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0nbb: a key to unlock new physics

Why does our Universe 
look like this…

Galaxies, stars, planets, life, all 
made only of matter

James Webb Telescope's First Deep Field
Image credit: NASA, ESA, CSA, STScI
https://webbtelescope.org/news/first-images

Empty Universe made only of 
left-over energy from matter-

antimatter annihilation 

… and not like this?

• What generated the matter/antimatter asymmetry?
• What physics is beyond the standard model?
• Is lepton number violated? 
• Are neutrinos Majorana particles?
• What is the neutrino mass?

0nbb 
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Discovering LNV across a large unexplored parameter space 
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Majorana Neutrino Physics Reach of nEXO
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0nbb Search in a LXe Time Projection Chamber (TPC)

• Multi-parameter Event Reconstruction:
• Energy (< 1% sE/E)
• Position 
• Topology (SS vs MS)
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• Single phase LXe TPC measuring
• Ionization
• Scintillation

• nEXO designed for 5 tonne of LXe 
enriched to 90% in the 136Xe bb isotope
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• All backgrounds come from 
surrounding materials and surfaces
à extremely quiet inner region 

• Liquid xenon is continuously purified
• Discovery self-confirmation thru use 

of non-enriched xenon
• Intrinsically scalable 

Benefits of Homogenous Detector
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nEXO Signal and Background

T1/2 = 7.4 x 1027 yr
nEXO (3!)

• As a fully homogeneous 
detector, it precisely measures 
backgrounds in situ

• No internal materials 
(other than Xe), making 
nEXO uniquely robust 
against unknown 
backgrounds

• nEXO measures multiple parameters for each event to be able to robustly identify a 0νββ signal
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Bkg. like
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Topology:
Signal likeBkg. like
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nearest detector 

surface Signal 
like
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T1/2 = 7.4 x 1027 yr
nEXO (3!)

>>>>> Poster <<<<<
C. Hardy: Optimizing Energy 

Reconstruction for nEXO
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nEXO Signal and Background
• Likelihood fit allows optimal weighting between signal and background combining energy, topology, and standoff over 

full 3D parameter space
• Arranging the 3D bins into 1D, ordered by signal-to-background ratio, helps visualize the signal and background 

separation in nEXO

Combine energy, 
topology, and standoff 

(preserving correlations)

nEXO is a background free 
experiment in its full 3D 

parameter space

T1/2 = 7.4 x 1027 yr
nEXO (3!)

Signal-like → 10 ← Background-like

6.2 tonne yr,
0.5 bkg. events
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nEXO TPC Conceptual Design
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nEXO @ SNOLAB

• Depth: 6010 m.w.e.

• Layered shielding:
• Water Cherenkov muon veto
• Refrigerant (HFE)

• Advanced integration with SNOLAB 
facility

Refrigerant

Support
structure

LXe

TPC

Water muon veto

Inner Cryostat

Vacuum

Outer 
Cryostat
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Backgrounds
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Exposure-based

Intrinsic Radioactivity

214Bi from 222Rn
• > ~95% of the background comes from gamma 

emissions from/on materials outside of the TPC LXe

• Background estimate from detailed MC simulations 
based on materials with measured radioactivity

• Approach validated by EXO-200 experience
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• Xe TPC technology is inherently scalable

• Benefit of self-shielding

• Observing Rare Interactions with a 
GIaNt Xenon (ORIGIN-X) experiment: a 
ktonne Xe experiment for 0nbb.

The Ultimate 0nbb Experiment: ORIGIN-X

A. Avasthi, et al, Phys. Rev. D 104, 112007 (2021)

• Xenon is present in the atmosphere at 87 
ppb (~0.2 Gt total)

• Current production is a parasitic process in 
air liquefaction for steel industry 
à inelastic supply limited to 50-100 
tons/year globally, subject to high volatility

IO (𝒎𝟑 → 𝟎)

NO (𝒎𝟏 → 𝟎)

De
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te

IO
NO

Plot adapted from arXiv:2212.11099, R. Saldanha (private comm.)  

Not part of nEXO project
• Sufficient for nEXO 
• Limiting factor for much larger detectors
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R&D at LLNL on Xenon Separation for Future kTonne Experiment

Xe atom 
location 

Highly-selective, stable 
Xe-adsorbing material 

Embedded into a structured 
adsorbent

Rapid Intensified TSA Cycle

50 
um
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R&D at LLNL on Xenon Separation for Future kTonne Experiment

Xe atom 
location 

Highly-selective, stable 
Xe-adsorbing material 

Embedded into a structured 
adsorbent

Rapid Intensified TSA Cycle

50 
um
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Conclusions
• nEXO project officially started, preparations for DOE’s CD-1 

(conceptual design) review ongoing

• nEXO sensitivity arises from:

• Homogenous/monolithic detector

• Multiparametric analysis

• Extensive radioassay campaign and material selection 

• Beyond nEXO, the ultimate 0nbb experiment may be feasible:

• Leveraging Xe TPC scalability 

• R&D ongoing to address Xe acquisition challenges
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nEXO: A worldwide effort of 9 countries, 33 institutions, ~200 collaborators
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nEXO Signal and Background
• “Background free” region corresponds to a “simple” region in 3D (although correlations prevent any set of rectangular 

projections from fully capturing the signal/background separation)

Signal-like → 10 ← Background-like
Combination of Energy, Location, Topology (arb. units)


