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Motivation for 0νββ search

Why search for 0νββ?

• Enabled by non-zero neutrino mass

• Observation of 0νββ always
implies new physics *

• Lepton number violation
• Majorana fermions: A new class
of particles
• Matter-antimatter asymmetry

• The search for 0νββ goes beyond
measuring the Majorana mass of
neutrinos.
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*[J. Schechter and J.W.F. Valle, PRD 25 2951-2954 (1982)]
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Motivation for 0νββ search

0νββ landscape � Why tonne-scale?
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Towards the next generation:

• Need a ton of ββ emitter

• Extremely low background

• and various technical challenges

Extraordinary discovery requires extraordinary evidence

• Multiple experiments

• Di�erent isotopes and detection technologies

• Di�erent decay energies
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Motivation for 0νββ search

The 2023 Long Range Plan

• The 2023 Long Range Plan for Nuclear
Science was made public last week on Oct
4, 2023.

• The writing was lead by the Nuclear Science
Advisory Committee (NSAC), which advises
the US DOE, supported by numerous White
papers from the nuclear physics community.

• 0νββ experiments are mentioned in
Recommendation 2:

3 4

A NEW ERA OF DISCOVERY | THE 2023 LONG RANGE PLAN FOR NUCLEAR SCIENCE

• How do we use atomic nuclei to uncover physics 
beyond the Standard Model?

These questions are addressed by thousands of nu-
clear scientists working in experimental, theoretical, 
and computational investigations. Anchoring this 
world-leading program are the four national user fa-
cilities, each with unique capabilities for addressing 
our science questions: the Argonne Tandem Linac 
Accelerator System (ATLAS), CEBAF, FRIB, and the 
Relativistic Heavy Ion Collider (RHIC). A consor-
tium of 13 university-based accelerator laboratories, 
known collectively as the Association for Research 
at University Nuclear Accelerators (ARUNA) labora-
tories, provide additional capability for cutting-edge 
experiments while training the next-generation scien-
tists in the tools and techniques of nuclear science. 
Our work is done in small and large collaborations 
across the country, connecting theoretical and ex-
perimental researchers at universities and national 
laboratories in a dynamic and exciting enterprise 
that leads to scientific discovery. Our progress on 
these and other intriguing questions since the last 
Long Range Plan—and the many opportunities for 
the future—are covered in this plan. We describe 
some of the many technological and computational 
innovations that drive our field and lead to consider-
able benefits to society. Central to this work are the 
people: we highlight the process of training nuclear 
scientists and how they go on to contribute to our 
nation in many areas.

Our vision for the future builds on the ongoing, 
world-leading US program in nuclear science, which 
includes

• Unfolding the quark and gluon structure of visible 
matter and probing the Standard Model at the 12 
GeV CEBAF facility.

• Exploring the nature of quark–gluon matter and 
the spin structure of the nucleon at the RHIC 
facility and through leadership across the heavy 
ion program at the Large Hadron Collider (LHC).

• Making breakthroughs in our understanding 
of nuclei and their role in the cosmos through 
research at the nation’s low-energy user facilities, 
ATLAS, the newly constructed FRIB, the ARUNA 
laboratories, and key national laboratory 
facilities.

• Carrying out a targeted program of experiments, 
distributed across the United States, that 
reaches for physics beyond the Standard Model 
through rare process searches and precision 
measurements.

gin of visible matter in the universe and significantly 
advance accelerator technology as the first new par-
ticle collider to be constructed since the LHC. Neu-
trinoless double beta decay experiments have the 
potential to dramatically change our understanding 
of the physical laws governing the universe.

RECOMMENDATION 2 
As the highest priority for new experiment con-
struction, we recommend that the United States 
lead an international consortium that will under-
take a neutrinoless double beta decay campaign, 
featuring the expeditious construction of ton-scale 
experiments, using different isotopes and comple-
mentary techniques.

One of the most compelling mysteries in all of sci-
ence is how matter came to dominate over antimat-
ter in the universe. Neutrinoless double beta decay, a 
process that spontaneously creates matter, may hold 
the key to solving this puzzle. Observation of this rare 
nuclear process would unambiguously demonstrate 
that neutrinos are their own antiparticles and would 
reveal the origin and scale of neutrino mass. The nu-
cleus provides the only laboratory through which this 
fundamental physics can be addressed.

The importance of the physics being addressed 
by neutrinoless double beta decay has resulted in 
worldwide excitement and has catalyzed the inter-
national cooperation essential to carrying out a suc-
cessful campaign. An extraordinary discovery of this 
magnitude requires multiple experiments using dif-
ferent techniques for a select set of isotopes. Such 
measurements demand unprecedented sensitivity 
and present unique challenges. Since the 2015 Long 
Range Plan, the US-led CUPID, LEGEND, and nEXO 
international collaborations have made remarkable 
progress with three distinct technologies. An inde-
pendent portfolio review committee has deemed 
these experiments ready to proceed now.

Neutrinoless double beta decay is sensitive to new 
physics spanning very different scales and physical 
mechanisms. The identification of the underlying 
physics will pose a grand challenge and opportuni-
ty for theoretical research. An enhanced theoretical 
effort is an integral component of the campaign and 
is essential for understanding the underlying physics 
of any signal. 

RECOMMENDATION 3
We recommend the expeditious completion of the 
EIC as the highest priority for facility construction.

Protons and neutrons are composed of nearly mass-
less quarks and massless gluons, yet as the build-

• Explaining how data gathered in these endeavors 
are connected and consistent through theory 
and computation. Nuclear theory motivates, 
interprets, and contextualizes experiments, 
opening up fresh research vistas.

Here are the recommendations of the 2023 Long 
Range Plan.

RECOMMENDATION 1 

The highest priority of the nuclear science com-
munity is to capitalize on the extraordinary oppor-
tunities for scientific discovery made possible by 
the substantial and sustained investments of the 
United States. We must draw on the talents of all in 
the nation to achieve this goal.

This recommendation requires

• Increasing the research budget that advances 
the science program through support of 
theoretical and experimental research across the 
country, thereby expanding discovery potential, 
technological innovation, and workforce 
development to the benefit of society. 

• Continuing effective operation of the national 
user facilities ATLAS, CEBAF, and FRIB, and 
completing the RHIC science program, pushing 
the frontiers of human knowledge. 

• Raising the compensation of graduate 
researchers to levels commensurate with 
their cost of living—without contraction of the 
workforce—lowering barriers and expanding 
opportunities in STEM for all, and so boosting 
national competitiveness.

• Expanding policy and resources to ensure a 
safe and respectful environment for everyone, 
realizing the full potential of the US nuclear 
workforce. 

Nuclear science is an ecosystem in which facility 
operations and research at laboratories and universi-
ties by senior investigators, technical staff, postdocs, 
and students work together to drive progress on the 
forefront science questions discussed above and 
throughout this Long Range Plan. A healthy work-
force is central not only to these scientific goals but 
also to the nation’s security, technological innova-
tion, and prosperity. 

Next, we reaffirm the exceptionally high priority of 
the following two investments in new capabilities 
for nuclear physics. The Electron–Ion Collider (EIC), 
to be built in the United States, will elucidate the ori-

ing blocks of atomic nuclei they make up essentially 
all the visible mass in the universe. Their mass and 
other properties emerge from the strong interactions 
of their relativistic constituents in ways that remain 
deeply mysterious. The EIC, to be built in the United 
States, is a powerful discovery machine, a precision 
microscope capable of taking three-dimensional pic-
tures of nuclear matter at femtometer scales. These 
images will uncover how the characteristic proper-
ties of the proton, such as mass and spin, arise from 
the interactions between quarks and gluons, and how 
new phenomena and properties emerge in extremely 
dense gluonic, nuclear environments. 

The EIC will be a unique, large-scale, high-luminosity 
electron–hadron collider and the only collider to be 
built in the world in the next decade. It will be capable 
of colliding high-energy beams of polarized electrons 
with heavy ions, polarized protons, and polarized 
light ions. The EIC will be constructed on the current 
site of RHIC, led by a partnership between Brookhav-
en National Laboratory (BNL) and Jefferson Lab. The 
EIC was put forward as the highest priority for new 
facility construction in the 2015 Long Range Plan. 
Since then, the EIC was launched as a DOE project 
in 2019, and the conceptual design was approved in 
2021. Its expeditious completion remains the high-
est priority for facility construction for the nuclear 
physics community. 

The EIC facility design takes advantage of signif-
icant advances in accelerator and detector tech-
nologies, substantial investments in RHIC, and the 
unique expertise at BNL and Jefferson Lab, fulfilling 
the requirements of the 2018 National Academy of 
Sciences (NAS) report. The EIC’s compelling, unique 
scientific opportunities and cutting-edge technolo-
gies are attracting physicists worldwide, and interna-
tional engagement and contribution are important to 
the collider’s realization and the success of the EIC 
science. Together with ePIC, the general-purpose, 
large-acceptance EIC detector, the EIC will maintain 
US leadership at the frontiers of nuclear physics and 
accelerator science technology. Many applications 
in industry, medicine, and security use particle accel-
erator and detector technologies: leading-edge ac-
celerator and detector technology developments at 
EIC will have broad impact on these sectors.

To achieve the scientific goals of the EIC, a parallel 
investment in quantum chromodynamics (QCD) the-
ory is essential, as recognized in the 2018 NAS re-
port. Progress in theory and computing has already 
helped to drive and refine the physics program of the 
EIC. To maximize the scientific impact of the facility 
and to prepare for the precision expected at the EIC, 
theory must advance on multiple fronts, and new col-
laborative efforts are required.

1 | EXECUTIVE SUMMARY

• It shows the community's unwavering
support for the building of 0νββ
experiments.

2023  |  VERSION 1.1
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EXO/nEXO Overview

Milestones of the EXO program

• 2001: The EXO program began.

• 2010: EXO-200 detector was built.

• 2011: EXO-200 began taking data.

• 2014: The nEXO collaboration was formed.

• May 2018: nEXO Pre-Conceptual Design Report

(pCDR)

• Nov 2018: CD-0 (Mission need) for tonne-scale ββ

decay search

• Dec 2018: EXO-200 stopped taking data.

• Feb 2021: nEXO's �rst budget review by DoE

• Jul 2021: DoE portfolio review for project comparison

• Jan 2022: Project start

• Now: Continue R&D
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EXO/nEXO Overview

EXO-200 � a successful experiment and demonstrator

Features:

• Liquid xenon (LXe) time projection chamber (TPC)

• 200 kg of Xe enriched to 80% in 136Xe

• 2 drift volumes separated by a central cathode

• Ionization: Charge collection wires

• Scintillation: Avalanche Photodiodes

• Waste Isolation Pilot Plant, New Mexico, USA.

• Overburden: 1623 m.w.e.

• Operational from 2011 to 2018

EXO-200's major achievements:

• First observation of 2νββ of 136Xe
[PRL 107, 212501 (2011)]

• Most precise measurement of 136Xe 2νββ half-life to-date:
τ2ν1/2 = (2.165± 0.016± 0.059)× 1021 y
[PRC 89, 015502 (2014)]

• Limit on 136Xe 0νββ half-life: τ0ν1/2 > 3.5× 1025 y (90% C.L.)
[PRL 123 161802 (2019)]

Next step: scale up!
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EXO/nEXO Overview

160+ collaborators
34 institutions
9 countries
1 goal: Find 0νββ

ИТЭФ
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EXO/nEXO Overview

nEXO experiment and design

Features:

• Single phase single volume LXe TPC

• 5 tonnes of LXe enriched to 90% in 136Xe

• Ionization: Charge collection tiles

• Scintillation: Silicon Photomultipliers (SiPM)

• Location: SNOLAB with 6010 m.w.e. overburden

Improvements over EXO-200:
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EXO/nEXO Overview

Multi-observable analysis

nEXO can robustly identify a signal event by measuring multiple observables.

Assumed signal: τ1/2 = 7.4× 1027 year.
(Potential 3-σ discovery by nEXO.)
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EXO/nEXO Overview

Multi-observable analysis

6.2 tonne yr

0.5 bkg. events

← Background-like Signal-like →

Assumed signal: τ1/2 = 7.4× 1027 year.
(Potential 3-σ discovery by nEXO.)

Combining three quantities:

• 3D voxels are ranked by
signal-to-background ratio.

• Then, arranged into a single
dimension by proper
ordering.

• �Background-free� in the
combined parameter

Not a 1D peak search!

RHM Tsang (UAlabama) 0νββ with nEXO Oct 12, 2023 10 / 29



EXO/nEXO Overview

Sensitivity projection
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[J. Phys. G: Nucl. Part. Phys. 49 015104 (2022)]

• KamLAND-Zen limit: τ1/2 > 2.3× 1026 years at 90% C.L. [PRL 130 051801 (2023)]

• Still a lot of room for discovery!
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EXO/nEXO Overview

Comparison with other experiments
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• Included all published NMEs that have not been
superseded by later publications

• Di�erence among experiments is small compared to
di�erence among NMEs.

NMEs used:

Half-lives used [×1028 years]:
90% sens. 3σ disc. Ref.

nEXO 1.35 0.74 [JP G: NPP. 49 015104 (2022)]
LEGEND 1.6 1.3 [arXiv:2107.11462]
CUPID 0.15 0.11 [arXiv:1907.09376]
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Why nEXO?

nEXO's unique strengths

1. Homogeneous 2. Scalable 3. Con�rmation possible

A monolithic homogeneous detector is well-suited for a 0νββ search.

• Gamma background identi�cation and
rejection with advanced topological
reconstruction

• Su�ciently good energy resolution to
suppress 2νββ background to a negligible
level

• Internal radon background removal by alpha
tagging

• Measures backgrounds precisely in situ
enabling a multi-dimensional analysis

• Uninstrumented center creates a
�background-free� region.
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Why nEXO?

nEXO's unique strengths

1. Homogeneous 2. Scalable 3. Con�rmation possible

There is a feasible path forward to scale up to beyond 100t in case of a non-discovery.
[A. Avasthi et al., Phys. Rev. D 104, 112007 (2021)]

• The advantages of a homogeneous detector
improve with size

• Su�cient enrichment capacitiy exists.
Xenon enrichment is well understood and
cost e�ective.

• Recirculating Xenon reduces risk, as the
puri�cation system can be upgraded if
unexpected backgrounds are discovered
and/or if new technology becomes available.
(Note that xenon has no long-lived, unstable
isotopes.)
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Why nEXO?

nEXO's unique strengths

1. Homogeneous 2. Scalable 3. Con�rmation possible

Ability to perform a follow-up experiment with the same hardware in case
of a discovery.

• Perform a follow-up experiment with non-enriched or depleted xenon if
the half-life is su�ciently short:

• A genuine signal would not be observed with depleted xenon.
• Enhance con�dence that an observation of 0νββ has been made.

• Re-deploy the same enriched Xe in another experiment for independent
con�rmation.

• The xenon can be retrieved and used in another experiment.

• Barium tagging is a possible upgrade to unambiguously identify ββ
decays.
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Overview of nEXO R&D status

nEXO R&D status

• Pre-Conceptual Design Report in
2018

• First sensitivity projection in 2018

• Updated sensitivity projection in
2022

• Status of R&D beyond pre-CDR,
including

• Background control
• SiPMs
• Charge collection
• Calibration
• and more

nEXO Pre-Conceptual Design Report

Abstract

The projected performance and detector configuration of nEXO are described in this pre-Concep-
tual Design Report (pCDR). nEXO is a tonne-scale neutrinoless double beta (0νββ) decay search
in 136Xe, based on the ultra-low background liquid xenon technology validated by EXO-200. With
' 5000 kg of xenon enriched to 90% in the isotope 136, nEXO has a projected half-life sensitivity
of approximately 1028 years. This represents an improvement in sensitivity of about two orders
of magnitude with respect to current results. Based on the experience gained from EXO-200 and
the effectiveness of xenon purification techniques, we expect the background to be dominated
by external sources of radiation. The sensitivity increase is, therefore, entirely derived from the
increase of active mass in a monolithic and homogeneous detector, along with some technical ad-
vances perfected in the course of a dedicated R&D program. Hence the risk which is inherent to
the construction of a large, ultra-low background detector is reduced, as the intrinsic radioactive
contamination requirements are generally not beyond those demonstrated with the present gener-
ation 0νββ decay experiments. Indeed, most of the required materials have been already assayed
or reasonable estimates of their properties are at hand. The details described herein represent the
base design of the detector configuration as of early 2018. Where potential design improvements
are possible, alternatives are discussed.

This design for nEXO presents a compelling path towards a next generation search for 0νββ,
with a substantial possibility to discover physics beyond the Standard Model.

Minor revisions, Aug 12, 2018

[arXiv:1805.11142]
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Overview of nEXO R&D status Background control and simulation

Background

• Background sources

• Gamma background from U/Th
• Outgassed radon
• Exposure to dust, radon, and cosmic rays

• Following EXO-200's successful strategy:
Assay everything!

• Techniques used:

• Gamma spectrometry
• Neutron activation analysis (NAA)
• Inductively coupled plasma Mass
spectrometry (ICP-MS)
• Electrostatic collection and liquid
scintillator counting
• α-counting
• Accelerator mass spectrometry (AMS)

0.1 1 10 100
% of total SS counts/(FWHM·2000kg)

Solar ν

137Xe

Total

2νββ

42Ar

232Th

238U

Total

Skin LXe

TPC LXe

HFE-7000

Field Rings

Cathode

Total

Exposure-based

Intrinsic Radioactivity

214Bi from 222Rn
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Overview of nEXO R&D status Background control and simulation

Intrinsic U/Th radioactivity

Gamma spectrometry

• Re-installed HPGe detector at SURF in Mar 2023 which
has been running since.

NAA

• New capability being developed: γ-γ coincidence NAA
[RT et al., JINST 16 P10007 (2021)]

• Plan to activate a sapphire sample at MITR and to be
counted at TUNL

Measurement of U/Th/210Po in HFE (Heat transfer
�uid)

• α decays of 210Po in HFE may produce 137Xe via (α, n)

• Reduced volume by 10000× via evaporation to enhance
sensitivity

• Quanti�ed 210Po by α counting with 209Po tracer

• Measured 210Po at a few µBq/kg

• Placed limits on U/Th at a few fg/g by ICP-MS.
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Overview of nEXO R&D status Background control and simulation

Radon counting

Electrostatic collection (ESC)

• Measures with a PIN diode the energy of air-borne alpha
particles from Rn progeny

• Currently, 3 ESCs, one of them being commissioned.

• Sensitivity: 30 µBq in 4 weeks

• Working to con�rm EXO-200 radon measurement
independently.

ESC S1 at SLACESC S1 at SLAC

ESCESC

SampleSample

PumpPump

Liquid scintillator counting

• Counts Bi-Po coincidence by viewing radon loaded liquid
scintillator with a PMT

• Revived the setup that screened samples for LZ

• Sensitivity: ∼200 µBq in 4 weeks

Emanation setup at U AlabamaEmanation setup at U Alabama

LS tanksLS tanks

BubblerBubbler

Sample chambersSample chambers
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Overview of nEXO R&D status Background control and simulation

Exposure-based backgrounds and tracking

Exposure-based background sources:

• Cosmogenic activation while above ground

• Performed exhaustive search for potential
background contributors among activation products

• No major background sources identi�ed

• Dust deposition on parts

• Studied U/Th deposition at various locations in
SNOLAB
[M.L. di Vacri et al., NIM A 994, 165051 (2021)]
[M.L. di Vacri et al., NIM A 1056, 168700 (2023)]

• U/Th deposition rate: 10−6 to 10−7

µBq d−1 cm−2 in clean areas.
• Dust composition dependent on local activity.

• Radon progeny deposition on parts

• 137Xe production by (α, n)
• Studied deposition lengths of radon progeny

[D. Chernyak et al., PRC 107, 065802 (2023)]
• Deposition rates similar for all materials
• Ventilation rate is an important factor

Mitigation measures:

• Cleanrooms with radon-reduced air

• Handling and cleaning protocols

• Parts tracking database

Dust deposition at SNOLAB:

Radon daughter plateout:
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Overview of nEXO R&D status Background control and simulation

Radioassay data management

• Data management needs ful�lled by
materials database
[RT et al., NIM A, 1055, 168477 (2023)]

• Database for storage and retrieval, including
published EXO-200 radioassay data:
[D.S. Leonard et al., NIM A 591, 490 (2008)]
[D.S. Leonard et al., NIM A 871, 169 (2017)].

• Tools for detector design

• Auto-generated spreadsheet for background
and sensitivity calculations
• Facilitates the interpretation of radioassay data

• Has been in use since 2014
• Stored more than 300 radioassay records from

nEXO, in addition to 343 radioasay records from
EXO-200.

• Further integration with other software tools
used by the collaboration

<< Back to Materials Database

Allowed Radioactivity Calculator

Expected Background Maximum Activity Maximum Mass Help

Description Describe the material and component.

Mass (m) 5.5 kg Download data as CSV

Material R-002.11.1: Aurubis copper / K-CATHODE / PacificU-238 activity (a )

3.160e-3 mBq/kg

U Th-232 activity (a )

5.250e-4 mBq/kg

Th

Component MC-371: Baseline2019 SiPMStave U-238 efficiency (ε )

5.528e-6

counts/ROI/2t/decay

U Th-232 efficiency (ε )

2.047e-6

counts/ROI/2t/decay

Th

Total background (B)

3.216e-3 counts/y/ROI/2t

U-238 background (B )

3.030e-3 counts/y/ROI/2t

U Th-232 background (B )

1.864e-4 counts/y/ROI/2t

Th

Category Intermediate component (0.1-1%) Percentage of total budget 0.633 %
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Total (339)

GD-MS (17)
Ge counting (161)

ICP-MS (106)
NAA (32)

Radon emanation (20)
AMS (1)

Cumulative Number of Radioassay Measurements Performed (as of September 22, 2023)
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Overview of nEXO R&D status Detector system

Charge detection

• Metal pads as anode to collect ionization electrons

• 120 10× 10 cm2 quartz tiles surface-coated with
linked Au+Ti pads.

• Read out by custom cryo ASIC.

• Developed production of low-background �at cables
with manufacturer. [I. Arnquist et al. NIM A 959
163573 (2020)]

• R&D focus: cold electronics, fabrication, and
integration

Au+Ti pad (6 mm diagonal) Tile (10× 10 cm2) Full assembly (120 tiles)
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Overview of nEXO R&D status Detector system

Light detection

• Silicon photomultiplers (SiPM) to detect VUV (175
nm) scintillation light from Xe

• 1 cm2 units are ganged into channels of 6 cm2, then
arranged into 96 cm2 tile modules.

• Modules are installed on the 24 staves inside the TPC
barrel covering 4.6 m2.

• Devices from 2 vendors that meet nEXO requirements
have been identi�ed through numerous studies.
[G. Gallina et al., EPJC 82 1125 (2022)]
[G. Gallina et al., NIM A 940, 371 (2019)]
[A. Jamil et al., IEEE TNS 65, 11, 2823-2833 (2018)]

• R&D focus: Cold electronics, wire
bonding and integration

SiPM unit (1× 1 cm2) Module (96 cm2) Stave (20 modules) / Full assembly (24 staves)
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Overview of nEXO R&D status Detector system

Calibration

External gamma sources

• Six sources around the TPC
deployed in guide tubes for
periodic monitoring

• Successfully used in EXO-200

• R&D: Hardware and
simulation

Diameter ∼ 1.3 m

Height ∼ 1.3 m
NX

PX

NY

PY

NZ

PZ

x y

z

Anode

Mid-plane

Cathode

222Rn injection

• Measure lightmap with alpha decays

• Demonstrated in EXO-200

• R&D: Rn transport study with 220Rn

127Xe calibration source

• Inject 127Xe (τ1/2 = 36.3 d) created by neutron

activation of 126Xe.

• Gamma rays ranging from 145 to 618 keV.

• Proof of concept: [B.G. Lenardo, C.A. Hardy, RT, et al.,
JINST 17 P07028 (2022)]

Laser driven photocathodes

• Demonstrated measurements of electron drift parameters
[O. Njoya et al., NIM A 972, 163965 (2020)]
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Overview of nEXO R&D status Detector system

TPC vessel, HV, and Xenon

• TPC vessel made of
electroformed Cu (EFCu)

• Field cage consisting of
rings of EFCu separated
by resistive spacers

• Held together by ultem (or
sapphire) tensioning rods.

• R&D: Rn distillation
column. • Electric �eld: 400 V/cm.

Electroforming

• TPC cylinder to be
electroformed intact

• Fluid dynamics modeling
of electroforming bath

• Mixing uniformity
improved

Low Rn emanation getter

• Investigating alternative getter
material with lower radon
background.

• Promising results in puri�cation
tests.

• R&D focus: radium removal.

Cathode R&D

• Electron-beam welded Cu
cathode

• Investigating MgF2 coating for
background rejection

• Decays of Rn plated out on
cathode are a major
background.

• Investigating tagging 214Bi
decays with re�ective coating on
cathode
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Overview of nEXO R&D status Supportive facilities

Cryostat

• TPC submerged in 32 tonnes of HFE, a
heat transfer �uid

• Contained in a cryostat consisting of nested
spheres made of carbon �ber composite
(CFC)

• Liner made of chemically vapor deposited Ni

• Much larger CFC vessels have previously
been made.

https://www.spacex.com/media/making_life_multiplanetary_transcript_2017.pdf
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Overview of nEXO R&D status Supportive facilities

Outer detector

• Shield against γ-rays coming from the wall
of the cavern

• Moderate and stop neutrons coming also
from the wall of the cavern

• Detect cosmic radiation with active
water-Cherenkov muon veto

• 12.3 m in diameter and 12.8 m in height
containing 1.5 kt of water

• 125 8-inch (203 mm) PMTs of 500 from
Daya Bay.

• Laser/LED �bre optic system for calibration
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Conclusion

Papers published

Paper title Journal reference

An integrated online radioassay data storage and analytics tool for nEXO NIM A 1055 168477 (2023)

Performance of novel VUV-sensitive Silicon Photo-Multipliers for nEXO EPJC 82 1125 (2022)

Development of a 127Xe calibration source for nEXO JINST 17 P07028 (2022)

nEXO: Neutrinoless double beta decay search beyond 1028 year half-life sensitivity JP G: NPP 49 015104 (2022)

Event reconstruction in a liquid xenon Time Projection Chamber with an optically-open �eld cage NIM A 1000 165239 (2021)

Re�ectivity of VUV-sensitive Silicon Photomultipliers in Liquid Xenon JINST 16 P08002 (2021)

Re�ectivity and PDE of VUV4 Hamamatsu SiPMs in Liquid Xenon JINST 15 P01019 (2020)

Characterization of the Hamamatsu VUV4 MPPCs for nEXO NIM A 940 371-379 (2019)

Imaging individual barium atoms in solid xenon for barium tagging in nEXO Nature 569 203�207 (2019)

Simulation of charge readout with segmented tiles in nEXO JINST 14 P09020 (2019)

nEXO pre-conceptual design report arXiv:1805.11142

VUV-sensitive Silicon Photomultipliers for Xenon Scintillation Light Detection in nEXO IEEE TNS 65 11 2823-2833 (2018)

Characterization of an Ionization Readout Tile for nEXO JINST 13 P01006 (2018)

Sensitivity and discovery potential of nEXO to neutrinoless double beta decay PRC 97 065503 (2018)

Study of Silicon Photomultiplier Performance in External Electric Fields JINST 13 T09006 (2018)

Characterization of Silicon Photomultipliers for nEXO IEEE TNS 62 4 1825-1836 (2015)

Spectroscopy of Ba and Ba+ deposits in solid xenon for barium tagging in nEXO PRA 91 022505 (2015)

R&D has been progressing in earnest!
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Conclusion

Summary and notional timeline

• nEXO has a mature design. The collaboration is working to further re�ne it.

• With 10 years of livetime, nEXO is projected to achieve:

• Sensitivity at 90% C.L.: τ1/2 = 1.35× 1028 years or 〈mββ〉 = 8.2 meV (median).
• 3-σ discovery potential: τ1/2 = 7.4× 1027 years or 〈mββ〉 = 11.1 meV (median).

• Next milestone: Conceptual Design Review (CoDR)

Now
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Backups

Grazie per l'attenzione!

Thank you for your attention!

RHM Tsang (UAlabama) 0νββ with nEXO Oct 12, 2023 0 / 6



Backups

Majorana mass

(
T 0ν
1/2

)−1
=
〈mββ〉2
m2

e

G 0νg 4

A|M0ν|2

where

• T 0ν
1/2 is the half-life of 0νββ.

• 〈mββ〉 is the Majorana mass.

• G0ν is the phase space factor.
�

• gA = 1.27 is the axial coupling.

• M0ν is the Nuclear Matrix Element (NME) which depends on the nuclear
model used.

The NME is the largest source of theoretical uncertainty.

�
J. Kotila and F. Iachello, Phys Rev C 85, 034316 (2012)
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Backups

Neutrino masses

Expression Method

Simple sum msum :=
3∑

i=1

mi Cosmological limit

Incoherent sum 〈mβ〉 :=

√√√√
3∑

i=1

m2

i |Uei |2 Direct measurement

Coherent sum 〈mββ〉 := |
3∑

i=1

miU
2

ei | 0νββ
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Backups

Xe procurement

• Xenon enrichment is well known and cost e�ective

• EXO-200 had 200 kg of xenon enriched up to 80% with 136Xe

• Since, KAMLAND-Zen used 745 kg of xenon enriched up to 90% with
136Xe

• nEXO will need about 5 times what is already available

• nEXO has identi�ed at least two western suppliers each with enough
enrichment capacity for the entire production at competitive price
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Backups

Xenon scintillation mechanism

Excitation:

Xe → Xe∗

Xe∗ + Xe → Xe∗
2

Xe∗
2
→ 2Xe + hν

Ionization:

Xe → Xe+ + e−

Xe+ + Xe → Xe+
2

Xe+
2
+ e− → Xe∗∗ + Xe

Xe∗∗ → Xe∗ + heat

Xe∗ + Xe → Xe∗
2

Xe∗
2
→ 2Xe + hν

• Scintillation light: 175 nm (VUV).

• No self-quenching.

• Recombination depends on electric �eld.
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Backups

Radioassay instruments available

Dedicated Institutions Th/U Sensitivity [ppt]
+ Have access
+ Requested

HPGe 4 + 9 + 1 UA, SURF, SNOLAB 300/150 AG, 2.3/1.2 UG
ICP-MS 1 + 2 + 1 PNNL, IHEP, CUP 1/1 routine, 0.008/0.01
GD-MS 0 + 1 + 0 NRC 10/10
NAA 3 + 0 + 1 UA 1/1 routine, 0.02/0.02
Rn 8 + 0 + 8 SNOLAB, SLAC 5 atoms d−1

α 2 + 0 + 1 UA, PNNL, SLAC 210Po: 30 mBq/m2
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Location: SNOLAB
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