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• nEXO is a proposed tonne-scale experiment
to search for neutrinoless double beta decay
(𝟎𝝂𝜷𝜷) of 136Xe [1]:

136Xe → 136Ba+2𝑒!
• The experiment will use 5 tonnes of enriched
liquid xenon (LXe) in a time projection chamber
(TPC) [2]
• Energy-depositing events produce
scintillation and ionization signals in the LXe
• With these signals, we can reconstruct the energy and position of each
event using the TPC technology

Neutrinoless double beta decay 

• Due to the expected low light levels (< 1 p.e. per SiPM) we require low 
gain fluctuations and electronics noise (ENC, also denoted as 𝜎"#$) per 
readout channel (< 0.1 s.p.e.)
• In the current prototype, we have a maximum of 6 cm2 of active SiPM

area for each readout channel
• The final design for nEXO will use ASICs (application-specific integrated
circuits) to read out each channel, however, we can test the electronics 
noise (and other SiPM parameters) using discrete-component boards

• We explored several architectures for a single readout channel, using 
series and parallel connections and SiPM multiplicities for FBK devices

• We found that we can achieve < 0.1 s.p.e. with six SiPMs (2 arrays 
connected in series, with 3 SiPMs in each array) or less

Light collection in nEXO

The following requirements have been deemed necessary to achieve a target 1% energy resolution 
(necessary for an unambiguous 0𝜈𝛽𝛽 detection) at the Q-value in nEXO: 

• We have identified two prospective SiPM vendors: FBK* and Hamamatsu 
• We showed SiPM characterization results for PDE, dark noise, and correlated avalanches in [3] and [4]
• The Hamamatsu SiPMs were shown to have better dark noise and correlated avalanche values, but 

have a PDE that does not meet nEXO requirements 

SiPM requirements for nEXO

The first version of the readout electronics to be implemented in nEXO has
shown promising results, achieving the 0.1 SPE resolution required for the
maximum number of SiPMs per channel. Other SiPM-performance
parameters have already been published by the nEXO collaboration.

Conclusions

• We chose to use silicon photomultipliers (SiPMs) for the light-
collection due to their advantages over similar technologies for single-photon
detection, mainly excellent single-photon resolution, low radioactive content,
and high gain (~10%).
• We plan to implement a total SiPM area of 4.6 m2 in our TPC to collect the
scintillation signals

An energy deposit of 0𝜈𝛽𝛽 has a Q-value of 2458 keV,
which produces ~7x104 photons in LXe, this
corresponds to less than a single photo-electron
equivalent (s.p.e.) per SiPM (for a 1 cm2 device)

Electronics noise

Sample photoelectron spectrum for six 
SiPMs biased at 5.5 V of overvoltage
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Figure 1: schematic of the inner 
barrel of the nEXO TPC. SiPMs will
be mounted in staves in the inside 
of the TPC.
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Results for ENC measurements 
for parallel connection, all SiPMs
in parallel. 

nEXO
requirement

Results for ENC measurements with series 
connection, 2 arrays (of parallel SiPMs in 
each array) in series. 
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Discrete-component readout electronics
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