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In this contribution, the role of neutrals on tlanfinement of JET hybrid scenarios is
examined in the carbon wall and in the ITER-likellw@here have been evidence both in
ASDEX Upgrade and JET [1, 2] that neutrals can ichplirectly the confinement suggesting
that the density is not a relevant engineeringrpatar for confinement scaling laws.

In the carbon wall, JET-C had carried out in 20@8idated power scany~2 to ~3)
experiments at constant density in both lawQ.2) and high shape<0.4) with the initial
objective to determine the role played by the ptdes the observed H-factor increase (H=1
to 1.4) in the hybrid scenario [1]. These two poweans, have been revisited recently using
the important property that the plasma averageitiesnigre constant within +/-10% across the
power scan in addition to the plasma currgnthle toroidal shapeBand the plasma shape (i.e.
0os as well). As a consequence, the variation of theedsionless parametep$ (~TY%/B, v*
(~n/T?) and B (~nT/B%) across the power scan can be written solely astifin of the
temperature T variation and therefore the powearkation as:

dv*/v*=-2(1+a) dP/P (1) @/ p*= (1+a)/2 dP/P (2) @Ip= (1+a) dP/P (3)

assumingTNP(M)' Ip . n " from the notional scaling law=W/P=n " Ip. P anda the power
dependence coefficient of the confinement. The melltaverage kinetic datag(rile, T;) are
collected from Thomson scattering and charge exgdhatiagnostics, averaged over ~0.5s
outside of any significant MHD impacting on confinent and sometimes occurring in hybrid
scenarios such as 3/2 or 4/3 tearing modes. Thespadeights are inferred from thgahd n
profile by using hyperbolic tangent fits.

For the low triangularity shap®=£0.2), the root mean square analysis show that the
dimensionless parameters expressions (equations3) are verified experimentally with an
exponenta=0.385 +/-5%. Therefore, the confinement time \ama with power can be
described by a scaling-P%%*° and consistently in terms of the dimensionless garameters
p* and v* and 3. Note that this power dependence of the confinéngemuch less than the
variation present in the standardg}d scaling [2]. However, it should be stressed hbi t
there may exist hidden co-linearities: in this powean Ti/Te increases from 1.1 to 1.4 and
Mach number from 0.7 to 0.95. Both quantities anevikn to play a role in the transport
processes.

* See the Appendix of F. Romanelli et al., Procagdiof the 24th IAEA Fusion Energy Conference 2(82&n
Diego, USA



41%* EPS Conference on Plasma Physics

04.125

TE

0,28 X ¥ Low shape
0,27 - 4 I-ligh_shap_e_

0,25 -

0,23

0,21

0,19 -

0,17

0,15

5 10 15 20
P [MW]

Fig 1: Confinement decay with power for
the low shape (red dots) and high shape
(blue triangles) triangles.

For the high triangularity shap@&=0.4), the
root mean square analysis cannot find experimegntall
a unique value ofi for the dimensionless parameters
expressed in equation 1 to 3. The confinement time
varies this time lika~P®"". In addition, both Mach
number and Ti/Te are hardly varying across the powe
scan (by typically less than +/-10%). This sugdbst
confinement variation with power cannot be desctibe
by p*, v*, B, Mach number or Ti/Te only. A different
parameter is impacting on the global confinement an
the confinement scaling cannot capture the efféct o
power on the confinement.

The high shape pulses at the highest (16MW)
and lowest (6MW) input power, have been simulated
using the CRONOS suite of codes and TGLF to
predict the heat transport. The density was takeam f

the data as well as the pedestal as boundary aamdithe results are showing that the model
underestimates slightly heat transport in the d¢orehe low power case, but not for the high
power case. Therefore, the power dependence afahitnement predicted by the simulation
should be higher than measured by the power sqaariexent.
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Fig 2: from top to bottom: i) energy content
in the pedestal, ii) neutral, pressure in the
main chamber, iii) Ha light from visible
spectroscopy for high pulses (triangles) and
low (dots) triangularity pulses of the power

scanin JET-C.

We are now examining experimentally the
hypothesis that the edge recycling flux from ndatra
is playing a role in these different observatioms o
confinement dependence with power between the two
plasma shapes. This is investigated using théight
from visible spectroscopy in the main chamber and
the neutral pressure from the main chamber galiges.
addition, the [ light monitored by the visible
camera is used to identify where the strongest
recycling area are in the main chamber: top (i.e.
where the change of shape is the largest) or in the
mid-plane.

Pressure gauges measurements in the main
chamber and the Hlight from visible spectroscopy
are both showing evidence an increase of the rleutra
pressure in the main chamber with the input power i
the high triangularity case (fig 2). All these
measurements are correlated with a decrease of the
energy content in the pedestal gy when the input
power is the strongest (~16MW). The neutral pressur
increases by more than 1.5 and the recycling flux

from the main chamber by a factor of 3. In additihre analysis of the Plight data A=580-
770nm) in the area of the secondary X-point (toghefvessel) and in the main chamber (mid-
plane) are showing increases of recycling fluxnef same order with power for the high shape.
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This is a strong indication that the pedestal cwrfient is correlated with the increase of

recycling flux.

This analysis strongly suggests that core confimgrmethe high shape case could be
affected by the edge neutrals. Therefore neglediieg effect of recycling neutrals could
produce an inconsistent result when a making a imemient scaling using only core
dimensionless parameters (which is the case ti@ltandard scaling laws).

The impact of neutral on confinement in hybrid deges in the carbon wall has been
further evidenced by comparing 2 different high mhaybrid discharges with different wall
clearance but operated with matched: Ip=1.4M#sB7T, and3\=2.8 and showing significant
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Fig 3: SOLEDGE2D EIRENE calculation for 2 hybrid discharges ith different top (by factor ~2) of the
clearance. The black rectangle represents the area of integration used in the  recycling flux in the

measurement with the visible camera.

mid-plane. For these

two discharges computation with the SOLEDGE2D-EIRE®dde is in addition predicting a
large difference in neutral pressuressdi (77802) < Bso(77793) andAso. (77802) <

Aso(77793) in the main chamber close to the secondappint. These calculations are
consistent with the & light analysis on the top of the vessel using \fsble camera and
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Fig 4: Comparison of i) pedestal energy and
mid-plane recycling flux, for the power scan in
the JET-C (blue triangles) and JET-ILW
(green open triangle) for high triangularity.

showing a higher level of recycling flux (by ~x4)
for the pulse with the lowest clearance. This
observation could provide an explanation for the
difference in confinement between the hybrid
scenario Bn=2.8, H=1.1) run in the 2003-6 JET
campaigns [3] and the same type of scenarios
carried out in 2008 with a larger clearance in the
area of the secondary X-point but reaching H>1.3
for similar By [4]. From the above experimental
evidence, one concludes that the enhanced neutral
flux (both by the increased loss power in the SOL
and the clearance) from the wall to the plasma
could affect the pedestal temperature and density
and impact on the pedestal confinement. For a full
recycling model, pat the SOL scales in detached
conditions as the square root of wall flux, and so
this result is consistent with previous observation
that energy confinement correlates negatively with

Ne soLas observed in JET and ASDEX Upgrade [5, 6].
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More recently, an identical power scan has beenechout in the JET ITER-like wall
(JET-ILW) for the hybrid scenario at high trianguiha for identical magnetic field and plasma
current than in the carbon wall (JET-C). This tintee pedestal energy content rises
continuously with power in the JET-ILW and showsmaaller dependence of the confinement
time with power t~P°39 than in the JET-C high shape but almost identizahe JET-C low
shape case. Also, the root mean square analysigsdinat the confinement can be described
by the standard core dimensionless varialpp&s \(* and 3). In addition, the recycling flux in
in the mid-plane from visible spectroscopy staysstant across the whole power scan in the
JET-ILW. In relative terms the neutral pressurearfrpressure gauges in the main chamber also
hardly increases. However it cannot be compareabsolute terms to the JET-C because of
calibrations issues. It should be stressed thaEth frequency between the two sets of data
in each JET-C and JET-ILW is comparable which cauldggest that the pedestal stability is not
necessarily affected by the neutrals influx. Ondtteer hand, there is a strong difference dp Z
(~2.3 inthe JET-C and 1.2 in the JET-ILW respetiy.

The change of the wall composition is most likelytee origin these differences [7]. Be
and W plasma facing components do not have the sdinéy to deuterium molecules and
neutrals than carbon, giving more ground to therpretation that neutrals at the edge play a
non-negligible role in the confinement of hybridscharges. These observations also indicate
that the neutrals are impacting on the confinenierd different way than they did in the
carbon wall. At high power, it can be observed that pedestal energy is about the same than
in the JET-C possibly because neutrals are mitigatie pedestal height in the JET-C and not
in the JET-ILW. On the other hand at low powgyg<2) there is a large difference in the energy
content of the pedestal which apparently cann@deeunted for by the recycling of neutrals.

The above observations, illustrating the impact theutrals have on the pedestal,
suggest that unless recycling flux (or neutral gues in the mid-plane) is kept constant in the
main chamber across a given confinement dataldasattempts to infer a confinement scaling
are unlikely to succeed if core dimensionless patars p*, v* and3) are only considered. In
the case where neutrals are believed to play a timdescaling should envisage an additional
dependence in confinement scaling engineering esfme such as theegb. o Mp? as
additional variable (wherEp, is the total recycling flux in the chamber). Atnstant density
(as it is the case in the above experiment) théreement dependence would be of the order of
Te ~ P8 nesor® which is a much stronger dependengg,nwith than in previous studies [6]
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