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Stavy hmoty
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P¥ib&h v8ak nekoné&i .. nukleonové plazma, kvark-gluonové plazma



Plazma kolem nas
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phvézda v pozemskych podminkach
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700 tis. km (15 - 10°K to 6000K) versus 7m (100 - 10°K to 4K)
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m 500 MW po dobu 400 s @
Q > 10.

m Demonstrace technologif
budouci fuzni elektrarny.

m Deuterium-Tritium plasma

N~/ _m

samostatné “hofici”.
m Produkce tricia.

m Demonstrace bezpeénosti
fazni energie.



Prvni sténa

Comparison: ITER, DEMO and Power Reactor

ITER DEMO Reactor
Fusion Power 0.5GW 2-25GW 3-4G6W
Heat flux (FW) 0.1-0.3 MW/m2 0.5 MW/m2 0.5 MW/m?2
Neutron Wall Load
(First Wall) 0.78 MW/m2 <2 MW/m2 ~ 2 MW/m?
Integrated wall load | 0.07 MW.year/m?
(First Wall) (3 years Inductive 5 -8 MW.year/m? | 10 - 15 MW.year/m?
operation I)
Displacement per
atom (dpa) <3dpa 50 - 80 dpa 100 - 150 dpa
The challenge
Transmutation ~10 appm Helium / dpa
product rates at ~45 appm H / dpa
first wall

kredit: R.Lasser

Slunce 63 MW /m?
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Divertor

kredit: Euro-fusion.org

*) nejnamdhangjsi &ast reaktoru (neni chran&na Bi), *) odpadni
kanal energie a &astic



Ohf¥ev plazmatu

m TaZeni proudu
m Mikrovinny ohfev,

m Oh¥ev neutrdlnimi svazky.

kredit: ITER.org
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m Ultra vysoké vakuum (na
neuv&Fitelném objemu).

m Kryogeni technika (HTS
vyzva).

m Supravodivost (Quenche!).

m Remote handling (delikatni

manipulace s 50 t
komponentami).



Tore Supra JET
257 80 n¥
~omw, ~16 MW,

kredit: ITER.org

~ 1000 - 3500 n¥
~ 2000 - 4000 MW,

Rozumné akceptovatelnad cena produkované elektfiny.



Opravdova vyzva: néco malého
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Plazmatické technologie

m Nékteré reakce, pomalé, ¢&i vilbec nerealizovatelné v
pevném /kapalném/plynném skupenstvi mohou byt
realizovatelné v plazmatickém skupenstvi.

m Interakce plazmatu s latkou v pevném skupenstvi prakticky
vzdy pFinaseji urdité vyznamné zmény ve vysledném produktu
- na povrchu, zmény chemickych a fyzikalnich vlastnosti
svazanych s jejich strukturdlnimi fazovymi transformacemi, ....

Dvé& mozné role plazmatu

Plazma jako problém: tokamaky a dal3i za¥izeni. Plasma facing
components.

Plazma jako néstroj: i) plazmové napradovani a nandseni tenkych
vrstev, ii) &isténi povrchi, iii) plazmova chemie, iv)
plazmova metalurgie, taveni, fezani,



Outline

Plazmatické technologie
m Primysl



Unikatni "objekty” - nandseni tenkych vrste

Copper Stabilizer

Silver Overlayer

(RE)BCO - HTS
(epitaxial)

Buffer Stack

Substrate
Thickness:
50 um Hastelloy® C-276 [100 um for SF12100]
Substrate Yield Strength:
1200 MPa at 77 K [650 MPa for SF12100]
Resistivity:
125 uQ-cm - higher resistivity leads to lower eddy
cumrent ac loss
Magnetic Properties:
non-magnetic, leads o lower ferromagnetic ac loss

kredit: SuperPower.com



Vyroba kfemikovych wafli
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Technologie leptani kiemikovych substrati
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EUV litografie
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kredit: altervista.org

Cipy s rozlisenim pod 10nm.

EUV plasmové zdroje
schopné vyrobit > 100W na
vinové délce 13.5nm
(92eV).

vinova délka pod absorpéni

hranou kfemiku, kvili
zrcadlim

~ 10kHz vystteluji kuli¢ky
cinu a do té&ch se pak streli
infratervenym laserem (~
3-10micron) - co nejvy%si
svitivost na 13nm.

Obrovsky zdjem primyslu (Intel, Nvidia, Samsung, Apple, ...)



Plazmatické technologie v auté
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ELI - Extreme Light Infrastructure

Bzamling Facility infrastructurz (preliminary)

1stfloor: Pump systems

kredit: eli-beams.eu

Underground floor: Target areas
and high-intensity pulse compression.

Rentgenové zdroje Eerpané
ultrakratkymi laserovymi
pulsy.

Urychlovani ¢astic pomoci
laserd.

Aplikace v molekularnich,
biomedicinskych a
materidlovych védach.
Fyzika plazmatu a vysokych
hustot energie.

Exoticka fyzika a teorie.
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m Materidlové testy



IFMIF - International Fusion Materials Irradiation Facility

Intersecting Deuteron Beams (DP& = Displacements per Atom)
(Total Power: 250 mA @ 30-40 MeV

Medium Fluence Module (1-20 dpalfyr.
Low Fluence Module (0.1-1 dpalyr

Specimen Capsules
High Fluence Modules (=20 dpafyr)
Target Area (50 mm x 200 mm)

Flowing Lithium Stream (25 mm thick at target)

kredit: wiki/International_Fusion_Materials_Irradiation_Facility



HELCZA - High Energy Load Czech Assembly
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m Zdravotnictvi



Plasma medicine
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m Hojeni ran,
m Dermatologie,
m Stomatologie



Plazmatem na plazmu

kredit: aldebaran.cz



Lécba ledvinovych kament

"Simple” stones
too large to
pass through

Smaller pieces Ja
pass out of
body in urine

Ultrasound
shock waves

crush stones 3

kredit: ipp.cas.cz

Silnoproud3 elektrickd jiskra ve vod& generujici fokusovanou
rdzovou vinu. Nad&je i pro |é¢bu nddorovych onemocnéni.



Hadronova terapie
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Likvidace odpadii

Multi
Effect
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m Astronomie, astrofyzika, kosmonautika



Astrofyzika
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Vétsina pozorovatelné hmoty v téméf celé jeho historii
je/byla/bude v plazmatickém stavu.




Magnetohydrodynamicky motor

kredit: aldebaran.cz

1999: Deep Space 1, 2003: Smart 1
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Cesta k fuzni elektrarné

kredit: golem.fjfi.cvut.cz



Ctvrtky.



The smallest & oldest tokamak...

Tokamak TM1 Tokamak CASTOR Tokamak GOLEM
@Kurchatov Instltute near Moscow  @Institue of Plasma Physics, Prague ~@Czech Technical Unlversﬂv Prague
1960-1977 1917 2007 200

SCIENCE SCIENCE

& education

. with the biggest =k
control room
in the world ..

kredit: golem.fjfi.cvut.cz
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Zajistit, aby se CR udrzela na ¥pici.

Vase PhD v 2025 - prvni plazma v ITERu.
COMPASS-Upgrade

ELI

PALS
Czech Fusion Society:
m CV Re?
m UJF Re?
s MFF UK
= UFP AV CR.

JT-60SA: EU 50%
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T&ime se na vas (prof. Jex, prof. Limpouch, prof. Kulhdnek, doc.
Mlyna¥, prof. Kubes$, doc. Kalal, prof. Krdl, RNDr. Wagner,
RNDr. Bfefi ... a ja)



3x tokamak v CR

Tokamak COMPASS Tokamak GOLEM Music group Tokamak
@Institue of Plasma Physics, Prague @Czech Technical University, Prague Brno

SCIENCE EDUCATION ENTERTAINMENT

& education & science
kredit: golem fjfi.cvut.cz

At uz si vyberete cokoli, uZijte si Jaderku
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