
R&D needed for SiPM:

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

Groups involved: Fe, LNF, RM1, CT, Bo, To, Ts

Studio della lettura di fotoni Cerenkov in un RICH con SiPM

Note these three R&D ite
ms 

are deeply interlin
ked!

• "dRICH based" for test beams and parameters selection,
but expected R&D outcome might extend beyond
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dRICH and SiPM: "an option to be explored"

• 6 x 4500 cm2 = O(3 m2) active sensors
• 3x3 mmxmm pixel size
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EIC R&D committee explicitly asked for such a program

à Single Photon Detection (PDE ↑)
à Temperature vs DCR ("not cryogenic") 
à Use timing to help filter DCR
à Radiation tolerance
à Sampling vs discrim. + TOT
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FBK as a potential SiPM supplier for 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 3

S. Gundacker et al 2020 Phys. Med. Biol. 65 025001 

PDE
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FBK as a potential SiPM supplier for 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/sensor à 15 GHz/sector
(comparable to Hamamatsu S13360-1350CS )

Note with PMT estimated for dRICH 105 Gbit/s (@1MHz DCR/sensor and 0.5 ns 
sampling). Assuming 64-bit word/hit this brings to 103 Gbit/s /sector
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S. Gundacker et al 2020 Phys. Med. Biol. 65 025001 

DCR

SPTR
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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)
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Radiation 
tolerance
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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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109Hamamatsu

Radiation 
tolerance
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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)

Radiation 
tolerance
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- 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

Radiation 
tolerance
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caratterizzazione sensori
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metodologia già utilizzata da gruppo Ferrara
caratterizzazione I-V e valutazione restore baseline per ricupero single photon counting + DCR

- misure saranno effettuate pre-irraggiamento, post-irraggiamento e post-annealing (vedi Calvi et al.)
- read-out ALCOR based (quando operiamo a T=-30 oC)  
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irraggiamento
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- 6 matrici
- 3 produttori SiPM
- 2 tipologie sensori per matrice

X-O: "diversa microcella"
colori: "diverso irraggiamento"
3 matrici NON irraggiate

6x6 cmxcm "uniform area"
Otherwise beam can be with Gaussian sigma ~ 0.58 cm or 1.12 cm
Irraggiamento con schermi opportuni e finestra 2.4 cm x 3 mm

• Domanda sottomessa a PAC TIFPA il 20/7
• Richiesta per 10 h (gio-ven-sab)
• Febbraio-Marzo 2021

Centro di protonterapia @Trento via TIFPA
beam fino a 200 MeV proton
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post-irraggiamento e test beam setup
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minimal sensor unit:

4x8 matrix

- 6 matrici

- 3 produttori SiPM

- 2 tipologie sensori per matrice

X-O: "diversa microcella"

colori: "diverso irraggiamento"

3 matrici NON irraggiate1/09/20 EIC_NET: incontro con referee



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 received from foundry, first qualification with carrier 

board starting literally these days!

• 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 end by ~2020
• Based on 2020 results and coupling with SiPM à

2022 for an ALCOR v2.0 better tailored for EIC 
requirements
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ASIC+readout
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Readout scheme

ALCOR carrier board

ALCOR carrier board

ALCOR carrier board

• Similar scheme under development between TO-BO for other chip (ARCADIA, Gruppo5)
• Can be scaled up to provide readout to SiPM matrix in test beam 
• Supports for simple DAQ (UDP) or optical links: "streaming readout ready"

Adaptor
card SiPM

Adaptor
card SiPM
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Piano attività per 2021 e richieste

• testare pre/post irraggiamento e poi su test beam varie tipologie di SiPM
• selezione SiPM
• montaggio su matrici (8x4 vedi talk Marco)
• caratterizzazione pre-irraggiamento
• irraggiamento a Centro di Protonterapia (Trento, sala gestita da TIFPA)

• effettuare su test beam lettura con ASIC ALCOR matrice SiPM
• cooling 
• matrici vs irraggiamento
• readout (6 matrici: 192 canali acquisiti con "streaming readout")

3 KEU  accesso TIFPA (10 h)
5 KEU schede ALCOR (To)
3 KEU break-out boards Firefly (Bo)
4 KEU SiPM sensors (Broadcom/OnSemi)
8 KEU SiPM carrierboards

23 KEU

2 KEU SiPM sensors (Hamamatsu)
4 KEU SiPM carrierboards

6 KEU
1/09/20 EIC_NET: incontro con referee



15

Selezione sensori

Guidelines:

dimensions and packages
single pixel sensors
3x3 mm2 active area
high active/device area
surface mount

SPAD size and PDE
PDE is surely a very important parameter vs usability as photosensor after radiation is more important (DCR, baseline)
progress in smaller SPADs with larger PDE (worth trying them, PDE might improve further)

multiple manufacturers
differences in architecture, Vbd and electric fields
keep Hamamatsu, leading producer of photosensors
keep Broadcom, possible future R&D within FBK-INFN collaboration agreement
choose between Ketek (25/15 μm, cheaper) and SensL (30/20 μm, timing) 

È stata fatta ricerca estesa su 
mercato tra principali
produttori in preparazione 
preventivi
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+ FBK prototype (small uCell 15 µm: NUV-HD-RH)

3000 EU

1000 EU

2000 EU
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Conclusioni
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il programma proposto e' intenso ma permette di fornire una importante "proof of principle" con l'insieme dati 

da irraggiamento, annealing, readout e test beam per l'uso SiPM per readout per dRICH (e piu' in generale per 

RICH-based detector a EIC, almeno fino alle fluenze di radiazione studiate)
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SiPM as candidate for a RICH detector

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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Ref:
RobertoPreghenella@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? Initial studies on dRICH reconstruction performance: no 
degradation with a 150 ps time resolution sensor with up to 20 kHz/mm2 DCR
And: s = 150 ps conservative, better resolution -> sustain higher noise rates"
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