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Scientific Commissions

The 5 research lines  
and the National 


Scientific Committees
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Ø They develop proposals for scientific programming and related financial 
estimates.

Ø They provide opinions on the scientific and technological aspects as well as 
opinions on the financial and organizational aspects of individual research 
proposals. 

Ø They provide the evaluation and annual report of the activity carried out by each 
research initiative.

Ø They have its own fundings to distribute to the projects according with the 
decision of internal reviewers.

Role of Scientific Commissions
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CSN

Research Line A

Experiment 1 Experiment 2

Research Line B

Experiment 3

Structure

Ø 1 president.

Ø 25 coordinators. 
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Selection and Reviewing

Strategies

Ø Periodic meetings (2-4/y)

Ø Discussion about the approval and funding 
of new experiments/projects.

Ø Discussion about the state and the 
continuation of ongoing projects. 

Ø Discussion about final reports of closing 
experiments.



6

CSN1
Ø President: Roberto Tenchini
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Proton Structure
AMBER

Physics at Hadron Colliders
ATLAS
CMS
FASE2_ATLAS
FASE2_CMS
LHCf
SNDLHC

Charged Lepton Physics
GMINUS2
KLOE
LUXE
MEG
MUONE
PADME
PMU2E
UA9

New Accelerators
IGNITE
RD_FCC
RD_MUCOL

Heavy Flavour
BELLE2
BESIII
LHCb
NA62

Others
RD_FLAVOUR
SHADOWS
DUNE

CSN1 Research Lines



8

CSN2
Ø President: Oliviero Cremonesi5LXe dual-phase TPC principles

Receiver: 1.55m high,
1.42m in diameter,

About 800 kg

Sharing of responsibilities: 
● Main cryostat: Roma1
● 1K Box / detectors: APC, CSNSM / IRAP
● Sub-K refrigerators: Manchester
● Optics: Roma1 / Milano / Maynooth / Cardiff
● Feedhorns arrays & Switches: Milano
● Cryogenic rotator of polarization modulator: Roma1
● Mount: La Plata
● Site: CNEA
● Calibration Mount: IJCLab
● Integration, Calibration and testing: APC
Salta test campagin demonstrated:
● Expected behavior and performance of the instrument
● Bolometric Interferometry and spectropolarimetry in the 

laboratory and on the sky (Moon)
Current status:
● TD (technology demonstrator) instrument validation in Salta 

completed
● TD instrument moved to the Alto Chorrillos site. 

● Official Inaugural Ceremony on-site: Nov. 23rd, 2022, with the 
instrument in its shelter.

● Commissioning on-going since then

QUBIC experiment

Roberto Iuppa

The CSES-01 satellite
Launched into a sun-synchronous circular 
orbit (97.4°) on February 2nd, 2018 at an 
altitude of 507 km in the upper ionosphere 

Payload working zone: −65° / +65° latitude 

Details about the satellite and the orbital 
parameters will be provided in the section about 
CSES-02

HPM
SCM

DC 16 Hz

10 Hz 20kHz
magnetic 

field

EFD
DC 3.5 MHz

electric 
field

PAP
102/cm3 107/cm3

ion 
plasma

LP
102/cm3 107/cm3

electron 
plasma

Developed by:
• China Earthquake Administration (CEA)
• Italian National Institute for Nuclear Physics (INFN)
• Chinese and Italian Universities

6 feb 
2023

relazione sullo stato 
dell'esperim

ento      
alla CSN2 INFN 
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X-Ray Observatories @ INFN

XRO in CSN2 (dal 2021)
Responsabili nazionali: V. Bonvicini (TS), L. Baldini (PI)

Sezioni: TS/UD, PI, TO, MI, PV, BO, TIFPA, RM2 (~30 FTE)
Enabling technologies: GPD per polarimetria, SDD per timing / imaging

2017-2018
EM - QM

2019-2020
FM - Integr.

2021-2024
Launch & Ops

2021-2022
EM - QM

2023-2026
FM - Integr.

2027-2032
Launch & OpsIXPE NASA-SMEX

eXTP - CAS

2
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Radiation from the 
Universe
AMS2 
AUGER
CTA 
FERMI
GAPS 
HERD_DMP
KM3 
LIMADOU_CSN2
LITEBIRD 
LSPE
QUBIC 
RESNOVA_CSN2
SPB2 
SWGO
XRO

Gravitational Waves, General 
and Quantum Physics
ARCHIMEDES2 
ET_ITALIA
GINGER  
GRAFIQO
LISA  
MEGANTE2
MOONLIGHT-2 S
ATOR_G
VIRGO

Dark Universe
BULLKID_DM 
COSINUS_CSN2
CRESST  
CYGNO
DAMA  
DARKSIDE
EUCLID  
NEWS
QUAX  
SABRE
XENON

Neutrino Physics
CUORE_CUPID 
ENUBET2
GERDA  
HOLMES2
JUNO  
KATRIN_TRISTAN
NUCLEUS  
T2K

CSN2 Research Lines
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CSN3
Ø President: Paolo Giubellino

The	CSN3	experiments

CSN3	research	line	1	-	December	14th,	2023
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CSN3 Research Lines

PT Nuclear and Hdronic Matter
ALICE
NA60_PLUS

Nuclear Astrophysics
ASFIN2
ERNA2
LUNA3
N-TOF
PANDORA_GR3

Nuclear Structure and Reaction 
Dynamics
CHIRONE
FORTE
GAMMA
NUCLEX
NUMEN_GR3
PRISMA-PHYDES

Quark and Hadron Dynamics
EIC_NET
JLAB12
KAONNIS
MAMBO
REST
ULYSSES

Symmetries and Fundamental 
Interactions
FAMU
JEDI
LEA
VIP

Applications and Society 
Benefits
FOOT
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CSN4
Ø President: Fulvio Piccinini

Strings and Field Theory
FLAG
GAGRA
GAST
GSS
NPQDC
QGSKY
SFT
ST&FI

Particle Physics Phenomenology
AMPLITUDES
APINE
ENP
LQCD123
PML4HEP
QCDLAT
QFT@COLLIDERS
SPIF
TPPC

Hadronic and Nuclear Physics
MONSTRE
NINPHA
NUCSYS
SIM

Mathematical Methods
BELL
DYNSYSMATH
GEOSYM_QFT
MMNLP
QUANTUM

Astroparticle Physics and 
Cosmology
INDARK
NEUMATT
QUAGRAP
TASP
TEONGRAV

Statistical and Applied Field 
Theory
BIOPHYS
ENESMA
FIELDTURB
TIME2QUEST
LINCOLN
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CSN5
Ø President: Alberto Quaranta

5

Nuovo modello per ottenere charge sharing 

Key points: 

● obtain controlled signal sharing, in a predetermined 

(and not too large) number of pads 

● avoid the collection of the leakage current only at 

the periphery of the sensor 

The new design: DC-coupled Resistive Silicon Detector, 
DC-RSD:

● the sensor is a thin LGAD with a resistive 
DC-coupled read-out  

● Signals are DC-coupled, unipolar and contained 
within a grid of resistors (~ 1 kOhm)

5 µm – 30 ps

The goal of this project is to develop an innovative type of silicon sensor suitable for
the future 4D particle trackers, that achieves a spatial resolution of a few
micrometers using large pixels (150-200 micrometers), has an 100% active area,
and also provides excellent time resolution (~20-30 ps). The sensor should have
unchanged performance up to fluences ~1.5E15 1MeV-neq/cm2. As such, the
objectives of the project are in line with several previous CNS5 projects.

The key point of the sensor design is the implementation of built-in signal sharing
in the principles of operation of the sensor with the addition of a carefully designed
network of read-out electrodes (see fig. 1 for a schematic top view and crosscut view).
The signal sharing is, thanks to the DC-RSD design, happening among a
predetermined number of electrodes: this feature guarantees an uniform
performance over the sensor area.

Figure 1 Schematic view not-to-scale (top-view of the sensor surface and crosscut) of a
DC-RSD sensor

20	mm

9

Physical Principle

Courtesy of J. Rosenzweig S. Kiselev et al., PRL 93, 135004 (2004) 

28 Gy 31Gy  34 
Gy

Timepix4 ASIC (2)

Massimiliano Fiorini (Ferrara) Esperimento MEDIPIX47

■ 4-side buttable pixel arrangement
❑ Target to build large area detectors by combining smaller modules

■ The Through-Silicon Vias (TSVs) is the key technology for this 
paradigm shift

Courtesy X. Llopart (CERN)
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Accelerators
ALPHA_DTL_BETA
ASTRACT
CROWN
FUSION
HB2TF (CALL)
HISOL
HSMDIS
IONS
MICRON
PBT
PLASMA4BEAM2
SAMARA
SIG (CALL)
SL_BETATEST

Interdisciplinary Research
ADMIRAL  AI_INFN
ARES (G)  ARTEMIS
BEYOND (G) BIOHOT
BRAINSTAIN CHNET_BRONZE
CHNET_MAXI CUPRUM_TTD
DIDO (G)  DISCOVER22
EPISE  ETHIOPIA
FRIDA (CALL) HARDLIFE
MEDIPIX4  MATHER3D
MIRO  MUSICA (G) 
NAMASSTE NGSA (CALL)
PRAD  RESILIENCE (G) 
SAMADHA  SEGNAR 
SPHERE-X  SPHINX 
SPOC  T4QC 
VI_HI  WIDMAPP 

Detectors, Computation and Electronics
4DSHARE  ACROMASS
ADA_5D  ANEMONE
ANNA  ASTAROTH
DARTWARS (CALL) DIODE
FEROCE  GEANT4INFN
HASPIDE (CALL) HIDRA2 (CALL)
IBIS_NEXT  IONOTRACK
LITE-SPLD  MAG
MANIFOLD  uRTUBE (G)
MOONLIGHT N3G (CALL)
NGSA (CALL) PRAD
OPTIME  OREO
PHYDES  PREDATOR (G)
QUANTEP (CALL) QUB_IT
RD_PTOLEMY RHUM
RIPTIDE  ROUGE (G)
SHINE  UTMOST
UNIDET

CSN5 Research Lines
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Ø Activities developed and fundend by Scienfic Commissions.

Ø Expertise grown inside INFN.

Ø Over time, technological research has expanded beyond applications for high 
energies.

Ø Commission 5 devoted to R&D and «blue-sky» technologies.

Ø Interdisciplinary interests: e.d. medical physics, quantum technologies.

R&D @INFN on Detectors
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HEP Detectors



S. Parker et. al. NIMA 395 (1997) 328  

3D Sensors: a road from the idea to the application

High radiation hardness at 
relatively low voltage (power)
à Main application in HEP

D L
Electrode distance (L) and active substrate thickness (D)  
are decoupled à L<<D by layout

DISADVANTAGES:
• Non uniform spatial response (electrodes 

and low field regions).
• Higher capacitance with respect  to planar 

(~3x for ~ 150 mm thickness). 
• Complicated technology (cost, yield). 

ADVANTAGES:
• Low depletion voltage (low power diss.)
• Short charge collection distance: 

• Fast response
• Tracking
• Less trapping probability after irr. 

• Lateral drift à cell “shielding” effect: 
• Lower charge sharing
• Low sensitivity to magnetic field

• Active edges

Ø Gian Franco Dalla Betta – Trento



INFN 3D Sensor Developments with FBK (1)

• INFN CSN5 TREDI (2005-2008) 

à Single-Type-Column (STC)

à Double-Sided, Double-Type Column (DDTC)

• INFN CSN5 TRIDEAS (2009-2012) 

à Double-Sided, Double-Type Passing Through Column (DDTC+)

• INFN CSN1 ATLAS (2010-2012) 

à Production for the ATLAS Insertable B-Layer using DDTC+ 
technology

STC

DDTC

DDTC+

Ø Gian Franco Dalla Betta – Trento



INFN 3D Sensor Developments with FBK (2)

• INFN CSN1 RD_FASE2 (2014-2017) + AIDA2020 (2015-2020)
à Joint ATLAS/CMS R&D for thin, small-pitch 3D pixels aimed at Phase2 upgrades
à Due to small active thickness, single-sided technology with handle wafer while 

preserving back-side bias (Si-Si Direct Wafer Bonded substrates)

• INFN CSN1 RD_FASE_ATLAS and FASE2_CMS (2018-today) 
à Experiment-specific finalizations of 3D pixel developments 
à Currently in Production (for ATLAS ITk) and Pre-Production (for CMS)

• FBK upgrade of the clean room to 150 mm diameter wafers (2013)

• INFN CSN5 TIMESPOT (2018-2021) + AIDAInnova (2021-today)
à Besides radiation hardness, 3D pixels also offer outstanding timing performance 
à Best results with trenched electrodes (~10 ps both before and after irradiation up to 

2.5x1016 neq/cm2) on test structures.

• INFN CSN1 LHCb (since 2022) 
à Aims at timing optimization with columnar 3D for LHCb VELO upgrade.

Ø Gian Franco Dalla Betta – Trento
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Main target:

Develop and realize a demonstrator consisting of a complete yet simplified tracking system, 
integrating about 100-1000 read-out channels (pixels), satisfying the following characteristics: 

• Space resolution: O (10 µm)
• Radiation hardness: > 1016 1 MeV neq/cm2 (sensors) and > 1 Grad (electronics)
• Time resolution: ≤ 50 ps per pixel (target ≈ 30 ps )
• Real time track reconstruction algorithms and fast read-out (data throughput > 10 TB/s)

Ø Adriano Lai - Cagliari

TimeSPOT pixel 
(size 55x55x150 µm3)

~2 fC MPV

trench electrodes: 
SEM image from TimeSPOT 

production batch#2 (Dec 2020)
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Sezioni INFN: Bologna, Cagliari, Genova, Ferrara, Firenze, Milano, Padova, Perugia, 
Torino, TIFPA. ≈ 60 heads, ~ 20 FTE. People from LHCb, ATLAS, CMS + others

Activities are organized in 6 work packages:

1. 3D silicon sensors: development and characterization (GF. Dalla Betta Trento)
2. 3D diamond sensors: development and characterization (S. Sciortino Firenze)
3. Design and test of pixel front-end (V. Liberali Milano)
4. Design and implementation of real-time tracking algorithms (N. Neri Milano)
5. Design and implementation of high speed readout boards (A. Gabrielli Bologna)
6. System integration and tests (A. Cardini Cagliari)

Ø Adriano Lai - Cagliari
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C. Cialdai, IN
FN

 Firenze

Beam

Diamond (Firenze)

Silicon (FBK)

Under
Hybridization

@IZM
(Delays!)

• F/E Control (and 
emulation)

• Data-formatting, 
event building

• Slow control (I2C)
• Clock distribution

KC705: 1.25Gbps – 58 Dpairs

WP6: the Timespotter® demonstrator
A mini-tracker, under beam in summer-autumn 2022

32x32 matrix

8 samples of each 
«flavour» are under 
preparation at IZM

TS1-PCB 120x80 mm2 (Cagliari, Milano, Torino)

Hi-speed, Hi-density 
Samtec twinax

Ø Adriano Lai - Cagliari
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Design and fabrication of a demonstrator

Hybrid integration of Silicon Photonics modulators with 
high-speed radiation hard (≥1 GRad) electronics in 28 nm 
and front-end readout 

 Aggregated 100 Gb/s links using wavelength 
division multiplexing (4 wavelengths on a single 
optical fibre) and Integrated Front-End electronics

Ø Fabrizio Palla – Pisa
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Ø Fabrizio Palla – Pisa• Target data rate 10 Gb/s 20 Gb/s 20 Gb/s

28 nm HPC+ TSMC
Target data rate 25 Gb/s
TID 1 Grad

PICv1 SiPh Modulators for HEP
IMEC iSipp50G 



1

𝜎eff = 10.3 ps
    @ 150V

Irradiated @ 2.5 1016 neq/cm2 , atilt = 0° 

Distribution of the TA standard 
deviation across 1024 channels and 7 
phases. Each point is computed from 

100 repeated measurements.

CMOS 28-nm Timespot1 ASIC 

Scaltech28
28nm rad hardness



Sensor Bump bonding or equivalent

RDL (Ri-Distribution Layer)

(Thinned) 
CMOS 28-nm 

ASIC

TSV 
interposer & 

cooling 
plate

µChannel cooling systemAuxiliary components and 
optical read-out (PIC)

Tracks

Vision/concept of a cut of the IGNITE system module

Target deliverable of the IGNITE project: 
• A complete module (sensor, read-out ASIC, vertical IC, photonic circuit for data links, cooling system) 
• The module development as a route to optimize material budget issues and High Density 

Interconnectivity between the device stages
• The whole thing below 0.8 (LHCb) ÷ 0.5 (NA62) % X0

26

Ø Adriano Lai - Cagliari
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Status (4D-tracking) Target
Space resolution ss ≈ 15 µm (55 µm pitch) ss < 10 µm (smaller pitch, clustering)

Time resolution st ≈ 10 ps (sensor only)
st ≈ 50 ps (F/E + TDC only)
st ≈ 100 ps (system)

st ≈ 10 ps (sensor only)
st < 30 ps (F/E + TDC only)
st < 50 ps (system)

Data Bandwidth BW ≈ 10 Gbps per chip
BW ≈ 20 Gbps per Ser/Driver

BW ≈ 100 Gbps per chip (with data reduction on F/E)
BW ≈ 25 Gbps per Ser/Driver

Power density P’ ≈ 2 W/cm2 (with timing)
P’ ≈ 1 W/cm2 (without timing)

P’ < 1.5 W/cm2 (with timing)
P’ < 1 W/cm2 (without timing)

Rate/pixel N/A 50 - 300 kHz (depending on pitch)

Rad hardness 2.5 1016 1 MeV neq cm–2 (sensor)
≥ 1 Grad (CMOS 28nm estimate)

≈ 5 x 1016 1 MeV neq cm–2 (sensor)
≥ 1 Grad (CMOS 28nm estimate)

ASIC area size A ≈ 3 mm2, not abuttable A ≥ 2 cm2, 3- or (preferably) 4-side abuttable 

ScalTech28

Ø Adriano Lai - Cagliari
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• The introduction of internal moderate gain:
Low-Gain Avalanche Diode (LGAD)

- It provides large signals with short rise time and low noise, ideal for timing
• Intrinsic charge sharing:

Resistive AC-coupled read-out LGAD (AC-LGAD or RSD)
- It provides intrinsic signal sharing, which is a key ingredient to 

excellent spatial resolution using large pixels
- 100% detector efficiency, 100% Fill Factor, reduced material budget 

and enhanced timing performance
- the coordinates are reconstructed exploiting the charge sharing 

amongst neighboring electrodes
- State-of-the-art RSDs at gain = 30 achieve a spatial resolution of 

about 3-4% of the pitch size

4DSHARE (CSN5) 

p
p++

oxide

gain layer – p+
resistive n+

AC pads

The goal of this project is to develop an innovative type of silicon sensor suitable for
the future 4D particle trackers, that achieves a spatial resolution of a few
micrometers using large pixels (150-200 micrometers), has an 100% active area,
and also provides excellent time resolution (~20-30 ps). The sensor should have
unchanged performance up to fluences ~1.5E15 1MeV-neq/cm2. As such, the
objectives of the project are in line with several previous CNS5 projects.

The key point of the sensor design is the implementation of built-in signal sharing
in the principles of operation of the sensor with the addition of a carefully designed
network of read-out electrodes (see fig. 1 for a schematic top view and crosscut view).
The signal sharing is, thanks to the DC-RSD design, happening among a
predetermined number of electrodes: this feature guarantees an uniform
performance over the sensor area.

Figure 1 Schematic view not-to-scale (top-view of the sensor surface and crosscut) of a
DC-RSD sensor

Ø Roberta Arcidiacono - Torino.

5 µm – 30 ps

p bulk

p++

DC  
pad

inter-pad resistor

---
--

++
+++

• Oxide layer for AC-coupling is removed, read-out electrodes implanted  onto the resistive layer
• Inter-pad  resistors (or isolating trenches) added to create a “cage” where the signal is confined
• Signals are read out via the closest DC electrodes; leakage current removed at each electrodes
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Ø Pier Simone Marrocchesi - Pisa.
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o Clear  entrance window 
ü  Better Fill Factor

o  Small SPAD sizes:
ü  High Dynamic range
ü  Better Radiation Tollerance 

o  All the contacts on one side:
ü  Easy to couple Read Out Chip

o Improved VUV Photon Detection Efficiency

o Liquid Scintillators TPC (Argon, Xenon..)
o Imaging in Liquid Scintillators
o High radiation environments
o Cherenkov detectors

o High dynamic ranges Calorimeters
o TOF-PET

Main Features
Applications

1. Design new cell (must limit Crosstalk, AfterPulse, Dark 
Count rate) DONE

2. Bulk removal (keeping flat surface: ‹ 1 µm) DONE
3. Plasma doping on backside (dopant)  
4. Laser annealing (activation of dopant)

Main Technological Challenges 

Ø Alessandro Montanari – Bologna



Manuel Rolo [INFN] 3
2

ARCADIA 
Advanced Readout CMOS Architectures with Depleted Integrated sensor Arrays 

ARCADIA: customized 110nm CMOS sensor design and fabrication platform on LF11is technology

Sensor R&D and Technology, CMOS IP Design and Chip Integration, Data Acquisition 

MD3: system-grade full-chip FDMAPS for Medical (pCT), Future Leptonic Colliders and Space 
Instruments

Scalable FDMAPS architecture with very low-power: 10 mW/cm2

Fully-depleted monolithic active micro strips with fully-functional embedded readout electronics

Ongoing R&D for the implementation of monolithic CMOS sensors with gain layer for fast timing

Custom BSI process allow to develop fully-depleted thick sensors (400μm) for soft X-ray imaging

Ø Manuel Dionisio Da Rocha Rolo - Torino

HR n+ Wafers with 
backside lithography

HR n+ Wafers without 
backside lithography

p+ Wafers with 
double epic

Wafer split with p-gain implant 
underneath the n+ collecting electrode



Manuel Rolo [INFN] 3
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Pixel size 25 µm x 25 µm, Matrix core 512 x 512
1.28 x 1.28 cm2 silicon active area, “side-abuttable” 
Triggerless data-driven readout, clockless pixel 
matrix
Event rate up to 100 MHz/cm2)

High-rate operation (16 Tx)*: 17-30 mW/cm2

Low-power operation (1 Tx): 10 mW/cm2

ARCADIA

*configurable data transceiver driving strength

Cosmic rays
(tilted sensor)

90Sr
(collimated 1mm)

90Sr
(uncollimated) 241Am

X-ray setup  (2 mA, 40 kV) with W tube (8.40 - 9.67 keV)

Ø Manuel Dionisio Da Rocha Rolo - Torino
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• PHI’s idea: SRAM-based (Static Random Access 

Memory) FPGA as a compact hadron fluence 
counter
– Configuration SRAM (CRAM) for sensing + 

programmable fabric for readout
• Compact and low-power (~0.7 W) system [1]

– Only COTS components, radiation-hardened by 
design (RHBD)

PHI - Programmable HIgh-energy-hadron fluence monitors

R. Giordano - PHI 34

CRAM (59 Mb)SRAM-based FPGA
CMOS 28 nm

Programmable fabric 
(RHBD readout logic)

Single chip

[1] R. Giordano et al., doi: 10.1109/TNS.2023.3265740
[2] PCT/IB2023/050417 filed on Jan. 18, 2023

[2]

Ø Raffaele Giordano - Napoli



FPHI - Proton Beam Test Results

R. Giordano - PHI 35

E=228 MeV
False counts

CRAM

• s(Energy, VDD) monoenergetic protons, 
tunable energy in 70-228 MeV range

• Six samples tested,  average 
– fluence 2.1·1012 p/cm2 per sample
– flux 6.7·108 p/(cm2s)

• First usage of an FPGA to image a proton 
beam

Ø Raffaele Giordano - Napoli
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uRANIA-V
Resistive Gaseous Detectors for thermal neutron detection

G. Bencivenni1

I. Balossino2, G. Cibinetto2, R. Farinelli2, G. Felici1, I. Garzia2, M. Gatta1, 
M. Giovannetti1, S. Gramigna2, L. Lavezzi4, G. Mezzadri2, G. Morello1,

G. Papalino1, M. Poli Lener1M. Scodeggio2

1 LNF– INFN, Italy
2 INFN – Ferrara, Italy

4 INFN – Torino, Italy

Giovanni Bencivenni , LNF – INFN, Consuntivi CSN5, Lecce 9 April 2024

Ø Giovanni Bencivenni - LNF

The μ-RWELL

The μ-RWELL is a resistive MPGD composed of two elements: 
• Cathode suitably coated with 10B
• μ-RWELL_PCB:
‒ a WELL patterned kapton foil (with Cu-layer on top) acting as

amplification stage
‒ a resisitive DLC layer(*) with ρ50÷100 MΩ/□
‒ a standard readout PCB with pad/strip  segmentation

The “WELL” acts  as a multiplication channel  for the 
ionization produced in the drift gas gap.

The resistive stage ensures the spark amplitude quenching. 
Drawback:  capability to stand high particle fluxes reduced, 
but largely recovered with appropriate grounding schemes 
of the resistive layer

G. Bencivenni et al., The micro-Resistive WELL detector: a compact spark-protected 
single amplification-stage MPGD, 2015 JINST 10 P02008

Giovanni Bencivenni – Laboratori Nazionali di Frascati - INFN

5

The converter geometries

planar 10B-cathode
planar 10B-cathode + 10B-coated mesh

10B-grooved cathode 

Giovanni Bencivenni – Laboratori Nazionali di Frascati - INFN
6

The μ-RWELL results

Custom FEE by LNF electronic pool based on CR-200 & CR-110

Giovanni Bencivenni – Laboratori Nazionali di Frascati - INFN

Efficiency (@25meV)   2 × Efficiency (HOTNES)

Planar reference 10B cathode

10B grooved cathode:
e- extraction from grooves

10B mesh: higher HV due to e-
extraction from mesh

9

The sRPC hybrid layout
In order to simplify the detector layout and reduce the cost of the product, particularly for potential 
applications in large area RPMs, we have introduced a new sRPC hybrid layout featuring a 10B4C cathode and 
a float-glass anode. In this layout the HV to the float-glass anode is supplied through a simple graphite 
coating (not DLC) on the external side of the glass electrode (GSC – like [*])

10B4C

neutron

α/7Li

7Li/α

-HV

+HV

CATODE

Glass

Apical
10B4C

Gas Box

Glass

Gas Box
Graphite

Giovanni Bencivenni – Laboratori Nazionali di Frascati - INFN

[*] M. Anelli et al., Glass electrode spark counters, Nucl. Instr. & Meth. A 300 (1991) 572.
14

The sRPC hybrid layout
In order to simplify the detector layout and reduce the cost of the product, particularly for potential 
applications in large area RPMs, we have introduced a new sRPC hybrid layout featuring a 10B4C cathode and 
a float-glass anode. In this layout the HV to the float-glass anode is supplied through a simple graphite 
coating (not DLC) on the external side of the glass electrode (GSC – like [*])

10B4C

neutron

α/7Li

7Li/α

-HV

+HV

CATODE

Glass

Apical
10B4C

Gas Box

Glass

Gas Box
Graphite

Giovanni Bencivenni – Laboratori Nazionali di Frascati - INFN

[*] M. Anelli et al., Glass electrode spark counters, Nucl. Instr. & Meth. A 300 (1991) 572.
14
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0 138 197 228                  1698   1760  1807       

HA1     HA2   CL                     BS                        
M2

TL3

TL2 for short axis

TL1 for long axis

M1 Attenuator

M3

Doublet
with
window

Substrate

331

106

Laser

Optical Components
Element Part.-No.
Attenuator substrate M460005
Compensator substrate M460006
Mirror, M1 M410002
Lens TL1 48x48 M420020
Lens TL2 48x48 9620060
Lens TL3 Ø72 M430013
Mirror, M2 M410002
Homogenizer Array HA1 1162291
Homogenizer Array HA2 1164778
Condensor lens CL Ø50 1162228
Beam splitter BS 1189445
Field lens FL Ø50 1166002
Mirror, M3 M410002
P-lens (doublet) 1207874
Window Ø50 x 2 mm² M410022

FL       Mask

energy detector

2383

2580

Remarks:
� All optics mounts are designed for attachment to BOSCH aluminum profiles and for 90 mm beam height (optical axis)
� At least +/- 20 mm adjustment range with respect to the design positions required for every optics mount! 
� Exit window is attached to the doublet.
� Distances between laser, attenuator, mirror M1, telescope, mirror M2 and homogenizer may be choosen arbritrarily, but should be as short as possible.
� Mirror M3 might be placed anywhere between the mask, and 300 mm behind the mask
� Mirror M3 has observation possibilities (mount drawing „UmlenkeinheitMB“), mirrors M1 and M2 have not (mount drawing „UmlenkeinheitOB“)
� TL3 is mounted directly in a xyphi-mount (drawing „XYPHI“)
� TL1, TL2, CL and FL are mounted on mounts as shown in the drawing „XYPhi_Zyli“

Optics Set 248nm for the Univ. Padova

optional 
aperture

N3G: Next Generation Germanium Gamma detectors
Ø Davide De Salvador – LNL



n+(Sb)

p+(B) [V+]

n

Passivation

The boron junction is thin,  
and easily segmentable

The lithium junction is thick 
and not stable under annealing
treatments

Thin and thermally stable n-type dopants 
(Pulsed Laser Melting).

p-HPGe with segmentable
n+ junction collecting 

electrons.

Polarity inversion demanded 
to test higher damage 

resistivity (hole trapping by 
neutron damage)

p-HPGe
bulk

E

eh

ϒ

Schematic coaxial segmented p-type detector
Ø Davide De Salvador – LNL
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FBK
Sensors & Device Center

Microfabrication Area
• Clean Room Detectors 700 m2; Class 10/100 0,8 um CMOS pilot line , 
fully equipped for device realization on 6-inch wafers
• Clean Room MEMS 500 m2 Class 100/1000

Testing Area 300 m2 manual and automatic parametric testing

Integration Area 100 m2 clean room Class 1000

3D Integration Laboratory equipped with Wafer Bonding/Debonding and 
Wager Grinding for back-side illuminated sensors and wafer-level 
integration

FBK-SD at a glance

~ 90 researchers
~ 30 technicians
~ 20 PhD students
~ 2000 sq metres 

labs

~9Meuro
total budget
~50% from 

local government
~30% from 

competitive funds
~20% from

directly 
commissioned
activities

https://sd.fbk.eu/en/

https://sd.fbk.eu/en/infrastructure/

Ø Maurizio Boscardin – FBK – Trento
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FBK-SD-CRS
Silicon Detectors Technologies Ø Maurizio Boscardin – FBK – Trento
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Detectors for Space



Development of an INNOVATIVE instrument to detect low energy atoms (1-
100 keV), such as Energetic Neutral Atom (ENA) for Magnetospheric Imaging
in Space

o GOAL: obtain global images of magnetosphere dynamics for possible
SpaceWeather applications

o HOW: using a «gas calorimeter» based on Micro-Pattern Gas Detector
(MPGD) technique and a read-out system able to provide a 3D track
reconstruction of the particles

o Low-cost fabrication together with the robustness of the electrode
materials of MPGD make it extremely attractive for harsh environment
(like a space mission)

SWEATERS
(Space WEATher Ena Radiation Sensor)

42

Muon tracks at NTP in the SWEATERS detector. Clustering and 
µTPC tecniquies used for track reconstruction

SWEATERS detector concept

Ø Federico Pilo – Pisa



Monochromatic He energy reconstructed by 
SWEATERS at 100 mbar 

3.0 keV He+

3.5 keV He+

4.0 keV He+

4.5 keV He+

4.5 keV He+

5.0 keV He+
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SWEATERS - R&D status
ü The MPGD technology, specifically MICROMEGAS, has been

selected: MICROMEGAS.

ü It has been demonstrated that MICROMEGAS can operate
effectively at low pressure levels, down to 50 mbar

ü The detector can detect ionized atoms with energies below
keV for light atoms

ü Measurement of atom energies with adequate resolution has
been achieved

qR&D efforts on the detector windows and direction
reconstruction strategies are currently ongoing

SWEATERS 
@ INFN CSN5

• Started on 
01/2020

• 3 years

SWEATERS ASI-INAF – Phase 
B

• Started 04/2024

• 3 years

• P.I.: INAF

• INFN responsible for gas 
detector and electronics 
R&D SWEATERS MICROMEGAS amplification factor

Ø Federico Pilo - Pisa



SWEATERS

Ion beam test facility @ INFN Pisa
A dedicated facility for SWEATERS and 
UTMOST programs

• H, He, N ion beams with energies up 
to 5 keV

• Space Environment Simulation and 
Calibration for the SWEATERS
detectors (with Micro positioning 
stages and differential  pumping)

• UTMOST ultra-thin membranes 
characterization with ions 
(transparency, charge state, angular 
scattering)

44

PRIMARY 
TURBO 
PUMP

MM on XY 
linear STAGE

ION 
SOURCE



VACUUM … (Space?)

DRIFT VOLUME
(< 30 mbar Pressure)

ENTRANCE WINDOW

ELECTRODE
AVALANCHE VOLUME
(< 80 mbar Pressure)

Atom (H, He, O …)

UTMOST 
(UlTrathin Materials fOr gaSeous deTectors)
 

Integrating ultra-thin material-based technologies into a highly INNOVATIVE GAS DETECTOR

45

1. To create an 
entrance window 
for atoms with 
energies below 10 -
20 keV 2. To produce an ultra-

thin electrode to 
maintain a pressure 
difference between 
the drift zone and the 
avalanche zone.

3. To combine the two 
technologies into a 
highly innovative gas 
detector based on 
MICROMEGAS 
technology

Ø Federico Pilo - Pisa



UTMOST – R&D Status 
Started 2024, 3 years, CSN5 financed

Si3N4 membrane, 8 nm thickness

Single graphene crystal on copper 
support with single hole (dia. 200 um)

46

Studies on GRAPHENE and Si3N4 FOILS for the
Ultra-thin Electrode
• Electron transparency test
• GOAL: >50% even for energies of a few eV

Studies on CARBON FOIL as EntranceWindow
• Differential pressure test and optimization of

mechnical support structures
• GOAL: > 100mbar without any damage

Ø Federico Pilo - Pisa



Large area full-custom 180nm CMOS readout 
ASIC (XPOL) 

A long history of X-rays detectors

3k chs
22k chs

110k chs

from a first step in CSN5 … to the IXPE mission in orbit

X-ray energy, polarimetry and timing 
measurement in the 2-8 keV energy 
range at Low Earth Orbit (LEO)

47

Ø Massimo Minuti - Pisa



The XPOL readout chip 
Technology 180nm CMOS

Active Area 15.2 X 15.2 mm^2

Number of pixels 107.008 (304 X 352)

Physical pitch 50 um 

Shaping time 1us

Pixel Noise (ENC) 30 e-

Full scale linear range (FSLR) 30 ke-

Minimum trigger threshold 150 e-

Maximum Readout Freq. 20MHz

Self triggering, event-driven analog readout.

Position, Energy and Time of Arrival in one shot! 48

Ø Massimo Minuti - Pisa

A long history of X-rays detectors



Cryogenic detectors development and test
INFN Pisa and Physics Department
• 50 m2 ISO7 cleanroom (classe 10000) + sub-Kelvin test facilities

• spin coater, optical lithography (also maskless) thermal evaporation, RIE
• 3-He sorption fridge, 1 dry dilution fridge + 1 being procured

• KIDs for dark matter, TESs for particle physics and Cosmic Microwave Background, superconducting
QuBITs, parametric amplifiers, Rydberg atoms

• Readout electronics, SQUID tests, cryogenic LC filters, multiplexing
• Tests with optical and radioactive sources
• Synergistic activity b/w HEP, solid state research and teaching

49



BULLKID: BULky and Low-threshold Kinetic Inductance Detector

• Goal: development of a monolithic multipixel 
array of phonon detectors for Coherent 
Neutrino Scattering and light WIMP-like particle

• Method: Implementation through carving on a 
thick Si wafer of dices, sensed  by phonon-
mediated KIDs. 

• Variation of the kinetic inductance in 
superconductors to detect dark matter

• Large mass detectors with natural multiplexing 
readout

• Each channel includes a LC resonator tuned at 
different frequency.

Carving of dices in a thick silicon wafer
bottom view

3”

5 mm

0.5 mm thick common
disk:
- holds the structure
- hosts the KIDs

4.5 mm deep grooves
- 6 mm pitch
- chemical etching

side/top view

Lithography of multiplexed KID array 

KID array
- 60 nm aluminum film
- 60 KIDs lithography

Ø Angelo Cruciani – Roma

Ø Andrea Mazzolari 
Ferrara



• Achievment:

- developed a 60 pixel array with energy 
threshold of 160 eV 

- Single pixel does not exhibit excess down to the 
threshold

• Timeline

2019-23: R&D supported by INFN and Sapienza

2023: Awarded with a CoG ERC (HI: Sapienza, Ben: 
INFN, CNRS)

2024 -: Started experiment (INFN, CNRS, KIT, 
UNAM) for the search of light WIMP-like particles 
at Gran Sasso.

BULLKID / Vignati -

Relationship of DANAE to other projects
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Dark Matter experiment

DANAE

Objective:  
full stack operated at Sapienza

200 ÷ 50 eV threshold

0.6 kg (Si) or 
1.3 kg (Ge)0.6 kg (Si) 

BULLKID: BULky and Low-threshold Kinetic Inductance Detector
Ø Angelo Cruciani – Roma
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Quantum Sensors
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DARTWARS: Detector Array Readout with Traveling Wave AmplifieRS

Status Report

Andrea Giachero
University & INFN of Milano-Bicocca

Project selected for the tematic call:
”Sviluppo di tecnologie quantistiche per i settori di fisica di interesse INFN”

Development of high performing parametric amplifiers following two different promising approaches (KI-
TWPA, JTWPA) and exploring new design solutions, new materials and advanced fabrication processes; 

Readout demonstration of various detectors/components (TESs, MKIDs, microwave cavities and qubits) 
with improved performances due to a parametric amplification with a noise at the quantum level

Low-noise microwave amplifiers play a central role in different applications

Ultralow-noise broadband amplifiers are suitable readout devices for cryogenic detectors, superconducting qubits, and have a
variety of applications in quantum sensing and quantum communication.

Ultra Low Noise
Parametric Ampli�er

Quantum bits

Microwave Kinetic 
Inductance Detectors
(MKIDs)

Transition Edge Sensor
(TES)

Metallic magnetic calorimeters 
(MMC)

Microwave cavities 
Multiplexing 
readout

Microwave
photons

source

Entangled microwave photons

Squeezed-state microwave
radiation source

Microwave quantum 
key distribution

Quantum radar

Quantum illumination

• These applications needs broadband operation, minimum added noise, and perfect information preservation;

• Traveling-Wave Parametric Amplifiers (TWPA) are (near) quantum limit amplifiers that have emerged as the leading
technology to match these requirements.

Andrea Giachero CSN5 Meeting Virtual, September 15, 2023 3 / 13

Ø Andrea Giachero 
Milano Bicocca
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DARTWARS: Detector Array Readout with Traveling Wave AmplifieRS

The principal objectives of DARTWARS are

1. The practical development of high performing parametric amplifiers following two different promising approaches
(KI-TWPA, JTWPA) and exploring new design solutions, new materials and advanced fabrication processes;

2. The read out demonstration of various detectors/components (TESs, MKIDs, microwave cavities and qubits) with
improved performances due to a parametric amplification with a noise at the quantum level;

The technical goal is to achieve

• a gain value around 20 dB, comparable to HEMT;

• a high saturation power (around -50 dBm);

• quantum limited or nearly quantum limited noise
(noise temperature < 600 mK)

• reduction of the gain ripple and yield improvement.

KI-TWPA - design L1 - version 1, 2023

Andrea Giachero CSN5 Meeting Virtual, September 15, 2023 1 / 13

KITWPA: production of the half-size amplifier

KITWPA in the copper box

SEM pictures of the fabricated KI-TWPA. 

• The first KI-TWPA prototype based on the preliminary half-size layout L1 has been produced early in 2023;

• Device composed of 523 super-cells with a length of about 17 cm. Gain expected in the (7−11) dB range;

• Characterization results from these preliminary amplifiers are be crucial in refining the final design;

Andrea Giachero CSN5 Meeting Virtual, September 15, 2023 9 / 13

KITWPA: production of the half-size amplifier

KITWPA in the copper box

SEM pictures of the fabricated KI-TWPA. 

• The first KI-TWPA prototype based on the preliminary half-size layout L1 has been produced early in 2023;

• Device composed of 523 super-cells with a length of about 17 cm. Gain expected in the (7−11) dB range;

• Characterization results from these preliminary amplifiers are be crucial in refining the final design;

Andrea Giachero CSN5 Meeting Virtual, September 15, 2023 9 / 13

KITWPA: two different designs

60-6 

2 cm

1 cm

0
.5

 c
m

2
 c

m

Design L1: 553 super-cells (half-size)

Expected gain
G = 10 dB

Expected gain
G = 20-30 dB

Design L2: 1000 super-cells (full-size)

Andrea Giachero CSN5 Meeting Virtual, September 15, 2023 8 / 13

Ø Andrea Giachero 
Milano Bicocca



ub-IT
Main Objective:

Realization of an itinerant single-photon counter that surpasses 
present devices in terms of efficiency and low dark-count rates by 

exploiting repeated QND measurements of a single photon and 
entanglement in multiple qubits.

Specific Objectives:

1. Design and simulation of SC qubits coupled to resonators
2. Fabrication of circuits with SC qubits

3. Single-shot measurement of SC qubits with quantum amplifier
4. Control of SC qubits with FPGA board 

5. Quantum sensing experiments with entangled qubits

Synergies with:

Quantum Amplifiers

Superconducting circuits

Cryogenic measurements

Ø Claudio Gatti - LNF



Superconducting Qubits in a 3D Cavity

Design and simulation of qubit in 3D cavity

Qubit in 3D cavity from external collaborations

3D Qubit fabrication within the Collaboration 

Qubit characterization Appl. Sci. 2024, 14, 1478.

ub-IT
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12.09.2022 UNIDET - CSN5 Perugia 2

La motivazione:
Continuous Variable Quantum Computing

Un approccio alternativo al Linear Optics Quantum Computing 
(QUANTEP).

Serve un rivelatore che possa fare:

– homodyne measurement

– photon number resolving detection

M. Lobino et al., Integrated photonic platform for quantum information with continuous variables, 

DOI: 10.1126/sciadv.aat9331

R. Cheng et al., Unveiling photon statistics with a 100-pixel photon-number-resolving detector, 

DOI: 10.48550/arXiv.2206.13753

UNIDET: UNIversal DETector for Quantum Light

ü Realization of an integrated detector for both single photon number resolving detection and homodyne mesurements.
ü Base for the realization of a complete integrated structure for quantum computing.
ü Several photon number integrated detectors are the basis for a fully integrated quantum computer.
ü Homodying can be used for innovative techniques for the generation of quantum numbers.

Ø Mirko Lobino – Trento
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Multidimensional nANodevice archItectures  
For lOw-perturbation singLe-ion Detection (MANIFOLD) 

Motivazione scientifica e scopo 

Project rationale: activity organized in three WPs 

Organizzazione  
nanotubes or nanowires 

 
2D crystals 

• diluted ion beams explore the space around a nanoelectronic device 
based on a semiconductor nanotube/nanowire or a 2D crystal.  

• non-linear electro-optical or plasmonic coupling with the 
nanomaterial is detected electrically in the device 

TRAVELLING IONS INTERACT WITH   
nanotubes or nanowires 

 
2D crystals 

• diluted ion beams explore the space around a nanoelectronic device 
based on a semiconductor nanotube/nanowire or a 2D crystal.  

• non-linear electro-optical or plasmonic coupling with the 
nanomaterial is detected electrically in the device 

TRAVELLING IONS INTERACT WITH  NANOSTRUCTURE  ARRAY  DETECTOR  TESTED  IN  THE  ‘’ASIDI’’  CHAMBER - AN2000 @LNL 

AN2000  
camera irraggiamento ASIDI ()  
fasci collimati (sub)micrometrici 

ASIDI double micro-collimator Current beam manipulation 

cinematica parallela, 6 gradi di libertà 
allineamento real-time al fascio collimato 

NUOVA CONFIGURAZIONE: 

integrazione di un  
secondo nano-posizionatore 

CNTs ARRAY DETECTOR WORKING PRINCIPLE  
(NAIVELY) 

NANOSTRUCTURE  ARRAY  DETECTOR  TESTED  IN  THE  ‘’ASIDI’’  CHAMBER - AN2000 @LNL 

AN2000  
camera irraggiamento ASIDI ()  
fasci collimati (sub)micrometrici 

ASIDI double micro-collimator Current beam manipulation 

cinematica parallela, 6 gradi di libertà 
allineamento real-time al fascio collimato 

NUOVA CONFIGURAZIONE: 

integrazione di un  
secondo nano-posizionatore 

CNTs ARRAY DETECTOR WORKING PRINCIPLE  
(NAIVELY) 

Ø Francesco Rossella - Pavia



Ø Alessandro D’Elia - LNF

• Fabrication of NbSe2 JJ with 
controllable thickness ( 
electrodes and insulating layer)

• NbSe2 JJ electrical 
characterization at cryogenic 
temperature and in presence of 
strong magnetic field

• Test of NbSe2 JJ as microwave 
single photon detector 
(operating in a 9 T Magnetic 
field)



Superconducting Quantum Devices & Experiments at FBK

Hy-QMS

Goal: Development of superconducting quantum circuits

• Josephson junctions (Al/AlOx/Al & other materials)
• Quantum-limited amplifiers (TWPAs, JPAs)
• Qubits (transmons)

Activities: Design, simulations, microfabrication, optimisation of cryogenic 
set-ups, cryogenic measurements, final experiments

Facilities:
• State-of-the-art microfabrication/packaging cleanrooms
• Analysis/characterisation tools (SEM/EDX/EDS, AFM, TOF-SIMS, XPS, …)
• Cryogenic laboratory (Tb = 10 mK) under construction

Applications: Quantum sensing, cQED experiments, cryogenic detectors Projects:

Josephson
junction

qubit #1

qubit #2

Travelling Wave Parametric Amplifier

Ø Federica Mantegazzini – FBK – Trento
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Flexible and Organic Detectors
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Flexible organic Ionizing 
Radiation dEtectors

RM3

FIRE substrates → PHOX(OTFT-DECT) 

Ø Beatrice Fraboni 
Bologna

Innovative flexible and large area radiation detectors based on Organic Thin Film
Transistors (OTFTs) in both direct and indirect configurations. We aim at detecting
different radiation fields (X and gamma-rays, protons and neutrons) by tuning the
optical and electrical properties of organic materials through their molecular
structure. As a final result, FIRE will develop, implement and validate in relevant
environment 2 DEMOs based on flexible, low-power 2D pixel detector matrices (up to
2x2 pixels) equipped with dedicated read out electronics.

Flexible OTFTs (Organic thin film tranistors)

Flexible organic Ionizing Radiation dEtectors
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Ø Beatrice Fraboni 
Bologna
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40 kVp (fino a 150kVp)
Dose rate = [12 – 61.3] mGy/s
VD = -3V; VG = -2 V

 Caratterizzazione sotto irraggiamento dei 4 OTFTs appartenenti
alla stessa matrice 2x2 e basati su TIPS-Pn
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Equation y = a + b*x

Weight Instrumental

Residual Sum of 
Squares

9.26943

Pearson's r 0.99943

Adj. R-Square 0.99829
Value Standard Error

Photocurrent
Intercept 2.30769E-7 3.921E-9
Slope 7.14377E-9 1.70678E-10

 Ottime performance di 
rivelazione per tutti e 
quattro I dispositivi
testati.

 Buona linearità
 Sensitivity > 10 uC/Gy cm2

 Bassa V operativa: 2-3V

PHOX: OFTF-DECT
Semiconduttore TIPS/TIPGe-pn

• Response trend under protons of full detectors follows the OPT one under =460nm
• Response is proportional to the proton flux, signal amplitudes are comparable for both 

types scintillators
• LoD values as low as 1.9×104 H+ cm-2 s-1 (0.026 Gy min-1) in line with the proton rate 

required for the target application
Good optical coupling
No damage/irradiation of the OPT

NEPRO: (OPT + Scintillatore)
IRRAGGIAMENTO PROTONI 5MeV 

Task 2.1 design and implementation of organic phototransistors (OPTs) for UV-Vis radiation detection 

NEPRO: Test@TIFPA

LOGGER POWER SUPPLY

TIA

DORIAN

IONIZATION
CHAMBER

PROTON
SOURCE

Scintillator performance
Two main critical features must be considered for the develop-
ment of an indirect ionizing radiation detector. The first concerns
the proper matching between the scintillation light wavelength
and the optical absorption of the OPT active layer. The second one
is to employ as OPT active layer an organic semiconductor with
high field-effect mobility (µFE), which is directly proportional to the
OPT responsivity32,33. The most suitable solutions at the state-of-
the-art are summarized in Table S1. The optimal coupling between
the chosen blue emitting scintillator and the air-stable, high-
mobility DNTT semiconductor is shown in Fig. 2a. The ion beam-
induced luminescence (IBIL) spectra of the scintillators under
irradiation with 2 MeV protons and the UV–vis absorbance
spectrum of the DNTT film show a good overlapping, assuring
spectral matching between the light emitting sensor (siloxane)
and the photoconverter (DNTT sensitized OPT).

The herein-used PSS100 and PVP-MPS-based scintillating films
present an optimal combination of mechanical and optical
properties, which make them suitable candidates to be coupled
with a light detector fabricated onto a flexible substrate. The
elastomeric nature of polysiloxanes is well known, having glass
transition temperature well below room temperature
(−125 ÷−90) °C. They are soft and pliable, with an elongation
at break in the range (100 ÷ 500) % tensile strength around
(5 ÷ 10) MPa and Young modulus variable between 1 MPa and
3MPa, although the presence of phenyl side groups might affect
these features34. It is evident that well-performing plastic
commercial scintillators (e.g., EJ-212) have much more limited
flexibility, due to their rigid base polymers, i.e., polystyrene or
polyvinyltoluene (Fig. 2b).
Figure 2c reports the pulse height spectra of 0.5 mm thick

samples of PSS100 and PVP-MPS scintillators exposed to 241Am
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Fig. 1 Flexible fully organic indirect proton detector. a Detector cross-section scheme. The layer dimensions and relative thicknesses are out
of scale. Chemical structures and thicknesses of the organic semiconductor and the scintillator layers are also indicated. b Flexible indirect
proton detector 2 × 2 matrices. c, d Monte Carlo simulations of a single treatment run, reaching a total dose of 2 Gy on the cancer volume by
protons irradiation with energy in the range (162 ÷ 197) MeV: dose distribution as % of 78 GyRBE (c) and dose-average LET distribution as % of
4 keV µm−1 (d). e Simulated curves of the energy loss of each 5MeV proton impinging in PSS100-(red) and PVP-MPS-(green) based
scintillators. The area below the curves corresponds to the total energy released inside the material. f Reliability of the detector response
benchmarked by measuring the photocurrent signal rise upon irradiation with a fixed proton flux (i.e., 6.5 × 107 H+ s−1 cm−2) at the beginning
of the experiment, i.e., unirradiated device, and after fixed total proton irradiation (2 × 1010 H+ and 3 × 1010 H+). The yellowish region indicates
the temporal window typical of a proton therapy run.

S. Calvi et al.
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Scintillator performance
Two main critical features must be considered for the develop-
ment of an indirect ionizing radiation detector. The first concerns
the proper matching between the scintillation light wavelength
and the optical absorption of the OPT active layer. The second one
is to employ as OPT active layer an organic semiconductor with
high field-effect mobility (µFE), which is directly proportional to the
OPT responsivity32,33. The most suitable solutions at the state-of-
the-art are summarized in Table S1. The optimal coupling between
the chosen blue emitting scintillator and the air-stable, high-
mobility DNTT semiconductor is shown in Fig. 2a. The ion beam-
induced luminescence (IBIL) spectra of the scintillators under
irradiation with 2 MeV protons and the UV–vis absorbance
spectrum of the DNTT film show a good overlapping, assuring
spectral matching between the light emitting sensor (siloxane)
and the photoconverter (DNTT sensitized OPT).

The herein-used PSS100 and PVP-MPS-based scintillating films
present an optimal combination of mechanical and optical
properties, which make them suitable candidates to be coupled
with a light detector fabricated onto a flexible substrate. The
elastomeric nature of polysiloxanes is well known, having glass
transition temperature well below room temperature
(−125 ÷−90) °C. They are soft and pliable, with an elongation
at break in the range (100 ÷ 500) % tensile strength around
(5 ÷ 10) MPa and Young modulus variable between 1 MPa and
3MPa, although the presence of phenyl side groups might affect
these features34. It is evident that well-performing plastic
commercial scintillators (e.g., EJ-212) have much more limited
flexibility, due to their rigid base polymers, i.e., polystyrene or
polyvinyltoluene (Fig. 2b).
Figure 2c reports the pulse height spectra of 0.5 mm thick

samples of PSS100 and PVP-MPS scintillators exposed to 241Am
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Fig. 1 Flexible fully organic indirect proton detector. a Detector cross-section scheme. The layer dimensions and relative thicknesses are out
of scale. Chemical structures and thicknesses of the organic semiconductor and the scintillator layers are also indicated. b Flexible indirect
proton detector 2 × 2 matrices. c, d Monte Carlo simulations of a single treatment run, reaching a total dose of 2 Gy on the cancer volume by
protons irradiation with energy in the range (162 ÷ 197) MeV: dose distribution as % of 78 GyRBE (c) and dose-average LET distribution as % of
4 keV µm−1 (d). e Simulated curves of the energy loss of each 5MeV proton impinging in PSS100-(red) and PVP-MPS-(green) based
scintillators. The area below the curves corresponds to the total energy released inside the material. f Reliability of the detector response
benchmarked by measuring the photocurrent signal rise upon irradiation with a fixed proton flux (i.e., 6.5 × 107 H+ s−1 cm−2) at the beginning
of the experiment, i.e., unirradiated device, and after fixed total proton irradiation (2 × 1010 H+ and 3 × 1010 H+). The yellowish region indicates
the temporal window typical of a proton therapy run.
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the operating conditions used during the measurements under
proton beam irradiation, which fits the lowest exposure times of
protontherapy treatments47,48. The increase of the drain current
(Ids) is defined as photocurrent Iph ¼ Ids;light " Ids;dark, where Ids,dark
is the Ids before illumination and Ids,light is the Ids under light
exposure. A good linearity is observed for pulse width up to 0.5 s
while, for longer exposure times, the response of the organic
semiconductor to visible light shows an increasing non-linearity at
high irradiances (see the inset of Fig. 3d), a feature that is well
recognized in literature32.
The lowest detectable optical power density in these

experimental conditions, also known as the limit of detection
(LoD), was evaluated following the IUPAC definition49, as the
minimum radiation flux that provides the signal-to-noise ratio of
3 (SNR= 3). The LoD value was obtained from a linear fit of the
photoresponse curve for pulse widths of 10 s in a low optical
power density range, as LoD= 3σ/slope, where σ is the noise

floor of the setup (Supplementary Fig. 7). The estimated value
is ≈18.5 nW cm−2.
In order to quantify the time performances of the OPT response

under pulsed illumination, both formation and decay of the Iph vs.
time waveforms were fitted with the equations:

Iformation
ph tð Þ ¼ A1 1" exp "t=τ1ð Þð Þ þ A2 1" exp "t=τ2ð Þð Þ (1)

Idecayph tð Þ ¼ A3 expð"t=τ3Þ þ A4 expð"t=τ4Þ (2)

where Ai is the amplitudes of exponential functions, and τi are the
pertaining time constants. According to50–52, the use of two-time
constants allows an accurate reproduction of the photocurrent
dynamics in the time range considered (20 s), corresponding to the
largest Iph variation, and permits quantifying the detector response-
time performance. The fits clearly show a fast and a slow component
(Fig. 3e). In the pulse formation, the fast component has time
constants from about half a second to a few tenths of seconds,

Fig. 3 Characterization of the organic phototransistor. a Phototransistor scheme (out of scale). b Sample picture. c Typical transfer
characteristics of the device before and after 100 cycles of strain bending perpendicular to the channel. Forward and reverse curves are
reported, as indicated by the up/down arrows. d Dynamic photoresponse of the OPT under different irradiations at λ= 460 nm. Exposition
time texp= 10 s, Vds=−1 V, Vgs=−3.5 V. In the inset, the photocurrent is reported as a function of the optical power for different exposition
times. e Characteristic τ of the signal formation and decay as a function of the pulse optical intensity. f OPT photoresponse to a 2200 nW cm−2

light pulse with superimposed the fitted curve (red dashed line). Details of the fast component contribution to the formation and decay (blue
line) processes are also shown.
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Polysiloxane scintillators
Polysiloxane scintillators peculiar features

64

Ø Radiation hardness
Ø Thermal resistance

Ø Transparency
Ø Flexibility

Increasing T

EJ-299 PSS100

Ø Sara Carturan – LNL
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boron compound is pointed out by the intense peaks in the region above 1200 cm−1 . On the other hand, follow-
ing the Pechini synthesis, a major contribution comes from tetragonal coordination, as demonstrated by signals 
in the range 850–1100 cm−1.

Preparation of the LiBO/ZnS:Ag-based scintillator. The Lithium Tetraborate preparation is mixed 
with a fraction of the ZnS:Ag scintillator (EJ-600 powder from Eljen Technology, Texas, USA), and then all this 
is dispersed in a PDMS matrix. Six samples were made, each with a different percentage of ZnS:Ag/LiBO mix 
(20%v/v, 30%v/v, and 40%v/v) and PDMS matrix, as well as a different weight ratio between the ZnS:Ag powder 
and the LiBO preparation (3:1 and 2:1, respectively). The weight ratios have been chosen in analogy with com-
mercial scintillators. Taking into account that all the thermal neutron measurements of the proposed scintillator 
have been benchmarked against the EJ-420 commercial scintillator, similar formulations have been synthesized 
to get a more direct comparison.

In Fig. 4a,b, two of the LiBO/ZnS:Ag-based scintillators produced are shown, all of them with the same 
physical characteristics: white color, excellent flexibility, a diameter of 50 mm and thickness of ∼ 0.4 mm. In 
Fig. 4c the commercial analog detector EJ-420 ( 2′′ dia. ×2′′ thick.), from Eljen Technologies Texas-USA, is shown 
for comparison purposes. As can be seen, the EJ-420 is supported and surrounded by a rigid plastic material.

Flexibility of the LiBO/ZnS:Ag-based scintillator. A flexibility test was performed on the LiBO-based 
scintillator. For comparison purposes, the same test was executed on the EJ-426 detector, from Eljen Technolo-
gies Texas-USA. The EJ-426 thermal neutron detector has the same composition as the EJ-420, but the material 
is dispersed in a colorless binder, producing a thin composite layer of about 0.25 mm displaying minimal flex-
ibility. The test consists of holding a scintillator piece from two edges, then approaching these points over the line 
that connects them in order to bend the material at decreasing radii, with no restrictions on the bending radius, 
as shown in Fig. 5. As can be observed the ZnS:Ag/LiBO/PDMS scintillator can easily reach a small curvature 

a

ZnS:Ag/LiBO(40% v/v)/
PDMS(60% v/v)

ZnS:Ag/LiBO(20% v/v)/
PDMS(80% v/v)

EJ-420

b c

Figure 4.  Pictures of two samples of the LiBO/ZnS:Ag-based scintillators produced (a) ZnS:Ag/LiBO (3:1) 
(40% v/v)/PDMS and (b) ZnS:Ag/LiBO (3:1) (20% v/v)/PDMS. (c) Commercial EJ-420 thermal neutron 
detector.

RC = 16.0 mmRC = 34.4 mmEJ-426

RC = 2.4 mm RC = 4.9 mm RC = 1.5 mmDMS-V21/LiBO

Figure 5.  Pictures of the commercial scintillator EJ-426 (top row) and the ZnS:Ag/LiBO/PDMS detector 
(bottom row) clamped in a vice and bent at decreasing curvature radii.



SHINE
Plastic Scintillators PHantom vIa additive maNufacturing

tEchniques

Ø Anna Paola Caricato – Lecce

3D printed scintillators

• UV curable siloxane through sol-gel
chemistry

• Assessed formulations as for light yield
and printability

Tomorrow (SPACAL modules)

Cs4PbBr6



Perovskite hadron detector

MAIN AIM:
Development of the first PEROVSKITE (Hybrid and Inorganic) film-based real-time 

direct detector for PROTONS and IONS, as beam monitor for hadron therapy and as 
beam test tool for high-energy experiments, realized on flexible substrate. 

ANEMONE
hAdroN bEam MONitoring by pErovskite based detectors

i) Unravel the interaction of charged particles with nanostructured hybrid 
and inorganic perovskite films to design novel detectors. 

ii) Design and optimization of the most performing PVK-based active layer 
(hybrid and inorganic) and detector layout for hadron detection.

iii) Test under relevant proton/ion irradiation and dosimetric 
characterization for beam monitoring application during hadrontherapy 
treatments. 

OBJECTIVES:

Solution grown 2D perovskites on Kapton
flexible substrate

66Ø Laura Basiricò - Bologna



GOALS  fabrication and 
characterization of flexible and 

large-area detectors for thermal and 
fast neutrons based on hybrid halide 

perovskites and organic polymers. 

For the detection of thermal 
neutrons we will exploit the coupling 
with 3D microstructures of 10B, while 
the detection of fast neutrons will be 
based on the intinsically high density 

of H atoms.

– flexiBlE hYbrid neutrON Detectors –
Grant for young reasearchers funded by 

CSN5 – INFN 

DETECTION MECHANISMS

ADVANTAGES
The main advantage offered by BEYOND is the 
possibility of deposit the semiconductor 
(polymer or perovskite) from solution 
by low-cost, low-tech and
low-temperature deposition
techniques easy-scalable 
onto large and flexible 
surfaces.

WEREABLE, REAL-TIME 
and IN-LINE
PERSONAL 

DOSIMETERS 67

Ø Ilaria Fratelli - Bologna



α-converter DEPOSITION
3D PILLARS micropatterning

by photolithography technique

2D HYBRID PEROVSKITE 
deposition optimization

MONTE CARLO 
simulation (Geant4)

TEST under 
NEUTRONS and 

other RADIATION

10B/Ti multilayer deposition by 
RF magnetron sputtering
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Detectors for Medical Applications



■ Medipix4 international Collaboration based at CERN
❑ 20 members, 2 ASICs
❑ INFN joined in 2020

■ Scientific goals: development of hybrid pixel detector 
ASICs
❑ 2 ASICs for 4-side buttable large pixel detectors thanks to 

vertical integration (Through Silicon Via)
❑ Spectroscopic X-ray imaging at rates compatible with 

medical CT scans (Medipix4)
❑ Single-threshold particle tracking detector chip with 

improved energy and time resolution and data-driven 
architecture (Timepix4)
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Timepix4

Timepix2

Medipix4

Ø Massimiliano Fiorini – Ferrara

MEDIPIX4



❑ Main interest of INFN groups:
❑ Medical imaging, nuclear medicine, dosimetry, 

particles tracking
❑ Visible photon detector (ERC-funded 4DPHOTON 

project) with excellent timing and position 
resolutions.

Massimiliano Fiorini (Ferrara)
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Medipix Collaboration Meeting in Ferrara (June 2022)

Measurement setup in Elettra Synchrotron (October 2023)

PRELIMINARY

MEDIPIX4



SYSTEM CHARACTERIZATION - PEPI Laboratory

L. Brombal 
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PEPI laboratory is a new multimodal X-ray imaging setup integrating 2 cutting edge technologies: 1. A Chromatic High-Z 
detector (Pixirad-PixieIII) and 2. Phase contrast imaging through the propagation-based and edge-illumination techniques

PEPI is a project funded by the Young researchers grant  programme – CSN5 – INFN 

Brombal, Luca, et al. 
Scientific Reports 13.1 
(2023): 4206.

Ø Luca Brombal – Trieste



R&D on primary beam monitors and Prompt Gamma 
Timing for particle therapy (MERLINO&SIG)

SIG aims at exploiting thin silicon sensors and picoTDC technologies for single particle tracking up to clinical 
beam intensity (108 part/cm2s) to
 (1) overcome the low sensitivity of ionization chamber and allow fast scanning; 
 (2) provide trigger for range verification system based on Prompt Gamma Timing (PGT).

INFN-To expertise: Detectors for Medical applications à proton and ion therapy 

Primary beam monitors
< 50 µm position resolution
< 20 ps time resolution

BEAM MONITOR
Thin LGAD and PIN 
strip sensors

PET-PGT DETECTORs
LFS + SiPM read out 

by INFN-TOFPET2 ASICs

2.7x2.7 cm2

Particle counter

Ø Simona Giordanengo - Torino



Carbon Ions beam profiles at 
3 monoenergetic beam energies

Example of carbon ions counter test at CNAO (Pavia, Italy)

Beam direction

Optimized DAQ based on CAEN picoTDC for time 
measurement of single primary particle with ~ 10 
ps bin

Sensors, ASIC and DAQ system designed 
and developed at INFN

R&D on primary beam monitors for ion therapy (SIG project)

Ø Simona Giordanengo - Torino



R&D on beam monitors for FLASH therapy and minibeams
FRIDA&MIRO

Modified from: Dalla Betta, G. F., & Ye, J. (2023). Silicon radiation 
detector technologies: From planar to 3D. Chips, 2(2), 83-101.

Top View

Side View

High Resistivity
Trench Insulation

Substrate
(low resistivity)

Vbias contact

Key features:
• Precise definition of the active volume
• Optimal insulation from surrounding 

sensors
• Small sensor size for high resolution 

measurements on single minibeam

FRIDA aims at exploting thin silicon sensors for beam monitoring of 
Ultra High Dose Rate beams needed for FLASH therapy

MIRO aims at exploiting new silicon sensors for monitoring minibeams  

FRIDA

Ø Anna Vignati – Torino
Ø Roberto Sacchi - Torino

Alessio Sarti 
Roma

Francesco 
Romano Catania



76

Tests at 9 MeV UHDR electrons @ CPFR EF in Pisa 

PiN planar silicon sensor for Ultra High Dose Rate beams

Sensors, ASIC and DAQ system designed and 
developed within INFN projects§ 3 pad sensors (pin) [eXFlu] 

§ Areas 2/1/0.25 𝑚𝑚!,	active thickness 
45/30 𝝁𝒎,	total thickness 615 𝜇𝑚)

Sensors with different areas and 
thicknesses developed in collaboration 
with INFN-ExFLU project

2 mm2 1 mm2

0.25 mm2

Uno dei 2 plot lo 
puoi togliere

Ø Valentina Sola - Torino



MICROBE_IT: MICROdosimetry-based assessment of 
Biological Effectiveness in Ion Therapy goal

Physics Biology

Field of research: particle therapy for cancer treatment
Outcome: GSM2 (Generalized Stochastic Microdosimetric Model) for predicting cell
survival and RBE (relative biological effectiveness)
Goal: improve treatment planning effectiveness, and decrease normal tissue toxicity.

Ø Chiara La Tessa - Trento



TEPC LGADs

!𝒙

4 Planes 
(𝟐 $𝐱 and 𝟐 $𝐲)

$𝐲

Real track

Mean Chord

ε
Energy deposition of all 

particles traversing the TEPC

RTL Real track length of particles 
provided by the LGADs

Mini-TEPC

Micro Plus probe

Silicon telescope

MICROBE_IT: MICROdosimetry-based assessment of 
Biological Effectiveness in Ion Therapy goal

Ø Chiara La Tessa - Trento
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Large Detectors







PANDORA  Plasma Diagnostics
- 14 HPGe detectors
- new high performances X-ray CCD camera
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