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e 2v[[B spectrum continuous;
e (0vfp spectrum sharply peaked




nEX®

e Single phase TPC

e 5 tonnes LXe, 90% "3°Xe

e |onization and scintillation
signals recorded

e Sensitivity ~10%° years
for OvBR half-life’




Photon detector (PD)

nEXO photodetector system e

e High gain (single PE resolution)
e Low intrinsic radioactivity

e Low bias voltage

e Prototype SiPMs from two

vendors meet nEXO oo -
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Detailed measurements of nEXO candidate
SiPMs shown later today

Performance of novel VUV-sensitive Silicon Photo-Multipliers for & =
nEXO
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Liquid xenon time projection chambers are promising detectors to search for neutrinoless double beta decay (0r33), due to
their response uniformity, lithi volume, to large target masses, and suitability for extremely low
background operations. The nEXO collaboration has designed a five-tonne time projection chamber that aims to search for
0v38 of \ce{*{136}Xe} with projected half-life sensitivity of 1.35 x 10%~yr. To reach this sensitivity, the design goal for
NEXO is <1\% energy resolution at the decay Q-value (2458.07 =+ 0.31~keV). Reaching this resolution requires the efficient
collection of both the ionization and scintillation produced in the detector. The nEXO design employs Silicon Photo-
Multipliers (SiPMs) to detect the vacuum ultra-violet, 175 nm scintillation light of liquid xenon. In this talk, we will show
results on the characterization of the newest vacuum ultra-violet sensitive SiPMs by Fondazione Bruno Kessler, the VUVHD3
devices specifically designed for nEXO. We will also present measurements on new test samples of previously characterised
Hamamatsu VUV4 Multi Pixel Photon Counters (MPPCs). Various SiPM and MPPC parameters, such as dark noise, gain,
direct crosstalk, correlated avalanches and photon detection efficiency were measured as a function of the applied over
voltage and wavelength at liquid xenon temperature (163~K). The results from this study are also used to provide updated
estimates of the achievable energy resolution at the decay Q-value for the nEXO design.
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Study on degradation of VUV-sensitivity of MPPC for liquid xenon scintillation
detector by radiation damage in MEG II experiment
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e HPK 4x4 mini tile (VUV4)
e RTD-lugs coupled to PCB
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Environmental Test Stand (cryostat):

Large surface area: A ~ 150 cm?
Stable operation: o ~ 1 mK (3h)
Demonstrated range: 120 - 295 K
Turnaround time: T ~ 1 day




Characterization

measurements:
e PDE
e Gain
e CAs

Dark Box

Xe Flash Lamp

Cf252-GXe Scintillator

N2

SiPM

Purge

Trigger

MARG-SM+
OPAB95
Amplifier

Oscilloscope

CAEN VX2740
Digitizer

Keysight
B2987a
Electrometer

PC

Procedure:
Characterization measurements
Flash 10*N photons
Return to step 1 for increasing N
When N >> 1070 /mm?:

BN =

o Anneal SiPMs, return to step 1




Characterization

measurements:
e PDE
e Gain
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Xe Flash Lamp
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Procedure:
Characterization measurements

BN~

Flash 10AN photons

Return to step 1 for increasing N
When N >> 1020 /mm?:

o Anneal SiPMs, return to step 1




Lens tube fixed to flash lamp
172 nm BP filter and lens
Flashed at 500 Hz

Cavities flushed with N2

Flash lamp configuration
for SiPM VUV irradiation
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Characterization

measurements:
e PDE
e Gain
e CAs

Dark Box

Xe Flash Lamp

Cf252-GXe Scintillator

N2

SiPM

Purge

Trigger

MARG-SM+
OPAB95
Amplifier

Oscilloscope

CAEN VX2740
Digitizer

Keysight
B2987a
Electrometer

PC

Characterization measurements

Procedure:

1.

2. Flash 10*x photons
3. Return to step 1

4.

When >> 10210 /mm? photons flashed:
o Anneal SiPMs, return to step 1
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2x 172 nm BP filter

Dual apertures eliminate Airy disk
Flashed at 500 Hz

Cavities flushed with N2

Flash lamp configuration
for SiPM characterization

Aperture

(A

172 nm
BP filter
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e Zero-count method used to
determine mean number of
avalanche

e 5% extra charge at 4V OV




PDE - 2.2 x10%8 YWY PDE - 5.2 x1012 WV
mm mm

e

IVUV e ]D = PDE x (I)VUV X ]I(A(;)

109 4+ si-7 +  si-11 +  si-7 +  si-11
+  si-8 + si-12 +  si-8 + si-12 —
51 + si9 4 si-14 + si9 4+ si14 Preliminary
. - sil-10 + si-15 | | | - s'llo + si-15 | re$U|tS |
1 2 3 4 5 6 1 2 2 4 5 6
Overvoltage [V] Overvoltage [V]

e Xe flash lamp collimated into
beam with 172 nm BP filter
e PDE saturation around 23%
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o Cf252-GXe scintillator
gives stable VUV light
e SiPM coincidence trigger
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Conclusion

e HPK VUV4 SiPMs have been tested before/following high
VUV exposure

e No change observed for: PDE, Correlated avalanches, or
Gain

e Further evidence of SiPM technology readiness for nEXQO
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nEXO Signal and Background

« nEXO measures multiple parameters for each event to be able to robustly identify a 0vf signal
« As a fully homogeneous detector, it precisely measures backgrounds in situ
* No internal materials (other than Xe), making nEXO uniquely robust against unknown backgrounds
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Liquid Xenon Photon Detector with Highly Granular
Scintillation Readout for MEG Il Experiment

W. Ootani ICEPP, The University of Tokyo
on behalf of MEG Il collaboration

Calorimetry for the High Energy Frontier (CHEF2019)
Nov. 25th-29th, 2019, Fukuoka, Japan

A Surprise...

- Significant degradation of MPPC VUV-sensitivity!
¢ Seems correlated with beam ON/OFF
¢ Large degradation for VUV-sensitivity (< slight degradation for visible light)

¢ Degradation is quite fast: (~0.08%/hour)
¢ We can’t survive even for one year...
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https://indico.cern.ch/event/818783/contributions/3598489/attachments/1950386/3237558/MEG_Ootani191125_compressed.pdf
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HPK ‘MEG2 Mini-Tile’

Hamamatsu $10943-4372

12 mm ‘Sensor chip

(~6x6mm?2 each)

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

Ceramic base
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10 Seconds of simulated data from nEXO source
calibration, using chroma
Ref: personal correspondence with Sierra Wilde (Yale)
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