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Image provided by IAEA [3]

- 222Rn is a source of radioactive background

- Improving SNOLAB Radon Assay Systems   

- Understanding how 222Rn is measured
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Background
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Radon 
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Image : [2] Measurement of low 222Rn concentration in N2 using 

an activated charcoal trap



Surface Radon Board

Motivation
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What is a Lucas Cell?

- Scintillation counter sensitive to alpha 

particles made at SNOLAB

- Used to quantify the amount of 222Rn in 

SNOLAB’s radon assay systems

- Individual alpha decays are counted    

with PMTs
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What is a Lucas Cell?
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Acrylic Body
ZnS(Ag) 

Scintillator

Radon Sample 

Quick Connect Port

Acrylic Window



Why simulate Lucas Cells?

To understand their effectiveness and 

optimize their design.

11



LC Measurements

- Simulation results should coincide with laboratory measurements
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1. Geometrical Efficiency 2. Scintillation optical model



Scintillation Events
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Scintillation Events

Photomultiplier tube
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Window Events
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Geometric Efficiency

- Geometric Efficiency is denoted 𝜂LC 

Number of Scintillation Events

Total Number of Events
𝜂LC =

𝜂LC = 62 ± 3%

Source : Measurement of 222Rn dissolved in water 

at the Sudbury Neutrino Observatory(2004) [1]

𝜂LC = 74 ± 7%

Source : 222Rn emanation into vacuum(1993) [4]

- Reported values of 𝜂LC is inconsistent between studies
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Geant4
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Lucas Cell Geometry

FreeCAD GDML Workbench - Keith Sloan

Acrylic

(PMMA)

ZnS(Ag) 

Scintillator

Radon Sample (Inside hemisphere)
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Lucas Cell Geometry

Window Event Scintillation Event

Alpha

Optical Photon
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Python
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Python Simulation Comparison

- Python application provides cross-check with the Geant4 simulation

- 222Rn decays can be simulated faster

- More precise measurement for 𝜂LC
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222Rn Decay Positions Plotted in Python



Results

22



Geometric Efficiency Comparison
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Geant4 Optical Model

1. Scintillation yield distributions

2. Scintillation photon positional distribution
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2D Sensitive 

detector grid

Sensitive detector volumes store the 

information of particles that interact 

with them!

a) Number of Photons

b) Position of Photons on the detector



Positional Frequency of Optical Photons on 
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Scintillation photon positional frequency at the surface of the PMT
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Scintillation photon positional frequency at the surface of the PMT



Positional Frequency of Optical Photons on 
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Frequency of total light yield per 222Rn Decay  
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Positional Frequency of Optical Photons on 
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Frequency of total light yield per 222Rn Decay  
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Further 

Steps
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Further Steps
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- Scintillation photon positional 

distribution using 3D printed covers
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- Scintillation photon positional 

distribution using 3D printed covers

- Scintillation yield distribution with 

an Oscilloscope



Further Steps

- Add inhomogeneity to the scintillator 

thickness model
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- Scintillation photon positional 

distribution using 3D printed covers

- Scintillation yield distribution with 

an Oscilloscope



Further Steps

- Design a testing application to 

simulate new geometries

- Add inhomogeneity to the scintillator 

thickness model
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- Scintillation photon positional 

distribution using 3D printed covers

- Scintillation yield distribution with 

an Oscilloscope



Thank you!

Nasim Fatemighomi Christine Kraus

Keegan Paleshi Mark Ward

Lina Anselmo Tom Sonley
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Python Application Algorithm (Bonus)
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Crosses z > 0

Window

Crosses r > R

Scintillation

1. Choose random decay position and direction

2. Slightly extend vector in the chosen direction

3. Assign scintillation to r>R and window event to z>0 if possible

4. If neither condition is met, repeat steps 2 and 3



More about me

Honours BSc Physics and BASc

Electrical Engineering Graduate

Connect with me on LinkedIn 

www.linkedin.com/in/justin-suys-91246a352

Github

https://github.com/Swizzle-dev

Lucas Cell code available on request ! 
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http://www.linkedin.com/in/justin-suys-91246a352
https://github.com/Swizzle-dev
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