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Ms), new sensor

time periods -

LoLX nEXO PIONEER
| 4-5 kg 5 tons 7 tons
E field no yes no
| Energy | ~0.2—-2MeV ~2.5MeV 0-70 MeV
| nSiPMs | 80 50’000 N/A

ate Pachal and from Thomas Brunner
n Majdi and Soud Al Kharusi
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~ Light in liquid xenon
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Fig. from N. Larsen (2012) Thesis Prospectus, Yale University
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Signal Spectra and Filter Properties for LoLX
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VUV4 light emission [4V]
Cerenkov Spectrum [2.0 MeV B]

LXe Scintillation Spectrum -

1/1300th scale

225 nm Longpass Filter Transmission [0° incident]
175 nm VUV Bandpass Filter Transmission -

Data from the manufacturer

SiPM Photon Detection Efficiency [4.0V] -
from Hamamatsu Datasheet

SiPM Photon Detection Efficiency -
Experimentally Determined [4V]
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- Silicon PhotoMultipliers




(PMT) Hamamatsu
R8520-406

SiPM
FBK VUV-E#

SiPM
Hamamatsu VUV4-Q
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FBK SiPM testing

-V curves
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-V curves

Bad: large leakage
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Number of good SiPMs per quadrant
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VUV4 light emission [4V]
Cerenkov Spectrum [2.0 MeV B]

LXe Scintillation Spectrum -

1/1300th scale

225 nm Longpass Filter Transmission [0° incident]
175 nm VUV Bandpass Filter Transmission -

Data from the manufacturer

SiPM Photon Detection Efficiency [4.0V] -

from Hamamatsu Datasheet

SiPM Photon Detection Efficiency -

Experimentally Determined [4V]
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Gem2
3D printed plastic hydrocarbon
(problem: fluorescence) | ceramic
40 Hamamatsu VUV4 SiPMS
96 Hamamatsu 40 FBK VUV3 SiPMs
VUVA4 SiPMs 1 PMT Hamamatsu
R8520-406

cooling system cryostat cooled cryvostat with compressor
&5y with liquid No Y pre

CAEN v1740 WaveDREAM
data acquisition | 62.5 MHz sampling rate | up to 5GHz sampling rate
system — 16 ns — <ns

resolution resolution

material

photosensors







2D and 3D SPADS

Figure 4. Illustration of the trade-off between the SPAD and the electronic functionality for 2D PDCs sharing the same
technology node compared to a 3D PDC. In (a), a 2D PDC with large SPAD (blue), but limited in-pixel electronics
functionalities (yellow). In (b), a 2D PDC with small SPAD (blue), but greater in-pixel electronic functionalities (yellow).
In (c), a 3D PDC with large SPAD (blue) and large area for in-pixel electronic functionality (yellow).
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Bl s the neutrino the same s the lepton flavor
particle as the universality violated?

antineutrino? ) — measure branching
- look for neutrino-less  r4tio of pion decay to

double beta-decay electron (rare) and muon

Rey = T(m" = etv(y))/T(@* = pv(v))
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" PDE(\, V) = QE (A) * Prrigger (V) * €

§ QE = Quantum Efficiency - efficiency of conversion process of a photon into an electron-hole pair in the

active region of the SPAD
| Priigger = Geiger Efficiency - probability that the generated electron-hole pair triggers a Geiger breakdown

& in the SPAD
£ = Geometric Efficiency - ratio of total active region of the SPADs and SiPM "active area”

A = Wavelength
V = Voltage
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ahle : PT and SiPM Comparison

Silicon
Photomultiplier Photomultiplier
Characteristic Tube (PMT) (SiPM)

| Sensitivity
S Gain To 107 To 108
: Operation voltage 800V to 2000V 30V to 50V

Single photon Single photon

Large area Yes Yes, scalable
& High-density arrays No Yes
" High granularity/ No Yes
& resolution
~ Dark noise Low Middle
| Uniformity Good Excellent
" Response time Fast Very Fast
* " Photon-counting Good Excellent
o resolution
" Temperature Low Medium
" sensitivity
Immunity to ambient No Yes
light
* Immunity to No Yes

magnetic fields

® Compactnessand Mo Yes
light weight
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~ Background discrimination
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Figure 3: Cherenkov photon yield for 13%Xe Ov33 and photoelectric
interactions of gammas of ()35 energy as obtained from the GEANT4
simulations used in this work.
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