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Fluctuation measurements using a five-pin triple probe in the Joint
European Torus boundary plasma
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Ecole Polytechnique Fédérale de Lausanne, CH-1015, Lausanne, Switzerland

(Presented on 22 April 2004; published 20 October 2004

A multi-probe system has been developed to investigate the importance of electron temperature
fluctuations turbulent transport in the Joint European Torus boundary plasma. The compact five-pin
triple probe has been designed to reduce the phase delay of fluctuations due to the finite pin
separation in the standard triple probe technique, while still avoiding the effects of probe shadowing.
This probe has been found to have advantages over the standard triple probe in the region close to
the separatrixr —rs;<0.01 m, where the fluctuation wavelength is large. Importantly, results
obtained with the probe support the standard estimation of cross-field particle flux, which ignores
temperature fluctuations. They cannot be ignored, however, in the estimation of energy losses since
measurements show that the conducted energy may be as large as the convected comfyight. ©
American Institute of Physic$DOI: 10.1063/1.1787578

I. INTRODUCTION technique has been developed which reduces the phase delay

. . . errors introduced by finite tip separations in the so-called
It is well known that fluctuations are responsible for a g4nqard triple technique.

significant portion of the particle loss rate in tokamaks. They |, a5 earlier study using a method based on single Lang-
may also account for a large part of the observed anomaloyg, ;;r probe characteristics, temperature fluctuations in JET
energy losses. For a complete estimate of the turbulent noqe plasmas were found to be lower than those in den-
driven particle and heat transport, knowledge of the fluctuagjy, angd potentiaf. It was also demonstrated that temperature

tions in electron densityn, electron temperaturel, and  fluctuations do not appear to be responsible for the large
electric field,E, are required. However, electron temperaturecross-field particle fluxes that are often measured in the JET
fluctuations are in general difficult to measure and thus ofteedge plasma.

ignored. The limited experimental results ﬁig that have

been reported have demonstrated trﬁgt?e can be as high |I. TURBULENT TRANSPORT PROBE SYSTEM
as, or even larger thaiii/n in several devicege.g., Ref. 1
and references withjnbringing the evaluation of turbulent

transport neglecting, under question.
In recent years, turbulent transport has been studied

The new nine-pin probe head, of which the five-pin
triple probe group is an integral part, is shown in Figa)1In
.addition to the five-pin group, located at the innermost radial

. IBosition four additional pins allow the determination of the
the plasma boundary of the Joint European Tq@isl) to- parallel plasma flow and cross-field particle fluxes further

}(amak using a multlple-.Langmwr probe systérﬁowever, out radially. To avoid pin self-shadowing the pins are ori-
it should be noted that in some cases fluctuation fluxes ap

100 high to b istent with alobal ticle balah ented perpendicularly to the magnetic field lines. The probe
pear too high 1o be consistent with global particle balance. 54 is mounted onto a fast reciprocating drive system that
Poloidal asymmetries, large scale convective cells, the po

: ) ; . Jhserts the probe into the plasma vertically near the top, low-
sible role of temperature fluctuatlo_ns, and the§d|sturb|ng ef’l‘ield side of the poloidal cross section at an angle of 75° with
fect ?ufe totr':he Insertion (:f _probe _mtto the plit maay ai' th_respect to the outer midplane. As for all JET probe system,
count for these apparent inconsistencies. Al present, tNig,q 4, py1ent transport probe body is manufactured in boron
disagreement still remains as an open question. In an attemﬂﬁride, which has both excellent insulating propertigsus

to evaluate the importance Gt on the fluctuation induced 4y0iding significant) x B forceg and a high thermal con-
transport in the JET boundary plasma, a five-pin triple probgyyctivity.

The schematic in Fig.(b) shows how, in the group of

IAuthor to whom correspondence should be addressed; electronic maifive-pins that Con_StitUtes the triple probe system, tVYO poloi-
csilva@cfn.ist.utl.pt dally separated pins are used to measure the floating poten-
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FIG. 2. Radial profiles ofT,, ls5 andV; and their fluctuation levels for

(OJOLO) (b) L-mode discharge with,=2 MA, B;=2.4 T. The temperature calculated
using the swept single probe method is also shown for compagisdin
Isati lsar2 symbols in Fig. 2a)].
2mm | ©©©©© B
Vi Iy Vp

sion of the five-pin probe array in poloidal direction,
~5 mm, is smaller than the typical correlation length of fluc-
turations in the plasma parameters.

Poloidal direction
—_—

FIG. 1. Reciprocating probe head photograghand pin layout(b).

tial, V¢, with a second poloidally separated pair being used t!l- MESUREMENT OF FLUCTUATIONS

measure the ion saturation currehf,; The remaining pin

measures the curreiny, at a fixed voltagevap, SO that the V; and their fluctuation levels obtained in a diverted L-mode
electron temperature may be obtained usiig=(Vap gischarge. Good agreement is observed between the tempera-
~Vi)/In(1-ly/lsa). The value of \f,is selected such that the o optained from the triple probe method and that from the
three points in the characteristivy,lso, - and 1) are sig-  giangard swept single probe methistiown as full symbols
nificantly distinct. If this condition is not satisfied, the tem- |, 1o present configuration, the temperature can be esti-
perature cannot be determined or at best can be estimatethioq at three locatione =F (Vi1 lsar) s Tex=F (Via, | sard)
only with large error. _ _and the average valuB,,=F(Vim, lsam), Wherem denotes
The main disadvantage of the triple probe method is thafe ayerage of the quantities measured at positions 1 and 2
measurement_ pf the plasma parameters is not performeqsggee Fig. 1b)]. Evidently [Fig. 2a)], the electron tempera-
the same position. As a result, the method cannot distinguisfyre profile does not depend significantly on the location of
between a fluctuation in the parameters or its local gradienyfye cajculation. This is not, however, the case for the electron
and can therefore only give an upper limit f&. The five-  temperature fluctuation level, which is significantly reduced
pin system partially compensates for this problem by mea¢~35%) close to the separatrifr=re,) When signals are
suring Vs and |, at poloidally symmetric positions with re- averaged. Fom —rg;>0.01 m this reduction is typically
spect to the pin measuring. lower than 15%. This means that only close to the separatrix
When the average values bf;; and V; are used in the are there fluctuations with wavelengths larger than the dis-
determination ofT,, the phase delay i, and V¢ fluctu~a- tance between pins and which are cancelled when signals are
tions is cancelled, improving therefore the accuracy offthe averaged. This result may be explained by the poloidal phase
measurement. It is important to note, however, that thigrelocity and hence the wavelength of fluctuations being
method only cancels the phase delay of fluctuations wittelose to zero in most of the scrape-off lay&OL) and in-
wavelengths larger than twice the average distance betwedfieasing only near the separatri/,;n=w/Ky,=wA\ /27,
pins. The range of poloidal wave numbekg, for which this ~ where § demotes the poloidal directigpnin summary, it ap-

method significantly increases tfie measurement accuracy, P&&rs in JET ohmic and L-mode plasmas that the electron
is thereforelk,| <9 cn™. temperature quNCtEatlon level is approximately constant
The principal difficulty in the development of this JET across the SOKT/T~0.1) and only close to the separatrix
multiple-probe system was to avoid the effects of probedoes Nthe standard triple probe method significantly overesti-
shadowing while reducing the effects of phase delay andnateT.. Concerning,andV; fluctuations levels, they show
decorrelation. Compared with the previous probe de%fgn, a typical radial profilé“, the I, fluctuation level decreases as
the poloidal distance between pins has been reduced the probe is inserted into the plasma while Ygrthe profile
2.25 mm and their diameter to 1 mm. The resulting dimen4s roughly flat in the SOL, increasing near the separatrix.

Figure 2 illustrates typical radial profiles an, |, and
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FIG. 3. Radial profiles of the fluctuation levels lg, ne,V;, andV, for vective and conductadiuxes.

L-mode discharge wit,=1.9 MA, By=2T.
cluded that the inclusion of temperature fluctuations does not
appear to substantially influence the calculated cross-field

IV. CONSEQUENCES FOR PARTICLE AND HEAT particle flux.

TRANSPORT Recent measurements performed on the ISTTOK

_ _ _ _ tokamak with emissive probes have shown that, although

The fluctuation driven, cross-field Eamcle and heatthe plasma potential fluctuation level is significantly higher
fluxes are given, respectively, by’;=(RE;)/B and Q' than that of the floating potentiglip to 40% highex, the
=Qcomvt Qong=3KTI', /2 +3n(KT. Ex)/2B. Electron tem- derived fluctuation induced particle transport is not signifi-
perature fluctuations are often ignored and therefore densitgantly affected by the inclusion of temperature fluctuations.
and plasma potential fluctuations are derived from the iorResults tend to support, therefore, the standard estimation
saturation current and floating potential fluctuations, respecof cross-field particle flux, which ignores temperature
tively. Accounting for temperature fluctuations, the plasmafluctuations.

potential and ion saturation current fluctuation levels may  Figure 4b) shows the energy flux radial profile sepa-

written as? (gl 1s02) = (A/M2) +((T/ To?/4+({T)/nT,  rated into conductive and convectice components. Results

and <(’\7plvp)2>z<('\7f/Te)2>+M2<(’i—e/Te)2>+2/'L<’\7f?e>/T§ re- show that the C(;Inductn_/e comporjen_:c,_ which |sdpropor'gonal
spectiviey, where the bracket, denote time average and to temperature fluctuations, is significant, and may be as

. o ) large as the covnected energy. In contrast to their small effect
the sheath drop coeffluent, .Wh'Ch is assumed te-3e Fig- on the fluctuation induced particle flux, electron temperature
ure 3 shows the radial profiles of Em%t’n'vf andV, fluc- fluctuation can be important for energy transport and there-
tuation levels including the effects EI;'E, again for a diverted  fore cannot be neglected.

L-mode discharge. Results show tHat/ 1., is a good ap-

proximation forfi/n, except in the region near the separatrix.

On the contrary, the level of plasma potential fluctuations  This work, supported by the European Communities and

depends Strong|y oﬁe and’ in generaL its fluctuation level is “Instituto Superior Técnico” under the Contract of Associa-

larger than that of the floating potential. This is in goodtion between EURATOM and IST, has been carried out
agreement with the results obtained from earlier analysidVithin the framework of the European Fusion Development
fluctuations using of the single probe characteristic method. Agreement. Financial support was also received from

The average electron temperature is determined at on&undacéo para a Ciéncia e Tecnologia” in the frame of the
location only and cannot therefore be used in the estimatiofrontract of Associated Laboratory.
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using. E.az[Vf.1+MTel_.(Vf2+’LLTeZ)J/d’ whered is the pin 2C.. Hidalgoet .«”:ll., Pllasm.a Phys. C.orlltrolled Fusioﬁ 1557(2002.

separation. Figure(4) illustrates the effect of temperature 3| garcia-Cortest al, J. Nucl. Mater. 290-293 604 (2001).

fluctuations on the particle transport for the same discharg€B. Labombard, Phys. Plasmas 1300(2002.

shown in Fig. 3. The particle flux is only clearly affected by °C. Silvaet al, 28th EPS Conference on Controlled Fusion and Plasma
= . . . . Physics, Funchal, 200Linpublishegl
Tein the region close to the separatrix, being up to a factor ofsg ‘s pittset al, Rev. Sci. Instrum.74, 4644(2003.

2 |arger Wherﬁ'e is included in the flux calculation. However, G. Vayakis and D. C. Robinson, 17th EPS Conference on Controlled Fu-

. . . . . - sion and Plasma Physics, Amsterdam, 1990, @thbublishegl
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