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Zadáńı DP

Polovodičové a scintilačńı detektory ionizuj́ıćıho zá̌reńı

Vývoj detekčńı instrumentace pro detekci ub́ıhaj́ıćıch elektronů

Analýza experimentálńıch dat a srovnáńı s existuj́ıćımi metodami diagnostiky
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Předběžné výsledky

4 LYSO
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Ub́ıhaj́ıćı elektrony

Ub́ıhaj́ıćı elektrony
(runaway electrons – RE)
vznikaj́ı v GOLEMU p̌ri:

ńızká hustota plazmatu

silné toridálńı elektrické pole

Pohybová rovnice1
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Obr.: Śıly působ́ıćı na elektron

1J. Connor, Relativistic Limitations on REs, Nucl. Fus. (1975)
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Polovodičové detektory

Princip:

dioda s napět́ım v závěrném směru

ionizuj́ıćı zá̌reńı (E > 3.6 eV pro Si)
vytvǒŕı pár elektron d́ıra

elektrické pole pár rozděĺı

drift k opačným stranám detektoru

→ mě̌ritelný signál

Obr.: Schéma detektoru s elektronikou

_

_

_

_

_

_+

+

+

+

+

+

Obr.: Schéma biasované diody
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Detektor s čipem PH32

Stripový detektor s 32 kanály čipe PH32 a USB
vyč́ıtáńım.
módy kanál̊u PH32

hit count

Time over Threshold (ToT)

first hit Time over Threshold (fToT)

Time of Arrival (ToA)

Shutter

CSA output

Threshold

Comparator output

first hit

ToA

ToT

Senzor:

tloušt’ka 512 µm

32 stripů

250 µm × 18 mm
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Detektor v. 1

Obr.: Strip detektor

Obr.: Detektor na
manipulátoru

Obr.: ”Rys”portu s
detektorem

Dlouhý detektor zasahoval do plazmatu.
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Detektor v. 2 a uḿıstěńı

 limiter

Scintilační 
detektory

Strip detector
VU, DP

Strip detector
BP

Obr.: Schéma experimentu
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Zpracováńı dat

Pro porovnáńı výboj̊u

odhad deponované energie

EHXR ∼
∫

UHXR(t)dt

EPH32 ∼
∑

ToT

Problémy

sč́ıtáńı peak̊u na HXR sondách

saturace stripového detektoru

(ne)reprodukovatelnost výboj̊u
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Obr.: Výstup z NaI(Tl)
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Výsledky mě̌reńı

závislost energie RE na směru

data z kampańı pro BP
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Výsledky mě̌reńı

data z kampańı pro VU
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Výsledky mě̌reńı

srováńı jednotlivých výboj̊u
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filamentárńı struktura RE
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Simulace

Geant4 (= GEometry ANd Tracking)

Monte Carlo simulace pr̊uchodu částic látkou

použ́ıvaná v HEP

toolkit C++

model:

strip detektoru

lineru

limiteru

portu

→ jakou roli hraj́ı odrazy

→ návrh st́ıněńı
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Předběžné výsledky

odraz od limiteru

beam 350 keV
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LYSO a SiPM

Scintilačńı detektor složený z krystalu LYSO a ǩreḿıkového fotonásobiče

LYSO

Krystal z Lu1.8Y0.2SiO5:Ce o velikosti 3× 3× 5 mm3

Parametry s porovnáńım s ostatńımi scintilátory na GOLEMu:
scintilator zisk [photons/MeV] rozpadový čas [ns] hustota [g·cm−3]

NaI(Tl) 38 000 230 3.67
YAP 18 000 27 5.37
CeBr 60 000 20 5.1
LYSO 27 600 45 7.1

Křeḿıkový fotonásobič

= silicon photomultiplier - SiPM:

pole lavinových diod se zhášećım rezistorem

společný výstup

Obr.: Schéma SiPMMarek Tunkl Vývoj diagnostiky RE na bázi ǩreḿıkových detektor̊u 30. června 2021 18 / 20



Srovnáńı HXR sond
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Závěr

Děkuji za pozornost

Zdroje:

Dreicer, H.: Theory of Runaway Electrons, P/2292, Vol. 31

J. W. Connor, Relativistic Limitations on Runaway Electrons, Nuclear Fusion,
1975

G. F. Knoll, Radiation detection and measurement, New York Wiley, 2000
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