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Motivation

222Rn and its progeny are a
problematic source of background for
SNO+ and for the other experiments
at SNOLAB

As part of SNOLAB’s 22°Rn testing
program, we measure the

concentrations of %?2Rn for these
experiments through Radon Assays.
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Motivation

Underground Radon Board



Motivation

DEAP Radon Board



Motivation

Water Assay System



Motivation

Surface Radon Board



What i1s a Lucas Cell?

- Scintillation counter sensitive to alpha
particles made at SNOLAB

- Individual 222Rn alpha decays can be
counted with 2-inch photomultiplier tubes
(PMTs) with known quantum efficiencies

- Used to quantify the amount of 22?2Rn for
the four systems presented
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Measured Alpha Decays
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Why simulate Lucas Cells?

Radon in Lucas Cell

Nt

Number of detected Radon Decays

Total Number of Radon Decays

Detected Radon




Why simulate Lucas Cells?

The focus of my presentation is understanding this counting efficiency

Nt = MNicloetlpag

N = 14x7% N = 62+3%

Source : %%?Rn emanation into vacuum(1993) [3] Source : Measurement of 2?2Rn dissolved in water
at the Sudbury Neutrino Observatory(2004) [1]
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Why simulate Lucas Cells?

To give us a better understanding of the underlying

processes at play during radon assays at SNOLAB
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Lucas Cell Geometry

Acrylic
(PMMA)

FreeCAD GDML Workbench - Keith Sloan

Radon Sample (Inside hemisphere)

ZnS(Ag)
scintillator
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Lucas Cell Geometry
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Positional Frequency of Optical Photons on PMT surface
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Positional Frequency of Optical Photons Yielding Photoelectrons
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Photon Distribution Testing

Expectation: ~90% less counts Expectation: No counts Expectation: ~90% less counts

Result: No reduction Result: No counts Result: No reduction
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Total Internal Reflection

Thin ZnS(Ag)
Layer

ZnS(Ag)
n = 2.356

Vacuum
n =1

Isotropic Scintillation
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Total Internal Reflection
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Number of Decays

Number of Decays with a Given Number of Photons Detected
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Integrated PMT Charge Distribution

hcharge
Enlries 142360
Mean 6.078a+04
Sid Dev  1.781e+D5
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GEANT4 Simulation Milestones

- Stochastic Decay Timing Model implemented for the
relevant isotopes

- GDML functionality for different Lucas Cell dimensions

2848542

- Value for = =— = .7743 photoelectrons/photon
Moe.rn222 = T3 oa0c

- GUI to facilitate graphing and knowledge transfer
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Future Work

- Implementing the ZnS(Ag) surface roughness***

- Transfer simulation to computer cluster

- Measuring the spatial distribution of 222Rn daughters

- Enhancing GUI and uploading code to Github
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Thank you!

Nasim Fatemighomi

Mark Ward

Lina Anselmo

Keegan Paleshi

Ryan Bayes
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Smooth Scintillator Surface
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Backup - QE calculation

Positional Frequency of Optical Photons Yielding Photoelectrons
Total Number of Optical Photons : 2848542

Positional Frequency of Optical Photons on PMT surface
Total Number of Optical Photons : 3678865

2848542 photoelectrons

= _— = 0.7743 photoelectrons/photon
"1qe , Rn222 3678865 photons
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