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Neutrinoless Double Beta Decay



Neutrinoless Double Beta Decay

* Observation of OV always implies new physics:
* Majorana Neutrinos

*_epton number violation N

* Probe new mass mechanism up to GUT scale
* Help explain observed cosmic baryon
asymmetry

* Neutrino Masses have to be non-zero for Ov([3 to be
possible
 The distinction between Dirac and Majorana
particles is only observable for particles of non-
Zero mass
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Neutrinoless Double Beta Decay
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* The effective Majorana neutrino mass may be extracted from the

decay rate n P
e GOv: Phase Space Factor W e-
e MOv: Nuclear Matrix Element W e-
e For virtual exchange of light Majorana neutrinos, the decay rate N ———0p

depends on the effective neutrino mass:
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nEXO: 5-tonne Liquid Xenon
Time Projection Chamber



Searching for OVf3f3 in 136Xe with liqui Xe TPC Stotas

EXO-200:

o EXO-200 First 100-kg class B experiment
e 175 kg liquid-Xe TPC with ~80% 136Xe

e WIPP Mine in NM, USA

e Decommissioned in Dec 2018

e End-of-run Calibration campaign informs nEXO Design
Xenon —
Storage nEX
o a
Clean | H! NnEXO:

Room —E

e Next-generation liquid-Xe TPC
e b-tonne enriched in 136Xe at ~90%

e Designed to go beyond T12~1028 years

Equipment "
Deck

TPC.

o Preferred location: SNOLAB Cryopit

i e Design of detector and components are advanced
Cryostat ;
- \  DOE Decision on funding Ovf3f3 projects

Water
Tank |

T/ anticipated this year 6




Liquid Xe TPCs

e Liquid Xe is Source and Detection Medium

e Monolithic detector structure -> excellent background
rejection

e Cryogenic electronics in LXe

o Active self-shielding

e Detection of scintillation light and secondary charges
 Good energy resolution
e Particle ID
 Event Topology
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Counts/20 keV

Energy, Position, & Multiplicity

Scintillation vs. ionization, 222Th calibration:

o Anti-correlation between scintillation and ionization

SNgLAB

EXO-200 Data
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nEXO Discovery Potential SNgLAB
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NEXO 10 year discovery potential: T1/2=5.7x1027y (30) 9
[Phys. Rev. C. 97 065503 (2018)]
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~ 7.6 Attenuation lengths

At 2.5 MeV the gamma
ray attenuation length in
xenon is ~ 8.5 cm
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nEXO Sensitivity SNoLAB
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New sensitivity study coming out soon, reflecting advances in the

design and understanding of nEXO's performance through R&D

[Phys. Rev. C. 97 065503 (2018)] 10
[Phys. Rev. Let 123, 161802 (2019)]



The nEXO Detector S

Xenon
Storage
Canadian Pls take on leading roles In TR X
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The nEXO TPC SNe AB

* Next generation Ov[3[3 detector

* 5 tliquid Xenon TPC, 28x EXO-200 volume
* SIPM for 175nm scintillation light detection,

Anode: Charge
Collection Tiles

~4.5m2 array in LXe

Photon
Detection

* Tiles for charge read out in LXe
* |n-cold electronics inside TPC in liquid Xe

Staves

e 3D event reconstruction High Voltage

 Combine charge and light readout: rield tage

anticipated o/E of 1% at Q-value (2458 keV)

Cathode
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Carleton Nt AR

W UNIVERSITY

EXO-100: Cryogenic facility with TPC setup to
perform high voltage test in liquid xenon

e Successfully commissioned the cryostat and
HV setup
e First run of condensing and recovering Xe

done in Dec. 2020
e Promising results came out from HV test

done in Xe gas Schematic diagram of EXO-100

o Coming soon: HV tests in L Xe Yellow: Inner chamber for detector in LXe

Blue: Liquid nitrogen tank with exhaust lines
Red: Outer insulation vacuum vessel
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Design Layout and Project Management Support

Calibration Source Development
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Simulation & Sensitivity Studies
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Voltage [mV]

& TRIUMF - snotas

Silicon PhotoMultiplier Testing

Hamamatsu VUV4 MPPC e Testing in vacuum at LXe temps

« CW VUV light source with
monochrometer

e Improvements in pumping/
naking to eliminate residual
water film

Hamamatsu
vuv4
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Example of SiPM pulse
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Publication Forthcoming! 15



Institut interdisciplinaire
d'innovation technologique r\l
e SNzLAB

1 SHERBROOKE 3IT

Beyond analog SiPMs for light readout

e SPAD array layer
e Fabrication at Teledyne DALSA
VUV enhancement at Lawrence
Berkeley Nat. Lab (Ml supported)
e System integration

» Photon-to-digital converter (PDC): a digital SiPM

e U. de Sherbrooke/TRIUMF is developing a PDC
pased system optimized for noble liquid experiments

o PDC and tile controller
» Silicon interposer for tile integration

e Large scale silicon interposer

T

e Readout electronics status
e Optical Integration Module

o 1stversion of PDC readout fully functional
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Photon-to-Digital Converters

CMOS Elecronic
Readout

CMOS Elecronic
Readout
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Characterization of
Integrated SiPM Modules

Ba-ion Tagging Outer Detector

X

Light-only Liquid Xenon

¢ qulo-Frequency Funnel The Outer Detector (OD) in Geant4

e Laser ablation ion source
o Multi-reflection time-of- SHOREREET S
i Outer cryostat (OC)
flight mass spectrometer \
i
(MR TOF)

Inner cryostat \/.\

/ Muon track
Enr. LXe TPC /

Secondary particles

e Tagging muons increases
detector efficiency

S
With Carleton & TRIUMF

e Moving Geometry to Chroma
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Current Status of nEXO
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nEXO at SNOLAB S

Outer
Detector
Platform

Water Circulation/
Purification

“”*"f”QN-.
ViR Xenon Recovery

Auxiliary . T Tanks
Clean Room § O S e T A St
» J/ ‘: ' | g% ‘_-_., 14 "‘1 -

Platform
Gantry Crane

Xenon and
Calibration System
Components

On-site MW
Control Room

Outer Detecto

Bottom Drift 5 \ UPS & Electrical

'., ”‘3 ; Equipment
Y
27 A

\ LN, Plant

and Storage

HFE/000

Storage \




Other nEXO Talks this Congress SNoLAB

M2-6: Integrated photon-sensor tests for nEXO R3-6: High Voltage Breakdowns in Liquid

- L Darroch (McGill) Xenon
- 07 June 2021 13:15 ET - M Elbeltagi (Carleton)
W2-7: Barium extraction from Xe Gas and - 10 June 2021 16:00 ET
identification for nEXO R3-6: Nuisance Processes in p-on-n SIPMs
- C Chambers et al (McGill) - G Gallina (TRIUMF)
- 09 June 2021 12:45 ET - 10 June 2021 16:05 ET
W2-6: The characterization of a spatially
resolved multi-element laser ablation ion Poster-81: Study of External Crosstalk in
source Light-only Liquid Xenon (LoLX) experiment
- K Murray et al (McGill) - M Patel (Simon Fraser)
- 09 June 2021 13:05 ET - 09 June 2021 13:47 ET

R1-8: The Light-only Liquid Xenon experiment
- Status and Updates

- S Al Kharusi (McGill)
- 10 June 2021 12:15 ET 20
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Collaboration Meeting Dec 2020




Summary

e NEXO its a discovery focused OvBf experiment
e Observation of Ov3B always means new physics!
e Development of nEXO is well advanced
e NEXO is anticipated to be located at SNOLAB
 NEXQ's projected sensitivity probes large fraction
of parameter space in NH
e beyond T1/2,~1028 y
e 5.7meV < {mgp) <17.7meV

e Improved Sensitivity Study coming soon

 US DOE has scheduled a DBD portfolio review
in July 2021

e We welcome new collaborators to join our
search for OvB!




