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Light-only Liquid Xenon Experiment

e Study light emission, transport, and detection in
liquid xenon (LXe)

e Cylindrical geometry lined with 96 Hamamatsu
VUV4 Silicon Photomultipliers (SiPMs) submerged
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Physics goals

* Measure Cherenkov and scintillation light yield in
liquid xenon

* Characterize performance of multiple Silicon
Photo Multipliers in liguid xenon

e Better understand SiPM external cross-talk



S1IPM technology

e Photodetector of choice for noble
iquid detectors

* Fast, single-photon counters How do SiPMs work?
spAD 1. Photon is absorbed in

----------------------- SPAD depletion region
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SiPM correlated noise

* During photon-detection process, secondary photons can be
oroduced.

* Reach nearby SPADs
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SiPM correlated noise

* Time resolution of after-pulsing is key to characterizing

correlated noise
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Why a pulse fitter?

* Characterize SiPM pulse shape with reliable
template

* Improve the energy and timing resolution of
response model for photon detection



Pulse fitter structure

Single Avalanche Response Function (SARF)

Exponential/Gaussian
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Hybrid approach to fits

* Complex waveforms
* Discriminate between simple and compound pulses

Waveform Waveform
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Hybrid approach to fits

* Discriminate between simple and compound pulses
1. Find number of main pulses
Does pulse return to baseline?

hWF_17

hWF_15

ADC
o

ADC
=)

i

|
N
o

|
w
o

|
N
o

O\II‘I\\\‘I\\\‘\\

Entries 193
Mean 1709
Std Dev 330.2
L L |
3000
Time (ns)

L
=

|
N
o

|
w
o

|
N
o

|
[
o

O|HH|\IH‘\HI|IIH‘H\I‘IH\ [

|
(o2}
o

Entries 193
Mean 1264
Std Dev 4721
L L ‘
3000
Time (ns)

10



ADC
o

| | |
o o o

|
N
o

Hybrid approach to fits

* Discriminate between simple and compound pulses
1. Find number of main pulses
2. Number of peaks inside each pulse
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Hybrid approach to fits
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* Discriminate between simple and compound pulses
1. Find number of main pulses
2. Number of peaks inside each pulse
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Hybrid approach to fits

ADC

* Discriminate between simple and compound pulses

1. Find number of main p

ulses

2. Number of peaks inside each pulse
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Results from fitter: single pulse(s)
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Results from fitter: compound pulse
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Pulse finder vs. pulse fitter

* Brute-force algorithm to find Waveform

start time and height of pulse 3
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Pulse finder vs. pulse fitter

e Brute-force algorithm to find Waveform
start time and height of pulse ©
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Time (ns)

 Systematic overestimate of start
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e Area under curve

e Pulse finder disregards noise found in waveform

Waveform

hWF 29

193
1309
428.6

Entries
Mean
Std Dewv

S
e S m
T e,

CIRR KKK KKK S S S Ll s
et e :

...................................................................

A,

ePelete’s

......................................................................

| I I I
1500 2000 2500 3000
Time (ns)

|
1000

|
500

-

Jav

e
| ]
L=} = =)

o f=
—

— i L3
| | |

-40

19



Next steps: Improve resolution

SPE Charge Distribution for all channels

. hSum_Q * Demonstrate
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Next steps: Improve resolution

SPE Charge Distribution for all channels
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Conclusion

* SiPM technology is photodetector of choice

e After-pulsing affects LoLX data

e Pulse fitter is advantageous compared to pulse finder
e Pulse fitter for time and energy resolution
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