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Adhikari, G., et al. "nEXO: neutrinoless double beta decay search beyond 
1028 year half-life sensitivity." Journal of Physics G: Nuclear and Particle 
Physics 49.1 (2021): 015104.
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Images from Al Kharusi, S. et al. "nEXO pre-conceptual design 
report." arXiv preprint arXiv:1805.11142 (2018).

● Plenary talk on nEXO: 
https://indico.cern.ch/event/1191895/contributions/5361632/

● Single phase TPC
● 5 tonnes LXe, 90% 136Xe 
● Ionization and scintillation signals 

recorded
● Sensitivity ~1028 years 

for 0νββ half-life1

https://indico.cern.ch/event/1191895/contributions/5361632/
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● Low intrinsic radioactivity
● High gain (single PE resolution)
● Low bias voltage
● Prototype SiPMs from two 

vendors meet nEXO 
requirements (FBK and HPK)
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Al Kharusi, S. et al. "nEXO pre-conceptual design 
report." arXiv preprint arXiv:1805.11142 (2018).

Gallina, G., et al. "Performance of novel 
VUV-sensitive Silicon Photo-Multipliers for nEXO." 
arXiv preprint arXiv:2209.07765 (2022).

nEXO photodetector system
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Recent publication on VUV-sensitive SiPM 
performance for nEXO
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HPK ‘MEG2 Mini-Tile’

https://hamamatsu.su/files/uploads/pdf/3_
mppc/s13370_vuv4-mppc_b_(1).pdf

[2211.09882] Study on degradation of VUV-sensitivity of MPPC for liquid xenon scintillation 
detector by radiation damage in MEG II experiment (arxiv.org)

https://arxiv.org/abs/2211.09882
https://arxiv.org/abs/2211.09882
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Environmental Test Stand (cryostat):
● Large surface area: A ~ 150 cm2

● Stable operation: σT ~ 1 mK (3h)
● Demonstrated range: 120 - 295 K
● Turnaround time: T ~ 1 day

● HPK 4x4 mini tile (VUV4) 
● RTD-lugs coupled to PCB

RTD-lugs

PCB designed at 
Brookhaven National Lab
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● Lens tube fixed to flash lamp
● 172 nm BP filter and lens
● Flashed at 500 Hz
● Cavities flushed with N2
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● 2x 172 nm BP filter
● Dual apertures eliminate Airy disk
● Flashed at 500 Hz
● Cavities flushed with N2
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● NIST calibrated XUV 
photodiode used to 
determine beam flux

● Flux combined with 
profile for beam 
monte-carlo

● Raster scan used to 
position devices

● Device edges and 
center determined 
from scan

● Single sweep 
integrates beam, 
produces gaussian 
profile
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● Gain calculated from 
charge spectrum 
(Integrated waveforms)

● 720 000 1/V single PE 
gain

1 PE Gain
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● Zero-count method 
used to determine 
mean number of 
avalanche

● 5% extra charge at 4V 
OV

Excess charge from 
correlated effects
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● Xe flash lamp collimated 
into beam with 172 nm 
BP filter

● PDE saturation around 
23%

Preliminary 
results

Calibrated photodiode
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● Xenon gas sealed in chamber 
with Cf252 radioactive source

● Cf252 decay causes ~172 nm 
scintillation in xenon

● Coincidence trigger with SiPM
19
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+
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● Compare results on 
point-by-point basis

● Average over fluctuations
● All SiPMs and OVs 

represented by a single point
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Anneal

Max exposure from 10 
years nEXO run-time
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Conclusion
● HPK VUV4 SiPMs have been tested before/following high 

VUV exposure
● No change observed for: PDE, Correlated avalanches, or 

Gain
● Further evidence of SiPM technology readiness for nEXO 
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The                                          Collaboration
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nEXO Signal and Background
 

Energy: Signal 
like

Bkg. like

~3 mm

Topology:
Signal likeBkg. like

Standoff:

Distance from 
nearest detector 

surface
Signal 

like
Bkg. 
like
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https://indico.cern.ch/event/818783/contributions/3598489/attachments/1950386/3237558/MEG_Ootani191125_compressed.pdf

HPK ‘MEG2 Mini-Tile’

https://hamamatsu.su/files/uploads/pdf/3_
mppc/s13370_vuv4-mppc_b_(1).pdf

https://indico.cern.ch/event/818783/contributions/3598489/attachments/1950386/3237558/MEG_Ootani191125_compressed.pdf
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10 Seconds of simulated data from nEXO external source calibration. The areas of maximum 
VUV flux is centered on the external sources. Sierra Wilde (Yale).


