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Outline

• Motivations
• Sensors and irradiation campaign in 2021
• eRD110 application
• 2022 program, plans and current status
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DISCLAIMER / not covered today:
• what is inside eRD110 from calorimeters colleagues (plans are for FY23)
• Front-End electonics (ALCOR) / DAQ considerations
• test beams in 2021



Motivations
SiPM good candidates as photosensors@EIC (for RICHes and not only)

• sensitivity to single photon
• very good timing performance (< 100 ps)
• cheap
• insensitive to magnetic field

BUT:

with the need to operate at single photon threshold (RICH-specific)

• high DCR  O(100 kHz-1 MHz) at room temperature
• no radiation immune
• higher DCR after irradiation/annealing

the coooling challenge

the annealing challenge

the data challenge

Front-end electronics & DAQ is part of the challenge (and of the solution)
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Where we are? (I)
https://indico.bnl.gov/event/14715/

February meeting convened by Patrizia and Thomas,
at the time US budget still locked in continuing resolution

In Roberto's and Craig's talks more detailed information than in this presentation. In the following here a quick recap.
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EIC and radiation levels

potential location of sensors in ATHENA design. To be revised 
in ECCE (180<z<280) but order of magnitude will not change. 
≈  1.5 107 n/cm2 (100 keV ≈1 MeV-eq) every 1 fb-1

having as target 100 fb-1 (several years at maximum 
luminosity) this brings 
1011 n/cm2 1 MeV-neq as "maximum"
• 10 fb-1 in 30 weeks of operations at 1034 s-1cm2

• 100 fb-1 in 10 years  à 1.5 109 n/cm2

Foreseen radiation levels allow one to consider solutions already available on the market
+ strategy to mitigate the radiation damages
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R&D program at INFN

• first meetings in early 2020, proposing SiPM studies with target October 2021. In 2020 we submitted an application as part 
of eRD14. Program partly delayed due to pandemic + a lot of expertise built in the meantime!

• achieved so far:

ü selection of SiPM candidates (HPK, FBK, OnSemi, Broadcom)
ü carrier boards for SiPM "matrix"
ü readout electronics based on ALCOR chip (developed at INFN-TO)
ü tests and characterization in climate chamber (mainly at INFN-BO)
ü irradiation at Centro di Protonterapia in Trento
ü annihilation at INFN-FE/BO

Max proton beam at 228 MeV
Biology line setup allow "large spot"
https://doi.org/10.1016/j.ejmp.2019.02.001



23/05/2022 eRD110 and PID Consortia 7

A quick look at 2021 operations (I)

commercial Hamamatsu

FBK prototypes

characterisation in lab @ 
BO/FE

climatic chamber, low-T operation

SiPM carriers irradiation tests at Centro di Protonterapia at TN 

(with TIFPA)

108 – 1011 1-MeV neq/cm2 fluences

high-T annealing (FE)

3x3 mm2 SiPM
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A quick look at 2021 operations (II)

credits: Roberto P.
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A quick look at 2021 operations (II)

credits: Roberto P.
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and after annealing (FBK)

annealing cycle done up to 150 C so far
results consistent with Calvi et al.
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HAMA1 new/after annealing
not irradiated board / new
after annealing

envelope represents

variations over tested sensors

(8 x column at given radiation level)

Fluence 
(1 MeV-neq)

DCR (kHz)
50 µm

DCR (kHz)
25 µm

new 1.1 2.4

~ 108 4.4 7.0

109 18 18

1010 100 95

1011 730 770

SPAD cell size doesn't 

seem to make big 

difference, fill-factor 

might be other element 

to choose best SiPM 

sensor for RICH 

application
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Improving test setup for characterization

• using pulser + LED we proved sensibility or the tool (rate on – rate off)
• setup to be improved: motor stage able to work at low temperature
• setup to be improved: from LED to laser
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How often to do annealing?
credits: Roberto P. 
see his talk at SiPM meeting for more details

key point: we need to test the effect of iteration of radiation/annealing cycles



eRD110 application
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What we had to delay:
• irradiation campaign à from Q1/Q2 2022 to Q3/Q4 2022

• test setup in Bologna 

• are eRD110 funds coming?

delay in convention renewal between INFN and
local Health Authority in Trento

two months stop due to failure in climatic chamber

decision on eRD funding April 2022
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eRD110: the plan

• try to mimic the irradiation – annealing cycle at the experiment
• 4 irradiation campaigns:

sensor characterization

irradiation

sensor characterization

annealing

sensor characterization

• 1 x 109 cm2 1 MeV-neq
• 2 x 109 cm2 1 MeV-neq
• 4 x 109 cm2 1 MeV-neq
• 8 (or 4) x 109 cm2 1 MeV-neq

à 4/6/2022
à 16/7/2022
à end of August
à December

Fe

Bo

Tn

Bo

Bo

• use led/laser characterization on a subset of sensors
• annealing at 175 C

Possibly use irradiated and annealed sensors at PS@CERN test beam (aspherical lens to get photons à la LAPPD?) in October 

We will use 5 brand new SiPM carrier:
HAMA1, HAMA2, FBK (2), OnSemi
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a little bit of management....

personnel
1.  30 k$ covering ex-post partial funding of a post-doc position in Bologna and a PhD in Bologna
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How a dRICH "tile" could look like (toward FY23)

The Electron Ion Collider - P. Antonioli 

dRICH FEB (front-end board)

ALCOR ALCOR

ALCORALCOR

• SiPM selection
• ASIC development
• annealing protocol
• cooling (& annealing in situ)
a lot of R&D ahead of us!

dRICH ROB (readout board)

x 1240 x 1240 x 310

Cooling system from LCHb (SciFi tracker)
for SiPM expected to work at -50 C
LHCb-PUB-2015-008 
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Plans & outlook
Results of 2021 campaign (and partially 2022 if everything goes well) to be 
presented at NDIP2020 (that will be in 2022)  (+ RICH2022: abstract 
submitted)

Intense program of irradiation campaign + measurement / data analysis

We aim to fulfill milestones by March 2023 at the latest. Possibly in 
February.

Application for FY23 will aim to build small scale final prototype of the tile 
unit.

Many thanks to colleagues for a lot of material, especially R. Preghenella, 
L. Rignanese and N. Rubini
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Backup
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Sensors under test


