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LoLX phase 2

CAP congress
18-23 June 2023 Fredericton  

Stéphanie Bron 
for the LoLX collaboration 

SiPM testing, assembly and operation 
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LoLX: Light-only Liquid Xenon experiment
● Small cube instrumented with photosensors
● Cube immersed in liquid xenon (LXe)
● Placed in a cryostat  xenon at 160K (-110C)→



3

LoLX
detector

Cryostat

LXe
chamber

PMT

0.5 m

vacuum

LoLX: Light-only Liquid Xenon experiment
● Setup at McGill
● TRIUMF: design, development of LoLX detectors, 

data collection and analysis
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Physics goals
1) Study light in liquid Xenon and validate simulations
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Physics goals
1) Study light in liquid Xenon and validate simulations

2) Photosensor R&D: silicon photomultipliers (SiPMs), new sensor 
technologies, etc.

3) Gain experience in operating SiPMs over long time periods – 
impact on devices? 

Inform future rare-decay 
experiments (neutrinoless 
double beta decay, lepton 
flavor universality)

PIONEER: talk from Kate Pachal and from Thomas Brunner
nEXO: talk from Samin Majdi and Soud Al Kharusi

https://indi.to/g7Xx2
https://indi.to/g7Xx2
https://indi.to/NBqXM
https://indi.to/NBqXM
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Light in liquid xenon
Energy deposit in LXe: Xe ionization/excitation  → scintillation ~175nm
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Light in liquid xenon
Radioactive source (90Sr)  beta decay  → → Cherenkov light
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Light in liquid xenon
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Silicon PhotoMultipliers: SiPMs
● Arrays of single-photon avalanche diodes (SPADs)
● Radiopure, very good single photon separation 
● Custom vacuum ultraviolet (VUV) SiPMs: Hamamatsu and FBK 

(Fundazione Bruno Kessler)  

2.5 cm
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LoLX phase 2: design
Photomultiplier Tube 
(PMT)

SiPM

SiPM Tile

6 cm
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FBK SiPM testing before installation
● 64 FBK SiPMs tested

applied voltage on SiPM (V)

Read out current 
(log10(A))

I-V curves

Breakdown 
voltage 
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FBK SiPM testing before installation
● 64 FBK SiPMs tested: 40 SiPMs selected for LoLX

applied voltage on SiPM (V)

Read out current 
(log10(A))

I-V curves

2 μs

32 ms

good

1 PE ~ 10 mV

Dark rate ~ 780 Hz 
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FBK SiPM testing before installation
● 64 FBK SiPMs tested: 40 SiPMs selected for LoLX

applied voltage on SiPM (V)

Read out current 
(log10(A))

I-V curves

2 μs

32 ms

Bad: large leakage 
current
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Cube assembly at McGill 
●  PMT on top of cube
● 5 tiles with SiPMs 
● 8 FBK + 8 HPK /tile
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Cabling and insertion in cryostat at McGill

cryostat

LoLX 
cube

cabling feedtrough
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Results: heatmap of the cube
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Results: heatmap of the cube
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38% good 
SiPMs
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Foreseen measurements with LoLX 2
● Photon yield and relative photodetection efficiency of FBK and 

Hamamatsu SiPMs, and PMT
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Foreseen measurements with LoLX 2
● Photon yield and relative photodetection efficiency of FBK and 

Hamamatsu SiPMs, and PMT
● Cherenkov light measurement with optical filters/timing 
● External cross talk (eXT) measurement 

(see talk from David Gallacher)

https://indi.to/g7Xx2
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Summary
We are here!

● Modular facility – R&D
● Light in LXe, simulations 
● Experience with SiPMs in LXe 
● Inform future LXe large-scale experiments

Thank you for your attention
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LoLX Collaboration: Canada-US-Italy
Fabrice Retière 
Chloé Malbrunot
Austin de St. Croix
Colin Hempel 
Zach Charlesworth
Peter Margetak 
Alex Sorokin
Pietro Giampa
Stéphanie Bron

Simon Viel
Bindiya Chana

Luca Galli
Marco Francesconi

Thomas Brunner
David Gallacher
Soud Al Kharusi
Eamon Egan
Lisa Rudolph 

Marc-André Tétraut
Alaa al Marsi 

Ethan Brown
Kirsten McMichael
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Additional 
slides
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LoLX 1 vs LoLX 2
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Results: IV curves after installation McGill

28 30 32 34 36 38 40 42
Voltage (V)

11

10

9

8

7

6

5

lo
g1

0(
Cu

rre
nt

 (A
))

FBK SiPMs

50 52 54 56 58 60
Voltage (V)

10

9

8

7

6

5

lo
g1

0(
Cu

rre
nt

 (A
))

Hamamatsu SiPMs
FBK Hamamatsu (HPK)

voltage [V]

cu
rre

nt
 [l

og
10

(A
)]

● Installation slightly challenging
● 63% of SiPM channels working
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2D and 3D SPADS
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Future rare-decay experiments
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PDE
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Background discrimination
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