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BACKGROUND: cosmic neutrons
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BACKGROUND: fast neutrons in He-3 detectors 48

*Thanks to Toshiba/Canon Electron Tubes & Devices Co. LTD for the He-4 tubes.
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Gas is main component, then He-3 differs from B-10 ...
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BACKGROUND: fast neutrons in B-10 detectors o
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G. Mauri et al., Fast neutron sensitivity of neutron detectors based on Boron-10 converter

layers, JINST 13 PO3004 (2018) (arxiv: 1712.05614)
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Pulse Height Spectrum - PHS
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«  Scattering at the detector window: B10 has generally thinner windows due to lower pressure

«  Scattering at other parts of the detector
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Detector window

N\ Emoezan G. Mauri et al., The Multi-Blade Boron-10-based neutron detector performance using a

65’5 souRce focusing reflectometer, (2020) (arxiv: 2001:02965). Accepted for publ. in JINST.
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® 1 @ESS 23 Hz/m?2 cosmic thermal neutrons and 1 Hz/m2 with shielding
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® 1 @ESS 23 Hz/m?2 cosmic thermal neutrons and 1 Hz/m2 with shielding

° 2 Aluminium foil as a detector window reduces x50 the background generated by scattered neutrons




. 79
Conclusions (*results are general and applicable for any facility)

® 1 @ESS 23 Hz/m?2 cosmic thermal neutrons and 1 Hz/m2 with shielding

° 2 Aluminium foil as a detector window reduces x50 the background generated by scattered neutrons

3 Boron-10 Helium-3

0.5-0.8 Thermal N Efficiency 0.6 -1
10- Fast neutron sensitivity 10-3
(gas dominates)
106 - 107 Gamma-ray sensitivity 106 - 107

\ (solid dominates) /
Highly affected by a small variation of the threshold
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Figure 4. (a) Difference betv n and detection point. (b) A neutron traversing the first converter
layer (solid green) can scatter in the blade m&nal and ﬁna.lly get converted away fmm the first crossing
point (dashed green). This leads to the miscalculation of the di bety and d ion point 4
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Filgure 6. Comparison of Y-position of detected neutrons in measurements taken at CRISP [33] and the
results of the simulation (this work). Reproduced from [33]. CC BY 4.0.
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Measurements & Calculation. Background Measurements @ CRISP reflectometer
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Measurements & Calculation. Background Measurements @ CRISP reflectometer
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Measurements & Calculation. Background Measurements @ CRISP reflectometer
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Measurements & Calculation. Background Measurements @ CRISP reflectometer
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Figure 7: Plateau measurements with the Multi-Grid 10B detector (left) and a Multi-Tube *He
detector (right) with 13*Ba (200 kBq) and ®°Co (25 kBq) y-ray sources. Detection efficiency per
tube is shown. The nominal operating voltages are 850V and 1350V respectively. The disconnected

Figure 8: Plateau measurement with the Multi-Grid '°B detector (left) and a Multi-Tube *He de-
tector (right) with a 164 MBq 37Cs source.

points at the left ends of the curves are upper limits, where no statistically-significant counts could
be detected over background.

uRopEAN A. Khaplanov et al., Investigation of gamma-ray sensitivity of neutron detectors based on

(€55 ) thin converter films, JINST 8 P10025 (2013) (arxiv: 1306:6247)
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Figure 10: Time spectrum of the 9B prototype for a range of bias voltages. No evidence of the
y-peaks 1s visible until the voltage reaches 950V. The peak at the channel numbers 770-810 is the
elastic neutron peak. Note that no timing correction for the depth of the detector was performed
here, since it cannot be done 1n a consistent way for both y and n at the same time — and here we
are interested in y — therefore the neutron peak appears wider than it normally would.
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Figure 10. Left: time spectrum of the '°B prototype for a range of bias voltages. No evidence of the -
peaks is visible until the voltage reaches 950 V. The peak at the channel numbers 770-810 is the elastic
neutron peak. Right: detail of the neutron peak in linear scale. Note the reduced height of the peak at the
lowest voltage is due to reduced neutron efficiency. No timing correction for the depth of the detector was
performed here, since it cannot be done in a consistent way for both y and n at the same time — and here we
are interested in y — therefore the neutron peak appears wider than it normally would.
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Figure 11. Evolution of the ratio of the neutron signal in the elastic peak to background corresponding to
the largest y peak.
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