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nEXO: next Enriched Xenon Observatory

ÁSearch for neutrinoless double beta decay (0ɜɓɓ) 

Á2ɜɓɓ:

0ɜɓɓ:

ÁIf 0ɜɓɓ detected,
ÁValidate neutrinos to be their own anti-particles (Majorana)

ÁLepton numbers do not conserve

ÁNeutrinosô absolute mass scale?

ÁChallenge: 0ɜɓɓ half-life > 1025 yrs
ÁRequires low background
ÁUnderground detector

ÁRadiation shielding

ÁBarium tagging
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Barium tagging: the ultimate method for background rejection
ÁA potential upgrade for nEXO

ÁMultiple approaches
ÁStanford U: laser resonance ionization, mass spectrometry

ÁColorado State U: cold probe, laser spectroscopy

ÁMcGill, Carleton, TRIUMF: RF funnel, ion trap, laser spectroscopy, mass spectrometry

nEXO TPC

ñAn apparatus to manipulate and identify individual Ba ions from bulk liquid Xeò 

K. Twelker et al., Rev. Sci. Instrum. 85, 095114 (2014)

άImaging individual Ba atoms in solid xenon for barium tagging in nEXOέ 
C. Chambers, et al., Nature 569, 203-207 (2019)

ñAn RF-only ion-funnel for extraction from high-pressure gasesò

T. Brunner, et al., Int. J. Mass Spec. 379, 110 (2015)

RF funnel Mass spectrometry

http://dx.doi.org/10.1063/1.4895646
https://www.nature.com/articles/s41586-019-1169-4
http://dx.doi.org/10.1016/j.ijms.2015.01.003
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Ion trap requirements

nEXO TPC

RF funnel Mass spectrometry

ÁContinuously capture all the extracted ions

ÁCool ions and store them for laser spectroscopy identification
ÁLow temperature to avoid Doppler broadening

ÁFound contaminant ions in offline experiments, purify ions with m/ȹm>80

ÁEject ions as fine bunches to a Multi-Reflection Time-of-Flight (MR-TOF) 
mass spectrometer
ÁSmall energy spread and time spread

Needs to develop a special linear Paul trap (LPT)

Ion Trap: LPT
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Linear Paul Trap (LPT)
ÁMajor components
ÁQuadrupole mass filter (QMF): ion purification according to ion mass-to-charge ratio

ÁCooler: ion cooling with helium buffer gas

ÁLaser spectroscopy ion trap (LSIT): barium ion identification

ÁBuncher: ion ejection for the MR-TOF mass spectrometer

ÁNeeds different pressures

QMF

< 1×10-5 mBar
Cooler

~0.1 mBar

Laser spec. ion trap

<1×10-3 mBar
Buncher

<7×10-3 mBar

Ions from RF funnel Ions to MR-TOF

Longitudinal confinement
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Final LPT design

Ions in

Ions out 

to MR-TOF

ÁPre-cooler for effective differential pumping:
ÁDifferential pumping channel

ÁMechanical precision 
and alignment
ÁQMF : <50 ɛm 

positional precision, 
others ~ 0.1 mm



7

Experiments

ÁExperiments with 
prototypes at TRIUMF
ÁMade prototypes of LPT

ÁDeveloped electronics, 
control and DAQ systems

ÁFinal LPT at McGill


