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1. Introduction.

The Spanish stellarator, TJ-Il (R=1.5m, a < 0.22pxBT) has been recently operated under a
broad range of scenarios, including changes in the working gas f¢), microwaveheating
power (100-600 kWiwo independent lines &3.2 GHz, 2 harmonic X-mode) and plasma-
wall interaction conditions (wall conditioning, poloidel toroidal Iimiterg [1]. Similar central
plasma values have been achief@dboth (H, He) plasmas (nel1.7.10° cm®, Te< 1.5keV,
total E content <1.0 kJ), and no major differences in edge pararhateiseenfound either.
However different recycling conditionsor both types of plasmawere observedand a
significant dependence of particle recycling with injected power was evidécel@ plasmas
[2]. Theseissueshaveshowncritical in discharge control sincevall fuelling plays acrucial
role in theachievement o$table densityalues below th&CH cut-off [3]. In thiswork, the
edge plasma parametefsr the two species studied and their dependence lioiter
configuration and heating power are reported. f#seilts ofthe recently installedJ-11 edge
diagnostics, as a thermal lithium beam and a supersonic helium beam (that provide information
of plasma parameters up to r/a values d.6) are reported. Iraddition, datafrom visible
emission edge tomography aelgctricalprobesarealso used fothe characterisation of the
transport properties at the plasma periphery. A preliminary analygie giarticleand energy
transport is presentefvidencefor particle confinement degradatiovith injectedpower and
the presence of energy loss channels not reflected in the edge characteristics is given.

2. Plasma edge characterisation

The mainfeatures of the edge ai®DL of the TJ-1l plasmashavebeen previously described

[4]. Briefly, the LCMS can in principle be defined by the intersection of the field Wibsthe

part of the vessedurroundingthe central helicatoil, which acts as a helicéiniter, therefore
leading to the lowegtossibleparticle and heatflux densities athe plasma facingurfaces.
Alternatively, two poloidal, movable limiters [5] whose limiting efficierstyongly increases as
they are inserted deep into the edge (typically up-Socm fromthe nominalLCMS) can be
used.The SOL topologycan be described by a spectrum of connection levaties, which

are strongly dependent on magnetic configuration and radial distance from the LCMS. Values
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Fig. 1. Plasma edge profiles of electron density and temperature for H and He plasmas
at constant density.Two cases Qf 00 and 500kW) are shown for each species.
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from 2-15 m, forthe helicallimiter, and 20 to some hundred metéss deep insertion of the
poloidal limitershave been calculated. Radigkofiles deduced from Langmuir protieve
experimentally confirmeduch a strongnlargement of connection lengths as the limiters are
inserted, and/alues of theSOL e-folding widths consistenwith typical Dy, have been
measured.

In the present studies, thEJ-Il atomic beamdiagnostics [2]have been applied to the
characterisation of the plasnb@undary of H and He plasmas undee heatingscenarios
above described. A thermal Li beam, located 80 cm fromthe observation regiomasbeen
used forthe reconstruction of th8OL and edge parameters in both types of plasmas. A 16
channel photomultiplier array allovisr the continuous recording dhe Li* emission radial
profile. Detection of the Li* emission up to > 8 cm into the LCMS (correspondingdo r
values of <0.7) wapossible.Also from a topwindow, the TJ-ll supersonic Heébeam is
launched into the plasm&or the experiments here reportgujlses of 1msawvere produced
from the piezoelectric valve, located=s®0 cm from the plasma edge. He lines at 688 and
728 nmwere monitoredand their spatial profile was measured ishat to shot basis in H
plasmas.Application of a collisionakadiative model allowedor the reconstruction of the
electronic parameters at the edge (fe). Fig.1 summariseghe results for H and He
dischargedaving the samaverage electron densitigr two values of totaECRH injected
power. In the left figure, datior bothtype of beams, togethevith datafrom the Langmuir
probes located on the poloidal limiters, which were slightly inserted into the edge, are displayed
for H plasmas. As seen, goadreement is observed among the different edgnostics in
general. The discrepancy observed at low densities
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Fig 2. Time evolution of electron density profiles at the edge during density ramp-up

(He/Li beams) can be readily associated to the expected smearing effect dusekativiey
long relaxation timegor the electronic levels of Hatomsinvolved and thebeam velocity.
Some ofthe mainfeatures observed in a power sema apparerfrom the figure. Thus, for
exampleno. significant differences in electron temperatures neal. @EIS are seen as the
power is variedBroader density profilesre recordedor higherinjected power at constant
density while small variationswith average electron densitywere observed. Electron
temperatures in the rand®-25 eVwere typicallymeasured by the Langmuybrobes at the
location of the poloidal limiter, which, together with the He betata,confirm the presence of
an almost flat T profile from p values > 0.6/0.7, in agreemewith ECE and Thomson
Scattering profileg1]. This point hasbeen confirmed by the reciprocating Langnuiiobe
diagnostic, able to provide values of edge paramete@$00.7 in a single shoWery similar
edge parameter values and features similindeeabovedescribedverefound in Heplasma
edges, as shown in Fig.1, although only electron temperature datégh&aeciprocatingprobe
were availabldor the presenstudy. The behaviour of the edge dendityring the rise of the
electron density by externplffing is displayed in Fig.2After an initial growth, aconstant
radial profile isestablished at the plasma periphery as the mean electron density is been raised.
A similar behaviour is seen in other edge diagnostics, as dheéhitors (sedelow) and the
Langmuir probes thusndicating astrong evolution of the centratlensity profile during the
plasma shot.
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Measurements of the density e-folding lengttre made byneans the Li beam. In spite of
the complexity of therJ-1l SOL region referredabove, asingle A, valuefits the profiles
under all conditions, at least for the fixed poloidal limiter radial locagr 0.9) used in the
power scan, adisplayed in Fig.3The A values obtainefbr the twotypes ofplasmas, at

several heating power and electron density conditions are summarisablenl. As seen, a
weak dependence of this parameter on the experimental conditions has been detected.
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Fig.3 S.O.ldensity radial profiles for H and He plasmas

Emission from the edge was recorded by a photomultiplier anthythe same characteristics

as describecdbove, Hx profiles were continuously recorded for a series eperimental
conditions in H plasmas. He lines at the same wavelengths as usieel fte beam diagnostic
were recorded in He plasmas by means of a scanning mittoa timeresolution of 10 ms.
While strongvariations of the line intensitiend their ratiovere observed in the power scan

for He plasmas, H plasmas showed the same shape of the line integratsiatprofiles for

all conditions. As an example, Fig.4 shows such type of profile during a density scan similar to
that displayed in Fig.2
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Fig.4. Hx profiles during density ramping by external puffing( Poloidal Lim. At z=29)

A basically linearise of emission intensityith radial position can be observed, theope
suddenly changing at the radial location where the polbidaér (45° toroidally displaced) is
located. A preliminary analysis of these profiles with a simple neutral transport model indicates
thermal energies for the transport of neutrals in H plasmas. A full simulatsucbftransport

by the Eirene code is presently underway.

3. Edge Transport and Discussion.
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Although very limited information on poloidal asymmetries is preserdiailable for the
conditions here showrsome important facts othe behaviour of particleand energy
transport in ECRH plasmas in TJdan be inferredrom the experimentalesults above
described. First of all, a clear uncouplingtween the edgend central plasma characteristics

exists. The
Gas Power Electron A, SOL D\ crs T,(ms)
(kW) Density (mm) m 2s°1
10%2cm-3
Hydrogen 300 8.5 13.7 0.98 14.0
400 14.8 1.1 6.6
500 16.0 1.3 5.0
Helium 200 5-6 15.5 0.8 7.3
300 18.5 1.14 4.8
400 20.0 1.33 3.0
300 9 16.2 0.85 10.0

Table I. S.0.L.parameters for H and He plasmas and values of particle confinement time inferred from them
insensitivity of edge density ttotal particle content of the plasma, ame hand, and the
constantvalues of electron temperature as the inje&€tH power is increased, on tlather,

indicate a weak connection between the central and peripheral regions in TJ-1l. The fact that the
power deposition takgsace in a fairlyhighly defined central region of the plasma implies a
limited transport of energy tdhe plasma peripheryAssuming a negligible poloidal and
toroidal asymmetry on transport coefficients, some estimates on power and particle balance can
be maddrom the reportedesults.First, particlediffusion coefficients at thd. CMS can be
deduced under a simple slab model approximation [4]. The results, for an average Lc value of 4
m, are given in Table I. Typical [J,,, values areobtained. A clear increaseith injected

powers can bebservedand theonly comparisoravailablefor densityscaling is consistent

with a lineardependencel-rom these results anthe n(a) values obtained, global particle
confinementtime arededuced:T =<ne>V/(D.na.$/A), with V, and § being the plasma

volume and outer surfacarea,re%pectively. Theesultsare also given in Table I. A clear
degradation of particle confinemewith injectedpower in H plasmas is apparent from the
table. Also, similar (slightly smaller) values and tendency afre deduced for He plasmas.

A natural couplingoetween edge characteristics,ppartiami impurity behaviour and
central plasma parameters is typically expected in medium s$imadn machines,such
coupling being a strong function pérticleand impuritymean ionisation length compared to
the averagelasma sizeMost medium sized stellaratofsaveindeed reported this type of
behaviour [6], In thel'J-1l device andue to the intrinsic topological features of tmagnetic
configurations and thgacuum vessel, alose contacbetweenparts ofthe vessel and the
plasma is produceR,5].However,energy balance inferretom the particle fluxes and
measured edge temperatures can acamlgtfor lessthan half of the injecte8ECH powers.

Due to the relatively low fraction of radiated power observed in these plasmas [2], other energy
loss mechanismgsuch asdirect high- energypatrticle losses byripple trapping) must be
invoked. The impact of these losses in the particle balance)emu, in therp values given in
Table I, must be evaluated accordingly.
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