling iseliminated
and only the deuterium results should scatter around the solid line. The long dashed line gives
the prediction of the scaling for the hydrogen H-modes, the short dashed line is the result of a
linear fit to the data. At afirst glance it indicates that for large values of 7 the confinement is
higher than predicted. Since thisis only founded on three points which lie even closer to the
prediction than most of the deuterium values, the DII1-D datain the ITER H-mode database [5]
have been investigated for comparison. These hydrogen datawhich arein number and achieved
7 comparable to the hydrogen pointsin Fig. 1 do not show the deviation from the scaling, so
this point can only be clarified with additional experimental data. Figure 2 shows density and
temperature profiles of an H and a D fueled type | ELMy H-mode with nearly the same NBI
heating power (10.3 MW), I, (1 MA) and B, (2.5T, ion-VB — X). The ELM frequencies are
290 Hz (H) and 240 Hz (D) The time intervals are chosen such that the density profiles are
nearly identical. For the deuterium shot 7;; data are not available, but in the hydrogen case T;
isvery closeto 7T,. Assuming 7, = T; reduces the difference in confinement to the difference
inthe T, profiles. The logarithmic plot showswell, that the profiles are self similar as reported
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Figure 1. Isotope effect in global scaling. Figure 2. Profiles of H and D plasmas
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Figure 3. ELM type and global scaling Figure 4. Influence of ELM type on T, profiles

for various D fueled type | ELMy H-mode discharges [6]. The scaling factor between the two
profiles is in agreement with the ratio of the measured plasma energies (1,,,,4) which is 1.66.
This is significantly more than the factor of (A; p/A; )*® = 1.3 expected from the scaling.
It should be noted that all global parameters which are needed for the scaling are identical for
these shots except A;.

3. Typel and typelll ELMsin hydrogen

Hydrogen allows to compare type | and type IIl ELMy H-modes over a wide power range.
Figure 3 shows the result of the global analysis for both types of H-mode plasmas from the
hydrogen campaign with moderate densities up to 60 % of the Greenwald limit (ngw). The
confinement of the different shots is compared by plotting the total energy confinement time
Ti against the ITERH-92P(y,tot) scaling. It can be seen that type | ELMy H-modes perform
about 20 % better than type Ill ones. For larger values of 7 the H-factors increase for both
types. Figure 4 shows as an example temperature profiles of a discharge which reached the
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Figure 5. High power medium density discharge in deuterium (#10397, 1 MA, 2.0 T)

type| phase already with 5.75 MW NBI. In the beginning of the NBI phasetypelll ELMsoccur
(feram = 230 Hz). After closing the gas valves the density decreases due to pumping with the
cryo pump so that typel ELMs(fr = 140 Hz) occur leading to an increase of the density (gas
valvesstay closed). The density profiles at the time points chosen for Fig. 4 areamost identical.
The variation of the confinement (=~ 1.2) istherefore only due to differencesin the temperature
profiles. Especially for the electrons, thetemperature differencein the coreissignificantly larger
than at the top of the pedestal, indicating that the change in the stored energy due to the pedestal
(1.5%V x (n.) = k * AT,.4) is not the only reason for the change in confinement. On the other
hand a logarithmic plot (not shown) reveals, that the relative temperature change at the top of
the pedestal is about twice as large asfor p,,; < 0.8. This breaks the self similarity observed for
type | ELMy H-modes. The ELM type seems to modify the profile shape for p,, > 0.8 which
coincides with the region where a significant modulation of the pressure profile is observed
during type | ELMs[7]. It should be noted that there is an hysteresis effect between both types
of H-mode, since input power and density profiles are equal. Asfor the L-H transition thisis
easily explained by the better confinement at the edge, which keeps the pedestal temperature
abovethecritical level separating type | and typelll ELMseven when thedensity israised again
to avalue where type |11 ELMs have been observed before.

4. Profile saturation at high heating power

In ASDEX Upgrade, a saturation of the kinetic energy at high heating power can be seen from
the density and temperature profiles for both i sotopes For deuterium the power wasramped upin
stepsupto 15 MW (Fig. 5d), no neoclassi cal tearing modesoccuredinthiscase (. ~ 0.65 ngw).
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T, and n. increase only marginally (Fig. 5a,5c), the change in T; seems to be larger but only
for the last time dlice it is significantly above the scatter (Fig. 5b). To check the consistency
with the further increasing W,,.;,; the ASTRA code [8] has been used to get a calculated W,,,1,4.
The good agreement of experiment an calculation (Fig. 5d) indicatesthereliability of the profile
data. Describing the saturation by Wy, = Py, we find a = 0.35. Thisisin agreement with
the thermal I TERH-92P(y,th) scaling. The corresponding H-factor isalso closeto one (Fig. 5d).
A similar discharge in hydrogen has been analysed (not shown). For hydrogen we do not yet
know the NBI losses and we only calculate the kinetic energy from the profiles and check the
power dependence. A cross check is again the smulation of the equilibrium energy. Here the
unknown NBI losses (between 0 % and 20 %) play aless important role, since the contribution
of the fast particles isin the range of 15 % of the kinetic energy (Fig. 5d). The agreement of
the kinetic and magnetic analysisis comparably good as for deuterium. Assuming Wy, < P
delivers o =~ 0.19 when increasing the power from 8.8 MW to 12.3 MW, which is significantly
lower than predicted by the scaling. In [4] it has been noted, that the exponent derived for P
depends on A;. Fitted separately, the H data show a stronger saturation than the D data. The
difference of the exponents of P between D—D and H—H for ELMy H-mode is 0.10+0.04,
close to our experimental result. They show the importance of including such an interaction in
the commonly used scalings.

5. Conclusion

For both isotopes a profile saturation with increasing heating power is observed in ASDEX
Upgrade. The high power deuterium datawell below 7.y fit theITER ELMy H-mode scalings.
The hydrogen data show an even stronger confinement decay with increasing power which is
only compatible with the scaling if a (log-linear) interaction term isincluded [4]. For apair of
discharges with identical global parameters except A; the variation of the confinement was a
factor of two larger than expected from the scaling.

The T, profiles of thetype-1 ELMy H-modes now obtained for hydrogen have the same shape as
those in the deuterium. In contrast to this, type |11 ELMy H-modes break this shape similarity
at the edge, where T, islower, leading to areduction of confinement. Nevertheless, the absolute
temperature decrease is larger in the core than at the pedestal. These results are in favor
of a separate treatment for the two ELM types and suggest a careful analysis of the isotope
dependenciesin the ITER database.
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