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The ball-pen probe (BPP) is an innovative electric probe for direct measurements of the plasma potential. This probe
was developed in IPP Prague and it is based on the Katsumata probe concept. Combined measurements of the plasma
potential by a BPP and floating potential by a Langmuir probe provide also the value of the electron temperature. First
test of the BPP on the RFX-mod reversed field pinch in Padova has been performed in November 2006. The BPP head,
made of boron nitride, is equipped with four graphite collectors, which are positioned at four different radial positions £
inside four shafts hollow into the probe head. The radial profile of the plasma potential and also the electron

temperature were measured.
PACS: 52.70.-m; 52.55.Fa; 52.70.Ds

1. INTRODUCTION

Understanding of the electric field and its turbulence

in magnetic confinement devices is one of important tasks
in the fusion research. The transport phenomena are
guided by changes of plasma potential in the edge of the
plasma. This research is thus relevant for ITER, for the
lifetime of the first wall components. Direct plasma
potential measurements are also essential for
understanding of the SOL physics and for the verification
of the numerical simulations of the SOL [1, 2]. Up to
now, emissive probes [3] and heavy ion beam probes [4]
have been used for the determination of the plasma
potential in tokamaks. However, use of these techniques
is hampered by various technical problems and
peculiarities in measured data interpretation.
The Ball-pen probe was developed in the Institute of
Plasma Physics AS CR in Prague [5-8] for direct
measurements of the plasma potential. It was used in
several experimental devices: in tokamaks CASTOR [5-
8] and ASDEX Upgrade. The BPP was also used in the
reversed field pinch RFX-mod in Padova [9], a Reversed
Field Pinch toroidal device with major radius R=2 m and
minor radius a=0.459 m in order to verify the behavior of
the probe also in low magnetic field (~0.1 T). In this
paper, the first results of the measurements in RFX-mod
are referred.

2. PRINCIPLE OF THE BALL-PEN PROBE

The Ball-pen probe takes advantage of the difference
between the electron and ion Larmor radii. It was
developed on the basis of the Katsumata probe concept
[10]. The BPP is made of a ceramic tube with a metal
collector of a conical shape inside. The probe head is
oriented perpendicularly to the magnetic field lines. The
ions can penetrate deep into the shaft due to their larger
gyro-radii, while certain part of the electrons is shielded.

According to the Langmuir probe theory for
Maxwellian plasmas, the floating potential of the collector

V4 can be expressed as
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where @® is the plasma potential, 7. is the electron
temperature, [, and I*,, is the electron and ion saturation
current, respectively. For a certain position of the
collector, the Iy, and I%, are balanced and the
corresponding BPP potential is equal to the plasma
potential.

sat

3. EXPERIMENTAL SET-UP

The BPP head developed for the RFX-mod
experiment is shown in Fig. 1. The probe head is made of
boron-nitride material with four shafts where the
collectors are located. The collectors are made of graphite
at different positions 4 with respect to the mouths of the
shafts: 0 mm, -3 mm, -6 mm, -9 mm. Collectors have
diameter of 4 mm and the probe head itself has a diameter
of 50 mm and length of 90 mm.

Ball-pen probes

Fig. 1. The ball-pen probe head for the experiment on
RFX-mod
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The measurements with floating ball-pen collector
were performed with two different values of F' parameter.
F is called reversal parameter, it is the ratio between the
value of toroidal magnetic field at the wall position Be(a),

B,(a)
and the averaged toroidal magnetic field: ¥ = <”37> . First
9

of the series was with F=-0.2, the second one with
F=-0.04.

The BPP operated on the low field side of the RFX-
mod vessel at the mid plane. The measurements were
performed with the different radial positions of the BPP
on shot-to-shot basis. The main plasma parameters for the
data reported in this paper were low plasma current Ip[]
300kA, plasma density » 0O 100" m>, the electron
temperature at edge 7. 0020 eV. In these discharges the
poloidal magnetic field at edge is B 1J0.12 T,

4. RESULTS

Radial profiles of the potential of the collectors are
plotted in Fig. 2. Each radial position contains four points.
They represent values of the potential measured by the
BPPs with four different depths of the collectors. The
radial position is considered not as the radial position of
the collectors themselves, but as the radial position of the
probe head. Fig. 2 shows that there is a saturation of the
potential for depths of the collector of -3 mm and more.
Results of the experiments from the CASTOR tokamak

(Bwr L 1T) show that saturated potential of the BPP
collector indicates the value of plasma potential.
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Fig.2. Radial profiles of the potential of the BPP
collectors with different depths (h=0 mm, -3 mm, -6 mm,
-9 mm). The first wall of the RFX-mod vacuum vessel is

located at the radial position 0 mm

The collector at the position # = 0 mm operates as a
standard Langmuir probe in plasmas with low magnetic
field. The value of the potential therefore corresponds to
the value of the floating potential V. These values are
lower than the potential of the deeper collectors, as is
shown in the Fig. 2. The values of plasma potential show
qualitative agreements with previous measurements [11].
We can derive the electron temperature from the
difference of the plasma and the floating potential as

_0-y,

T, P )
where the coefficient o = 2.89 for hydrogen plasmas.
Resulting radial profile of 7. is plotted in Fig. 3. The
previous measurements [11] show higher values in the
plasma bulk. This quantitative discrepancy can be due to
the suprathermal electrons which might have influenced
the triple probe measurements in [11].
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Fig.3. Radial profile of electron temperature

5. CONCLUSIONS

The Ball-pen probe was tested at the RFX-mod
reversed field pinch in Padova. The probe head was
inserted into the edge plasma up to the radial position of
40 mm from the limiter. Saturation of the collector
potential occurred from the depth of 3 mm. Radial profile
of plasma potential as well as of the electron temperature
were obtained.

We conclude that the BPP is well-suited diagnostic
tool for routine measurements of the plasma potential in
the edge plasma region of fusion devices, yielding
sufficiently high spatial and temporal resolution.
Furthermore, the BPP is a very robust construction,
surviving even high power loads
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W3MEPEHUE MOTEHIAAJIA TIVIA3MBI U DJIEKTPOHHOM TEMITEPATYPBI
IMAPOINIOJOBHBIMU 30HAAMMU B RFX-MOD

J. Brotankova, J. Adamek, E. Martines, J. Stockel, M. Spolaore, R. Cavazzana, G. Serianni, N. Vianello, M. Zuin

[aporogoOHbIN 30H — HOBBIW THIT 30HIa JUIS MIPSIMBIX M3MEPEHHUH MOTeHIMAaNa 11a3Mbl. JlaHHbIH 30H1 pa3paboTaH
B U®II, B Ilpare, u ocHoBaH Ha KoHuenuuu 30HAa Karcymarel. KomMOMHHMpOBaHHBIE W3MEPEHUS IUIA3MEHHOTO
MOTCHLIMANA IIapONOJOOHBIM 30HIOM M IIJIABAIOIIEr0 MOTEHIMAana JICHrMIOPOBCKHM 30HAOM JAIOT TAaKXKE BEIHMYHHY
AJIEKTPOHHOU TemmepaTyphl. llepBrle WcmbITaHWs 30HJa B MUHYE ¢ oOpamieHHbM moneMm Ha RFX-mod B Ilamose
npoBeneHsl B HosiOpe 2006 . T'onoBka 30HIa, clenaHHAs W3 HUTpHUAA OOpa, OCHAmanach YeTHIPbMs Ipa(uTOBBIMHU
KOJUIEKTOPAMH, KOTOPBIE pa3MEIAJNCh B HYETHIPEX PA3NIWYHBIX pPAAHANBHBIX TIOJIOKEHUSX h BHYTPH UeETBIpEX
ITyCTOTENBIX IWIMHAPUIECKUX OTBEPCTHIl B TOJOBKE 30H/a. 3MepeHs! pajuainbHbIi MpoQuiIs MOTEHINANA TUIa3Mbl 1
3JICKTPOHHAs TEMIIEpaTypa.

BUMIPIOBAHHSA NOTEHIIAJY IJIA3MHU TA EJJEKTPOHHOI TEMIIEPATYPU
KYJENNOAIBHUMU 30HJAMHM Y RFX-MOD

J. Brotankova, J. Adamek, E. Martines, J. Stockel, M. Spolaore, R. Cavazzana, G. Serianni, N. Vianello, M. Zuin

KynenoniOHuit 30HA — HOBUI THI 30HAY /U NMPSIMUX BUMIpIOAHHB MOTeHIiany ruiasMu. Lleit 3oH1 po3pobieHo y
ITII, B Ilpasi, Ta 3acHoBaHO Ha KoHuenuii 30HAY Karcymatn. Kom0OiHOBaHI BMMIipIOBaHHs IUIa3MOBOTO ITOTEHILTY
KyJICTIOIIOHUM 30H/IOM Ta IUIaBaOYOro IOTeHIiany JIeHrMIOpiBCbKMM 30HOM JaIOTh TAKOXK BEJIUUUHY EJIEKTPOHHOT
temriepatypu. [lepmr BunpoOyBaHHS 30HIY B miH4i 3 obepHeHnM nosieM Ha RFX-mod y IlagoBi Oyno mpoBeneHo y
nucronani 2006 p. I'onoBka 30012, BUpoOieHa 3 HITpULY Oopa, Oyia ocHameHa YOoTHpMa rpadiTOBUMHU KOJIEKTOpaMH,
SKi OyJNM pO3TalloBaHi B YOTHUPHOX PaialibHUX MOJOXKEHHAX h ycepenuHi 4OTHPHOX MOPOXKHUCTUX LUIIHIPUYHUX
OTBODIB B TOJIBII 30H1a. BuMipsHO pamianbHUA Ipodisie TOTEHIIATY IIa3MH i eIEKTPOHHY TeMIIEPaTypy.
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