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Working team with Ball-pen probe (s)

G. Grenfell, D. Brida, G. D. Conway, T. Nishizawa, P. Manz, D. Tskhakaya, R. Pitts, T. Markovic,
D. Trunec, B. G. Csillag, L. Cinnirella, J. Lips, D. Lopez — Rodriguez, D. S. Sanchez, D. Medina,
H. Lindl, L. Lobko, J. Malinak, J. Hecko, S. Meshkani, M. Mahjour, G. H. S. Durr-Legoupil-Nicoud,
O. Zikmund, C. Theiler, G. Bousselin, J. F. Pautex, S. Heuraux, N. Lemoine, G. Bonhomme,
L. Salamon, G. lkovic, B. Fonda, M. Bonisolli, D. Brioschi, L. Yu-Chih, A. Kumar, T. Bfezina,
V. Sedmidubsky, K. Nosek, C. Maestracci, D. Di Matteo, Y. Nagashima, A. Fujisawa, T. Nishizawa,
T. Yamada, C. Moon and more in SUMTRAIC/EMTRAIC (146 colleagues and more)
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The Langmuir probe

(I-V characteristic)
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Ball-pen probe principle (BPP)

(in magnetized plasmas)
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Ball-pen probe on CASTOR
(2004, Prague)
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Ball-pen probe on CASTOR

(B=1T, I,=10 kA, R=0.4 m, r=85 mm, hydrogen plasma)
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J. Adamek, J. Stockel et al. Czech J Phys, 54 supll.C (2004) C95-C99
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Ball-pen probe on CASTOR (2004)

Adamek J., Stockel J., Hron M., Ryszawy J., Tichy M., Schrittwieser R., lonita C., Balan
P., Martines E., Van Oost G.: A novel approach to direct measurement of the plasma
potential. Czechoslovak Journal of Physics 54 supll.C (2004) C95-C99.

https://en.wikipedia.org/wiki/Ball-pen_probe
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Ball-pen probe on RFX - Reversed field pinch

(2007, Italy)

Shot 20338 t = 242 — 26.2 ms
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Ball-pen probe on ASDEX Upgrade (AUG)
(2007, first design, Germany)

BPPO BPP1
h=-05mm h=-1mm

BPP2

h=-2mm

J. Adamek et al. , JNM 390-391 (2009) 1114-1117
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Ball-pen probe and strong erosion of material
(2007, AUG)

No more boron-nitride material on AUG
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Schrittwieser, F. Mehlmann, J. Stockel, J. Horacek, J. Brotankova, ASDEX
Upgrade Team, “Direct measurements of the plasma potential in ELMy
H-mode plasma with ball-pen probes on ASDEX Upgrade tokamak”,

Journal of Nuclear Materials, Volumes 390-391, 15 June 2009, Pages
1114-1117.
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Ball-pen probe head - new design

BPP graphite

BPP graphite
collector shield

collector shield

boron nitride
boron nitride

previous new

New design is patented in CR, J. Adamek & J. Stockel
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Ball-pen probe head - new design
(2008, AUG)
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Radial electric field in L-mode

(2009, AUG, BPP & Doppler reflectometer)
#24349, B,=2.5T, 1,=0.8 MA, n=3*101° m™3, P,z =1 MW

L-mode

L-mode #24349 @ 2.6s

E rad
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o
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H.W. Muller et al., NF 51 (2011)
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Ball-pen probe for low-temperature plasma
(2010 - 2015, DC Magnetron, CU, Prague)
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Ball-pen probe for low-temperature plasma

(2010 — 2015, DC Magnetron, CU, Prague)

[ | o Probe | Collector | Collector | Ceramic
Teflon tape type diameter/ | material | support
length ID/OD
LP 50 um/ Tungsten | Tube 0.3 mm
N 4 mm ID /1 mm OD
EP 150 um/ Tungsten | Square tube
* L2 g Stainless steel 6 mm 1x3 mm
>20 mm _ |, Alumina BPP1 | 1.2 mm/ Stainless | Tube 2.4 mm
= < S variable steel ID /4 mm OD
% BPP2 | 0.8 mm/ Tungsten | Tube 2.4 mm
< variable ID /4 mm OD
L
‘\/\/\/—‘—\f BPP3 | 0.8 mm/ | Tungsten | Tube 1.5 mm
- 24mm variable ID /3mm OD

M. Zanaska et al., PoP, 22 (2015)
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Difference between the plasma potential ® determined from three

different teqgchniques
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®,, .. Langmuir probe, inflection point of the I-V
®., ... Emissive probe
®g,, ... Ball-pen probe

Depicted data from 3 BPPs of different
construction that have been gained over
approximately one year of experimental effort.

M. Zanaska et al., PoP, 22 (2015)
J. Adamek et al., CPP 53 (2013)
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Ball-pen probe in low-temperature plasma
(2010 — 2024, all devices)

VR "i

DC Magnetron, Prague =~ \= M. Zanaska et aI PoP‘Zl(ZOlS)
TJ-K, Stuttgart, Germany \.I Adamek et al., CPP 53 (2013) ;
He, Nancy, France G Bousselm et al., RSI 84 (2013)
Llnea‘r dev Ljubljana Slovenia J Agamek et al., CPP 53 (2013)
Line&r*dev L|verpool England " B.J. Harrls et al., PSST 28 (2019)
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Ball-pen probe on MAST and ISTTOK

(2012-2013, England, Portugal)

N. Walkden et aI‘., RSI 86 ‘(2(‘)1‘5)
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Ball-pen probe on COMPASS

(2013-2020, Prague)

Probe head with 3 BPPs and 2 LPs

-

Fast measurements of T, (limited just by DAS)
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J. Adamek et al., RSI 87 (2016)
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Ball-pen probe on COMPASS

(2013-2020, Prague)

LP1 [ LP2
8mm

main SOL
1.0 L-mode, #7029 + 7034, main SOL
I Counts: 814
e Represents: 44.5 % of succesfull fits
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J. Adamek et al., NF 61 (2021) and D. Cipciar et al., PPCF 64 (2022).
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Ti and T. [eV]

FAST SWEPT BALL-PEN PROBE
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.. | P P New system of divertor probes for fast

measurements of T, and q,, (2015)

. 56 BPPs: boron-nitride tube
4 stainless-steel collector
110 LPs: graphite, roof-top shaped
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J. Adamek et al., NF 57 (2017)
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New system of divertor probes for fast
measurements of T, and q,, (2015)

. 56 BPPs: boron-nitride tube
4 stainless-steel collector
110 LPs: graphite, roof-top shaped

el

.
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. S

J. Adamek et al., NF 57 (2017)
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Fast measurements using new divertor probes

(COMPASS, selected results)
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Ball-pen probes over the world
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Ball-pen probes over the world

Langmuir (d=1mm, L=2mm)

BPP collector
outside shielding tube

Ball Pen (D=5mm)
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Ball-pen probe on CASTOR

(B=1T, I,=10 kA, R=0.4 m, r=85 mm, hydrogen plasma)
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BPP floating potential scan with collector position
(high input impedance voltmeter)

4L " “ g m directly from floating probe - -4 A voltage follower with
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_{ M. Zanaska et al., PoP 22, 2015; J. Adamek et al., CPP 53, 2013.
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