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R&D on different advanced silicon technologies: CMOS-LGADs, standard
LGADs and SIPMs (the latter for outer TOF as a fall back solution wirt
CMOS-LGADSs, in synergy with RICH)

More details about CMOS-LGADs in Giulia Gioachin talk tomorrow (https://agenda.infn.it/event/43956/contributions/257761/)
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SiIPMs im direct detectiomof charged parnticles: 'asx: a roadmap
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SIPMs im direct detectionof charged particles:las: a roadmaj
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SIPMs im direct detectiomof charged particles: 'ax: a roadmap
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SIPMs imdir
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Expenmental setupat:CERNPS T 10 beamlinene

_.-+ protons/pions of 10 GeV/c

______ Lecroy wave runner 94904M-MS digital
________ oscilloscope 4 GHz bandwidth

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)

-~ FBK SIPMs, NUV-HD-LFv2 (=3x3 mm2, 40 um pixel pitch,

~6200 SPADs, FF ~83%, 32.2 Vhd)

| 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 mm?2) to allow study
~of efﬁuency
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Efficienclies:anddime: resolution studies! ¢«

Time resolution Efficiencies
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¥ More SPADs on 3x3 mm2: all the Cherenkov ¥ Efficiency = # SIPM signals at Vi / #LGADs coincidences

cone Is covered ¥ Noise = # SIPM noise signals in control region at Vi / #LGADs coincidences
Time resolution trend improving as number of SPADs A threshold of ~3 photoelectrons leads to " 99%
Increases ! 20 ps for more than ~12 SPADs firing efficiencies and noise <1% for SIPMs with protection
where the majority of events lie. layer
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Timing with SIPMs with full readout chain and diffe rent radiators

Nicola Nicassio
University and INFN Bari

2023 setup 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).

Tested SIPM arrays

HPK S13361-3075 + silicone resin + no window

HPK S13361-3075 + silicone resin + 1mm fused silica window
K §13361-3075 + silicone resin + 1mm MgF, window

HPK S13361-1350 + epoxy resin + 2mm fused silica window
HPK S13361-2050 + epoxy resin + 1 mm fused silica window

Front-End 1 Front-End 2

- 4 PETIROC 2AASICs ¥ Custom board based onRadioroc 2 FE
- time jitter ~ 45 ps (>4 p.e.) ASIC and picoTDC (LSB'! 3 ps, ToA and
- TDC ~ 37 psLSB ToT mode), read-out by MOSAIC board

& [z &/b1 3

K K K K K
|
=

Nicola will also talk later about the ODevelopment of a SIPM-based RICH detector

for the future ALICE 3 experiment at LHCO ffttps://agenda.infn.it/event/43956/
contributions/258220/)!
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Timing with SIPMs with full readout chain and diffe rent radiators: results

Nicola Nicassio
University and INFN Bari

ToF with SIPMs with radiator windows ToF with SIPMs with radiators windows +
+ PETIROC 2A Radioroc and picoTDC 70 / M2 o ToT o 20 / 40 e
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#T (also with electronics) down to ! 75 ps coupling thin With ch by ch offset and TOT-based time walk corrections,

window to SiPMs # Tmax down to ~50 ps: ~35 ps at single SiPM level!
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Summanyyand future planss

| 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

~

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

!
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Scintillator Detectors & Fiber
Trackers with SIPM readout
INn Space Missions

Roberta PiIIera onbehalf of

D. Cerasole, G. De'Palma, G. De Rok
Giliberti, A. Liguori, FLIC:_lﬂ 122
Mazziotta, C _ nZe

With the support of thektech-nical\staff of INFN Bari
INEN Workshop on Future Detectors
17-19 March 2025 ‘



A Scintillating fiber trackers with SiPM @
readout inspace

¥Employedin high-energyphysics experiments  ¥Spacequalification

* e.g.LHCb, Mug3e, ... * Mechanics
yMerywell suited for space deployment f §g,§(vj'i¥igﬁlgsh launch and space
¥AJpcoming space missions using fiber trackers f Weight, size
C * e.g. NUSES, HERD, APT (ADAPT) » Electronics
E ¥Advantages: » Powerconsumption limitations
ol « low cost, largeinstrumented area, robustness, low * Downlink bandwidth
S material budget, potentially no limitations in e Trigger rates
o geometry « Radiationhardness
g YApplications: -
e Tracking !
f chargedCR vt
f gamma-ray bypair production and/or Compton Signal
« Trigger =
° P I D x-orientation WLS fibers

¥Manyvariants:

« Scintillating fibers: ideal for largeexperiments,
gamma-ray detection in broad energy range

» Crystal with WLSfibers readout (better for low
energy gammaray detection with Compton)

Total internal E 2
reflection SCaRlllg
- blue light
! s SiPM
SiPM ‘
1Ner;

—
e Energy R
‘ Csl(Na) Deposition
K7

SiPM y-orientation WLS fibers




From LAB to Space deployment INFN
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to zenith

NUSES mission
Ziré payload will havea Fiber Tracker onboard
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From LAB to Space deployment
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From LAB to Space deployment INFN

Istituto Nazionale di Fisica Nucleare
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WA D|astic Scintillator Tiles forAnticoincidence @PN
and lonidentification in the HERD detector .

S Top-SCD

¥Beta ASIG> for SiPMin space applications S -
« Low powerconsumption S

¥Low/High ZSiIPMsfor different purposes

 VETO for gammaaysdetection \ i)
« Wide dynamic range for nuclei identification ’
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R&D highlights % . CINFN

onale di Fisica Nucleare

¥High efficiency > 99.99%
¥Wide dynamicrange
¥4500d Zresolution

©
—
G) Trigger Tile pedestal-subtracted Z distribution - 1x1 SiPM
D_ &
E 'rh‘ " :
E i V\!\VA B 12 10 d |
= YWV AN, - 102 ¥ --&+ Low-Z SiPMs
— W\"m 11 g, _ -%+ High-Z SiPMs
D: : == gm_ : \
PRELIMINARY & ol L p ¥
é 4 = ‘Hélum H12IH114H 16(”18”‘210”}22 ‘224 r; 8_ IB_Q' .||‘ ‘\.!‘
s N 71 ‘~ | — PRELIMINARY]
o 7 - "\m "F@‘
104 [ Total gg E 6 101 E 6 - "‘\ ‘*L *‘*“
Preliminary 2 < . g 5 ** 4
igh-Z Si o ] s B
'L‘l High-Z SiPM %g g{ | ‘%‘ 5 A NJ‘-** ~+,+’T”%+ ,*‘
PRELIMINARY: & °| N | 3 +
8 ) u, N 3 *
% 13
i o 31
: 148 10°
: 4 5 6 ] 7 . 9 10 11 12 2 | I I ! !
i Z (Squared Tile, 3x3 SiPMs) 5 10 15 20 25
i Z

10.1016/j.nima.2024.169888



Gamma -ray identification with
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Imaging
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Particle identification

f Gamma rays and cosmic rays produce particle showers
In atmosphere which emit Cherenkov light

f Shower images detected Dby fast high -resolution cameras

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

gamma -ray proton

Di Venere L.



IACT camera

f Need to detect faint (downto few p.e.) and fast (~ tens of ns)
Cherekov light

f Need to deal with night sky background (NSB) light

f Photon detectors:
Photomultiplier Tubes (PMT) ASilicon Photomultipliers (SiPM)

f Pros: FBK NUVHD-MT technology

Single p.e. resolution

NSB tolerant AOperable under full moon
High PDE (> 50% peak )

Small pixels Aeasy to make arrays

Low bias voltage (<100V)

f Cons:
0 High sensitivity to NSB in > 550 nm range

o O O O O

o Correlated noise
o highdark count rate A
usually below the NSB rate

Di Venere L. _ _ o
Ambrosi+2022 https://doi.org/10.1016/j.nima.2022.16 7359



Fast and single p.e. resolution frontend electronics

SMART:a SPM Multichannel Asic for high Resolution
Cherenkov Telescopes

Features:

3.3V & 1.2V power supply

SiPMfine bias adjust range: 1.7 V
Channel current consumption 3.6 mA

f

f

f

f Fast-path output dynamic range:

up to 1.7 V on 50 Ohm load (AC coupled) Amplitude (mV)
Designed by F. Licciulli &

f Slow-path input dynamic range: G. Dé Robertis at the Hectronics CAD INFN Bari
up to 2 mA of mean SiPMcurrent

(1 pC/pe at 2 GHz) Contact: francesco.licciulli@oa.infn.it

f Programmable gain (R), bandwidth (C)
and tail suppression (PZ)

o Gainis adjustable for each channel
to be combined with  SiPMbias fine adjustment
to improve gain equalization

Di Venere L.



Readout electronics

f Readout electronics to digitize fast signals and
generate trigger signals at pixel level /e
TARGET ASICs

o CTC ASIC: 16channel 1GSal/s digitizer

 Analog buffer with 16k cells per channel A6 us storage depth
o CT5TEAASIC: 16-channel trigger ASIC

e Channels are summed in groups of 4 to obtain 4 trig ger pixels

per ASIC Single p.e. spectrum Rate scan

Di Venere L. Charge (a.u.)
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