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Forward TOF: NIEL ~ 8.5x1012  1 MeV neq/cm2
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Requirements

Time resolution:  
20 ps

Material budget: 
1-3% X0

R&D on different advanced silicon technologies: CMOS-LGADs, standard 
LGADs and SiPMs (the latter for outer TOF  as a fall back solution wrt 

CMOS-LGADs, in synergy with RICH)

SiPMs for the outer TOF layer of ALICE 3
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More details about CMOS-LGADs in Giulia Gioachin talk tomorrow (https://agenda.infn.it/event/43956/contributions/257761/)

ALICE 3: A next-generation heavy ion experiment



JINST 17 P06007 (2022)
even if a particle should turn 
on only 1 SPAD per event, 
several SPADs are fired  

indicating a higher crosstalk 
(40-70%) with respect to 
expected intrinsic noise 
(10-15%) (at 6 V OV). 
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SiPMs in direct detection of charged particles: a r oadmap
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even if a particle should turn 
on only 1 SPAD per event, 
several SPADs are fired  

indicating a higher crosstalk 
(40-70%) with respect to 
expected intrinsic noise 
(10-15%) (at 6 V OV). 

Taking advantage of the beam direction, we 
showed that the increased response of SIPM 
at the passage of a MIP is due to Cherenkov 
light emission  in the (standard) protection 

layer, usually placed above the sensor.  
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even if a particle should turn 
on only 1 SPAD per event, 
several SPADs are fired  

indicating a higher crosstalk 
(40-70%) with respect to 
expected intrinsic noise 
(10-15%) (at 6 V OV). 

Taking advantage of the beam direction, we 
showed that the increased response of SIPM 
at the passage of a MIP is due to Cherenkov 
light emission  in the (standard) protection 

layer, usually placed above the sensor.  

protection layers with known dimensions above single SIPMs of 
1x1 mm2: Cherenkov effect studied with a position scan.

Resolution approaching 20  ps as fired SPADs 
increase (with >5 SPADs associated to more than 

80% of the total events).
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Now under study 

even if a particle should turn 
on only 1 SPAD per event, 
several SPADs are fired  

indicating a higher crosstalk 
(40-70%) with respect to 
expected intrinsic noise 
(10-15%) (at 6 V OV). 

Taking advantage of the beam direction, we 
showed that the increased response of SIPM 
at the passage of a MIP is due to Cherenkov 
light emission  in the (standard) protection 

layer, usually placed above the sensor.  

protection layers with known dimensions above single SIPMs of 
1x1 mm2: Cherenkov effect studied with a position scan.

Resolution approaching 20  ps as fired SPADs 
increase (with >5 SPADs associated to more than 

80% of the total events).
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efficiency  in detail thanks to larger 
pixel pitch and 3x3 mm2 area SiPMs 

to cover all the area subtended by the 
Cherenkov cone +Radiation studies

New developments with LIROC 
and picoTDC.

1.5 /3 mm 950/ 
2450 
µm

~45o

SiPMs in direct detection of charged particles: a r oadmap

In this talk



LGAD
SiPM SiPM

Experimental setup at CERN PS T10 beamline

No cooling: T~25-28¡C. 

protons/pions  of 10 GeV/c

Trigger and timing reference 25 um and 35 um thick FBK LGAD 1 x 1 mm2 (Eur. 
Phys. J. Plus 138, 99 (2023))

4 independent micropositioners (10 um precision)

Lecroy wave runner 94904M-MS digital 
oscilloscope  4 GHz bandwidth
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LGAD t0

FBK SiPMs, NUV-HD-LFv2 (~3x3 mm 2, 40 um pixel pitch, 
~6200 SPADs, FF ~83%, 32.2 Vbd) 

! Different protection layers: 1.5 and 3 mm Silicone resin 
and one without any layer 

! Front-end XLEE amplifiers ~40 dB gain 

! Pitch and area larger than the ones studied in Eur. Phys. J. 
Plus 138, 788 (of 20 um pitch and 1x1 mm2) to allow study 
of efficiency

33 mm

15 mmSIPM 

SiPMs under study



Efficiencies

¥ Efficiency = # SIPM signals at Vthr / #LGADs coincidences 
¥ Noise = # SIPM noise signals in control region at Vthr / #LGADs coincidences

PRELIMINARY

A threshold of ~3 photoelectrons leads to " 99% 
efficiencies and noise <1% for SiPMs with protection 

layer

1.5 mm silicone resin
w/out resin

3 mm silicone resin

Time resolution trend improving as number of SPADs 
increases  20 ps for more than ~12 SPADs firing 

where the majority of events lie.
!

Timing in the centre of the 
SiPM at 4 V OV

Time resolution

PRELIMINARY1 SPAD ~0.062 mV

¥ More SPADs on 3x3 mm2: all the Cherenkov 
cone is covered 

1.5 mm silicone resin

3 mm silicone resin 

8

Efficiencies and time resolution studies
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Nicola Nicassio 
University and INFN Bari

In the context of ALICE 3 RICH R&D, SiPMs timing is exploited  not only 
with the standard protection layer but with different Cherenk ov radiators.  

The system was tested with different front-ends (PETIROC 2A, LIROC+picoTDC, 
Radioroc+picoTDC).

Timing with SiPMs with full readout chain and diffe rent radiators

Nicola will also talk later about the ÒDevelopment of a SIPM-based RICH detector 
for the future ALICE 3 experiment at LHCÓ (https://agenda.infn.it/event/43956/
contributions/258220/)!

Tested SiPM arrays 
¥ HPK S13361-3075 + silicone resin + no window 
¥ HPK S13361-3075 + silicone resin + 1mm fused silica window 
¥ HPK S13361-3075 + silicone resin + 1mm MgF2 window 
¥ HPK S13361-1350 + epoxy resin + 2mm fused silica window  
¥ HPK S13361-2050 + epoxy resin + 1 mm fused silica window
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Front-End 1 
- 4 PETIROC 2A ASICs 

- time jitter ~ 45 ps  (>4 p.e.) 
- TDC ~ 37 ps LSB

Front-End 2 
¥ Custom board based on Radioroc  2 FE 

ASIC and picoTDC  (LSB !  3 ps, ToA and 
ToT mode), read-out by MOSAIC board

2023 setup

2024 setup

M0M1
Matrix M2



Nicola Nicassio 
University and INFN Bari
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ToF with SIPMs with radiator windows 
+ PETIROC 2A

nominal offset  1 ns 
subtracted

"

#T (also with electronics) down to !  75 ps coupling thin 
window to SiPMs

ToF with SIPMs with radiators windows + 
Radioroc and picoTDC

With ch by ch offset and TOT-based time walk corrections, 
#Tmax down to ~50 ps: ~35 ps at single SiPM level!
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Timing with SiPMs with full readout chain and diffe rent radiators: results



! Conclusions  

" High efficiency (>99%) with low (~ 1%) noise for different OV at few photoelectrons 

" timing approaching 20 ps confirmed with improvement of the resolution as the number of fired SPADs increases 

" Studies in the RICH context of ALICE 3 confirm the possibility to use SiPMs with a full digital chain

Thank you!

Summary and future plans
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The use of SiPMs for detection of charged particles with stand ard protection 
layers is possible: 20 ps reached and fully efficient s ensors!  

Adding also a think radiator and a full-chain electronis  ~35 ps!

! Next steps  

" Ongoing effort to optimize  the setup with a more efficient cooling system (gaseous nitrogen in an open loop) for the next beam tests 

"  Studies for digital readout, also considering noise i.e. Dark Count events, exploiting new cooling systems 

" Radiation hardness studies



Scintillator Detectors & Fiber 
Trackers with SiPM readout 

in Space Missions
Roberta Pillera on behalf of
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Scintillating fiber trackers with SiPM
readout in space

�¾Employedin high-energy physics experiments
• e.g. LHCb, Mu3e, …

�¾Verywell suited for space deployment
�¾Upcoming spacemissions using fiber trackers

• e.g. NUSES, HERD, APT (ADAPT)

�¾Advantages: 
• low cost, large instrumented area, robustness, low 

material budget, potentially no limitations in 
geometry

�¾Applications:
• Tracking 

�ƒ chargedCR
�ƒ gamma-ray by pair production and/or Compton

• Trigger
• PID

�¾Manyvariants:
• Scintillating fibers: ideal for large experiments, 

gamma-ray detection in broad energy range
• Crystal with WLS fibers readout (better for low 

energy gamma-ray detection with Compton)

�¾Space qualification
• Mechanics

�ƒ Surviveharsh launch and space
conditions

�ƒ Weight, size
• Electronics

• Power consumption limitations
• Downlink bandwidth

• Trigger rates
• Radiationhardness
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From LAB to Space deployment
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FTK tasks:
�9Trigger
�9Tracking
�9PID

Efficiency Yield

PRELIMINARY

10.1016/j.nima.2022.167040
10.1016/j.nima.2022.167962

750 um

HPK-S13552 array



From LAB to Space deployment
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NUSES mission
Ziré payload will  have a Fiber Tracker onboard

First Ziré prototype

Efficiency

Z identification

PRELIMINARY

PRELIMINARY

10.22323/1.444.0083
10.1088/1748-0221/19/11/C11005



From LAB to Space deployment
End 2026
LAUNCH
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Plastic Scintillator Tiles for Anticoincidence 
and Ion identification in the HERD detector

�¾Beta ASIC -> for SiPM in space applications
• Low power consumption

�¾Low/High Z SiPMs for different purposes
• VETO for gamma-rays detection
• Wide dynamic range for nuclei identification
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40 cm

5 cm



R&D highlights
�¾High efficiency > 99.99%
�¾Wide dynamic range
�¾Good Z resolution
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PRELIMINARY

PRELIMINARY

PRELIMINARY

PRELIMINARY

10.1016/j.nima.2024.169888



Gamma -ray identification with 
Imaging Atmospheric Cherenkov 

Telescopes
Di Venere Leonardo

INFN Bari
leonardo.divenere@ba.infn.it
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Di Venere L.

v
Imaging
Atmospheric
Cherenkov
Telescopes
TeV gamma-ray ideal
to probe the most
energetic Universe

Gamma-
Ray Bursts

Supernova 

remnants

GW counterparts

Pulsar wind

nebulae

Active Galactic
Nuclei

Neutrino 
counterparts

Dark matter



�ƒ Gamma rays and cosmic rays produce particle showers
in atmosphere which emit Cherenkov light

�ƒ Shower images detected by fast high -resolution cameras

�ƒ ML algorithms used for the particle identification and the
measurement of direction and energy of the primary particle

https://www.cta-observatory.orgDi Venere L.

Particle identification

gamma -ray proton



IACT camera

�ƒ Need to detect faint (down to few p.e.) and fast (~ tens of ns) 
Cherekov light

�ƒ Need to deal with night sky background (NSB) light 

�ƒ Photon detectors: 
Photomultiplier Tubes (PMT) �ÆSilicon Photomultipliers (SiPM)

�ƒ Pros:
o Single p.e. resolution

o NSB tolerant �ÆOperable under full moon

o High PDE (> 50% peak ) 

o Small pixels �Æeasy to make arrays

o Low bias voltage (<100V) 

�ƒ Cons :
o High sensitivity to NSB in > 550 nm range

o Correlated noise

o high dark count rate �Æ
usually below the NSB rate

Di Venere L.

pSCT@FLWO

Ambrosi+2022 https://doi.org/10.1016/j.nima.2022.16 7359

FBK NUV-HD-MT technology



Fast and single p.e. resolution frontend electronics

SMART: a SiPM Multichannel Asic for high Resolution
Cherenkov Telescopes

Features :

�ƒ 3.3 V & 1.2 V power supply

�ƒ SiPMfine bias adjust range: 1.7 V

�ƒ Channel current consumption 3.6 mA

�ƒ Fast-path output dynamic range: 
up to 1.7 V on 50 Ohm load (AC coupled)

�ƒ Slow-path input dynamic range: 
up to 2 mA of mean SiPMcurrent 
(1 pC / pe at 2 GHz)

�ƒ Programmable gain (R), bandwidth (C) 
and tail suppression (PZ)
o Gain is adjustable for each channel 

to be combined with SiPMbias fine adjustment 
to improve gain equalization 

Di Venere L.

Designed by F. Licciulli &
G. De Robertis at the Electronics CAD INFN Bari
Contact: francesco.licciulli@ba.infn.it

Amplitude (mV)



�ƒ Readout electronics to digitize fast signals and 
generate trigger signals at pixel level �Æ
TARGET ASICs

o CTC ASIC: 16-channel 1GSa/s digitizer

• Analog buffer with 16k cells per channel �Æ16 us storage depth

o CT5TEA ASIC: 16-channel trigger ASIC

• Channels are summed in groups of 4 to obtain 4 trig ger pixels 
per ASIC

Readout electronics

Di Venere L.

Single p.e. spectrum Rate scan

Charge (a.u.)
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