Radon Assay Facility at
University of Windsor for
NEXO Experiment

Abo-Bakr Emara (PhD Candidate)
Supervisor: Dr. Caio Licciardi
University of Windsor

CAP congress 2026

23/6/2026

nlver5|tyofW|ndsor

22/06/2026 AboBakr Emara - Radon Assay at U-Windsor - CAP 2026



Outline

« Physics motivation

« The nEXO experiment

« Why do we care about Radon?
« Radon facility at UW

 Future work

22/06/2026

AboBakr Emara - Radon Assay at U-Windsor - CAP 2026

gé%! Universityot Windsor

N



Physics motivation (Why neutrinos are interesting?)
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Neutrinoless double beta decay (0Ov[3[3)

e Hypothetical decay only if neutrinos
are Majorana (own antiparticle)

o OVBR: "¥Xe — °Ba + 2e-

e Q-value: 2.458 MeV

e Different from 2v[3(3

Counts

2vBf3
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The nEXO experiment

TE iR S e Probe neutrino masses

nEXO vessel <

_~ Photodetectors
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Electric field

e nEXO:proposed experiment,

sensitivity of T, ,> 10%° years

777 -age of universe is 10'° years-

<= Cryogenic
vaCuum space

e nEXO/XLZD: liquid xenon TPC
technology

DOI: https://doi.org/10.1103/PhysRevC.97.065503
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Radium

Why do we care about Radon?

Francium

e Radium is long lived (T, ,=1602y)

e Radon is noble gas, xenon
purification via noble gas

e Q-value of OvBp for ™**Xe coincide
with 2'*Bi gamma

e Alpha-n (a-n) reaction may
produce n-capture 3" Xe (B)

Radon

Astatine

Polonium

Bismuth

Lead

Thallium

Mercury
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don assay facility at University of Windsor

n— '\\“\. I K

Ra

=/ e Building three electrostatic
counter for radon assay

e ESC is alpha spectrometry
of radon progeny

e ESC is state of the art

technology, sensitive to 10s

of uBq, recirculation system

V.

Vi
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How does an electrostatic counter work?
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Background preliminary results

e \We ran different background runs for both custom-spherical and
hemispherical ESCs

e In first runs there were leaks due to bad weldings

e Once fixed, backgrounds reduced from 1000 uBq (20,000 uBq)
to <400uBq (800uBq) for the hemispherical ESC
(custom-spherical ESC)

e Comparable to literature 197uBq (poi:2504.15464)
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https://arxiv.org/abs/2504.15464

ESC detection efficiency
:f Xf Xf Xf

gDetection a S 'E '\ ¢ Due to volume sharing

/ \ lon collection eff.

88% ion in air Isotopic decay Due to electric field
From Rn decay solid angle 50%

intensity and uniformity

E.F
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Comsol multiphysics simulations

‘ x10° ‘ ><410A
\/ \i—’ﬁ |35
Electric field shape for Positive Po218 ions
hemispherical ESC trajectory inside the ESC
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Future work (Licciardi group)

=> Dr. Rahman (RA): measurement of vessel backgrounds
and building recirculation pumps

- Dr. Shetty (postdoc): calibration procedure with 2?°Rn
source, to precisely determine the detection efficiency

=> Bakr (PhD), Matthew and Akira (undergrad): R&D to

increase detection efficiency

Universityot Windsor
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Summary

It is important to understand radon contamination in low-background searches
We are commissioning ultra-sensitive radon detectors at the University of Windsor,
promising initial results of background levels

On going work on calibration procedures and R&D for increase detection efficiency

The radon assay facility at the University of Windsor is intended to serve as a

central radon assay hub in Canada
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Extra slides
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® A PIN diode has a P-type region, a thick intrinsic (l) b?%
layer , and an N-type region
. . DEYES
® When charged particles create electron-hole pairs,
causing a current pulse —
® This pulse is fed into a charge-sensitive preamplifier for
energy measurement I kel b

< -power I

VAT
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Data acquisition system (DAQ)

® Custom charge electronics board amplifies
signal to ~0.3 V/MeV

® Signal is digitized using Digilent Analog
Discovery 3: 125 MS/s USB Oscilloscope

® High voltage power supply for ion drifting
inside the chamber

Cremat, Inc. §

CR-110

R
Vi

VAT . . .
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Using Cr-113 at —22C with cooled electronics
the 1peisvisible

CUMes, LYy oe-oy SimATOYs 4 CRNUN MAIKLA MLLUNAILS
EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 5.829680402  7.90233+81  3.193960-82 -3.41302¢-86
2 Mean 1.00067€-02  6.79470e-84  1,33930e-07 -8.77337e¢-01
3 Sigea 2.44090¢-03  2,64435¢-84  9,82731e-06 -1,16086e-02
FCNw94.4262 FROM MIGRAD  STATUSCONVERGED 119 CALLS 120 TOTAL volts
EDM=5.87134e-07  STRATEGY= 1 ERROR MATRIX ACCURATE — -
EXT PARAMETER STEP EIRST = Entries 1349
NO.  NAME VALUE ERROR SIZE DERIVATIVE 500:—- Mean 0.04933
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One MPPC, CR-112, 50 ns shaper, max
fine gain, 55.71V, -38 C, trigger 1 mV
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