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Motivation

1/28/2023 2

High-granularity calorimeter insert 
for the forward endcap

➢Proposed insert has several thousand 
channels, each read out by a SiPM.

➢ Fluences in the insert region will be 
around 1012 /cm2 neq per year.

➢ SiPMs give a high gain, a fast response 
time, are compact and economical, and 
are insensitive to magnetic fields. They 
can suffer from bulk and surface 
damage when exposed to radiation.



88-Inch Cyclotron at LBL
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https://cyclotron.lbl.gov/home

Bias and digitizer unit with 64 
channels (handheld)

https://cyclotron.lbl.gov/home
https://cyclotron.lbl.gov/home


What would go into the beam
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Simulation of energy deposition
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https://github.com/bschmookler/beamtests_dd4hep/tree/main/Sipm_RadTest

https://github.com/bschmookler/beamtests_dd4hep/tree/main/Sipm_RadTest


Energy deposited per beam particle – protons
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Energy deposited per beam particle – protons
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Calculated average energy deposit = 
0.115 cm x 10 MeV cm2/g x 2.33 g/cm3 = 2.7 MeV

Seems consistent



Energy deposited per beam particle – neutrons
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➢55 MeV protons have a similar 
radiation weight (i.e. damage 
factor) as 1 MeV neutrons.

➢With a proton flux of 108/cm2/sec, 
we would need about 3 hours of 
beam to accumulate a fluence of 
1012/cm2 – which would be 
approximately 1013/cm2 neq.



Example studies – I-V characteristics
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Proton irradiation of SiPM arrays for POLAR-2. Exp Astron (2022). 
https://doi.org/10.1007/s10686-022-09873-6



Example studies – LED response
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arXiv:2001.10322v1



Example studies – waveform analysis
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Proton irradiation of SiPM arrays for POLAR-2. Exp Astron (2022). 
https://doi.org/10.1007/s10686-022-09873-6



Available hardware
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SiPM bias unit (handheld) Full waveform digitizer 
(handheld)

Single channel board with 
an amplifier built in –

goes to scope
Bias and digitizer unit 

with 64 channels 
(handheld)



Available hardware
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Annealing oven



Plans for test

➢Plan to irradiate several SiPM arrays with proton fluences between 
1010 and 1012 /cm2. This is about 4 hours of actual beam time at 
108/cm2/s flux.

➢Currently working on beam request form. Our goal is to perform this 
beam test in the next months.
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