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Radon control is a priority for low-
background science
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Radon control at SNOLAB

e Lab infrastructure

e Cleanroom fabrication,
surface prep
(etching/passivation)

 Materials screening
program (ICP-MS, HPGe,
XIA, etc.)
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Radon assays

Concentrator Port to
trap scintillator cell

cell 11

o Primary trap
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Origin of the SNOLAB Rn assay

* Technique developed ~1991

* Used during SNO for radon emanation

of solids and radon measurement in
UPW

Credit: SNO

Credit: SNO
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Current state of the Radon assay

* Mobile board was
recommissioned in 2019

* Used by SNO+ for assays of
cover gas, UPW

e Measurements of SNOLAB
LN2 plant

* Radon emanation as part of
SNOLAB low-background
counting facility
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3
Experiments using Rn emanation results SWB

* SNO+ e HALO
* CUTE + NEWS-G
* DAMIC e PICO

* DarkSide e REPAIR
»  DEAP-3600 . SBC

* DM-lce »  SENSE

* XLZD e SuperCDMS

Improvements to
SNOLAB Rn counting
nave far-reaching
oenefits for low-
nackground science!
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Maintaining and improving the Radon
assay capability is a priority for SNOLAB
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Four radon boards... SNGLAB

SNOLAB

surface Underground

lab radon mobile radon

board assay board
DEAP-3600

SNO+ UPW plant

radon board radon board
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One Lucas cell!
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What are Lucas cells?

e Scintillator alpha counter
 7nS(Ag)-coated inner volume stores Rn

 Used to count decays of Rn atoms
trapped using assays
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Principle of operation

o

PMT

Swagelok Quick-Connect

Acrylic Body

ZnS Coated Hemisphere

Acrylic Window to PMT
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Principle of operation

Ubuntu PC
CAEN Wavedump
)
e
I PMT ‘
Dark box

CAEN N6725
Digitizer
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3
Principle of operation SNoLAB
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N
Lucas cell backgrounds SNGLAB

 Radon assays are background
limited by Lucas cells!

* Intrinsic background due to 20 -
Lucas cell materials 15

e 7ZnS scintillator is greatest 107 *

Background (cpd)

background contributor in 16 4@
Lucas cells 04 . ' | |
10 20 30 40 50
e Current Lucas cells use most ZnS(Ag) coating thickness (majcm?)

radiopure ZnS commercially
available



Can we produce our own
low-background ZnS?

S
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Impurities

We can selectively precipitate
Zinc Sulfide from solution while
leaving behind 233U chain
Impurities

L0g(ZnS K ) = -22

Log(PbS K,,) = -28

L0g(U(IV)O, K, )= -




Preliminary ZnS synthesis
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Pb(11), U(IV)
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Alpha scintillation test

 7ZnS painted on an acrylic disk may
scintillate in response to alphas

* |If PMTs detect alpha pulse:

1. Our ZnS is sensitive to alphas, AND

2. Our PMTs are sensitive to light emitted
by our ZnS
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A working Rn counter

-bash-4.2% ./AlphaCounting_v3.exe ../WaveDumpOutput/wave22025-08

Nday and Ndecays inday@ 0 1idayflag O
0 0.00753361 0.115815 111111 chi12/ndf:: 184.626/16 parlpar3ratio

1 0.0207997 0.12161 44677.2 chi12/ndf:: 189.831/16 parlpar3ratio:
2 0.0219608 0.113885 87124.9 ch12/ndf:: 164.365/16 parilpar3ratio
3 0.0252756 0.133403 41076.6 ch12/ndf:: 167.899/16 parlpar3ratio

-08-170013. txt

.1 0.249342
. -0.669627 These are

::0.298249 |
::-1.47887 alphas!

4 0.0254053 0.165871 89852.7 chi12/ndf:: 198.421/16 parilpar3ratio

hpulsehigh13

B Entries 262
Mean 120.5
Std Dev 60.74
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First Lucas cells with SNOLAB ZnS

SNOLAB ZnS Commercial ZnS SNOLAB ZnS

Commercial ZnS
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Insights from Raman spectroscopy

CrystalSleuth: Snolab Ag-doped Z

File Edit Mode Help

| @€ 542 |x] Blulel <>

Fiie Manager | SpecEdit Raman Library |X-Ray |
9% Match: | Spectrum Name: | RRUFFID:
61 Hiortdahlite (780nm) ROs0092 | |
60 Aurostbite (785nm) RO60923
57 Ktenasite (785nm) ROTO081
56 MNagelschmidtite (532nm}) RO70032
3 Vitaniemite {532nm) RO60052
3 Sakhaite (532nm) RO60637
55 Sakhaite (780nm) RO60B37
|55 | <) Pickeringite (7850m) | R060108 |
53 Faizievite (785nm) RO70221
53 Vishnevite (785nm) RO61139
53 Serendibite (780nm) RO70622
53 Halotrichite (785nm) RO60118
53 Villiznrite {(785nmY ROANS1A %
4 1} +

215 385 555 725 895 1065 1235 1405 1575 1745

Finished |

A

CrystalSleuth |(M ouse) ¥ 664,591 ¥:5152.628
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Relative Counts
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Summary

Determined the source of Lucas cell
packgrounds

Developed method to fabricate Lucas
cells/low-background ZnS

Developed a procedure to rapidly produce
and test scintillator for Lucas cells

ldentified ZnO presence as obstacle in
usability of SNOLAB ZnS
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Outlook and next steps

* SNOLAB has acquired a vacuum
furnace for production of ZnS in low-
oxygen environment

* A calibrated radon source is also being
procured for precision measurement of
counting efficiency of Lucas cells
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Thanks for listening!
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Questions?
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Backup slides



/nS alpha background

 7ZnS alpha background
varies by manufacturer

e Current standard for Lucas
cells is 3-4 cpd

* Motivates us to investigate
synthesizing our own
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The SNOLAB Radon assay

o\ 2

B, A - —|

UPW plant Radon board, 2000 (Credit: SNO) UPW plant Radon board, 2026
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SNaLAB

Typical spectral characteristics
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Lucas cell coating: process SNgLAB
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/nS luminescence goals

e Commercial ZnS emits around
450nm, while our PMTs are most
sensitive around 420 nm
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Improving the radon assay starts with
improved Lucas cells
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