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Extending the reach of 0𝛎ββ searches

Current T1/2 limits: >1026 years!

Requirements for a next-gen 0𝛎ββ experiment
- A LOT of the isotope of interest (>1027 atoms)
- Low backgrounds in MeV range (low radioactivity)
- Signal/background discrimination
- Good energy resolution

0𝛎ββ decay is a sensitive probe of physics 
beyond the standard model

- Lepton number violation
- Majorana nature of neutrino
- May explain neutrino mass scale 

(see-saw mechanism), matter/antimatter 
asymmetry (leptogenesis)
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inslow
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ST 7 2012

Avignone, Elliott, & Engel 
Rev. Mod. Phys. 80 (2008)
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Liquid xenon time projection chambers (TPCs)

Dual-channel measurement 
Scintillation light + ionized charge

3-D position reconstruction for each 
energy deposition

Can fill with 136Xe, a 0𝛎ββ candidate
Detector medium = sample 
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Liquid xenon time projection chambers

Addressing the challenges in 0𝛎ββ 
searches

- A LOT of the ββ isotope (136Xe)
- Ton-scale LXe TPCs are already operating 

(XENON1T)
- Xe, while rare, is straightforward to enrich

- Low, well-characterized backgrounds in MeV 
range (low radioactivity)

- Very low intrinsic backgrounds
- Excellent self-shielding reduces external 

radioactivity
- Powerful position reconstruction and 

multi-site rejection to characterize and 
reject BG

- Good energy resolution
- Combining charge and light can reach <1% 

(demonstrated by XENON1T)

Charge collection plane

Photosensors
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Scaling up from EXO-200 to nEXO

nEXO:
- More 136Xe: 

200 kg -> 5000 kg
- More shielding: 

>10x10m active water shield
- Larger overburden: 

Planned site at SNOLAB

~40cm

~1.3 x 1.3m

EXO-200 TPC outside of cryostat Proposed design of nEXO TPC 
inside instrumented water shield

TPC

EXO-200: 2011 - 2018
- First 100kg-class 0νββ search
- Discovered 2νββ in 136Xe
- T1/2 > 3.5 x 1025 yr for 0νββ in 136Xe (PRL 123, 2019)
- Multiple leading limits on other decay modes of 

136Xe and 134Xe
- Pioneered ultra-low-background LXe TPC 

technology
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nEXO’s TPC design updates

𝛽𝛽

Monolithic detector volume
- >3 ton (~1028 atoms) fiducial 

volume
- Powerful self-shielding
- Measure backgrounds directly in 

the same detector
Advanced scintillation readout

- VUV-sensitive SiPMs
Custom tiled charge readout

- Lower radioactivity, modular 
construction compared to wires

In-liquid-xenon, cold electronics
- Low-background ASICs for both 

light and charge readout

𝛾
Photon detectors 
(SiPMs) on walls

Charge collection 
tiles at anode

High voltage field 
cage

Cathode
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Charge readout
Gold strips on quartz substrate

- 6mm pitch
- 3mm prototype tested: Jewell et al. JINST 13 (2018)

In-LXe cold electronics
- Lower noise, smaller cable capacitance
- Stringent radioactivity & power requirements
- Custom ASICs under development

Advanced reconstruction techniques under study
Li et al., JINST 14 (2019)

10cm

Calibration of prototype with 207Bi
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Scintillation readout

nEXO will use VUV-sensitive SiPMs for 
scintillation readout

- Lower noise than APDs in EXO200
- Better radiopurity than PMTs

Relatively new technology -- extensive R&D and 
characterization ongoing within collaboration

- Photon detection efficiency, noise properties
- Ostrovskiy et al., IEEE TNS 62 (2015) 

arXiv:1502.07837

- Jamil et al., IEEE TNS 65 (2018) arXiv:1806.02220

- Gallina et al., NIM A 940 (2019) arXiv:1903.03663

- Development of in-LXe ASIC readout

1 x 1 cm

Jamil et al., IEEE TNS 65 (2018)

Correlated noise vs. detection 
efficiency for FBK SiPMs

nEXO 
goal
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Estimating radioactive backgrounds

ROI background rate by detector component ROI background contribution by source

Extensive materials screening campaign, following success of EXO-200 (e.g. D. Leonard, NIMA 591 (2008) )

Essentially every material in existing design has been screened for radiopurity
→ nEXO background model is conservative and data-driven
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Expected performance - Geant4 simulation

Distance from detector walls (mm)

Liquid xenon mass (kg)100020003000

in full volume in full volume

SS standoff distance in ROI

Single-site (SS) events Multi-site (MS) events

Region of 
interest (ROI)

(5.7x1027yr)
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Projected physics reach ca. 2018

Projected sensitivity: T1/2 > 9.2e27 yr @ 90% CL
- J. Albert et al., PRC 97, 2018

5.7 x 1027 yr

3𝞂 discovery potential

90% confidence limit

EXO-200 90% limit

EXO-200 combined limit
Accepted by PRL (2019)

EXO-200 full exposure: 3.5 ✕ 1025 yr
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Recent improvements in readout simulations

Charge readout modeled 
end-to-end

- Full noise simulation of ASIC readout 
and charge propagation through TPC

- Induction and noise signals generated to 
mimic real data

- Z. Li et al. (NEXO) JINST 14 (2019)

- Machine learning classifier likely to 
improve signal/bkg discrimination

Charge reconstruction of 0nuBB event with a bremsstrahlung

Light collection modeling improved 
with new data and software

- High-stats, fine-grained simulation using 
GPU-based Chroma software

- New measurements of SiPM optical properties 
and performance

- P. Nakarmi et al. (NEXO) JINST 15 (2020)
- G. Gallina et al. (NEXO) NIMA 940 (2019)
- A. Jamil et al. (NEXO) IEEE TNS 65 (2018)
- P. Lv et al. (NEXO) IEEE TNS 67 (2020)
- M. Wagenpfeil et al. (NEXO) In preparation

- Improvements in projected light collection based 
on new data
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Avenues for further background reduction

Improved construction materials
- Underground electroformed copper 

(pioneered by MJD) could reduce copper 
radioactivity by x20 and x4 for 238U and 
232Th respectively

- Better polyimide cables identified, with 
x3 (x5) reduction in 232Th (238U) activity

- Reduces several big contributors to 
gamma-ray backgrounds

ROI background rate by detector component

Active cosmogenic veto
- Recycled Daya Bay PMTs could 

instrument water shield
- Muon tagging via Cherenkov 

light detection
- Reduces 137Xe β-decay bkg; 

largest in innermost LXe

SS standoff distance in ROI

TPC Vessel

SiPM support

Charge module support

Charge module cables

SiPM cables
Field rings

PMT’s added in water tank
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Conclusions

nEXO will use a monolithic liquid xenon TPC to search for neutrinoless 
double beta decay in 136Xe:

-  Projected sensitivity approaching 1028 years
- Data-driven design; backgrounds are estimated using measured activities and 

experience from the successful EXO-200 experiment

Ongoing R&D:
- Materials for better radiopurity

- Cosmogenic veto for reduction of 137Xe backgrounds

- Testing and optimization the light/charge readout schemes

- Continued development of cold, low-background electronics

- Development of calibration methods and plans

- Improving event reconstruction for higher sensitivity

- In-line distillation for removal of 222Rn 
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