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Forecast 2021

The Night of Scientists V. X(#C19)

FUMTRAIC VI v, SCIWTRAICQGOLEM VIII X(#C19), HUNTRAIC
VII v

GOMTRAIC 111 (5 days)! X(#C19)

Bachelor thesis ?

Diploma thesis IV cont.

papers in FUSENGDES, AJP .. ?

TRAICS: Eindhoven, Bangkog X(?), Torino, Moscow,

Runaways intensive studies (J(v:, postdoc, GACR grant, Valérie, )
Edge Plasma intensive studies (KJ, PM: TunnelP)

End of the reconstruction ... start to exploit the facility.



Outline

Introduction



Honza




South 01/2022




North 01,/2022




Outline

Current scientific topics
m Edge plasma studies

m Probes: Rail probe
m Biasing experiments
m Run Away Electrons

m Others



Outline

Current scientific topics
m Edge plasma studies



Dario Cipciar (Jiti Addmek): Swept BPP probe. MSc
project. 2021




Dario Cipciar(Ji¥i Addmek): Swept BPP probe:

set-up
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Dario Cipciar(Ji¥i Addmek): Swept BPP probe:
Oscilloscope screenshot
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Fast ion temperature measurement using swept ball-pen

probe. MSc thesis. 2021

Ton temperature is measured with 5 s temporal resolution based on the measurements of the electron branch of a ball-pen probe (BPP)
IV characteristics [3].
The probe collector is biased with a voltage swept between -30V to +130 V at a frequency of 100 kHz.

) a=n j}t = 0.25 4+ 0.09 (B, > 0.227T).
sat

The T; is obtained from I(V) = I, - (exp(agpp) 1+ K- (V- ®)] —exp ((Piv

Cut-off fitting technique is applied to all the IV characteristics.

Fluctuations of the ion temperature ranging between 5 eV up to 40 eV reveal the turbulent behavior of the edge plasma.

NON-Gaussian shaped histograms of 7. and T are observed with a peak at low temperature and a tail towards high temperatures.
R= 65.0mm; 0.35< B [T] <0.40
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Cut-off technique. Temporal evolution of T; and T,. Histograms of T and T.

Macha, P., Cipciar, D. & Adamek, J. et al. @EPS 2021



Martina Lauerovd (Katefina Hromasova). Electron temperature measurements

using Lang and BPP probes. SOC project 2021

Swept Langmuir probe — verified but complicated and time-
consuming.

Combined method (floating ball-pen and Langmuir probe) -
straightforward and high time resolution, but rather new.

It was verified that both methods give the same results.

We suggest that the combined method is suitable for measuring
the edge plasma Te.

Comparison of probe methods

I combined method
& sweptlP

Time evolution of Te in two identical GOLEM discharges, showing good

correspondence between the two methods (#35729 — #35791).

Macha, P., Lauerova, M.. & Hromasov3, K. et al. @EPS 2021



Ale$ Socha (Katefina Hromasovd), Turbulent

structuresusing using Double rake probe. SOC project 2

¢ Exchange turbulence (blob-hole pair generation and propaga-
tion) in the plasma edge enhances energy and particle losses.

* Double rake probe (tokamak bottom port) measured I, at
r = 37 — 90 mm (limiter at » = 85 mm).

® I.a histograms found asymmetric with positive skewness indi-
cates the presence of blobs.

¢ Skewness seems to decrease to negative values at » = 40 mm,
possible location of the blob birth zone.

shots #35751 - #35762, t = 13.6 - 14.6 ms.
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Radial profile of ion saturated current skewness. Positive values indicate

the presence of blobs throughout the investigated region.

Macha, P., Socha, A.. & Hromasov3d, K. et al. QEPS 2021
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Ji¥i Malinak (Jifi Adamek): Rail probe. BSc project. 2021




Jifi Malinak (Ji¥i Adamek): Rail probe: complex set-up
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Ji¥i Malinak (Jifi Adamek): Rail probe: Oscilloscope
screenshot
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on temperature measurements using rail probe

The rail probe concept can sustain exceptionally high heat 40 =
flux and reduce the sheath expansion effect. s Ln;:,:“} f,:h, T
A probe head consists of a rail probe (RP, length = 40 mm, _ & Rail prabe - T,
wide =2 mm), Langmuir probe (LP, length 1.5 mm, diameter 3 5 LIR st o .T ol
1 mm), and ball-pen probe (BPP) [4] has been designed 5

Special manipulator with changable inclination to By within
=410° has been installed.

Electron temperature is measured using a swept Langmuir ,,

11kl

and rail probe (f = 5 kHz) and a floating ball-pen probe. e | 8
* Capability of RP to reduce the sheath expansion effect was 7 § Ra:g:,‘:,,:';b It l 5
confirmed. Sa0f & Belpenprobe-T. 3
* Good agreement between LP, RP and BPP electron tempera- + : b=
ture measurements for large magnetic field. G 2
0 0
Left) Comparison of T, measured by BPP, LP and RP. Right) 935 040 ﬂ;? o 0.50 055 ;

Diagram of the combined probe head.

Macha, P., Malinak, J. & Adamek, J. et al. @EPS 2021
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Sasha Melnikov & students. Biasing experiment. April,

2021

SE-top: Biasing Electrode




Biasing electrode




Biasing electrode with Double rake probe in tokamak
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Yy

Luka¥ Lobko (Jan Cefovsky, Ondej Ficker): Mg&Feni ubihajicich elektronii na

tokamaku GOLEM prostfednictvim scintilaénich detektord. Lab. work. 2021




Measurements of HXR radiation

¢ Scintillation detectors were used for HXR spectrometry.
* Two problems occured:

¢ Standard photomultiplier tubes of scintillation detectors can not withstand intensive HXR fluxes (Nal(T1) detector drops around 8
ms).

 Piled-up areas of signal - still too high HXR fluxes

¢ Optimal setup must be found by ensuring sufficient lead shielding and the distance from tokamak.

HXR radiation - scintillation detectors; discharge #34055

Pile-up effect; discharge #34060

ulmv)
%
I

umv)
8

EIW'

]

ulmv)

ulmv

tims]

Comparison of HXR signals from 4 different scintillation detectors. Comparison of piled-up signals and individual peaks.

Macha, P., Lobko, L. et al. @EPS 2021



CeFovsky, J. et al. Progress in HXR diagnostics at GOLEM
and COMPASS tokamaks

% COMPASS

INSTITUTE OF PLASMA PHYSICS ASCR

Progress in HXR diagnostics at GOLEM and COMPASS
tokamaks

J. Cerovsky'?*, O. Ficker'2, V. Svoboda?, E. Macusova’, J. Mlynar?, J. Caloud‘2 V. Weinzettl!, M. Hron!, the COMPASS team and EUROfusion MST1 team**
! nsiute of Plasma Pl of e CAS, Prague, Caech Republic * Faculy of Nucear Scinces and Physial Engneeing, Czech Technical Unversy n Prague, Prague, Caech Republic
contact: cerovskyOipp.ca: * See author lst B. Labit el. al, 2019 Nul. Fusion 59 086020

Expel nts at COMPASS

#21201

GOLEM and COMPASS tokamaks

¢ the GOLEM tokamak [1] is a small
size device operated at

—» former tokamak CASTOR opevated at
IPP in Prague

© serves mainly for educational purposes
and for diagnostics testing (probes
and various HXR detectors)

© scintillation detectors
located outside tokamak

¢ the COMPASS tokamak [2] is a hall, protected from high To00 Tioo ) o0 0
compact size tokamak operated at photon flux tmal
IPP Prague

€ fields of research: H-mode physics, 3 100{ — CeBr; (a) | shielded (5 cm of lead) .
physics of plasma edge, plasma-wall E © ;‘fR{aj'a"‘?"l
interaction, physics of runaway >l divf:geRé"sg,{‘
electrons [3] and disruptions etc. ;E‘ 100] — cebr; (B) e phase
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Y. Siusko et al. Breakdown phase in the golem tokamak

and its impact on plasma performance

-1
— 2,0 N
-4 ¥
£ - -F
1,6 o "
[

g -
£ 1,24 -
L
2
2 0,8
8
Q
£ 0,4-
[
5

0,0 T T T T T

0 1 2 3 4 5
Delay [ms]

Fig. 10. The dependence of the characteristic (avalanche)
time 7, on the time delay.

Y. Siusko et al. Ukrainian Journal of Physics 66.3 (2021), pp. 231-239.



G.A. Sarancha et al. Hydrogen And Helium Discharges

The Golem Tokamak

Usp, V

10 100
p, mPa

Fig. 6. Dependency of the breakdown voltage on the gas pressure
for various Ucp: m — 400, o — 500, 4 — 600, ® — 700, O —
750 V; — —H, — —He

G.A. Sarancha et al. PAST(TF) 4 (2021), pp. 92-110



G.A. Sarancha et al. Hydrogen And Helium Discharges

The Golem Tokamak

N
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Figure 1. Arrangement of the GOLEM probe diagnostics (a) side view, (b) bottom view. Mirnov coils
are installed behind the circular limiter, a;,,= 0.085 m. The Langmuir probe is shifted toroidally with
respect to the Mirnov probes by 90°.

G.A. Sarancha et al. PAST(TF) 4 (2021), pp. 92-110



G.A. Sarancha et al. Hydrogen And Helium Discharges In

The Golem Tokamak
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G.A. Sarancha et al. Magnetic turbulence and long-range

correlation studies in the GOLEM tokamak
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Figure 1. Arrangement of the GOLEM probe diagnostics (a) side view, (b) bottom view. Mirnov coils
are installed behind the circular limiter, a;,,= 0.085 m. The Langmuir probe is shifted toroidally with
respect to the Mirnov probes by 90°.

G.A. Sarancha et al. JPCS 2055.1 (2021), p. 012003



G.A. Sarancha et al. Magnetic turbulence and long-range

correlation studies in the GOLEM tokamak
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Figure 5. (a) Power spectral density of the signals of the MC-out (top) and Langmuir (bottom) probes

and (b) quadratic coherence coefficient (top) and cross-phase between the signals of the magnetic and
Langmuir probes (bottom).

G.A. Sarancha et al. JPCS 2055.1 (2021), p. 012003
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Plasma position stabilization

Mirnov coil

Fast cameras
visible radiation detection

Stabilization coils
plasma position control

. Analog ¢ B |
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- Voltage controlled
current source

+/-500 A
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Plasma position scenario definition
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Control computer
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A,

Storing all user waveforms

credit:[Svo+15]



Martin Humpolec (Daniela Kropatkovd). External plasma
stabilization. SOC 2022




11/21 Martin Humpolec (3tésti? nahoda?)

#37571 #37572

Basic Diagnostics *-E . *.8 = Basic Diagnostics #-E - ».H =




01/22 Martin Humpolec & Daniela Kropd&kova:

commissioning
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Fast cameras 2 tomography (Jakub & Jakub)
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Bedna Sampariského: vy€uchani a znasilnéni komunikace

7 Photron FASTCAM Viewer - [ VIEWER Mo. 5 { Fo\singlelstart to end,cih )] [= |2
b Fle Yow Osion Wi Heb _Photron_|- = x

YYD YYD I YLHYDIODYYYE o

X:0401
R:074 G:074 BA

TUStARE. % rrowomsican.




Calorimetry (J. Caloud)




Motor driven Z-angle manipulator




Plug in modules
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Undergraduate Projects

m Adéla Kubincova (Ondfej Kudlatek). Sofistikované metody real-time
tizeni tokamakovych procesti. BP 2021.

m St&pan Malec (Vladimir Linhart). HXR detection with Timepix3. VU
2021.

m Marek Tunkl (Michal Marci$ovsky?). Strip detector. DP 2021.



Postgraduate Projects

m Petr Mdcha. Studium okrajového plazmatu v tokamacich pomoci
pokrotilych elektrickych sond. DP 2020.

m Sergei Kulkov. Timepix3 for HXR detection. PhD 2020.
m Vladimir lvanov. RE studies with ECRH radiometer.
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Matya¥ Hordk (Katka Hromasova): Profil elektronové

teploty v komote tokamaku

v .o
stfedodkolska
A3 so odborna €innost

facebook so&? soi

27 dubna, 2020 (1130 am)

i
&
5

Lucie Hunalova
Host Dékujeme za odpovédi, nyni dostava prostor dali soutézici

12:30 - 13:00 Matyas Horak - Profil elektronové teploty v komofe tokamaku
Gymnazium Boticska

https://youtu.be/-OC_EIg0Gjk

Vitame Vas, pfejeme Uspésné obhajoby a prosime o dodrzeni casového limitu. Dékujeme
1. Zajimal jste se i o reakci D-D?

2. Je princip méfeni Langmuirovou a ball-pen sondou zalozen na termoelektrickém jevu?
3.V textu se pise ,V grafu 1 je také dulezité si viimnout napadné zmény ve 14 ms a 20 ms.”

Pfi pohledu na tento graf nam pripada mnohem zajimavéjsi, co stalo v Case 18 ms. Zde pozorujeme vychylku ve viech mérenych
parametrech. Mohl byste vysvétlit, co tento jev zplsobilo?



Ale¥ Socha (Katka Hromasovd): Poloha zény vytvéareni
turbulentnich struktur v okrajovém plazmatu tokamaku

y SQC Obor: 2. Fyzika

Poloha zony vyvivarem turbulentnich struktur v
seaigyvem plazmatu tokamakun GOLEM

cha

mm a SOS, Frvdek-Mistek

wlersky kraj

-

4

Watch on (8 YouTube



Martina Lauerova (Katka Hromasova): M&Feni elektronové
teploty na tokamaku GOLEM elektrickymi sondami

M Stredoskolska odborna ¢innost 2 Marti... © -~
Watch later Share

MORE VIDEOS

P o) 041/905 & Youlube (3




Outline




11/21 Guido Lange




Outline




Himmel, M. Priijezd, verze 2. 2020.
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Y. Siusko et al. Breakdown phase in the golem tokamak

and its impact on plasma performance

SEMICONDUCTORS AND DIELECTRICS

doi

Y SIUSKO,' V.SVOBODA,? 1.STOCKEL,? LGARKUSHA,"* DSOLYAKOV,"*
LGIRKA," V.VOLKOV," D.BONDAR.* V.KONDRATENKO,* A.BOYCHENKO,"
AKRUPKA* D.BOLOTO," D.DROZDOV," O.SALMIN," A SHCHIBRYA"
 National Science Conter Kharkov Institute of Physics and Technology
emicheskayn St., Kharkon, 61108, Ukraine; e-mait: shenya-syuskohip
chaicl Unvaslty i Peague, Facaly of Nuclea Scescs nd Phyical
(Biebom 7,1 15 Pk

et sty ol tue iy, Bais S Phyis s Toiclagy
,4 Soobody 5., Kharkso, 61022)

BREAKDOWN PHASE IN THE GOLEM TOKAMAK AND
pacs 71208 2200 ITS IMPACT ON PLASMA PERFORMANCE

harkov.un)

The effect of the breakdoun phase on subscquent plasma parameters was investigated remotely
in GOLEM tokamak. The dependence of breakdown voltage and the breakdown time versus
the time. delay between the trigger of the mwm magnetic ficld B, and the trigger of toroidal
electric field E, for different groups of the pressure magnitudes is built. The performed ez
Seriments haee shoun that for GOLEM fokamak the shorter s temporal delay - e betéer
mean plasma parameters are obtained. In addition, the breakdown phase was discussed more
detailed. In the discussion the analysis of the avalanche phase of the breakdoun was made.
The dominant mechanism of particle loses during avalanche phase, future steps, tasks were
discussed and set.

Keywords GOLEM, breakdown, avalanche, tokamak, paticle losses, plasma parameters

1. Introduction arise, and the confinement is expected to lncrease sig-

sificantly. The start-up phase of discharge in a TM-L
The initial stage (startup) of a tokamak discharge can | \H tokamak was investigated in [1]. The mechanism
be divided into three phases: down, plasma for- | of particle losses in the phase preceding the forma-
wtion, and curent e, The bresclovn phase is e of sl e omsudiod o the TH- -
characterized by a low degree of fonization. Colli SR e peit

Y. Siusko et al. In Ukrainian Journal of Physics 66.3 (2021), pp. 231-239.



G.A. Sarancha et al. Hydrogen And Helium Discharges In

The Golem Tokamak
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G.A. Sarancha et al. In PAST(TF) 4 (2021), pp. 92-110



G.A. Sarancha et al. Magnetic turbulence and long-range

correlation studies in the GOLEM tokamak

ICPAF 2021 10P Publishing
Joumal of Physics: Conference Series 2055(2021) 012003 doi:10.1088/1742-6596/2055/1/012003

Magnetic turbulence and long-range correlation studies in the
GOLEM tokamak

G Sarancha'?>’, V Svoboda®, J Stockel’ and A Melnikov'>*

! National Research Centre “Kurchatov Institute”, Moscow, 123182 Russia

? National Research University “Moscow Institute of Physics and Technology”,
Dolgoprudny, 141700 Russia

3 Czech Technical University in Prague, Prague, 16 00 Czech Republic

* National Research Nuclear University “Moscow Engineering Physics Institute™,
Moscow, 115409 Russia

* E-mail: sarancha.ga@phystech.edu

Abstract. The small university-scale tokamak GOLEM equipped with the electric and
‘magnetic probes becomes a test bench for studying the plasma turbulence and Zonal Flows,
which are the essential processes affecting the plasma confinement. The broadband (fys <
250 kHz) mdgnc!lc turbulence was detected for the first time using the Mirnov probes.
The t (freq gth) Fourier power spcc\m S(k, f) of the mdgncnc

indicate the poloidal ion. The long-rang ations (LRC)
between the signals of magnetic and electric probes installed at different toroidal cross-sections
were detected in the low-frequency range (firc < 60 kHz), which is similar to the plasma
potential LRC range observed in other devices.




P. Macha et al. Tokamak GOLEM for fusion education -

chapter 12

s atidepl

¢ s [ (@] = ssoo [Fla

. Tokamak GOLEM for fusion education - chapter 12

L P. Macha' 2, K. Hromasova' 2, D. Kropackova!, M. Lauerova®, A. Socha®, J. Malinak!,

: D. Cipeiar®, J. Cecrdle!, V. Svobodal, J. Stockel?, J. Adamek2, F. Papousek! , L. Lobko!

! Faculty of Nuclear Sciences and Physical Engineering CTU in Prague, Czech Rep.
2 Institute of Plasma Physics AS CR, Prague, Czech Rep. > Gymnazium Nad Aleji 1952,

5 Praha, Czech Rep. * Gymnazium a Stredni odborna skola Cihelni 410, Frydek-Mistek,
Czech Rep. ® Faculty of Science, Masaryk University, Brno, Czech Rep.

# The GOLEM tokamak is the oldest tokamak in the world. Currently, it serves mainly as
an education device for students of tokamak physics. Remote control of the machine enables
conducting experiments from all over the world. This contribution summarizes main research

RN topics of study of the last year. Due to stray fields from current drive windings, the plasma
® - & coemrarosz-... @ B sucorey [ Omenoar [ varvimo-e.. (N RO 0 € = v 6 8 snyrn s

Europhysics conference abstracts. 2021, P4.1028



S Kulkov et al. Runaway electron study at the COMPASS

tokamak using the Timepix3-based silicon pixel detector
) ) D) () D,

et

sesno [Ea

Runaway electron study at the COMPASS tokamak using the
Timepix3-based silicon pixel detector with SPIDR 10 GBps readout

R 47" EPS Conference on Plasma Physics P3.1006
u

S. Kulkov!, M. Marcisovsky!, P. Svihra!, O. Ficker'2, J. Caloud!?, J. Cerovsky! 2,
E. Macusova?, V. Weinzett12, J. Mlynar' -2, M. Beuzekom®, M. Fransen®, D. Bren',
V. Linhart!, V. Svoboda', M. Tunkl' and the COMPASS team?

! Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in

- Prague, Prague, Czech Republic
2 Institute of Plasma Physics of the CAS, Prague, Czech Republic
! 3 Nikhef, Amsterdam, Netherlands

Introduction: Runaway electrons (RE) that appear in tokamak plasmas are considered dan-
= gerous for the integrity of the future tokamak-based fusion reactors due to a large amount of
® = @0 bt ot |6 ol | @ e .|| ) oy (D iy it | B e Goenos (G ersviiersr TN RO 0@ = 7 4 & smuyroes

Europhysics conference abstracts. 2021, P3.1006
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Generally

m After the COMPASS shutdown ... the only tokamak far wide.

m Fast spectrometry on specific lines.



Jan Buryanec (Vojtéch Svoboda): Plasma current control
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Gabo Vondrasek. Maxi prepinac




Martin Himmel & Honza Buryanec: LED experimental
set-up




Oprava interferometru (na dobré cest&)




Free post discharge analysis script upload/access for

trained students
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Start to exploit all the stuff
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To tu jesté nebylo ...

Nakonec, je tu jest& myslenka, pokud by byla moZnost na tokamak
GOLEM dostat trochu deuteria, mohli bychom s pomoci NuDET detektoru
ové&Fit pritomnost energii ubihajicich elektronl vyssich nez 2,2 MeV. Totiz,
HXR fotony o energii 2,2 MeV a vy dokaZi iniciovat fotojaderné reakce s
jadry deuteria za vzniku neutrond, které se daji NuDET detektorem lehce
zmé¥it vietné separace od HXR fotoni.

Lobko, L. Lab. work. 2021
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