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The plasma potentiab, and its fluctuationsb,; were measured by electron emissive probes in the
edge plasma regions of two fusion experiments: the Instituto SuperamideTokamak|ISTTOK)
(Lisbon, Portugagl and the Czech Academy of Sciences TaQi@ASTOR) tokamak(Prague, Czech
Republig. Into ISTTOK, three emissive probes were inserted outside the last closed flux surface
(LCF9) on different minor radii. In CASTOR, two emissive probes, poloidally separated, and two
cold cylindrical probes, mounted on the same shaft, were used, which could be radially shifted
outside and inside the LCFS. The advantages of a sufficiently emissive probe are that in principle
@, anddy, can be measured directly, without being affected by electron temperature fluctuations or
drifting electrons. ©2003 American Institute of Physic§DOI: 10.1063/1.1527258

I. INTRODUCTION the plasma potentiab,, when the emission curremt, is
A. Edge plasma turbulence and fluctuations increased by turning up the heating current of the probe. This
) ) follows from the formula for the floating potential of a
At the edge of a magnetically confined hot plasma, esyeated probévalid, however, only for a Maxwellian plasma

pecially in the scrape-off layeSOL), strong gradients of the  ang for probe voltages below the plasma potential, ie.,
charge-carrier densitigg, ; , of the plasma potentiab,; and Vp<®y)

of the electron and ion temperaturds,;, drive a number of

instabilities, which can lead to an enhanced radial loss of

plasma across the SOL. Various effects like the fluctuation- \, _ ¢ 1+ _¢ 1n ( les
induced flux or a gradient of the Reynolds stress play an " P Ale™ e el | P oy
important role in this context. To understand the actual

me_chamsm of the turbulent transport through the S_OL' uith 1.c and ;s being the plasma electron and ion saturation
reliable and precise knowledge &f, and ofE, ,, the radial . .. respectively

and polpidal components gf the electric field, res_pectiV(_aIy, Equation(1) shows that for increasing emission current
and thglr fluctuations are V|tal._ Also., for a comparison W|thIem the floating potential of the emissive probe grows and
theoretical mc_>de|s and numerical simulatiods, andE, , approachesb . For |gy=le s, Vy attains the plasma
are the most important parameters. potential. Indeed, also in a realistic experim&nt; is ob-

o o served to increase with the emission current, however, reach-
B. Principle of emissive probes '’ ing a clear saturation for,=I., i.e., a further increase of

In order to measure the plasma potential in the edgéem Will Not lead to a further growth o¥y. This saturated
region of a magnetized toroidal plasma directly and as prevalue of Vg is then considered to be a good approximation
cisely as possible, we have recently started to use electrd® ®p- This result can, however, be falsified by a number of
emissive probe® The floating potential of a probe, which €ffects, among them the formation of a space charge around

emits electrons into the plasma, approaches the true value #f€ emissive probe by the emitted electrdns.In the ex-
periments, in order to produce a sufficient electron emission

current up tol =250 mA a heating current of 7.1-7.4 A
3E|ectronic mail: petru.balan@uibk.ac.at was necessary.
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TABLE I. Main parameters of the two tokamaks used.

Line Edge Core Edge
Major  Minor  Magnetic Pulse  Torial  Working averaged plasma electron electron
radius  radius field Working  length  current pressure density density temperature temperature
[m] [m] [T] gas [ms]  [kA] [Pdl [m~?] [m~3] [eV] [eV]
ISTTOK 0.46  0.085 05 K 40 9 102 5-10x10% 5-10x10' 80-220 10
CASTOR  0.40  0.085 1.0 H 30 10 102 0.5-2.5<10*° 0.2-2x10'® 150-300 8-25
It is obvious that for .,,= 0, from Eq.(1) we can calcu- In CASTOR, the conditions near the LCFS could be

late the electron temperature sintg= (P, —Vy)/u. Thus,  modified by a radially movable electrode. Usually this elec-
if we measureVy of a cold probe andb, (by means of a trode was put exactly at the radial position of the separatrix.
sufficiently heated emissive probgmultaneouslyT . can be

inferred. In this casex=In(l.¢/lis) depends also on the ratio

between the effective areas of the probe for electron and ioR- Emissive probe systems

collections. The construction of our emissive probes has been de-
scribed in detail in Refs. 7—9. The probes are able to produce
an emission current up to 300 mA and are thus well suited
ll. EXPERIMENTAL SETUP also for higher densities than those shown in Table I.
A. The Tokamaks In ISTTOK, two different probe arrangements have been
used. For a number of measurements, the setup consisted of
ﬂwee fixed emissive probes. This is shown in Fig. 1. For
preliminary results see also Ref. 8. The three probes are situ-
ated on the same poloidal meridian, but on different poloidal

The experiments have been carried out in two Europea
tokamaks, in the Instituto Superior “dmico Tokamak
“ISTTOK” at the Nuclear Fusion Center, Instituto Superior
Tecnico in Lisbon, Portugal, and in the Czech Academy of .. ) i . -
Sciences Torus tokamaE “CASTOR” of the Institute ¥or positions. The probe tips have different minor radi=86

. . .mm, r,=89 mm, and ;=92 mm. Thus, all three probes are
Plasma Physics of the Czech Academy of Sciences N Ltside the LCES.

Prague, Czech Republlc. Table | shows the main parameters In CASTOR, a radially movable arrangement consisting
of these two machines. - L
: L : of two emissive and two cylindricglcold) probes has been
In ISTTOK, a poloidal limiter is used to determine the o .
. . S : sed. The probe head is inserted in such a way that the two
separatrix of the plasma ring. This limiter can also be biased oo . . - .
s L emissive probes are on the same poloidal meridian, with a
to vary the space potential in the vicinity of last closed flux . L .
poloidal separatiol=5.4 mm between the probe tips. The
surface(LCFS). Usually a 50 Hz ac voltage 160,}; was o .
applied to it cylindrical p_robes are located betv\(een the emissive prob_es,
' spaced toroidally by 5.6 mm, but displaced slightly to avoid
mutual shadowing in the magnetic field. Usually one of the
cold cylindrical probes was used to measure the ion satura-
tion current and the other one was swept in order to record
the current voltagél-V) characteristics and to determine the
Vitwire average electron temperature. Figure 2 shows a schematic of

0.2 mm i
e sk this setup.

View from the top
BNC connectors side of the tokamak

FIG. 1. Schematic of the three-emissive probe array inserted into thé&IG. 2. Schematic of the experimental setup used in CASTOR in Prague.
ISTTOK in Lisbon. The radial distances of the three probes from the plasmda he inset shows the probe head which carries two electron emissive probes
edge(defined by the limiterare 1, 4, and 7 mm, respectively. and two cylindrical cold probes.
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FIG. 4. Raw signal of the floating potentighich here corresponds to the
plasma potentialfrom the three emissive probésom ISTTOK) without
limiter biasing. The probe positions are here given as the distances from the
limiter.

FIG. 3. Schematic of the experimental setup used in the ISTTOK in Lisbon.
With this arrangement, the poloidal and the radial electric-field component$,g considerable Change for positive or negative limiter bi-
and their fluctuations can be recorded simultaneously. . . .
et md usy ases. Remarkable is the strong increase of the plasma density
for V;;,>0.

o et S et ave b RrofEd ) Ca o adaly movbledoule e |

_ e . X double cold probe setup
emissive probes, positioned in such a way that the radial and
the poloidal component of the electric field in the edge re-  BY recording the floating potential of one of the cold
gion can be recorded simultaneously. The radial, respedrobes and that of a sufficiently emissive probe simulta-
tive|y, po|oida| Spacing between the probes is 7. mm, resped]GOUSly, we have obtained a radial profile of the electron

tively, 5.8 mm. This setup is laid forth in Fig. 3. temperaturgsee Fig. 6. This was done by using the above
relation Te=(®y—Vy)/u with u=2.04° The absolute

value of the electron temperature, as well as the shape of its
IIl. EXPERIMENTAL RESULTS AND DISCUSSION radial profile are in good agreement with that measured by
the standard techniqdd,.e., from thel-V characteristics of
the single Langmuir probe.

We have measured the floating potential of the emissive
probes on the three different positions simultaneously,
thereby obtainingb,(r,_3,t) for various plasma conditions.
Thus, we have obtained a rough radial profile of the plasma
potential, showing also the temporal evolution during each
shot. Figure 4 shows the raw signals of the three probes
versus time.

The radial profile shows a strong drop of the plasma
potential in the SOL. Between,=86 mm andr,=89 mm
the plasma potential decreases fraby, ;=48 V to &,
=18 V. This corresponds to an electric fieldBf=10 kV/m
even without limiter bias. This value is in keeping with simi-
lar results of the CASTOR tokamak, but has been achievec
there only with a dc limiter bias of- 100 V? The amplitude
of the fluctuations also decreases between these two pos
tions.

Figure 5 shows the probe signals when the limiter is - i ooE oo oo o 0o 00 oo
biased with a 50 Hz ac voltage. As reference, the lowermosi ’ ’ "~ ime fs] ’ ' '
curve shows the current flowing to the limiter. Pég,>0,
this means a strong electron current, we observemaf is FIG. 5. Plasma potentials when the limiter was biased with a 50 Hz ac

. . . s voltage ofV};,,=160 V,,s. The lowermost curve shows the current flowing
increased only slightly during this time. Also the other two to the limiter; it is positive(ions) for V;,,<0 and become$much more

probes show a slight increase _Of their floating potentials,egative for positive values of;,, when electrons are attracted to the lim-
@23, respectively. The fluctuation levels, however, showiter.

A. ISTTOK—Stationary three emissive probe setup

the signals [a.u.]
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FIG. 6. Radial profiles of the plasma potential, of the floating potential of a8MiSSive probes have been either not heatddngmuir probes” —

cold probe, and of the electron temperature. The latter profile was calculate¥fluares or heated to electron emissigatars. The radial position of the
choosingu=2.04. separatrix is at=78 mm for this series of shots.

By measuring the fluctuations of the poloidal electricthis important parameter, which has a strong effect on the
field Ey=(®y;— ®p)/d and the fluctuations of the plasma radial particle flux. Table Il shows a summary of our mea-
denSityﬁplzli,sat simultaneously(with 1; ¢, being the ion surements hitherto and a c_:omparison with an analog_ous
saturation current to one of the cold probes—and by neglecformer measurement of Re in the ISTTOK, however, with
ing ﬁ—e for this casg the radial fluctuation-induced ﬂuﬁr cold prol;)eé3 As we can see, the values have a similar order
_ ﬁpﬁr>:<|i,saﬁo/50> could be derived, wher8, is the of magnitude and the radial distance between the pr¢bes

external toroidal magnetic field. Figure 7 presents the avergm |n|gur cask magowsn‘zluence the Va“é? Of_lt_n‘? nog_heiatedl
age values ofl’, at several radial positions. The poloidal eynolds stress at 80.32 mm minor radius. This radial posi-

electric fieldE, was determined by the emissive probes, buttlon is near the velocity shear layer and around this position

in the case of solid square symbols the probes were nétpe radial correlation of the signals of the radial probes show

heated so that they acted as simple Langmuir probes. In tHe Iretc_iuctll)orl, Wh'c?h's ”_“”el prfonoutr;]ced tr"?‘(;‘ tlhat Obf the cor-
case of the star symbols the probes were emissive so that ghgration between the sighals from the poloidal probes.
plasma potentials were measured and thus a more realistic

value of E, was obtained. V. CONCLUSION

We have succeeded to use electron-emissive probes in
the edge region of smaller tokamak experiments in order to
measure the plasma potential and its fluctuations directly.

Our preliminary measurements with this probe aisBe  Our various probe arrays allow also the determination of the
Fig. 3 have up to now delivered the Reynolds stress Re irelectric-field components in various desired directidfs.
two different positions, where the minor radius of probe 20ur probe design is simple and has a relatively long
was taken as the reference coordinate. In both cases, all thréfetime:” it can withstand the conditions in smaller toka-
emissive probes have been heated so that the plasma potenaks. We have not found any sign for an excessive evapo-
tials &, ;_3 could be determined from the floating potentials ration of tungsten from the probe wire, or damage by sput-
of the probes. From these three valueg,=(®,,; tering. Since the emission current remains constant during an
—®p0)/dyp, andEy= (P 3— Py 5)/doz could be calculated  ISTTOK or CASTOR pulse, we can exclude an additional
with d;,=7 mm andd,3=5.8 mm being the respective dis- heating of the probe wire by the plasma, so that the effect of
tances between the probes. self-emission seems not to play a réfe.

_The Reynolds stress is defined as =Re,v,) In spite of some demurs concerning the accuracy of the
s(ErE(;)/B(Z,. So from the above values we can determinefloating potential of a strongly emissive probe in terms of

C. ISTTOK—Radially moveable three emissive probe
setup

TABLE II. Reynolds stress determined with the new three-emissive probe array in ISTTOK, once determined
with heated(emissive probes and once with the probes not heated.

Minor RemM%s?, ReM/s, Rem?/s’],

radius determined by means of the thre@letermined by means of the threeletermined by means of the
[mm] emissive probes heated emissive probes not heated three cold probegRef. 13
74.82 —-2.3x10° —-4.9x10° =—4x10°

80.32 —-0.86x10° —4.3x10° =0.5x10°
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