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MOTIVATION

Helium-3 is available again, 
making helium-3 detectors 
accessible to neutron facilities! 

Conventional large-area 3He 
detectors are limited on their 
count rate capabilities! IN5 detector at ILL (30 m2 of 3He-Tubes)
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GOAL AND OBJECTIVES

ObjectivesGoal
Develop a position-sensitive thermal-neutron 

detector using Helium-3 as a neutron converter 
and CF4 gas as a scintillator, with SiPM optical 
readout (light sensors), targeting fast counting 

rate (~2 MHz/pixel) and spatial resolution of the 
order of 10 mm

Simulation work Experimental work

Determine the configuration 
of SiPMs that provides the 
best spatial resolution (with 
cost limitations).

Design a setup that suppresses 
reflections - BLACK BOX - to test 
the electronics and obtain 
important properties to further 
improve our simulation model.
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HOW TO DETECT THERMAL NEUTRONS?

Thermal neutrons (12-100 meV) are hard to detect!

- No charge
- low kinetic energy

Neutrons do not directly ionize atoms for light to be produced.
3He is used due to its large 
neutron capture cross-section!

CF4 is then used to limit the range of the energetic products, serving as the 
scintillator!
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We must convert these neutrons into detectable 
charged particles!



HELIUM-3 DETECTOR MODEL
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MONTE-CARLO SIMULATION (Geant4 & ANTS3)

We will generate a large number of 
photons with random directions.

The path of each photon inside the 
tube is not deterministic — scattering 
and  absorption introduce randomness.

A lot of photons are 
involved
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METHODS

Centroid Position Reconstruction                            

Systematic error that we can correct.

z - Reconstructed event position
Si - Signal of the ith SiPM
Zi - position of the ith SiPM Spatial Resolution
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METHODS (2)

How many photons should we simulate per neutron 
capture?

The photon yield of CF4 is ~ 4000 
photons/MeV.

The Q value of the neutron capture 
reaction is 764 keV. 0.764 MeV x 4000 photons/MeV 

≈ 3000 photons
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SIMULATION (Geant4 & ANTS3)

Example of a reconstruction                     

Simulations were performed 
across the entire diameter of the 
cylinder, at z=0
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OPTIMAL CONFIGURATION - MATERIAL

SiPM Model AFBR-S4N66P014M, 
6x6mm^2

Side walls are coated with a film 
that reflects 95% of incident light 
in a Lambertian (diffuse) manner 
and absorbs the remaining 5%.

5 SiPM used, spaced at a 
pitch of 40mm
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Aluminum

film



OPTIMAL CONFIGURATION - SIMULATION

Just like before, the simulations were performed 
across the entire diameter of the cylinder, but 
now we a cover a distance from -20mm to 
20mm.

 

The detector 
consists of 
multiples of these 
sections!
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OPTIMAL CONFIGURATION - BIAS
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We can now correct the shift from 
the reconstructed positions to the 
true positions.

(mm)

Bias vs z



OPTIMAL CONFIGURATION - SPATIAL 

RESOLUTION

Spatial resolution below 
10mm
Resolution symmetry around the zero is 
observed as expected.
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Resolution vs z



EXPERIMENTAL SETUP 

We need to :

- Test if the LED source is isotropic

- Test the electronics

- Obtain the angular response of the SiPM
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EXPERIMENTAL SETUP 

LED + Diffuser

SiPM
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EXPERIMENTAL SETUP

PCB holder for SiPMs
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EXPERIMENTAL SETUP

Pulse generator for 
LED polarization

Black box

Scope

PAs + Shaping amplifiers

RC filter

MCA

DC Power supply for SiPM bias
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DC Power 
supply for 
electronics



DATA ACQUISITION
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TESTS OF THE SIPM READOUT
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3 photoelectrons
2 photoelectrons
1 photoelectrons



RESULTS ON THE TESTS OF THE SIPM WITH 
LED

Test of the inverse square distance law
Results show that the 
LED source is 
isotropic!
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RESULTS ON THE TESTS OF THE SIPM WITH 
LED

SiPM angular response versus the angle of 
orientation between the 

 LED and the SiPM We can improve our 
model!
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CONCLUSIONS AND OUTLOOK

Conclusions

Outlook:
 
● Extend simulations to particle simulation;

● Use angular response of the SiPM instead of regular interface rules.

● The tests were very positive;

● Learned a lot from both the simulation and experimental approaches.
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THANK YOU FOR YOUR 
ATTENTION 
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