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Introduction

Operation under full lithium-coating walls [1] hamabled for an improvement of plasma
performance in the TJ-Il stellarator [2]. In théhium wall scenario, electron density and
radiation profiles of neutral beam (NB) heated mlas frequently evolve ‘spontaneously’
from highly peaked, concomitant to central impudiycumulation, to markedly broad, with
lower central Z profile but prone to radiative collapse [3, 4].rFihe experimental
investigation of the driving mechanisms for suchtransition, series of reproducible
discharges are necessary to determine the dynaroiatien of plasma profiles, due to the
fact that the TJ-Il Thomson scattering (TS) systgrarates in single-shot mode. To solve this
inconvenience, a Bayesian method has been appmie@construct most of the electron
density profile making use of reflectometer andeifdgrometer signals [5], and the
implementation of a multi-channel electron tempa®t(Te) diagnostic, based on the filters
method [6], is under way. In a first term, singlenonel systems with two (M2F) and four
filters (M4F), probing the core region (i.e.<0r < 0.4 a, being a, the minor plasma radius),
have been tested to assess the feasibility ofrntiedihod to determin& in TJ-1l NB heated
plasmas. In previous works [7, 8], the detailediglesand the data analysis procedure
followed to obtain the experimental estimationsTgfvith the M4F system were described.
In short, the filter thicknesses, sensors type getdction geometry were chosen on the basis
of TS, VUV and soft x-ray (SXR) tomography diagnestinformation. Compared with TS
data, the M4F results showed a systematiaunderestimation of about 10% for a large
number of discharges, obtained under differentatper scenarios, during the last campaigns.
The results presented in this paper describe hewse of more accurate profiles in data
analysis leaded to the agreement, within their expntal errors, of M4F estimations and TS

measurements. Additional information from the mely available global and SXR
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emissivity profiles has enabled for the determoratf the time evolution of. in a discharge
showing profiles transition withowatb initio TS information.

Experimental procedure

The analysis of the M4F (four silicon photodiodathvberyllium filters of 23, 30, 43 and 75
pm thicknesses) data is carried out using the radiatode IONEQ [9], that needs as main
input parameters the electron density and temperaprofiles, impurity species and
concentration, transport coefficients, filters tygued thickness. In a first approximation, the
MA4F signals from NB heated discharges were analysed fixed “standard” profilesT{(o)

= T(0)[1-0%° nd0) = ne(0)[1-0°7%> i.e., the most frequently determined withe TS
diagnostic in NBI discharges) and variable conaitns of the intrinsic impurity species of
TJ-1l, according to the VUV survey diagnostic spactFig. 1(a) shows the comparison
between the core (& r < 0.4 a) averaged. estimations from TS (TeO_TS) and M4F
(TeO0_MA4F) systems, for different magnetic configiaras, density ranges, impurity contents
and NB input powers, using the “standard” profilés. abovementioned, the M4F system
tends to underestimaiile in a 10% in average, but it must be emphasizedthieaanalyzed
plasmas had different profiles and sizes. To pihieeinfluence of the used profiles on the
lack of accuracy of the fitting, the actudl and n. profiles obtained with TS for each
discharge were used to find the best fitToTe0_MA4F), while keeping the rest of the input
parameters unchanged. In general, a significantawgment was found but, as can be seen in
Figs. 1(b), (c) and (d), the discrepancy betweedh WetF (full dots) estimations and TeO TS
values, seemed to depend on the magnetic confignrain particular, for shots with
configuration ‘101 _42 64’ (1.53 #2ir< 1.66), the observed discrepancy is still rathege
(see Fig. 1c). Here it must be mentioned that imyrat the shots of this configuration, TS
data were obtained after the confinement transitidrere radiation profiles rapidly change.
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Figure 1. Comparison of electron temperatures pbthwith the M4F, for standard and adjusted prefiEnd
TS diagnostic: (a) all configurations, (b) conf0i®4 64 (1.55 ¢/27< 1.65), (c) conf. 101_042_ 64 and (d)
small configurations.

Using a series of reproducible shots from whichpf&iles were measured in different times,

a more detailed analysis to check the sensitiViithe M4F estimations to profile shape could
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be performed. Fig. 2(a) shows the time history ofne relevant parameters of one
representative discharge (the vertical dotted dipproximately marks the transition between
peaked and dome profiles) and Fig. 2(b), the coimparbetween M4F and TS data for six
discharges of the series. Full dots are the TSegaland open circles correspond T

estimations with standard profiles. It can be st the higher deviation occurs for shots

with dome-shaped profiles (in this series, fromi150 ms).
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Figure 2. Time history of the electron density)(plasma energy .
(Wyia), four M4F signals and one,Hnonitor. T, was evaluated during rough correlation between

the period shadowed in grey. the profile shape and
radiation peaking factors in different energy windo from the bolometry and SXR
tomography systems [10, 11], a further refinemarthi fitting procedure was obtained (see
triangles in Fig. 2(b)). Once this correlation weastablished for these discharges, we
calculated three intermediate points, at the timasked with full stars in Fig. 2(b), where no
TS data were available. The composition shows eretis temporal evolution df that is
coherent with the rest of plasma parameters. Ttiencontinuous evolution df in shot
#23581, represented in Fig. 2(a)Tasand in Fig. 2(b) as a dotted line, was performsdgi
the profile shapes adequate to the temporal ewoludf the radiation peaking factors. After
this correction, it still seems that, at the tréinsi there is not a drop in central electron
temperature.
Injections of low-Z impurities were performed ascentrolled method to trigger profile
transitions [12]. Fig. 3 (see (a) and (b)) illugtsathe time history of relevant parameters of
two identically pre-programmed low-power NB-heatksicharges, of which in #23626, a N
pulse of 4ms length was puffed. Following the prhoe described above, the time evolution
of T, for the reference discharge (#23624) was evaluatéeldhe basic plasma composition to
start the reconstruction of the discharge with dtiggn was determined. Then, after the
injection time, the extrinsic impurity was consieérin the analysis together with the
modified profiles. In fig. 3(c), it is shown thente evolution of the cord. for both

discharges. In this case, the profile change engailrop in the core electron temperature.
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Figure 3. Time evolution of global parametegs Wy, Hy and two M4F signals (both M4F and, dre in a.u.)
for (a) reference discharge, and (b) discharge aith pulse. In (C)T¢ is represented for both discharges, with
the TS electron temperature depicted by black dreteo

Conclusions and future work

The use of adequate profiles for electron density ®mperature in M4F data analysis has
enabled for an excellent agreement with TS measemsnThe M4F system has been used to
follow the core electron temperature during profrnsitions, both spontaneous and forced.
Even though it is known that edge electron tempeeafalls immediately after impurity
injection [4] or in spontaneous bell-dome transifid13], the presented results point that in
the latter, electron temperature does not decre&sde in forced transitions there is a clear
temperature drop in the plasma centre. The spasalution necessary for the investigation
of the mechanisms involved in transitions will haiéable in the near future, with the use of

the recently installed SXR multi-channel array lobigethe two-filter method.
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