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SPADs Single-Photon Avalanche Detectors in Geiger mode (gain 106) above breakdown VOV = Vbias - Vbreakdown

SiPM: array of few mm2 of 102 -104 SPADs. 
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➢ avalanches triggered by thermally
generated charged carriers → Dark Count
Rate (DCR)

➢ avalanches generated because of the
primary one→ Cross Talk (CT)

SiPM performance studied when directly traversed by MIP [1][2]:

expected: 1 SPAD fired (+CT) per event
observed: several SPADs fired

Cherenkov effect in the standard 
protection layer! 

SiPM are able to directy detect 
charged particles!

Silicon PhotoMultipliers (SiPMs)
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[1] Carnesecchi F., et al., JINST 17 P06007 (2022)
[2] Carnesecchi F., et al., Eur. Phys. J. Plus 138, 337 (2023)



FBK NUV-HD-RH available SiPMs with different protection layers (resins):
• 1 mm Si resin (SR1)
• 1.5 mm Si resin (SR15)
• 1 mm Epoxy resin (ER1)
• Without resin (WR)

Front view

Active area Pixel pitch #SPADs Fill Factor Vbd

1 × 1 mm2 20 μm 2444 72% 33.0±0.1 V

450/950 μm
1/1.5 mm

550 μm

PCB

Protection resin

Lateralview
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SiPM under study

SiPM

[3] Carnesecchi F., et al., Eur. Phys. J. Plus 138, 788 (2023)
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Beam test setup

CERN PS - T10
Beam

Protons/pions of 10 GeV/c

Data acquisition
Lecroy 9490M-MS digital oscilloscope 4 GHz bandwidth

Dark box
temperature ~25-28°C

beam

LGAD (t0)
SiPM SiPM

LGAD

~ 8cm

Micropositioners
remotely controlled with ~ 10 μm precision

Front-end
XLEE39 amplifiers ~ 40 dB

Trigger and t0 

25 μm and 35 μm thick FBK 1 × 1 mm2 LGAD 
prototypes[4]

[4] Carnesecchi F., et al., Eur. Phys. J. Plus 138, 990 (2023) 
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Signal with and without protection layer

(X,Y)=(0,0)

Scan X

➢ SiPMs with protection layer → multi SPADs
events→ higher average signals wrt WR

➢ SiPM without protection layer mainly single
SPAD events → up to 4-5 SPADs compatible
with CT

High efficiency of SiPM with 
protection layer: >99% events 

with ≥3 SPADs firing at 2 V OV .
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Timing in the center of the position scan

• SiPM with protection layer behave similarly
→ O(20-30) ps reached

• SiPM without protection layer → worsening of time
resolution with OV may be due to increase in DCR

σSiPM VS OV σSiPM VS fired SPADs

Intrinsic time resolution of around 20 ps for more than 5 
SPADs firing, corresponding to >80% of total events!

• SiPM with protection layer → improvement of σSiPM as
1/√nSPADS

• WR→ affected by DC and CT

4 V OV

~81%

~16%

~3%

~0%
~1%

~2%

~3%
~6%

~8% ~10% ~10%
~61%
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Conclusions

Up to now established photon detectors usually coupled to scintillators or Cherenkov radiators for a
variety of applications because of

now SiPM can directly detect charged particles
showing:
➢ increased efficiency, if compared to simple
geometrical fill factor
➢ time resolution improving with n fired SPADs

❖ high efficiency
❖ insensitivity to magnetic fields
❖ low cost

Moving SiPM from photosensors only to 
combined charged particle detectors, from 

space experiments to colliders!
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BACK UP SLIDES
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Lower beam momentum

Lower momentum

At low momentum, selected only protons
using TOF-PID (purity ~ 83%)

lower #fired SPADs

smaller signal

Light reduced approaching Cherenkov
threshold of 0.8 GeV/c
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A possible application of SiPMs: ALICE 3 outer TOF layer

A compact next-generation detector for the LHC to study high-energy proton-proton (pp) and nuclear (AA and pA)
collisions[5] .

Barrel |η|<2

Endcaps 2<|η|<4

Magnet

RICH Ring Imaging Cherenkov Detector

ECAL Electromagnetic calorimeter

TOF Time of Flight detector

Outer tracker

Vertex tracker

FCT Forward Conversion Tracker

Muon chambers

Absorber
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One benefit of using SiPMs
could be merging the TOF
and the RICH detectors.

Magnet

Under study, with 
central field of 2T

RICH

With n ~ 1.006 – 1.03 and 
σθ ~1.5 mrad

[5] ALICE Collaboration,  CERN –LHCC-2022-009/LHC-I-038 (2022)

B. Sabiu | SiPMs for direct detection of charged particles | 6° Incontro
Nazionale di Fisica Nucleare INFN | Trento 26-28 Feb. 2024



27.02.2024 11

iTOF oTOF Forward TOF

Radius (m) 0.19 0.85 0.5-1.5

Surface (m2) 1.5 30 14

Time resolution (ps) 20 20 20

Other candidates:
➢ CMOS MAPS

with additional
gain layer
(CMOS LGADs)

➢ Low-Gain
Avalanche
Diodes
(LGADs)

TOF specifications

[5] ALICE Collaboration,  CERN –LHCC-2022-009/LHC-I-038 (2022)
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