Educational activities @ the tokamak GOLEM

Vojtéch Svoboda
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08/09: SUMTRAIC #1

Summer Training Course, Prague, Czech Republic. Introductory session,

more than 100 discharges performed by 17 students from 7 European
countries.



http://golem.fjfi.cvut.cz/wiki/TrainingCourses/SUMTRAIC/9/index

12/09: a demo for Ghent university
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08/10: SUMTRAIC #2

Summer Training Course, Prague, Czech Republic. Introductory session,

more than 100 discharges performed by participants from European

countries. i
|| i 3



http://golem.fjfi.cvut.cz/wiki/TrainingCourses/SUMTRAIC/10/index

03/10: HUNTRAIC #1

Hungarian Training Course for BTE Budapest. Introductory session, more
than 70 discharges performed by 3 students.

Andras Karman, Gergely Klujber, Mate Ferenczy and Peter Nemetvarga :

First of all, we would like to express our gratitude for this remarkable
opportunity. To perform a remote measurement on a tokamak, and to be



http://golem.fjfi.cvut.cz/wiki/TrainingCourses/HUNTRAIC/10/index

03/10: a Budapest postcard
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08/10: First over sea remote from Costa Rica

participant:

Running the first touch from the Instituto Tecnologico de Costa Rica. The
interface is accessible and works very well. | look forward to having my
students run a session and analyse the data, and collaborate in developing
this excellent project. Thank you for providing such a wonderful
opportunity.

Luis D. Jimenez:

| would like to thank you for your hard work and for letting us run an
experiment on GOLEM. | hope we can repeat the experience soon. It was
a very tasty bit of science on the making.

Laura Barillas Mora:

| am very glad to write you on behalf of the students of the Plasma
Physics Group of the Costa Rica Institute of Technology, PlasmaTEC.
Thank vou for lettine uus make some nlasma shots last June 15th from




12/10: Global Tokamak Experiment

In a special event called the Global Tokamak Experiment using a web
based system, in over 4 hours 38 participants from 10 different countries
carried out 83 plasma discharges. Due to the global nature of this
experiment a security access keys (also referred to as tokens) were
distributed to limit the usage of the tokamak. A login based system
identified between participanta, and experiment manager. Thus the
machine was based in the Czech Republic, the experiment manager in the
UK, and the participants in many other countries.

It was great! .. Many thanks to Billy for the excellent site
design and to Vojtech Svoboda and his team for the interesting
experiment. | hope that it will ever happen again. | and another
student has already been discussed the results of shots yesterday
the whole evening and today, a good idea to make the discussion
more global=D.

GTE participant



12/10: ITER news hit #1
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Launch of the world's first global tokamak experiment

‘ Fusion World
3Bth International Conference Culham Centre for Fusion Energy (CCFE) PhD student Billy Huang has
on Plasma Science (ICOPS) - set up a website for the world's first global tokamak experiment, which
Second Announcement began today. The project allows anyone in the world with a physics
d and internet access to apply to have a go at running shots on
15 I tamnatkinal Cos fosace the GOLEM tokamak in Prague, a machine that has been mad remotely

jos Fuston Reaclon Motennts operable by Tokamak Engineer Dr Vojtech Svoboda and his team.

(ICFRM-15),
“The Tokamak Global Experiment is an innovative project that gives
‘ participants the opportunity to change real parameters on a real machine, =
from anywhere in the world," said Billy Huang (pictured right). "Our goal
"InterFaces " with this project is to get people participating and interested in fusion
—— o research around the globe.”

“Worldwide Fusion Linl
GOLEM is one of the oldest tokamaks in the world, originating from
Russia. Although not nearly as large as JET, GOLEM still produces small
"ITER on YouTube" amounts of fusion energy and is used as an educational device.

"ITER on Facebook"

Promation of this initiative, which is run in conjunction with the Institute of
‘ Plasma Physics of the Czech Republic and the Czech Technical
University  is mainlv taroeted at university level ohvsics students. but



http://www.iter.org/newsline/156/512
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06/11: The Science week @Nuclear Faculty, CTU #1

3 groups performed more than 50 discharges.
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08/11: SUMTRAIC #3

Summer Training Course, Prague, Czech Republic. Introductory session,

more than 100 discharges performed by participants from European
countries.



http://golem.fjfi.cvut.cz/wiki/TrainingCourses/SUMTRAIC/11/index

11/11: remote from Eindhoven
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DIRECTOR'S CORNER
Timely Technical Review
Japanese industry getting snare | FIEICIE

ready for the ILC Barry Barish | 12 January 2012

While in Prague, | also was invited to give a special general lecture at the
Czech Technical University and while there was given a tour of the GOLEM
Tokamak. This tokamak — a device that confines plasma in a toroidal shape
- has an exceptional history. It was constructed in 19560 in Moscow under
the name Th-1 as one of the first tokamaks built and is now the oldest
tokamak in operation in the world. It serves as part of the fusion science
programme as a learning device in a field that is now building the very large
international project ITER, a step towards eventually creating fusion energy
An interesting feature of the GOLEM setup is that it is used remotely as a
teaching instrument through their website.

The GOLEM Tokamak at the Czech Technical Universily.
image: FNSPE

BASELINE TECHNICAL REVIEW | BTR | FAC REVIEW | PROJECT ADVISORY COMMITTEE | TDR


http://newsline.linearcollider.org/2012/01/12/timely-technical-review/
http://newsline.linearcollider.org/2012/01/12/timely-technical-review/

10/12: Joint ICTP-IAEA College on Plasma Physics
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http://indico.ictp.it/event/a11190/session/12/#20121002

02/12: FUMTRAIC - French fusion masters training

course #1

a whole week event in Cadarache

| just wanted to thank you for coming in Cadarache to

intfrodiice 11c ¥ +he amazino work vorl’vve done with +he GO ENM



04/12: ITER news #2

3 Construction

Latest Issue
Newsline Archive

Subscribe to Newsline

New worksite videos.

F4E Newsletter March 2012

“Limitless Power”
“InterFaces "

"Worldwide Fusion Links™
"ITER on Facebook™

"ITER on YouTube"

18 May - 22 May, 2015
Plasma Facing Materials &
Components for fusion
applications,
Aix-en-Provence, France

20 May - 22 May, 2015
EST-Energy 2015
Karlsruhe, Germany

31 May - 04 Jun, 2015

-

search 'L.‘te’—O’Q v

Transport The Machine The Science The Organization The Project Glossary General Information ‘-)

lire www.iter.org en francais

EXN Send us a comment B view printable version

Students command 100 plasma pulses, remotely << retumn to Newsline #213
-Remy Guirlet, CEA Fusion World

Participants in the French Master's in Fusion Science program have been
hard at work since early February at the nearby IRFM (l'Institut de
Recherche sur la Fusion Magnétique), participating in hands-on
workshops and attending specialized lectures on magnetic fusion (see
Newsline 208).

For the 2012 edition of this annual intensive program a new hands-on
project was proposed: taking control—remotely—of the Czech tokamak
GOLEM.

The GOLEM Tokamak, formerly CASTOR, was re-installed in 2009 at the
Czech Technical University (CTU) in Prague by Dr. V. Svoboda and his
students. The Czech team has implemented a reliable and user-friendly
interface with the tokamak control and data acquisition systems, allowing
graduate and post-graduate students to become acquainted with the
‘operation of a small tokamak and to propose and perform experiments.

Under the supervision of Dr. Svoboda, GOLEM was (almost) exclusively in the students' hands for one week. More than 100
plasma pulses were performed. By groups of two or three, students studied plasma parameters’ roles on performance and
worked to optimize parameters to achieve the longest plasma. They also investigated conditioning techniques, ion mass
number effects, and energy confinement time. Following data analysis and questioning, students presented the scientific
results of their experiments at the end of their hands-on session.

The Master des Sciences de la Fusion is a training program sp by major French institutions of higher
education (Aix-Marseille, Bordeaux, Nancy and Paris-Sud Universities, Ecole Polytechnique and CEA-INSTN). Next years
Febniarv aatherinag ic expected to draw 40 studente  includinag students from the nan-Furonean Erasmuse Mundus Mastor



http://www.iter.org/newsline/213/1087

05/12: HUNTRAIC #2

Hungarian Training Course for BTE Budapest. Introductory session, more
than 90 discharges performed by 3 students.

Annamaria Kéri, Maté Haldsz, Marton Horvath:

Dear Vojtech,We would like to kindly thank you for the opportunity and
your assistance during our laboratory exercise. We learned much about the
basics of fusion technology, with special attention to tokamak devices, and


http://golem.fjfi.cvut.cz/wiki/TrainingCourses/HUNTRAIC/12/index

02-05/12: GOMTRAIC (GOLEM training course) #1

participant:

... It was wonderful experience for me to do experiment under your
guidance. | thank you, the GOLEM team again for yesterday's rack probe
experiments. We will thoroughly analyse the shots. ...




06/12: the 5th International Workshop and Summer

School on Plasma Physics.Kiten, Bulgaria

Introductory session, more than 80 discharges performed by 21 students
from 5 European countries.
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08/12: SUMTRAIC #4

paricipant:

Experimentation regarding the optimization of operating parameter was
good.Data analysis on the basis of set parameters provide opportunity
explore the magnetic fusion physics.
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02/13: Remote from Cadarache #?2




05/13: GOMTRAIC #2
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07/13: Demonstration for Bochum University
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15.07.2013: Studierende der Vorlesung Einfiihrung in die
Plasmaphysik* steuern den Tokamak GOLEM in Prag

Im Sommersemester 2013 hat Prof. Dr. Jan Benediki den Studierende der Vorlesung

LEinfunrung in die physik” ermoglicht, das P LEM an der

Universitétin Prag von Bochum aus zu steuem

english version

Im Sommersemester 2013 hat Prof. Dr. Jan
Benedikt den Studierende der Vorlesung
LEinfuhrung in die Plasmaphysik ermoglich,
das Plasma-Experiment GOLEM an der
Tschechischen Technischen Universitat in
Prag (CTU)von Bochurn aus 2u steuem und
meNr tiber dessen Funkionsprinzip zu

Modell statt. Dort kann der Tokarnak virtuell in
seine Einzelteile zerleat und betrachtet



https://www.physik.ruhr-uni-bochum.de/fakultaet/news-singleview/article/studierende-der-vorlesung-einfuehrung-in-die-plasmaphysik-steuern-den-tokamak-golem-in-prag.html

07/13: a postcard from Bochum
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10/13: a demo for PhD students in Garching
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12/13: EMTRAIC #1 (Erasmus Mundus Training course)
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02/14: Remote from Cadarache #3




02-05/14: the GOLEM serves as practice lab in the

course of physics @CTU

Vysckoteplotni plazma na tokamaku GOLEM
Skupina tokamaln GOLEAL
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http://golem.fjfi.cvut.cz/wiki/TrainingCourses/KFpract/index

03/14: Demo for Lemvig high school
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04/14: The Nucleus Day in cooperation with the Research

Centre Rez, Czech Republic

DENSJADREM 2014 »  DENSJADREM 2013 » Hledat

Deg\ésédrem

OAKCI  REPORTY »  VZOROVYPROJEKT ~ FOTOGALERIE ~ KESTAZENI  KONTAKT  PRIHLASKA

B PRIHLASENI
Jaderna fiize - 2. Report

= Username
Report ze dne: 2. 4. 2014
Skupina: Jadernd flize Password
Téma: Experimenty na tokamaku GOLEM
(zméieni zakladnich fyzikalnich parametrd popisujicich plazma)
Zpracoval: Petr Novotny

Prihlasit se

Ve stfedu 2. 4. 2014 jsme se §li opét podivat na Fakultu Jadernou a
Fyzikalné InZenyrskou, kde jsme zacali aktivné provadét ,pokusy* na
TOKAMAKu GOLEM. Tokamak je od ostatnich tokamaki odlisny
predevsim svou ,kapesni“ velikosti, déle je pro néj charakteristicky
talisman — keramicky Golem, ktery se tradicné pred kazdym pokusem
wzapaluje®,

Pred zahajenim pokusi jsme si vyslechli prednasku na téma
bezpecnosti prace a nasledné jsme se seznamili se zakladnimi
istili jsme, jak se

operacemi, které se na tokamaku Golem provadéj



http://densjadrem.cz/reporty/2-den/jaderna-fuze-2-report/

04/14: Workshop at Observatorium Valasské Mezi¥i¢i




06/14: Remote from Kiten workshop #1

University of Sofia

Czech Technical University, Prague

Institute of Plasmas and Nuclear Fusion, Lisbon, Portugal



06/14: The Science week @Nuclear Faculty, CTU #4




08/14: International Nathiagali Summer College
@lslamabad



http://www.ncp.edu.pk/insc/

08/14: SUMTRAIC #6

SUMTRAIC 2014 Prague

SUMMARY

The just right summer school where you can get the most.
up to date knoswledge on plasma physics directly from the experts| “heoretical Enowledge and programming practice into plasma

implerneting ther in real softoware environment]
physics measurements!

Home,

Announcement
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DMPASS Experiment 5



http://www.ipp.cas.cz/Tokamak/conf/SUMTRAIC2014/programme.html

09/14: The night of scientists #1




10/14: HUNTRAIC #4




12/14: PhD session from Padova
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12/14: EMTRAIC #2

Katja Melnik:

This is a small letter to say you a big THANK YOU for an interesting
excursion at Golem Tokamak! It is a great work you do - "doing a science
with a human face”. Many thanks again!!!

Li Fan, participant:

Thank you so much for yesterday's experiment and it is really a nice and
interesting experience for me, it's like working with my own Tokamak
which is really fancy. And | think it is definitely a good training
opportunity for students who just start his or her fusion study and get a
close, better understanding of the basics. And last, | hope the students in
my country, China, will also have the chance to get close to GOLEM, | will
definitely tell them my experience here when | am back in China.
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01/15: remote for TU Denmark #1




01/15: Overal Feedback

Remy Guirlet, FUMTRAIC 2012,2013,2014 supervisor:

The events you organise with students are a very good training for them.
On our side, we have always had enthusiastic comments from our master
students. Moreover, the GOLEM project is right in our objectives of giving
the students the opportunity to operate an 'understandable’ tokamak.



06/15: The Science week @Nuclear Faculty, CTU #5
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09/15: The night of scientists #2




09/15: Remote training course for Grenoble university




10/15: Plasma workshop for Belgrade University #1




11/15: Tokamak GOLEM for FUSENET PhD event
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12/15: Erasmus Mundus Training course #3




12/15: Remote training course for Eindhoven university
Master classes
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01/16: remote for TU Denmark #?2




02/16: Training course for Erasmus Mundus European

Master
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Energy Balance for Ohmic Plasmas on Golem

Mathieu Debongnie, Ekaterina Matveeva

February 23, 2016

Abstract

This paper reports the results of an investigation on global energy balance on tokamak Golem|l1].
Measurements of interferometer diagnostics, rogowski coil, loop voltage are anal
power losses and energy confinement time. Discharges with various plasma densities and electron
temperatures are compared.

Golem, Power Balance

rsed to caleulate

1 Introduction To evaluate the impaet of the radiation loss,
two different assumptions ean be compared. The
a is subjected to power loss first hypoth

A tokamak plas

is that the radiation power and



http://golem.fjfi.cvut.cz/wiki/TrainingCourses/FUMTRAIC/16/reports/report.pdf

05/16: tokamak GOLEM operated by 7 years old boy
(under supervision of dr. Stockel)
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06/16: The Science week @Nuclear Faculty, CTU #6




06/16: Remote from Kiten workshop #2




07/16: Support letter from EUROfusion programme

manager office

of tusion research has indicated that for the expected future Increase In starfing neeas It Is
important to strengthen the educational activities in the field.

The EUROfusion consortium has taken note of the systematic and successful efforts of the
FNSPE CTU in the field of education of future fusion experts, with a significant impact on the
European level. Remote experiments on the GOLEM tokamak in Prague are in the
curriculum of several European summer schools in the field. Last year, FNSPE organised in
Prague the successful FuseNet PhD event for 130 doctoral students in nuclear fusion coming
from across whole Europe. This event was possible thanks to a grant from EUROfusion.
Many former students of FNSPE continue their careers in fusion either in their own country
(e.g. on the COMPASS tokamak) or abroad, while foreign students (e.g. from Serbia) have
developed expertise and enthusiasm in fusion research at FNSPE and IPP Prague.

Prof.dr. A.J.H. (Tony) Donné (Programme manager EUROfusion)


http://golem.fjfi.cvut.cz/wiki/Chronicle/Documents/TD-ag-1671.pdf

09/16: ITER DG Mr. Bernard Bigot (right) visiting the
tokamak GOLEM



http://www.ceskatelevize.cz/porady/10441294653-hyde-park-civilizace/216411058090910/

09/16: The night of scientists #3




09/16: Tokamak GOLEM presented in the occasion of the
Prince of Monaco visit at ITER



http://www.iter.org/newsline/-/2538

09/16: Gaudeamus Fair @ Brno




training course for Budapest university #6
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Tags: ‘el preionization’, hydrogen_plasma', hot_plasma',‘density estimated", long shot','Plasma', disruption’, low Q'
(None, datetime.date(2016, 9, (Ug.Ugp.Ucp)= (800(5.0 ms),0(5.0 ms),500(8.0 ms)) [V] PH,=0.22->13.99 mPa
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10/16: Plasma workshop for Belgrade University #2
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11/16: Remote workshop for Eindhoven university




11/16: Report of the 19th Meeting of the International

Board of Advisors of IPP.CR

Education is expected to decide on possible support for these two FNSPE projects at the beginning of
2017.

The training activities on COMPASS/GOLEM (EMTRAIC, GOLEM, FUMTRAIC, SUMTRAIC, HUNTRAIC, and
GOMTRAIC) are continued. The modern IT tools at GOLEM offer a very good way to attract students,
even if the actual tokamak hardware is quite aged. These activities are unique and strongly appreciated
within the EU fusion community, and offer hands-on experience for young researchers on tokamak
operation which is hardly possible on larger devices. Therefore, IBA strongly recommends the
maintenance of these activities (also on the larger COMPASS-U) in parallel with the present level of
outreach.


http://golem.fjfi.cvut.cz/wiki/Chronicle/Documents/IBA2016report.jpg

11/16: Remote training course for Torino politecnico
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4:30 AM] ... thx
:37:24 AM] Tokamak GOLEM: 12 ms! 5kA! Very good!
:47:51 AM] Emilio Martines: the confinement time calculations uses the interferometer density measurement?
[9:48:02 AM] Tokamak GOLEM: yes

:08 AM] Emilio Martines: ok, so it is unreliable

:48:21 AM] Tokamak GOLEM: yes ..

:21 AM] Emilio Martines: because of 2pi shift

:24 AM] ... ok

:52 AM] Tokamak GOLEM: Maybe you should wait for discharge without 2pi problem

53:02 AM] ... 16 msl

9:53:20 AM)] ... Without 2 pi shift!!

10:00:48 AM)] ... vacuum shots, is that what you intend?

10:01:08 AM] Emilio Martines: no, 1 was trying to achieve very low Ip, but probably Vioop is too low
10:

=1

1:12 AM] ... was just commenting on this
10:01:36 AM] Tokamak GOLEM: 200 V for U_CD is really to low
10:01:29 AM] Emilio Martines: ok

10:01:53 AM] Tokamak GOLEM: at least

10:01:56 AM] Emilio Martines: ok

10:02:43 AM] ... this is the last one, then we stop
10:02:58 AM] Tokamak GOLEM: really last one?

10:03:14 AM] Emilio Martines: well, let's see how it goes
0

34 AM] ... any idea why it ended so quickly?

[
[
[
[
[
[
[
[10:01:46 AM] ... how much should I put? 3007
[
[
[
[
[
[
[

04:
04:

10:04:43 AM] ... density too high?


http://golem.fjfi.cvut.cz/wiki/TrainingCourses/Universities/Uni_Padova.it/EmilioM/16/SkypeCom.jpg
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