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Origin of investigation

Koeberg experiments

* Long term measurements of a 50 kBq #Na source
inserted in a well counter.

* Measure continuously for 732 hours

* Measure tiny differences in count rate
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from Monte-Carlo simulations.
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Decay scheme of °Na
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Effects of well counter (almost 4w geometry)
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Monte Carlo simulations
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Monte Carlo simulations
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Output spectra consist of true coincidences:

P(i) = BRg+(1y[Po+ (D) (1 = £,) + B, () (1 — Z,+) + Pes(i)| + BRg+ )P+ (i) + BRgc P, (i)
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Monte Carlo simulations
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Double and triple coincidences =

Contributions by:
* Hard- and software (PMT, MCA)
* Detector (Crystal)
* Source (Spectrum)
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Double and triple coincidences =

Contributions by:
* Hard- and software (PMT, MCA)
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* Source (Spectrum)
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* It should be realized that decay of doubles and triples: 2, 3\
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Double and triple coincidences

22N q l
EC B(1)
9.62% 90.33%

* Singles : S(); 2iS() =1 5 o Oﬁgggz/
* Doubles: Q) =XI=5S(MStk - ) ;|
* Triples: R =X§SQU)SU—k) 2Ne

* It should be realized that decay of doubles and triples: 2, 3\

05/11



=

. “ medusa
Single, double and triple spectrum =
L= | - lSimlul.a:ﬂc-:w:l IEQNIa _slpecltra |
bouples
00010 L Triples a

0.0005

Probability (/keV)

0.0000

E(MeV)
(Spectra are normalized to unity)

06/11



=

- - medusa
Single, double and triple spectrum =
0.0015 . L B S N
* Resulting spectra contain peaks Simuatec Néii‘;?éém i
Doubles
0.0010 |- Triples —

0.0005

Probability (/keV)

0.0000

E(MeV)
(Spectra are normalized to unity)

06/11



—
medusa

Single, double and triple spectrum =

0.0015 : .

L DL DL L
Simulated *Na spectra
Singles i
Doubles

Triples
0.0010 [~ —

* Resulting spectra contain peaks

* Peaks of singles match with the
doubles and triples

Probability (/keV)

0.0005

0.0000

E(MeV)
(Spectra are normalized to unity)

06/11



—
medusa

Single, double and triple spectrum =

0.0015 : .

L DL DL L
Simulated *Na spectra
Singles i
Doubles

Triples
0.0010 [~ —

* Resulting spectra contain peaks

* Peaks of singles match with the
doubles and triples

* New peaks occur

Probability (/keV)

0.0005

0.0000

E(MeV)
(Spectra are normalized to unity)

06/11



—
medusa

Single, double and triple spectrum =

0.0015 : .

L DL DL L
Simulated *Na spectra
Singles i
Doubles

Triples
0.0010 [~ —

* Resulting spectra contain peaks

* Peaks of singles match with the
doubles and triples

* New peaks occur

Probability (/keV)

0.0005

* Above 2.5 MeV: only coincidences

0.0000

E(MeV)
(Spectra are normalized to unity)

06/11



Validation

* Koeberg measurements
1. Subtract Background
(2. Correct for decay)
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Validation

* Koeberg measurements
1. Subtract Background
(2. Correct for decay)

* Rol analysis: 2708 — 2998 keV
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Validation
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Validation
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Validation
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Validation

* Contribution of doubles and triples:
N(t) = BoNporme [Ny + Boe ™ Ng|
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Impact on spectral shape

* Analysis of whole spectrum (Rol 150-2520 keV):
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Impact on spectral shape

* Analysis of whole spectrum (Rol 150-2520 keV):
* Correct content by subtracting BG, doubles and triples
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Conclusion

* MC simulations are able to produce coincidental spectra
* True coincidences and higher order coincidences

* Correction necessary for experiments such as the Koeberg experiments
* Correction not sufficient for Koeberg experiments

* Higher order coincidences are a measure for MCA performance

Outlook:

* Incorporate this in FSA
 Extend this to other nuclides
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Thank you for your attention
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