
AbstractAbstract
nEXO (enriched xenon observatory) aims to
detect neutrinoless double beta decay (0𝜈𝛽𝛽) in
136Xe. These measurements rely on ultra low-
backgrounds in the detector. nEXO’s goal is to
have only 600 radon atoms in the 5 tonnes of
enrXe. If nEXO’s current goals are met, after 10
years of running, nEXO will discover* 0𝜈𝛽𝛽 if its
half life is less than 5.7 × 10!" years [2]. To
accomplish this goal, SLAC is working on a new
radon assay system which will provide more precise measurements of each of
the detector components to ensure that nEXO’s background requirements are
met.
*nEXO will have a 99.7% (3σ) chance to discover 0𝜈𝛽𝛽.
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AbstractImportance	of	Radioactive	Background	Control

0𝜈𝛽𝛽
(𝑄!! = 2458 keV)

214Bi	𝛾
(𝛾 = 2448 keV)

nEXO will detect an array of events at different energies. However, due
to the extremely large half life of 0𝜈𝛽𝛽, nEXO needs to be essentially
background free. The most problematic background is the decay of
214Bi into 214Po which create a 𝛾-ray of 2448 keV, less than 10 keV
difference from 𝑄!! (2458 keV).

LZ	Background	Levels	[4]

AbstractIntroduction	to	the	nEXO	Detector
nEXO	Detector	[1][2]

Outer	Detector	– Water	Cherenkov	Detector
• Ultra-pure	deionized	water.
• ~500	8in	PMTs.
• Expected	to	tag	well	above	99%	of	muons.

Inner	Detector	- Time	Projection	Chamber	(TPC)
• Single	phase,	5	tonne liquid	enrXe detector.
• Electrons	are	drifted	towards	the	anode	(top	of	
the	TPC)	and	are	collected	by	charge	tiles.
• Photons	are	detected	by	SiPMs.

nEXO’s Sensitivity	[1]

AbstractRadon	Assay	System
Radon	Assay	System	[5] • Samples	are	attached	at	the	emanation	

column	(B).
• Carrier	gas	(N2,	Ar,	He,	and		Xe	have	been	
used)	is	continually	circulated	around	the	
system	by	the	pump	(C).
• Radon	decays	in	ESC	(A)	and	its	daughter	ions	
drift	to	biased	diode	(D).
• When	daughters	on	the	diode	decay,	the	
energy	deposited	in	the	diode	by	the	𝛼 are	
recorded.

AbstractRadon	Assay	Data	AnalysisAbstractIntroduction	to	Nuclear	Decay

Polonium

Bismuth

Lead

Thallium

Mercury

Astatine

Radon

Radium

Actinium

Thorium

Protactinium

Uranium238
92U
4.5	Gy

234m
91Pa
1.17	m

234
90Th
24.1	d

230
90Th
75.38	ky

234
92U

245.5	ky

226
88Ra
1602	y

222
86Rn
3.82	d

218
84Po
3.1	m

214
82Pb
26.8	m

214
84Po
164.3	Js

210
82Pb
22.2	y

206
80Hg
8.32	m

218
85At
1.5	s

214
83Bi
19.9	m

210
82Tl
1.3	m

210
83Bi
5.01	d

206
81Tl
4.2	m

210
84Po
138	d

206
82Pb
Stable

232
90Th
14.1	Gy

228
90Th
1.9	y

224
88Ra
3.6	d

220
86Rn
55	s

216
84Po
0.14	s

212
82Pb
10.6	h

228
88Ra
5.7	y

228
89Ac
1602	y

212
83Bi
61	m

208
82Tl
3.1	m

212
84Po
0.3	Js

208
82Pb
Stable

*
+!

+!

*

*

*

*

*

+!

+!

+!

+!

+!

+!

+!

+!

*

*

* *

*

*

* *

*

*

* *

*

+!

+!

+!

+!

+!

Actinides
Alkaline Earth 
Metals
Nobel Gasses
Metalloids
Post Transition 
Metals
Transition Metals

Thorium	and	Uranium	Decay	Chain

• Actinides
• Alkaline Earth 
Metals

• Nobel Gasses
• Metalloids

• Post Transition 
Metals

• Transition Metals

𝜶 decay:
Alpha ( 𝛼 ) decay occurs when a
nucleus ejects a helium nucleus,
known as an alpha particle, which
consists of 2 protons and 2 neutrons.

𝜷! decay:
Beta-minus (𝛽") decay occurs when
the nucleus emits an electron and an
election antineutrino in a process that
turns a proton into a neutron.

𝜸 decay:
Gamma (𝛾) decay occurs after an 𝛼 or
𝛽± decay where the daughter nucleus
is left in an excited state. The
deexcitation of the daughter produces
a gamma ray.

AbstractIntroduction	to	𝟎𝝂𝜷𝜷
𝟐𝝂𝜷𝜷:
Double	beta	decay	
(2𝜈𝛽𝛽)	occurs	when	
two	beta	decays	occur	
simultaneously,	
producing	two	
electrons	and	two	
electron	
antineutrinos	in	total.

Feynman	Diagram	
of	2𝜈𝛽𝛽 [1]	

Feynman	Diagram	
of	0𝜈𝛽𝛽 [1]	
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𝟎𝝂𝜷𝜷:	
Neutrinoless double	
beta	decay	(0𝜈𝛽𝛽)	is	a	
theoretical	process	that	
occurs	when	the	
antineutrinos	produced	
in	2𝜈𝛽𝛽 annihilate	each	
other	resulting	in	the	
electrons	receiving	all	
the	decay	energy.

The	imbalance	of	
matter	over	
antimatter	is	one	of	
the	largest	
mysteries	in	physics.	
The	observation	of	
0𝜈𝛽𝛽 would	
profoundly	impact	
our	understanding	
of	the	relationship	of	
matter	and	
antimatter. If	0𝜈𝛽𝛽
exists,	it	will	prove	
that	neutrinos	are	
Majorana	particles,	
meaning	that	
neutrinos	are	their	
own	antiparticles.	

Importance	of	
Finding	0𝜈𝛽𝛽

1)	Summated	Energy	Spectrum
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2) 𝜶 Assignment	Probability
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3)	Initial	Population	Fitting

1) Most 𝛼 particles detected by the
diode are produced by polonium
isotopes, which each have a
known energy, allowing for a
linear translation from channel
number to deposited energy.

2) Because there is some
uncertainty with respect to the
actual 𝛼 energy and the energy
deposited on the diode, we use a
probabilistic method to
reconstruct the decayed isotope
that produced the 𝛼 particle.

3) To determine the initial
population of 226Ra, 230Th, etc. the
Bateman equations are used to fit
the reconstructed isotopes. The
fitted initial populations are then
used to determine if the assayed
material is viable.nEXO	Backgrounds	vs	

Sensitivity	[2]

For nEXO to meet its background requirements of 600 Rn atom in its 5
tonnes of enrXe, the radioactivity of every component of the detector
must be measured. This process, is called radon assay and is used by all
low-background physics experiments including LUX-ZEPLIN (LZ) as
shown below.

EXO-200	Vertex	
Reconstruction	[3]

Energy	Reconstruction	[1]

Both charge and light signals are used to reconstruct event
energy which allows for better energy reconstruction and for 3D
vertex reconstruction which can be used to determine the
validity of an event.

Xe	Recirculation	System

Xenon	in	nEXO	is	
continually	recirculated	to	
be	cleaned	by	the	purifier	
and	the	(tentative)	
distillation	column.	

nEXO’s Event	Detection	[2]
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