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Ćıl absolutńı kalibrace

Určit počet fotonů opouštěj́ıćı výstupńı port integračńı koule
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Ćıl absolutńı kalibrace

Určit počet fotonů opouštěj́ıćı výstupńı port integračńı koule
1 Použ́ıt absolutně kalibrovanou fotodiodu (PD)

Dvě pracovńı PD cross-kalibrovány pomoćı dvou (ťŕı) absolutně
kalibrovaných PD

2 Určit efektivńı spektrálńı proudovou odezvu PD ηPD pro
všechny PD

3 Změ̌rit signál (fotoproud) na PD p̌ri semi-kontinuálńım režimu
(frekvence = 100 Hz)

4 Určit frekvenčńı konverzńı faktor: 100 Hz → 1 Hz pomoćı
fotonásobiče (PMT)

5 Určit počet fotonů opouštěj́ıćı výstupńı port integračńı koule
p̌res světelný tok Φ

Použit́ı tzv. Korekčńıho faktoru = View factor pro danou geometrii
6 Určit celkovou nejistotu mě̌reńı
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Ćıl absolutńı kalibrace
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6 Určit celkovou nejistotu mě̌reńı

M. Vacula Absolutńı kalibrace 31.1.2024 2 / 17



Ćıl absolutńı kalibrace
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Použit́ı tzv. Korekčńıho faktoru = View factor pro danou geometrii
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M. Vacula Absolutńı kalibrace 31.1.2024 2 / 17
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1 Použ́ıt absolutně kalibrovanou fotodiodu (PD)
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Použit́ı tzv. Korekčńıho faktoru = View factor pro danou geometrii
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Cross-kalibrace PD

Momentálně máme k dispozici 5 PD:

Pracovńı PD Hamamatsu:
2J019
2J020

Absolutně kalibrované PD Hamamatsu:
2I029
2I030

Absolutně kalibrovaná PD NIST:
NIST

Momentálně nepouž́ıvaná, dokud nebude mě̌reńı odladěno
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Laboratorńı sestava pro Cross-kalibraci

Rotation
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Proces cross-kalibrace

Kolimovaný světelný svazek stabilizované LED na PD (cca 5 mm
pr̊uměr)

1 Změ̌rit temný signál na všech PD – poté co 10 mě̌reńı
2 Změ̌rit signál na všech PD
3 Opakovat proces 600x
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M. Vacula Absolutńı kalibrace 31.1.2024 5 / 17



Foto laboratorńı sestavy Cross-kalibrace
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M. Vacula Absolutńı kalibrace 31.1.2024 7 / 17



Spektrálńı proudová odezva ηPD

Cross-kalibračńı LED – FAST flasher
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Spektrálńı proudová odezva ηPD – výpočet a výsledky

Efektivńı spektrálńı proudová
odezva ηcal:

ηcal =
∫ 430

330 ηcal(λ)ES(λ)dλ∫ 430
330 ES(λ)dλ

Efektivńı spektrálńı proudová
odezva ηPD:

ηi
PD = 1

Ncal

Ncal∑
j=1

I i ,j
PDηj

cal
I j
cal

Sériové č́ıslo Status FAST flasher [A/W]

PD 2J019 Pracovńı fotodioda 0.1468

PD 2J020 Pracovńı fotodioda 0.1515

PD 2I029 Absolutně kalibrovaná 0.1479

PD 2I030 Absolutně kalibrovaná 0.1445
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Frekvenčńı konverzńı faktor fc – stabilita pulz̊u
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Frekvenčńı konverzńı faktor fc – stabilita pulz̊u
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Pulse area

PMT ḿı̌ŕıćı do sťredu výstupńıho portu integračńı koule

1 Změ̌rit náboj (plocha pulzu) na PMT p̌ri f = 100 Hz
2 Změ̌rit náboj (plocha pulzu) na PMT p̌ri f = 1 Hz
3 Vypoč́ıtat pr̊uměrné hodnoty z obou mě̌reńı a určit fc jejich pod́ılem
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M. Vacula Absolutńı kalibrace 31.1.2024 10 / 17
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Srovnáńı 1 Hz a 100 Hz pulz̊u
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Srovnáńı 1 Hz a 100 Hz pulz̊u
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Frekvenčńı konverzńı faktor fc – výsledek

Náboj jednoho pulzu Qf :

Qf =
∫ tn

t0
Udt

Frekvenčńı konverzńı faktor fc :

fc = ⟨Q1Hz⟩
⟨Q100Hz⟩

fc = 0.9948 → 0.52 % rozd́ıl mezi pulzy p̌ri r̊uzných frekvenćıch

Plán: změ̌rit a vypoč́ıtat fc pro 5 µs pulz (zat́ım byl použit 10 µs pulz)
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Ćıl absolutńı kalibrace – rekapitulace

Určit počet fotonů opouštěj́ıćı výstupńı port integračńı koule
1 Použ́ıt absolutně kalibrovanou fotodiodu (PD)

Dvě pracovńı PD cross-kalibrovány pomoćı dvou (ťŕı) absolutně
kalibrovaných PD

2 Určit reálnou spektrálńı proudovou odezvu PD ηPD pro
všechny PD

3 Změ̌rit signál (fotoproud) na PD p̌ri semi-kontinuálńım režimu
(frekvence = 100 Hz)

4 Určit frekvenčńı konverzńı faktor: 100 Hz → 1 Hz pomoćı
fotonásobiče (PMT)

5 Určit počet fotonů opouštěj́ıćı výstupńı port integračńı koule
p̌res světelný tok Φ

Použit́ı tzv. Korekčńıho faktoru = View factor pro danou geometrii
6 Určit celkovou nejistotu mě̌reńı
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Teorie určeńı počtu fotonů Nγ,S ze světelného toku Φ

Vycháźı z teorie p̌renosu zá̌reńı (radiative transfer)
Předpoklad Lambertovského zdroje světla
Analyticky odvozeno pro jednoduché geometrie

Náš p̌ŕıpad:
V p̌ribĺıžeńı malých úhl̊u
kruhový Lambertovský zdroj

Výstupńı port upravené
integračńı koule

Kruhová absolutně / ǩŕıžově
kalibrovaná fotodioda
Detektor uḿıstěn paralelně v
optické ose zdroje

PD

z

r

A
2

CLS

R

A
1

d
a1

d
a2
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Teorie určeńı počtu fotonů Nγ,S ze světelného toku Φ

Světelný tok Φd :

Φd = Idλ

fhc · fc
ηPD

Id – Mě̌rený proud na PD
f – frekvence (100 Hz)
ηPD – spektrálńı proudová odezva
fc – Frekvenčńı konverzńı faktor

Korekčńı faktor obecně:

F = 1
π

∫
A1

∫
A2

cos ϕ cos θ

z2 da1da2

Korekčńı faktor v praxi:

F12 = Φd
ΦS

Korekčńı faktor pro náš konkretńı p̌ŕıpad:

F12 = 1
2

(1 + 1(R
z
)2 +

( r
z
)2(R

z
)2

)
−

√√√√(1 + 1(R
z
)2 +

( r
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)2(R
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)2

−
4
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Teorie určeńı počtu fotonů Nγ,S ze světelného toku Φ

Světelný tok Φd :

Φd = Idλ

fhc · fc
ηPD

Id – Mě̌rený proud na PD
f – Frekvence (100 Hz)
ηPD – spektrálńı proudová odezva
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π

∫
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A2

cos ϕ cos θ

z2 da1da2

Korekčńı faktor v praxi:

F12 = Φd
ΦS

Počet fotonů v jednom pulzu Nγ,S :

Nγ,S = Idλ

fhc · fct
ηPD

· 1
F12

t – Délka jednoho
pulzu (5 µs)
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Výsledky absolutńı kalibrace

Počet fotonů v jednom pulzu Nγ,S :

Nγ,S = Idλ

fhc · fct
ηPD

· 1
F12

Typ zdroje Pracovǐstě ILED [mA] Nγ,S

KIT IK SLO 15 2.7881E+09

Orig. IK WUPP 2.7 4.9269E+09

OLO IK WUPP 15.6 2.307E+09

Orig. IK KIT 2.7 335E+09 sr−1m−2

OLO IK KIT 15.9 368E+09 sr−1m−2
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