
R&D needed for SiPM:
1. Proof of "feasibility": DCR & operating conditions, single photon detection etc.
2. Radiation tolerance (& annealing)
3. Readout electronics: ASIC (+ streaming readout)

Ferrara: M. Contalbrigo et al. 
LNF:  M. Mirazita et al.
Roma1: E. Cisbani et al.
Catania: C. Tuvé et al.
Bologna: P. Antonioli, D. Falchieri, F. Noferini, R. Preghenella
Torino: M. Alekseev, M. Chiosso, M. Da Rocha Rolo, D. Panzieri, M. Ruspa

A SiPM R&D program towards a forward RICH proposal for EIC

Note these three R&D ite
ms 

are deeply interlin
ked!

Caveat & info:
• "dRICH based" for test beams and parameters selection, but generic for R&D towards a forward RICH
• some literature collection effort + we report recent direct contacts with FBK (Bologna/Torino)

1P. Antonioli/INFN-BO

dRICH group



dRICH and SiPM: "an option to be explored"

dRICH (E. Cisbani) @Temple
https://indico.bnl.gov/event/7449/contributions/35908/
And last dRICH @PID meeting 15th April
https://indico.bnl.gov/event/8297/contributions/36712/attachments/27616/42317/drich_toward_yr_v0.4.pdf

Notes:
• 6 x 4500 cm2 = O(3 m2) active sensors
• 3x3 mmxmm pixel size 2

EIC R&D committee explicitly asked for such a program

https://indico.bnl.gov/event/7449/contributions/35908/
https://indico.bnl.gov/event/8297/contributions/36712/attachments/27616/42317/drich_toward_yr_v0.4.pdf


Intermezzo: this paper is out these days quite timely

https://doi.org/10.1016/j.nima.2020.163804

Interesting review, also quoting recent results presented by mRICH at INSTR20
https://indico.inp.nsk.su/event/20/session/6/contribution/153/material/slides/0.pdf

And don't forget CLAS12 testing also SiPM option back in 2014!

M. Contalbrigo et al., NIM A766 (2014) 22
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https://doi.org/10.1016/j.nima.2020.163804
https://indico.inp.nsk.su/event/20/session/6/contribution/153/material/slides/0.pdf


R&D on SiPM@EIC: assess requirements using dRICH case

So far used "baseline option" with MCP-PMT plus 
"old" electronics

We want to explore SiPM feasibility as photon 
sensors + devoted electronics:

Requirements:
à mainly UV band (due to Cerenkov spectra + chromaticity)

aerogel: 300-650 nm
gas: 180-650 nm

à dimension: 3x3 mm2 can be flexible? How?
à Single Photon Detection (PE: "highest as possible")
à Temperature vs DCR ("not cryogenic") (not below -50oC?)
à SPTR: (how much good? 200 ps would be enough?) to filter DCR
à Radiation tolerance (1011 neq/cm2 so far as "sensible" number –
"after some years assuming max luminosity") 
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FBK as a potential SiPM supplier for dRICH (or let's say "a full Italian RICH@EIC") (I) 

NUV-HD technology from FBK with SPTR could be an 
interesting candidate (peak PE@400 nm)

Ref: NUV-HD FBK technology
C. Piemonte et al., IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 63, NO. 3, MARCH 2016 5



FBK as a potential SiPM supplier for dRICH (or let's say "a full Italian RICH@EIC") (II) 

NUV-HD technology from FBK with SPTR could be an 
interesting candidate (peak PE@400 nm)

Cell size 3x3 mm2

Ref:
Alberto Gola
https://agenda.infn.it/event/15508/contributions/30188/attachments/21368/24347/GSSI_2018_-_Alberto_Gola_-_FBK_custom_SiPMs_technologies.pdf

T=-35oC

With 3x102 Hz/mm2 -à 2.7 KHz/pixel à 15 GHz/sector
(comparable to Hamamatsu S13360-1350CS )

Note: FBK says they have now updated (and better) results 
with devoted electronics for SPTR

Note with PMT estimated 105 Gbit/s (@1MHz DCR/pixel and 0.5 ns 
sampling) see Evaristo@Temple. Assuming 64-bit word/hit this brings to 
103 Gbit/s /sector
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https://agenda.infn.it/event/15508/contributions/30188/attachments/21368/24347/GSSI_2018_-_Alberto_Gola_-_FBK_custom_SiPMs_technologies.pdf


Ref:
Roberto@EIC meeting/Bari
https://agenda.infn.it/event/20360/contributions/103553/attachments/68342/84348/eicnetBari.pdf

Use SPTR to reduce DCR ("narrow time window")

How much narrow? 
For the moment we set st=150 ps à1 ns 99%
(note FBK results are reported as FWHM and CLAS12 result with SiPM below) 
à st=150 ps is conservative assumption
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I. Balossino, NIMA 876 (2017) 89

https://agenda.infn.it/event/15508/contributions/30188/attachments/21368/24347/GSSI_2018_-_Alberto_Gola_-_FBK_custom_SiPMs_technologies.pdf


R. Kugathasan, "A Low-Power Mixed-Signal ASIC for SiPM Readout at Low Temperature," 2019 IEEE Nuclear Science Symposium and Medical 
Imaging Conference (NSS/MIC), Manchester, United Kingdom, 2019, pp. 1-3.

SiPM ASIC readout: ALCOR (I)

ALCOR:
• Developed by INFN Torino originally for a Darkside application
• Optimized for cryo operation
• First samples just received from foundry, carrier board under 

development

• Specs would match – at first order – requirements for EIC, but an 
ALCOR++ optimised for RICH application will be next step

• INFN Torino à characterization with a FBK SiPM sensor
• INFN Bologna à development of readout card FPGA-based 

(connected to ASIC carrier via fast serial links) 

Good synergies with respect to other on-going collaborations 
between INFN Torino & Bologna (on microelectronics + 
readout, ALCOR, ARCADIA, DUNE, DarkSide)

• Test of the ASIC expected to start 06.2020 with 
the goal to be ended by ~2020

• Based on 2020 results à 2021 for an ALCOR v2.0 
better tailored for EIC requirements
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SiPM ASIC readout: ALCOR (II): towards an optimal readout for the SiPM

To address the main challenges of the measurement taking advantage 
of the state of the art developments at INFN sez. Torino, we would  
investigate:

Ø The possibility to further adapt as a next revision the 
newly developed ASIC ALCOR to the foreseen EIC 
challenges

q Magnetic field >= 1T/m

q 1011 neq/cm2 radiation dose that 
degrade the SiPM performance

q Rates per channel of ~50 kHz

q Strong space and as following 
cooling size constraints

q Necessity to guarantee single 
photon counting

q Trigger less DAQ

q Charge and time measurement
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Depends on the targeted dose 

and the SiPM
sensor perform

anceØ Evaluation of the existing solutions to be 
the base for a modification of the FE 
design In case the present ASIC + SiPM

are underperforming

9See later in this presentation about this number



Possible readout scheme

ALCOR carrier board

ALCOR carrier board

ALCOR carrier board

• Similar scheme under development between TO-BO for other chip
• Can be scaled up to provide readout to SiPM matrix in test beam in addition to irradiation campaigns
• Supports for simple DAQ (UDP) or optical links (lpGBTX could be final link of choice for DAQ@EIC): 

"streaming readout ready"

Adaptor
card SiPM

Adaptor
card SiPM
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Radiation levels @ EIC

• Likely position of RICH sensors
• Values to be confirmed by further simulations 

when BNL will design more precisely IP
• Reference value ~ 1011 neq/cm2

"for several years at max lumi (1034 /s/cm2)" 

We are Interested for a R&D program to check:
1) radiation tolerance (DCR degradation and loss of baseline as result of irradiation + SPTR)
2) annealing procedure to recover baseline + mitigate DCR degradation

• Bologna has experience of irradiation campaigns @TIFPA (200 MeV protons)  (Centro di Protonterapia), 
Ferrara and Frascati irradiated already SiPM (Hamamatsu 12572 and 13360) @ENEA. 

• Devoted ASIC might be part of the solution for a "rad tolerant SiPM" (add high-pass filter) 11



SiPM and radiation damages
Some relevant literature:
E. Garutti and Y. Musienko, NIM, A 926 (2019) 69-84 Review of SiPM radiation 
damages

• T. Tsang et al., (Phenix) JINST (2016) 11 P12002, one of first publications 
reporting "recovery" after annealing at high temperatures for SiPM

• I. Balossino et al. (CLAS12), NIMA 876 (2017) 89
• M. Calvi et al. (Mi Bicocca/CMS-BTL), NIM, A 922 (2019) 243–249 CMS-BTL 

R&D for 1014 neq/cm2 fluences. Annealing @ 175oC
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Hamamatsu SiPMs S12572/S13360 (both 3x3 mm2 )

Results
• After 109 fluence and annealing observed very good recovery with DCR 

increase by a factor 10 and single photon peaks back visible
• Note: for 1012  the paper is not fully documented even it says they irradiated 

up to that fluence

Questions
• Optimal annealing temp?
• Damages to epoxy resin window to be considered (relevant for Hamamatsu 

not for FBK) 

Ref.:
T. Tsang et al 2016 JINST 11 P12002 
doi:10.1088/1748-0221/11/12/P12002 

Radiation damages and recovering via annealing (@250oC)Room Temperature
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I. Balossino et al., NIMA 876 (2017) 89



Room temperature: 400 nm laser - 30 oC: 400 nm laser

Ref:
M. Calvi et al.
Nuclear Inst. and Methods in Physics Research, A 922 (2019) 243–249 

Radiation damages and recovering via annealing (@175 oC)
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Effect of radiation (1011 1012 1013):
- loss of baseline
- room temperature not an option

Hamamatsu S13360-1325CS (1.3x1.3 mm2 – 25 µm)
Hamamatsu S13360-1350CS (1.3x1.3 mm2 – 50 µm)



- 30 oC: DCR

• SPD looks possible at -30oC/-40oC after annealing!
• 1011 seems a manageable fluence for annealing
• DCR penalty factor (pre-irradiation – post-annealing)@1011: 200
• Further lowering temperature is another option to explore
• Note, however, that with a 200 penalty factor we would have a 

2.105 Gbit/sector throughput, still manageable... (and close to 
what "declared" @Temple)

Ref:
M. Calvi et al.
Nuclear Inst. and Methods in Physics Research, A 922 (2019) 243–249 

Radiation damages and recovering via annealing (@175 oC)
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After annealing- 30 oC: DCR

x 200

S13360-1350CS @-40C



Feedback from FBK

• Very interested on a joint INFN-FBK R&D project to explore SiPM application for a EIC RICH (3 m2 SiPM is attractive business ;-))
• Available to provide us samples subject to a NDA + INFN-FBK agreement ("convenzione") already in place
• Keen to know better our "requirements phase space" (PDE vs area vs FF vs op.temp. vs SPTR vs DCR etc.)
• Active project they have with Milano (CMS-BTL) has different (and shorter) time scale, but lessons learned there would be 

certainly useful. Also CMS group aims to avoid cryo temperatures post-annealing
• Current trend to improve radiation tolerance points towards reducing microcell size (the SPAD) from 30x30 µmxµm to 15x15 

µmxµm à implies improving PDE + design ASIC to "aggregate" (at sytem readout level) the number 

• As first step FBK to provide samples to INFN Torino to ease ALCOR characterization (with real device)

• We made clear we will try to check also competitors (Hamamatsu and SensL typically), but obviously agreed "common 
interest" to build possibly an Italian production chain (with devoted microelectronics developed by INFN with Torino 
leadership)
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Timeline (under preparation)

• Microelectronics: Torino
• Readout: Bologna
• Sensor characterization: ALL (climatic chamber in BO/FE, oven for annealing likely in BO, see backup)
• Irradiation tests: ALL + BO to help for "TIFPA setup"
• Test beam: ALL (dRICH group àdetector!): CERN, FERMILAB and JLAB are options considered

This is just a 18 months timeline assuming EIC call for detectors deadline as "horizon"

3 years R&D toward 
full TDR begins



Conclusions & outlook
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ü SiPM a very interesting option to explore as photon sensors for a forward RICH @EIC
ü Good synergies among INFN groups + existing resources (namely FBK, but not only)

Ø During next weeks careful budgeting work needed
Ø Next steps toward EIC_NET (INFN preventivi, referees etc.) 
Ø Next steps toward wider EIC community (PID group YR, Pavia, eRD14, Miami EICUG...)

18 months program to be prepared for:
• meaningful contribution for EIC call for detectors
• devise a full-fledged R&D program (3 years) toward a TDR



19

Miscellanea backup



Annealing: climate chamber in Bologna

https://www.binder-world.com/it/prodotti/camere-climatiche-di-simulazione-ambientale/serie-mkft/mkft-115

• "reserved" to ATLAS-ITK for 2 years, but 
they are open for sharing

• Dry-air system to be still fully 
commissioned to avoid condensation

• Available for cold measures, likely not 
for long annealing cycles O(1 month)

• @INFN-BO we are looking for a oven: 
currently exploring options from 
Memmert and Fischer) but director 
available to consider "second climate 
chamber"
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Hamamatsu and SensL potential sensors
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Peltier cells

http://www.heatsink-guide.com/peltier.htm
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R&D Plan: just one year for the moment...Task Deliverable By when Comment
Explore parametric space available for photon 
sensors

Pixel size variation
Wavelength (?)

June 2020 This should be out naturally out of on-going MC efforts (see last YR PID 
meeting)

SiPM requirements for TB June 2020 How many sensors (area) we need? Probably 5x10 matrix is enough

Select sensors for TB and radiation FBK: NUV-HD variants
SensL C-series?
Hamamatsu S13360-3025CS

June 2020 Include budgets! Aim for samples of at least 5 DUT for each irradiation. More 
samples with FBK, use SensL and Hamamatsu as reference? (S13360 tested 
both by Tsang and Calvi, but we could use 3x3 mm2 cell)

eRD14 application Jun 2020 Money for people & hardware

CSN3 2021 preventivi Jul 2020 Note: Covid-19 crisis might make available already fresh money in Sep2020
Money for hardware

EoI - dRICH contribute to EoI for dRICH Nov 2020 This assumes EoI for a dRICH variant should have also the SiPM option listed. 

Characterization of ALCOR modifications needed / requirements 
for RICH applications identified

Dec 2020 Card will use a Samtec (FBK compatibile) connector but we plan interface cards 
towoards SensL and Hamamatsu (and likely FBK itself to test front-end opt.) 

Common readout card to achieve SiPM Jan 2021 Should be possibly used both in rad. test (and post annealing) and during test 
beam to optimize all chain. Uses serial link to achieve ALCOR data

Irradiation up to 1011 p/cm2 Irradiation test @ TIFPA March 2021 Important in situ monitoring in step of some 109 neq/cm2

Annealing DCR vs I-V, SPD, SPTR etc.: 
characterization

June 2021 The annealing program must be carefully planned, probably step of 48 hours 
would be enough.

Prepare detector setup (including SiPM readout, 
cooling etc) but also the detector for test beam.

Test beam @? July 2021 Before it would be much better to be in line with foreseen timeline for Call for 
proposals (that is Sep. 2021), but all very difficult. CERN-PS availability TBC!  
TB@JLAB could be also an option as well as FERMILAB (T. Hemmick contact) 
Requirements to be detailed.

EIC - Call for detectors deadline Show R&D work on SiPM Sep 2021

Note: during 2021 we should also aim for an "ALCOR++" better suited for RICH/not-cryo and consequent tests 23


