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1. Introduction
The knowledge of the plasma potentil,, is of importance for evaluating the electron

energy distribution function (EEDF) and umskanding the underlyinghysical processes
occurring at the plasma edge in tokamaks, such as the formation of transport barriers, plasma—
wall interactions, edge plasma turbulence, Bifferent kind of probes (emissive, ball-pen,
etc) are used for direct measurement of plesma potential [1] and the use of classical
Langmuir probes for this purpess still under discussion.

In this work we report a procedure faoth plasma potential and EEDF measurements
in tokamak edge plasmas by Langmuir probeg fitocessing of the electron probe current in
the presence of a magnetic fies based on the kinetic thearya non-local approach [2].
2. First derivative probe method
It was shown in [2] that thelectron probe current for aloydrical probe of the radiuR and

lengthL at negative potentials is given by:
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where W is the total electron energyy(W) is a diffusion parameteg, mand nare the
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electron charge, mass and density, S is the probelaisdhe probe potential with respect to

the plasma potential. The geometric factpe y(R/1) assumes values in the range

0.71<y<4/3. Here f(Ww) is the isotropic EEDF, noralized by:

4r7nr3x//2_J' { W wWdw = '[f(g)\/_dg n. If the diffusion parametey(W) is negligible ¢ <<1),
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taking y =4/3 the equation (1) is reduced to thessiaal expression of the Langmuir faria

for the electron probe current:

(2)

This approximation is valid for a lowas pressures and for low magnetic fields;

namely when the electron mean free path or thenbaradius is larger than the characteristic
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dimension of the probe sheath. When the adactrean free path is comparable with the
characteristic dimension of the probe sheattl when electron motion in the probe sheath is
diffusive, equation (1) must be taken intccaunt. At strong magnetitelds (or relatively
high gas pressures, > 1000 Pa), which means high diffusion parameter valres)( it has

been shown in [2] that the EEDF(g), is represented not by the second derivative of the

electron probe current (Druyvesteynrfarla), but rather by itBrst derivative as:
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Obviously, in order to ealuate the EEDF the value$ the diffusion parametey (W)
must be known. In the presence oégnetic field,»(W) depends on the plasnparameters,

shape, size and orientation of the probe. Fprode perpendicular tthe magnetic field the

diffusion parameter is given by [3]:
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Here, R(W,B)is the Larmor radius for electrongor probes oriented parallel to the

and the EEDH (¢) =-

magnetic field the diffusion parameter is:

) A o 3r/2mL dr
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Hence theU , value must be known so that the EEDF can be measured. When the

diffusion parametery(W) is negligible {# <<1) the electron probe current is described by
equation (2) and the plasnpotential may be #@sated at the position of the bend of IV
characteristic or at the minimum of its first detive. As shown in [4]for a large, constant
value of the diffusion parameter=y, >>1, the minimum of the first derivative of the IV
charateristic is shifted (figure 1) by a vauequal to the electron temperature (expressed in
volts) towards negative probe potentials in ezspo the plasma potential (set as 0 in the
figures).

At strong magnetic field the diffusion parameter is large, but not constant
://(\N):y/(,/\/v_v»l. In this case, our model calculations for a Maxwellian EEDF with
different electron temperaturesgfire 2) show thahe minimum is shifted by a value equal to
1.5 T (T being the electron temperature). Whetts)=y, /W >1, but not too large, the

minimum of the first derivative of the IV @nacteristic is shifted by a value in betw@eand
15T
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I'(U) [arb. units]
I'(U) [arb. units]
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Figurel Figure2.
The model calculations for a Maxwellian EEDF £ 10 eV) of the electron probe current

using the equation (1) are peeged in figure 3. Figure 4hews its first derivatives for

different values ofy, in the diffusion parameter equatign(c) =y, /W .
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Figure3
In this case, for aaccurate evaluation df ,, hence, of the EEDF, we propose the

following procedure: the electraemperature is evaluated from the slope in logarithmic scale
of the first derivative of the experimental I¥haracteristic; the best fit using the model
calculation provides the value tife plasma potential; thenetliEEDF may be evaluated using
equation (3).
3. Resultsand discussion
The method was applied in the CASTOR tokamak edge plasma [5,6]. The IV characteristics
were measured using an array of 11 probes oriented parallel to the magnet® fdldB(T).
Each cylindrical probe tip has a length-2 mm and radiuR=0.35 mm, and they are
radially displaced from each other by 2.5 mmeTiobes were inserted into the edge plasma
from the top of the tokamak.

Figure 5 presents the firgerivative of the smoothed I¢urve [7] during the shot
#27034 for the parallel probe #hé¢t deepest), displaced by 58 mm from the centre of the
tokamak poloidal cross-section. time same figure the fit using the model curve is presented,

and from the comparison the plasma potentigl=50 V may be evaluated. One can observe
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a bend (not always well pronounced) in the expental curve. In gactice, even a small
increment ofl(U) at a probe potentidl, positive with respect to plasma potential, leads to

I”(U) deviatingfrom zero atu , . Additional reasons for thigéture may be plasma potential

fluctuations due to the plasma turbulence and biasing effects due to the smoothing of the
experimental IV characteristic.
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Figure 6 presents the EEDF obtained using equdSpnit is clearly seen that the electron

energy distribution function is bi-Maxwellianyhich is in accordance with our previous
investigations [5,6].
4. Conclusion
The first derivative Langmuir probe methodsmased to process the electron part of
the current-voltage characteristics measunedthe CASTOR tokamak edge plasma. A
procedure for the accurate avation of the plasma potentia¢spectively EEDF is presented.
Measurements were carried out by cyliodr probes parallelo the magnetic field.
The values of the plasma potential, EEDFectron temperature and electron densities are
evaluated. The presented results demonstratetile proposed procedure allows evaluating
additional plasma parameters using the eleguam of the current-voltage Langmuir probe
characteristics in tokamak edge plasmas.
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