Characterization of VUV-sensitive
SiIPMs for LXe scintillation light
detection in nEXO

Michael Wagenpfeil (on behalf the nEXO collaboration)
ICASIPM, Schwetzingen, 12.06.2018

\
\\\ ERLANGEN CENTRE
a FOR ASTROPARTICLE FRIEDRICH-ALEXANDER
UC ly PHYSICS UNIVERSITAT _
“\' ERLANGEN-NURNBERG




Particle Physics Motivation nEX@

Physics beyond Standard Model = Neutrinolessdouble beta decay

B Hypothetical weak interaction
B Possible only if neutrinos are

BMassive neutrino Merewangpartiglgsy | p

the Standard Model B Current haltlife limit (depending
B Searchfor 0 y Sd&cayto decide on nuclide): ~O(10%*-2° yr) [4]
Majorana/Diracnature B Further sensitivity improvement

by tonne-scale detectors



The nEXO experiment [1]

u Pl ann e-decdyygearzh detector

B 5t LXe time projection chamber

B 90% enrichment in136Xe

B Drift height ~ diameter ~ 12@¢Cm

B Modular anode tiles on top

B Electric drift field ~400v/cm

B 4m? covered with VU\¢sensitive SiPMs
B Low-radioactivity material screening [3]
B TPC immersed in cooling agent HFE

B 600 m?3 water tank as veto and shield

B Planned location: SNOLAB (6010n.w.e.)
U 0yx2Zy>> separation onl

High voltage

energy A good energy resolution field cage
required [2]
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VUV-sensitive SIPMs

B LXe scintillation at 178 m A VUV detectors

B SiPMs interesting:
o Excellent single photon resolution
o Possibility for lowradioactivity level materials
o Compact in size, low bias, high gain ~O(1%)
U Energy resolution goai/E: 1% at 2.458MeV
B Limited by photon collection efficiency
B Collection efficiency baseline:m 3%

B Photon transport efficiency (PTE) = N,/ N,
o Studied by GEANT4 toolkit SiPMs
o SiPM surface reflections taken into account

B SiPM photon detection efficiency (PDE 15 %)
o Can be measured by standalone setups
o PDE = filling factor * QKU * trigger-probability
U Important to understand SiPM reflectance walls
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PDE nEX®

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

Detector cell VUV bandpass
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DE

B Measure 2°°Cf spectra for PMT and SiPM via integrated waveforms

B Proper description of PMT gain crucial

B Transfer PMT detection efficiency to SIPM PDE via spontaneous fission
peak of 252Cf

B SIPM in this study: FBK 2016 LK, STD
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PDE

NE

B PDE vs. overvoltage for two FBK LF and one FBK STD device
B PDE increases with bias voltage

B So does mean number of correlated avalanches

U nEXO requirements fulfilled
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PDE

B PDE vs. overvoltage for two FBK LF and one FBK STD

B PDE increases with bias voltage

B So does mean number of correlated avalanches

U nEXO requirements fulfilled
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PDE

B Noise in light channel 14
dominant for nEXO s
energy resolution |
U Determine fluctuation of = "
energy estimator based £ 11
on scintillation and |
lonization yield 2
B Electronics noise = 00
neglected 0.5
B Consider high reflectance .
5 6

0 1 2 3 4

coating for cathode and ‘
Overvoltage [V]

field shaping rings
B Publication: [6]



o nEX®

B PDE measurements at TRIUMF, Vancouver
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B PDE determined via mean number

of detected photo-electrons

c°3°n‘15°°°'7 B Corrected for dark noise
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B Devices: FBK 2016 LF &
Hamamatsu VUV4

B Stanford: Xenon scintillation light
TRIUMF: Xenon flash lamp
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Reflectance

Several LXe test setups

B ECAP in collaboration with U.
Munster (LXe, monochrome)

B IHEP, Beijing (Vac., monochrome)
B LIXO, UA (LXe, scintillation)
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