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Extending the reach of OvBB searches

OvBp decay is a sensitive probe of physics n p n p
beyond the standard model
- Lepton number violation W = W ¢
- Majorana nature of neutrino - .
- May explain neutrino mass scale _ Ym X
(see-saw mechanism), matter/antimatter v |

asymmetry (leptogenesis)
n w p e n w p e

Avignone, Elliott, & Engel
Rev. Mod. Phys. 80 (2008)

ANKE(E/ Q)
(9]

Current T, , limits: >10%° years!

Requirements for a next-gen OvBfB experiment
- ALOT of the isotope of interest (>10%” atoms)
- Low backgrounds in MeV range (low radioactivity)

210Z LLSNIf ‘MOISUIMA T

- Signal/background discrimination

- Good energy resolution
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Liquid xenon time projection chambers (TPCs)
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Dual-channel measurement
Scintillation light + ionized charge

3-D position reconstruction for each
energy deposition

Can fill with 3¢Xe, a OvBB candidate
Detector medium = sample
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Liquid xenon time projection chambers
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Addressing the challenges in Ovff
searches
- A LOT of the BB isotope (*°Xe)

- Ton-scale LXe TPCs are already operating
(XENONIT)

- 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 XENONIT)
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Scaling up from EXO-200 to nEXO

Proposed design of nEXO TPC
inside instrumented water shield

By P

E0-200 P outside of cryostat

EXO-200: 2011 - 2018
- First 100kg-class OvBp search
- Discovered 2vBB in *Xe
- T,>35X 102> yr for OvBR in *6Xe (PRL 123, 2019)
- Multiple leading Limits on other decay modes of
136Xe and B4Xe

- Pioneered ultra-low-background LXe TPC
technology

nEXO:
- More B%Xe:
200 kg -> 5000 kg
- More shielding:
>10x10m active water shield

- Larger overburden:
Planned site at SNOLAB
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NEXO’s TPC design updates

Monolithic detector volume

- >3 ton (~10%8 atoms) fiducial
volume '\

- Powerful self-shielding Charge collection

- Measure backgrounds directly in tiles at anode

the same detector
Advanced scintillation readout
- VUV-sensitive SiPMs 1.3 m

Custom tiled charge readout

Photon detectors
(SiPMs) on walls

- Lower radioactivity, modular

construction compared to wires High voltage field

In-liquid-xenon, cold electronics cage
- Low-background ASICs for both
light and charge readout ] Cathode
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Normalized-Counts/5.0 keV

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., JINST14 (2019)
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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., [EEE TNS 62 (2015)
arXiv:1502.07837

- Jamilet al., IEEE TNS 65 (2018) arXiv:1806.02220
- Gallina et al.,, NIM A 9240 (2019) arXiv:1903.03663

- Development of in-LXe ASIC readout
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Estimating radioactive backgrounds

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

ROI background rate by detector component
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Expected performance - Geant4 simulation

Multi-site (MS) events

Single-site (SS) events
in full volume

in full volume
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Projected physics reach ca. 2018
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Recent improvements in readout simulations

Charge reconstruction of OnuBB event with a bremsstrahlung
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Avenues for further background reduction

| ROI background rate by detector component
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Conclusions

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

Projected sensitivity approaching 10?8 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 ¥”Xe 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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