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Particle Physics Motivation
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ƁMassive neutrino doesn®t fit in 

the Standard Model

ƁSearch for0ƴƩƩ-decay to decide 

Majorana/Dirac nature

Physics beyond Standard Model Neutrinolessdouble beta decay

ƁHypothetical weak interaction

ƁPossible only if neutrinos are 

their own anti-particles

ƁCurrent half-life limit (depending 

on nuclide): ~O(1024 - 26 yr) [4]

ƁFurther sensitivity improvement 

by tonne-scale detectors



The nEXO experiment [1]

ü Planned 0ƴƩƩ-decay search detector

Ɓ5 t LXe time projection chamber

Ɓ90% enrichment in 136Xe

ƁDrift height ~ diameter ~ 120cm

ƁModular anode tiles on top

ƁElectric drift field ~400V/cm

Ɓ4m2 covered with VUV-sensitive SiPMs

ƁLow-radioactivity material screening [3]

ƁTPC immersed in cooling agent HFE

Ɓ600m3 water tank as veto and shield

ƁPlanned location: SNOLAB (6010m.w.e.)

ü 0ƴƩƩ -2ƴƩƩ separation only via event 

energy Ą good energy resolution 

required [2]
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VUV-sensitive SiPMs

ƁLXe scintillation at 178nm Ą VUV detectors

ƁSiPMs interesting:

o Excellent single photon resolution

o Possibility for low radioactivity level materials

o Compact in size,  low bias,  high gain ~O(106)

ü Energy resolution goal ƺ/E: 1% at 2.458MeV

ƁLimited by photon collection efficiency

ƁCollection efficiency baseline:  ṃ3%

ƁPhoton transport efficiency (PTE) = Nabs / N0

o Studied by GEANT4 toolkit

o SiPM surface reflections taken into account

ƁSiPM photon detection efficiency (PDE>15%)

o Can be measured by stand-alone setups

o PDE = filling factor * QE(Ư) * trigger-probability

ü Important to understand SiPM reflectance
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PDE

ƁPDE measurements at Stanford (in vacuum) [5, 6]
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PDE

ƁMeasure 252Cf spectra for PMT and SiPM via integrated waveforms

ƁProper description of PMT gain crucial

ƁTransfer PMT detection efficiency to SiPM PDE via spontaneous fission 

peak of 252Cf

ƁSiPM in this study: FBK 2016 LF, STD
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PDE

ƁPDE vs. overvoltage for two FBK LF and one FBK STD device

ƁPDE increases with bias voltage

ƁSo does mean number of correlated avalanches

ü nEXO requirements fulfilled
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PDE

ƁNoise in light channel 

dominant for nEXO 

energy resolution

üDetermine fluctuation of 

energy estimator based 

on scintillation and 

ionization yield

ƁElectronics noise 

neglected

ƁConsider high reflectance 

coating for cathode and 

field shaping rings

ƁPublication: [6]
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PTE = 0.2



PDE

ƁPDE measurements at TRIUMF, Vancouver
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PDE

ƁPDE determined via mean number 

of detected photo-electrons

ƁCorrected for dark noise

ƁDevices: FBK 2016 LF & 

Hamamatsu VUV4

ƁStanford: Xenon scintillation light 

TRIUMF: Xenon flash lamp
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Reflectance
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Several LXe test setups

ƁECAP in collaboration with U. 

Münster (LXe, monochrome)

Ɓ IHEP, Beijing (Vac., monochrome)

ƁLIXO, UA (LXe, scintillation)


