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Outline and Par-cipants

‣ Large LXe TPCs for neutrinoless double beta decay (nEXO)


‣ ScinOllaOon light collecOon with VUV-sensiOve SiPMs:  
   The UMass LXe opOcs system


‣ SiPM long-term characterizaOon


‣ Case study: recovery of light collecOon efficiency


‣ Outlook
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Neutrinoless Double Beta (0νββ) decay in LXe 

✦ Double beta decay is possible in 
even-even nuclei for which single 
beta decay is forbidden  
(pairing binding energy)

2νββ

Göppert-Meyer, 1935

L = +1

L = -1

Racah+Furry 
1937

✦ Search for 
event excess at 
the endpoint

Schechter + Valle 1982

2 × 1021 y

> 4 × 1026 y
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The EXO program (2001- ):  R&D  ->  EXO-200  ->  nEXO 

• Liquid xenon TPC is a powerful detector technology to 
search for 0νββ decay 


• EXO-200 ran 2011-2018 at WIPP

• 200 kg enriched LXe (80% 136Xe) TPC


• Light readout with VUV-sensi(ve LAAPDs


• Ultra-low background design with HFE heat transfer fluid


• First measurement of 136Xe 2νββ decay


• Best bounds on 136Xe 0νββ decay in 2012 and one of the 
strongest to date (T1/2 > 3.5 × 1025 y)


• nEXO designed to explore T1/2 beyond 1028 years

• 5000 kg enriched LXe (90% 136Xe) TPC + light readout


• Rooted in EXO-200 design, some novel soluOons


• Light readout with VUV-sensi(ve SiPMs


• Mature conceptual design —> SNOLAB
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A world wide effort involving 10 countries, 40 ins-tu-ons, ~200 collaborators
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The nEXO detector at SNOLAB

12.3 m
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SNOLAB Cryopit
Xe handling 
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Light + Charge for op-mal energy resolu-on in LXe

136Xe 
Qββ

Efficient light collection is important !



Andrea Pocar — UMass Amherst LIDINE 2025 — Hong Kong, SAR, China —  21-24 October, 2025 8

The UMass op-cal LXe system

• Cell volume: 1.5 L


• LN2 + cold finger cryogenics


• Typical amount of liquid 
xenon (LXe): 1.5 kg 


• No xenon recirculaOon


• One SiPM readout with:

• Cremat CR-Z-SiPM Q-sensiOve 

pre-amplifier


• Cremat CR-S-1μs shaping 
amplifier 


• Z-TEC ZT4421 digiOzer 


• LED illuminaOon (via fiber)

LXe 
cell

LN2 
reservoir

System designed to study VUV 
opOcs at material interfaces 
and tesOng of SiPMs

Cold finger
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The UMass op-cal LXe system

• 3.1 kBq 241Am alpha source, 20-40 mm away (variable distance)

• Mean alpha energy of 5.49 MeV

• Used to produce point-like xenon scinOllaOon


• RTD sensors inside cell report temperature

214Am 
source

Source-SiPM 
separation

Reflector 
(variable)

Cell wil Silicon-coated reflector

214Am 
source
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Sillicon Photomul-pliers (SiPMs)

• Pixelated photon counOng devices 


• array of 100-10,000 Single Photon Avalanche Diodes (SPADs)


• Electrons produced by photoelectric effect from incident photons 
are accelerated by electric field


• Above a Breakdown Voltage, the electric field at the juncOon 
is large enough to produce electron gain via impact ionizaOon 
(avalanche —> SPADs operated in Geiger mode)


• Over-voltage (OV): Bias applied above the breakdown voltage


• Gain: Charge carriers produced per iniOal photoelectron 
(105-107)


• Correlated avalanches (CA): SPADs triggered by a primary 
avalanche


• The nEXO collaboraOon operates cryogenic, VUV-sensiOve SiPMs 
from Hamamatsu and Fondazione Bruno Kessler (FBK)

FBK HD3 VUV SiPM
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Sillicon Photomul-pliers (SiPMs)

Over the past four years, our group operated a single, windowless  
FBK HD3 VUV SiPM (SN: VUVHD LF LOW-AP W13)

The LXe cell was repeatedly:


• Exposed to air


• Opened to reconfigure its layout


• Filled with LXe


• Cooled down under vacuum and 
gas (nitrogen, xenon)


• Baked out 

November 2021 SiPM installed, first IV curves performed

March – November 2022 Characterization in Gaseous Nitrogen (GN)

March – August 2023 7 Runs in Liquid Xenon (LXe)

June 2024 Bakeout Incident

July 2024 SiPM readout wire redesigned

March – October 2024 10 Runs in Liquid Xenon (LXe)

May – September 2025 Characterization in Gaseous Nitrogen (GN)
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Single Photo Electron (SPE): Gain

Single PhotoElectron (SPE) Amplitude: Voltage of single photoelectron signal (ASPE)

• Calculated by finding the average distance between photoelectron peaks


• Convert SiPM signal (Ai) to number of SPAD avalanches —> quanOzed finger plot


• Repeat for different Over-voltages (8-10) —> Gain is the slope of Ai vs. peak number

Time (s)

Am
pl

itu
de

 (V
)
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Single Photo Electron (SPE): Breakdown Voltage (Vbd)

• Gain is linear with Over-voltage


• Breakdown Voltage (Vbd):   
bias voltage at which Gain = 0 

Vbd
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I-V Curves
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Stability of the Breakdown Voltage 

PRELIMINARY

• Breakdown measurement in gaseous nitrogen and liquid xenon. 


• Collected from SPE and IV data in 2022 and 2025 at temperatures of 170K-290K.


• IV Breakdown voltages are consistent over a 3 year span.
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Stability of the Correlated Avalanche Rate

PRELIMINARY

• Correlated Avalanches (CA): PulseS caused by 
photons generated internally to the SiPM from a 
primary electron avalanche. 


• Total number of avalanches overesOmates 
incident photons (>1 /photon)


• Need to use CA to convert number of avalanches 
to detected photons.


• Calculated by finding the average amplitude of all 
the pulse peaks used in SPE analysis. 


• Property of the internal structure of the SiPM, 
should not change with temperature or over Ome.


• The number of correlated avalanche per primary 
avalanche calculated from SPE data is consistent 
over a two-year span.
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Alpha Pulses as standard candles

• We perform opOcal measurements 
using the bright α pulses


•  For every OV, amplitude and width 
of the α pulse are converted into 
the number of SPAD firings


• CorrecOng for CA, we obtain the 
number of detected photons
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Photon DetecOon Efficiency (PDE)

PRELIMINARY

• Percentage of incident photons which produce an 
electron avalanche. 


• Use SPE amplitude and number of correlated 
avalanches to convert the SiPM signal pulses (e.g., 
the alpha pulses) into number of detected photons. 


• # of incident photons ~ # of photons generated by 
alpha source x Photon Transmission Efficiency (PTE):


• Percentage of photons which travel and terminate 
at the SiPM.


• Found through the Monte Carlo ray tracing light 
simulaOon framework Chroma.

WLXe = 19.6 ± 2 eV (*)

(*) A. Baldini, C. Bemporad, F. Cei, et al. IEEE Trans. Dielectrics and Electrical Insulation, 13, 547-555 (2003)
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The Bakeout Incident

• A|er a liquefacOon and xenon recovery, a bakeout heater was inadvertently le| on


• Cell heated up to 367 K over 8 hours, then was let to cool off
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# of α pulses in a 200 μs window

20

The baby is s-ll kicking !

Temperature (K)
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• The SiPM was electrically sound


• Resistance changed linearly as it cooled off


• IV curved traced older ones 

• The surface-plated 241Am is sOll there !

after 
bakeout
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Significant light yield recovery following bakeout

• A follow-up liquefacOon was performed without opening the 
xenon cell to test the change in light yield from extensive 
baking, SPE data and xenon scinOllaOon light was collected 
before and a|er baking.


• A|er breakout:


• No change in gain or breakdown voltage.


• Observed a 86% increase in light collec>on

after bakeout

before bakeout
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Conclusions

Pocar/Kumar Xe group

nEXO collaboration

‣ At UMass Amherst we study VUV (175 nm) 
opOcs for large LXe experiments


‣ We run a scinOllaOon-only LXe cell, now 
enOrely student operated


‣ We tested a bare FBK HD3 VUV SiPM for more 
than three years, subjecOng it to repeated 
cryogenic cycles


‣ Breakdown and CA proven stable 


‣ Demonstrated that high-T baking substanOally 
improves light yield  


‣ Parallel work is ongoing on characterizing the 
reflecOvity of various surfaces of interest to 
nEXO and other LXe TPCs


