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1. Introduction
A feed-backsystemto control the MARFE (Multi FacedRadiationFrom the Edge)

formation for severaltensof τp hasbeendevelopedand demonstrated[1] in TEXTOR-94.
TheMARFE couldbestabilizedby a gasfeedcontrolledvia the impurity radiationfrom the
MARFE zone - usually a CII line. The stabilization of the MARFE openeda unique
possibility to investigatein detail processesinside the MARFE during its long lifetime, in
particularly, to verify the interpretationof the MARFE as a result of localized plasma
recycling on the inner wall [2]. The results of such investigationsby meansof optical
diagnosticmethodsarepresented.

2. Measurements.
The MARFE investigation has been performed on the tokamak TEXTOR-94 with a
siliconizedwall for the following dischargeparameters:BT= 2.24T, Ip= 285kA, R= 1.75m,
a= 0.46 m, −ne(0)= 4 1013 cm-3. The measurementsweredonein deuteriumdischargeswith
1.3 MW NBI heating(hydrogeninjection). To producea "fat" MARFE (the definition for
"fat" and "thin" MARFE given in [1]) the plasmacolumn was shifted 1 cm towardsthe
bumperlimiter. To increasethe plasmadensitythe gaspuffing startsat 1.23s in this series
of the dischargesshown.The MARFE appearsnearthe midplaneof the bumperlimiter at
1.28 s; after thenthe gaspuffing is controlledby the intensityof a CII(426.7nm)line from
the MARFE region. The MARFE staysat the midplaneposition until 2.5 s; after then it
movesdown and disappearsat about 3 s. Owing to the feedbackcontrol, such MARFE
behaviourwasreproducible.
Tangentially viewing CCD-cameras(color and B/W) were used in combination with
interferencefilters to observea full poloidal crosssectionat the location of the poloidal
limiters. Spectralmeasurementsin theMARFE regionwereperformedby meansof a grating
spectrometerwith an imageintensifierCCD-camerasensitivedown to 200nm.The viewing
optics collectedlight along a tangentialchord passingthroughthe region near the bumper
limiter. The imageof the entranceslit of the spectrometerhasbeenorientedradially along
theequatorialplaneof thetorus.Thespectralintervalcoveredby theCCD-camerawasabout
21 nm (0.03nmper pixel) for the first diffraction orderof the grating,the instrumentalhalf
width was 0.17 nm for thesemeasurements.The radial resolutionwas about0.3 cm. The
time resolutionof CCD-camerahad a standardvideo output - 20 ms per half frame. The
video dataweredigitized andstoredon PC equippedwith a video grabber.
A 4-channelphotodiodesystemwith interferencefilters viewed radially a 57x11cm2 area
of the bumperlimiter andmeasuredsimultaneouslythe absoluteintensitiesof Dα(656.1nm),
Dβ(486.0nm),Dγ(433.93nm)andCII(426.7nm)lines with a time resolutionof 0.1 ms.
There are also channelsof the ECE diagnostic (time resolution 0.1ms) which received
electroncyclotronradiationfrom the high-field sideby meansof an antennamountedinside
the bumperlimiter. The signalof the 130 GHz electroncyclotronemission(ECE) wasused
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for thedetectionof theMARFE onsetowing to a cut-off signaturewhentheelectrondensity
in the regionbetweenantennaandemission

Fig.1 Timetrace of ECE, CII(426.7nm)line
intensity,Dα intensityin 1015phot/cm2 sr s,
Dγ/Dα and Dβ/Dα intensityratios, #82306.

volume (R=1.685 cm) reacheda critical
valueof about1.81014cm-3.

3. Experimental results and discussion.
The 130 GHz ECE signal, CII(426.7nm)
line intensity, Dα intensity and intensity
ratios of Dβ/Dα and Dγ/Dα are shown in
Fig.1. First the ECE signal drops at 1.3 s
within 8 ms, then the line intensitiesand
their ratios start to increaseand reachtheir
maximaat 1.35s.Both ratiosincreasewhen
the MARFE develops:the ratio for Dβ/Dα
grows from 0.13 to 0.24 and for Dγ/Dα
from 0.02 to 0.09.Then the ratiosdecrease
slightly and stabilize at 1.37 s. The Dα
intensity strongly varies in time during the
MARFE but the ratios are practical ly
constant (Dβ/Dα=0.2 and Dγ/Dα=0.075).
Similar values for the Dγ/Dα ratio have
beenobtainedon JET [3].
The relative line intensitiesof the Balmer

Fig.2 Populationdensitiesof deuteriumlevels
at the bumper limiter region. The symbols
indicate the measurement,dotted line - Saha
equationwith Te= 1.1 eV, Ne= 2 1014 cm-3.

seri es f rom Dγ to D9->2 have been
measur ed i n t he M A RFE by t he
spectrometer menti oned above. The
populationdensitieswereestimatedusinga
MARFE size of 2x30 cm2 and shown in
Fig.2 as a function of principal quantum
number.Theyhavebeenevaluatedat 1.1 s,
1.28 s and2 s which correspondto periods
beforegaspuffing, beforetheMARFE with
gas puff ing and during the stationary
MARFE. I t i s cl earl y seen that the
population is strongly different inside the
MARFE. The populationdensitiesdecrease
with principal quantumnumberbefore the
MARFE onsetbut they increase inside the
MARFE. Suchbehaviourdirectly indicates
that these levels are populatedthrough a
recombinationprocess[4]. For this reason,
the lines of the Balmer series cannot be
used for f lux measurement during a
MARFE.
The profiles of the electron density and
temperature inside the MARFE were
evaluatedfrom Stark broadeningand the
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volumeemissionof theBalmerseriesline D9->2(383.4nm).Abel inversionwasperformedto
obtainthe volumeemissionprofile from the measuredintensityprofile asthe MARFE hasa
toroidal symmetryandthe observationchordswereperpendicularto the major radius.Then,

Fi g.3 Measur ed el ectr on densi ty and
temperatureprofiles at high field side (HFS)
and low field side(LFS) during MARFE,time
2 s, #82304.

theelectrondensitywasestimatedusingthe
expressionfrom [5]: ∆λ1/2=CnNe

2/3, were
∆λ1/2 is the full width at half maximum
(FWHM) of the Stark broadened l ine
profile. The FWHM was determinedfrom
the ratio of the total line emissionto the
emission in the line center. Due to NBI
heatingtheconcentrationof hydrogenin the
dischargewas about40%. The presenceof
hydrogen produced an apparent l i ne
broadeningof about 0.1 nm due to the
isotopic shift between the hydrogen and
deuteriumlines; this effect was taken into
account.
An estimation showns that the highest
excitedstatesof hydrogenand its isotopes
satisfy the conditions for partial local
thermodynamic equil ibrium under the
M A RFE pl asma par amet er s and,
consequently,the populationdensity of thesestatesis determinedby the Sahaequation.
Neglecting impurities and taking into account that the ionization energy of the highest
excitedstatesis muchsmallerthanthe expectedelectrontemperaturethe Sahaequationcan
be rewrittento Ne

2/Nn=3 1021Te
3/2/n2, whereNn denotesthe populationdensityof the level

with principal quantumnumbern, Te - electrontemperaturein eV, Ne andNn in cm-3. The
profiles of the plasmaparametersin the MARFE evaluatedby this procedureareshownon
Fig.3 togetherwith profilesmeasuredon the

Fig.4 Volume emission profi les of Dγ,
CII(426.7nm) and CIII(418.7nm) lines from
HFSduring MARFE,time2s,#82302,#82306.

low field side by a thermal helium beam
diagnostic.The electrondensity inside the
MARFE reachesvaluesof about2 1014cm-3

whereasthe electron temperaturedrops to
about 1.1 eV. This result is in good
agreementwith the measuredpopulation
densitydistributionseenin Fig.2 wherethe
dash l i ne i ndi cates the popul at i on
distribution calculated with the help of
Saha-Boltzmanequation for these plasma
parameters.An analogmeasurementinside
a "thin" MARFE yields an electrondensity
of about 6 1013cm-3 and the electron
temperatureof about2.8 eV.
The volume emissivitiesof CII(426.7nm),
CIII(418.7nm) and Dγ(434.05nm) lines
were also measuredand shown in Fig.4. It is seenthat the maxima of the CIII and CII
emissionsare shifted toward the plasmacenter with respectto the maximum of the Dγ
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emission.Usually, an increaseof plasmadensity near the surfaceis accompaniedby the
enhancementof the molecularre-emission[6]. During the MARFE an increaseof emission
from CH, C2 moleculeswas observedbut not so significant as expected.This emission

Fig.5 Spectra measuredduring hydrogen puffing
from the bumper limiter side without and with
MARFE.

originatesfrom a narrow layer about
0.5 cm close to the bumper limiter
surface. The molecular deuterium
emissionwasnot seen.To distinguish
the reasons of thi s reduct i on,
molecular hydrogen was puf fed
through the hole at the midplane of
the bumper l imi ter. The spectra
recordedin the rangeof the Fulcher
band of molecular hydrogen during
gaspuffing without andwith MARFE
areshownin Fig.5. The Fulcherband
emissiondrops strongly (at least 10
times) inside the MARFE and is
practically invisible on the continuum
radiati on. The reducti on of the
Fulcher band emissivity under such
plasma parameters is in a good

agreementwith a prediction of a collisional-radiative model for molecular hydrogen
developedby [7]. Additionally, charge-exchangebetweenhydrogen( deuterium) molecules
andions canalsoessentiallyreducethe photonemissionof thesemolecules.

4. Conclusions
Te≈ 3 eV Ne≈6 1013cm-3 andTe≈ 1 eV Ne≈ 2 1014cm-3 respectivelyweremeasuredinside
a "thin" anda "fat" MARFE.
In the MARFE the excitedlevels of deuteriumatomswith n > 2 are mainly populatedvia
recombinationandcannotbe usedfor measurementsof the neutralparticle flux.
The emissivity of the Fulcher band of molecularhydrogenstrongly reducesfor MARFE
plasmaconditionsso that the molecularhydrogen(deuterium)flux could not be measured
dueto the strongcontinuumbackground.
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