
DETECTOR BACKGROUNDS
Fast Neutron and Gamma-ray Sensitivity

of Helium-3 and Boron-10 Detectors
and Effect of Window and Cosmic Neutrons

Francesco Piscitelli
on behalf of the ESS Detector Group

IKON18
Lund

2020/02/25

1



He-3 vs B-10

DETECTOR BACKGROUND
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BACKGROUND: cosmic neutrons
Neutrons are created by cosmic ray spallation in the high atmosphere.
Energies from 10-9 to 103 MeV  
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Physikalisch-Technische Bundesanstalt (PTB) - Measurements of Neutron Spectra
Induced by Cosmic Radiation at Altitudes of 85m, 1195m and 2650m (2010)
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BACKGROUND: cosmic neutrons
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F. Piscitelli et al., Verification of He-3 proportional counters fast neutron sensitivity through a 
comparison with He-4 detectors, sub. to EPJ Plus (2020) (arxiv: 2002.08153)
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*Thanks to Toshiba/Canon Electron Tubes & Devices Co. LTD for the He-4 tubes.  

Dimensions:
2.54mm diam. x 250mm length
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BACKGROUND: cosmic neutrons
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Agreement with rates at FRMII
K. Zeitelhack – private communication

Agreement with rates measured with MG at 
Utgård (See next talk from Alex)
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A. Khaplanov et al., Investigation of gamma-ray sensitivity of neutron detectors based on 
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A. Khaplanov et al., Investigation of gamma-ray sensitivity of neutron detectors based on 
thin converter films, JINST 8 P10025 (2013) (arxiv: 1306:6247) 

Multi-Grid B-10 He-3

gammas <400keV
gammas 1.1 - 1.3MeV

Solid dominates no matter if He-3 or B-10 27
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Gas is main component, then He-3 differs from B-10 …
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BACKGROUND: fast neutrons in He-3 detectors
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*Thanks to Toshiba/Canon Electron Tubes & Devices Co. LTD for the He-4 tubes.  

Dimensions:
2.54mm diam. x 250mm length



BACKGROUND: fast neutrons in He-3 detectors
Exchanging He-3 with He-4 is a good approximation to evaluate the sensitivity of He-3 to fast n
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NOTE: 
high pressure He-3 detectors, 

little gain in thermal n efficiency with 
drastic increase of fast n sensitivity!  

S/B matters!
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Gas is main component, then He-3 differs from B-10 … Gas dominates
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G. Mauri et al., Fast neutron sensitivity of neutron detectors based on Boron-10 converter 
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G. Mauri et al., The Multi-Blade Boron-10-based neutron detector performance using a 
focusing reflectometer, (2020) (arxiv: 2001:02965). Accepted for publ. in JINST.
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G. Mauri et al., The Multi-Blade Boron-10-based neutron detector performance using a 
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Conclusions

@ESS  23 Hz/m2 cosmic thermal neutrons and 1 Hz/m2 with shielding 

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

• 1

• 2
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Conclusions

@ESS  23 Hz/m2 cosmic thermal neutrons and 1 Hz/m2 with shielding 

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

• 1

• 3

• 2
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Cross-sections

We can consider only recoil and (n,p)

Similar probability: 
to happen recoil in He4 
as recoil+(n,p) in He3!
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THEORY

Macro corss-sect
And Probability

for 2.54cm
(tube diam.)

Same number density for He3 and He4 -> n = 2.43e19 1/cm3 @ 1 bar 
Mass density: He4 0.00016 g/cm3 and He3 0.00012 g/cm3 @ 1bar 
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Fast	n

Config.	a Config.	b Config.	c

Fast	n Fast	n

Scattered	n

Recoil	nucleus

Incident	n
Nucleus

Emitted	n

Gamma-ray

Incident	n
Nucleus	excited

Emitted	particle

Gamma-ray

Incident	n
Nucleus	transmuted

SCATTERING	INTERACTION

ABSORPTION	INTERACTION

ELASTIC INELASTIC
! + # → # + ! ! + # → #∗ + !&

! + # → ' + (
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Set-up and Methodology. Background Measurements @ CRISP reflectometer

2. Indirect Calculation

Spectrum sketch scenarios:

1. O: chopper in phase with the 
proton pulse. Beam passes through 
the chopper

2. C: chopper not in phase with the 
proton pulse. Neutron beam hits 
the chopper

3. TS2: 1 every 5 pulse is sent to 
Target Station 2 

O C TS2 C TS2O C O O C
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T (ms)

200

25Hz
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2. Indirect Calculation

Spectrum region of interest:

1. (T): ! total flux integrated in the 
full spectrum t = 0-200 ms

Measurements & Calculation. Background Measurements @ CRISP reflectometer 103



0 20 40 60 80 100 120 140 160 180 200
ToF (ms)

0

1000

2000

3000

4000

5000

6000

7000

8000

Co
un

ts

He-3
MB

2. Indirect Calculation

Spectrum region of interest:

1. (T): ! total flux integrated in the 
full spectrum t = 0-200 ms

2. (O): !tn thermal flux integrated in 
t = 120-160 ms
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2. Indirect Calculation

Spectrum region of interest:

1. (T): ! total flux integrated in the 
full spectrum t = 0-200 ms

2. (O): !tn thermal flux integrated in 
t = 120-160 ms

3. (C): !p background flux 
integrated in t = 100-105 ms
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2. Indirect Calculation

Indirect calculation

Φ"
#$: &"#$ = Φ"

(): &"()

Φ*+ =
Φ − (4 ∗ Φ0+)

4 ~ Φ3

Calculated fast neutron flux

&"() =
Φ"
() ∗ &"#$
Φ"
#$
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Measurements & Calculation. Background Measurements @ CRISP reflectometer

2. Indirect Calculation
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(T) (O) (C)

! !tn !p !fn

MB 6.6·104 ± 250 1.56·104 ± 120 870 ± 30 900 ± 140
3He 3.95·105 ± 600 2.45·104 ± 150 7.38·104 ± 300 7.4·104 ± 200

"#$%& = 0.94 ± 0.09 "-$%& = 1.2 0 1012 ± 6 0 1014
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GAMMA-RAY
BACKGROUND
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A. Khaplanov et al., Investigation of gamma-ray sensitivity of neutron detectors based on 
thin converter films, JINST 8 P10025 (2013) (arxiv: 1306:6247) 
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