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Overview

• Procedure di presentazione e valutazione nuove proposte

• Esperimenti in continuazione

• Nuove proposte



La Commissione 5

La CSN5 coordina le ricerche tecnologiche e 

lo sviluppo di applicazioni e promuove 

l'utilizzo, In altri settori, di strumenti, metodi e 

tecnologie della fisica fondamentale. L’INFN 

è un solido riferimento a livello nazionale e 

internazionale per lo sviluppo dei futuri 

prototipi e la realizzazione degli odierni 

acceleratori di particelle. Questi sono 

utilizzati, oltre che nelle ricerche di fisica 

fondamentale, in altri campi di ricerca e della 

vita economica e sociale.
•Acceleratori di particelle

•Rivelatori di particelle

•Elettronica e software

•Applicazioni interdisciplinari della 

tecnologia INFN

1.Applicazioni mediche

2.Energetica

3.Ambiente

4.Beni culturali



Modalità presentazione 

nuove proposte



Presentazione nuove proposte

• Modalità di presentazione progetto

• Template progetto disponibile su sito CSN5

• presentazione progetto entro 10/7 tramite invio all’ indirizzo email: 
csn5.nuoveproposte@lists.infn.it

• Finalizzazione richieste/personale entro 17/7

• Revisione criteri di valutazione proposte

• Valutazione nella riunione di luglio

• Presentazione da parte del coordinatore di 5 slides (titolo e proponenti, 
introduzione, obiettivi, metodi, numeri - soldi e FTE)

• Criteri di valutazione da parte della sottocommissione:
• Impatto scientifico e sugli interessi dell’Ente

• Chiarezza degli obiettivi e delle metodologie

• Congruità economica e delle risorse

• Punteggio
• ogni voce 10pt, max 30.

• Sufficienza
• minimo 5pt per ogni voce, altrimenti cassato



Presentazione nuove proposte

• Referaggio a settembre

• Due o tre referee di cui uno della commissione

• Obbligatoria riunione con i referee prima della riunione della CSN5 per 
discutere criticità e rimodulazione finanziaria

• Presentazione plenaria da parte dei proponenti con richieste finanziarie 
finali

• Criteri di valutazione referaggio

• Stessi criteri/punteggio/sufficienza della slide precedente

• Approvazione in base alla classifica/budget suddivisi per aree (Rivelatori, 
Acceleratori, Interdisciplinare) 



Esperimenti in 

continuazione/ in 

conclusione



Riassunto Esperimenti

11 sigle in continuazione/in conclusione

• FALAPHEL [call]

• ARCADIA [in chiusura]

• ASAP [in chiusura → nuova]

• ISOLHARM_EIRA [in chiusura → nuova]

• ML_INFN 

• MOPEA [in chiusura]

• N3G [call]

• PHOTOTRAP [in chiusura]

• PHYDES

• TERAPOL [in chiusura]

• REMIX

6 Nuove Proposte

• NEXT_AIM – A. Zucchetta (Resp Nazionlale Pisa)

• FEROCE – A. Triossi

• ADA_5D – G. Collazuol (Resp Nazionale Pisa)

• ADMIRAL – M. Lunardon (Resp Nazionale LNL)

• CUPRUM_TTD – L. De Nardo (Resp Nazionale 

LNL)

• HISOL – A. Pepato (Resp Nazionale LNL)



PHOTOTRAP
Sigla 2021-2022 - In terminazione 









Avevano pensato di presentare una proposta per 

una nuova sigla ma l’iniziativa per ora non e’

confermata

L’attivita` di R&D comunque continua nell’ambito 

di SWGO per l’applicazione alla rivelazione di 

sciami atmosferci in water cherenkov a basso 

costo e con possibilita’ di separare la componente 

di mu





FALAPHEL Call 2022->2024
(Fast Links and RadHard Front End with Integrated Photonics 

and Electronics for Physics)

Serena Mattiazzo

Responsabile Nazionale F. Palla (Pisa)

INFN Units: Padova, Pavia, Pisa 

External Units: Scuola Superiore S. Anna di Pisa, Dip. Ingegneria 

Informazione UniPisa, Dip. Fisica UniMilano



Goal

Problem: technology for high speed data links is not rad hard enough for next generation 

HEP detectors

• Goal of the project: improving the state of the art of high speed data links for future 

high rate pixel detector applications, and of studying the integration of these data links 

and of analog/digital front-end blocks in a prototype readout circuit

• State of the art LpGBT and Versatile Link 

• Based on 65 nm technology and VCSEL 

• Total dose 2 MGy

• Total fluence 1015 n/cm2 

• cannot be used at HLLHC below ~20 cm radius

• implies RD53 chips needs e-links to LpGBT (~1 meter away)

• will investigate innovative circuit and system solutions for the integration of SiPh

optical devices and subsystems and high-speed electronics for high rate data 

transmission, designed to be radiation hard for HEP applications.



Goal – attivita’ in sezione

Silicon Photonics demonstrated to be 

sufficiently rad-hard (>1016 n/cm2 and tested 

up to 300 Mrad)

PHOS4BRAIN (CSN5) project showed 65 nm 

driver to to be rad-hard up to 8 MGy and 

reach ~5 Gb/s, limited by packaging 

(Aluminum wire bonds)

Design and production of two chips:

• PIC (Photonic Integrated Circuit): Silicon Photonics 
modulators. Aggregated 100 Gb/s links using wavelength 
division multiplexing (4 wavelength on a single optical 
fibre) 

• EIC (Electronics Integrated Circuit): high speed radiation 
hard (≥1 GRad) electronics in 28 nm (both digital 
electronics for high speed data transmission and analog 
front-end electronics)

The final goal is the design and fabrication of 

a demonstrator integrating (hybrid or 3D 

integration) the two chips

WP3: Electronics

Contributo (DEI) al disegno della parte digitale dell’EIC

WP4: EIC-PIC integration:

Discussione avviata fra designer e gruppo

DIAM di Padova per valutare la possibilità di 

usare la facility per il raffreddamento dei dispositivi

nella fase finale di integrazione

WP5: Radiation hardness:

Total Ionizing Dose (TID): 

Single Event Effect (SEE)



WP3 (electronics)                         WP5 (radiation hardness)    

2022 activity:

• PDK available only at beginning of December 2021

• 13-15/12  Meeting with Guido Magazzù

• Redefined IP contribute → ÷20 Clock Divider @25GHz

• Useful as IP for PLL implementation

• Useful for SERDES test board

• Architecture idea

• Porting of ÷10 Clock Div from 65nm to 28 nm

• Works @12,5 GHz

• Adding ÷2 Clock Div @25 GHz

2023 activity

• Continue redrawing ÷10 ClkDiv in 28 nm

• Drawing of ÷2 ClkDiv @25GHz

2022 activity:

• TID:

• Long shutdown of X-ray facility (end 2021-beginning 
2022) for TID

• April: calibration of INFN Pisa X-ray irradiation 
machine

• SEE

• Request of beamtime @RADNEXT for SEE tests (32 
hours assigned)

• SEE test @ LNL ( 2 days @ July, 2 days in Autumn)

2023 activity

• TID

• Test on analog frontend

• Other?

• SEE

• Test @ UCL

• Test @ LNL?

Serena Mattiazzo 18



Anagrafica Sezione di Padova (2023)

Serena Mattiazzo 19

Cognome Nome Ruolo % in 

FALAPHEL

WP

Bagatin Marta RTDb 0.15 WP5

Bonaldo Stefano Assegnista 0.10 WP5

Di Ruzza Benedetto 0.20 (TBC)

Candelori Andrea Docente 0.20 (TBC) WP5

D Ruzza Benedetto 0.20 WP5

Gerardin Simone Prof. Associato 0.15 WP5

Mattiazzo Serena RTDb 0.10 WP5

Paccagnella Alessandro Prof. Ordinario 0.15 WP5

Vogrig Daniele Prof. Associato 0.20 WP3

Wyss Jeffery Prof. Associato 0.50 WP5

TOT 2.05



Richieste finanziarie alla CSN5                    Servizi in sezione

Missioni

• 6 k€ per trasferte per irraggiamenti

• 1 k€ meeting di collaborazione

Consumo

• 5 k€ per l’acquisto di un tubo per la 
macchina a raggi X

• 5 k€ cavi, connettori (per irraggiamenti), 
polvere (per DIAM)

• 5 k€ per accesso a facility esterne 

Assegno junior (2022)

• Da concordare coi referee se cambiarne 
«destinazione» (disegno vs radiation
hardness)

Supporto eventuali attività di irraggiamento 

al Tandem nel 2023

• La call per la richiesta di fascio non è stata ancora 
aperta. 

Supporto per la manutenzione della facility a 

raggi X (tubo, chiller, etc)

Supporto per la costruzione della meccanica 

di supporto per gli irraggiamenti

Richiesta: 

• 2/3 s.u. al laboratorio di elettronica

• 1 s.u. all’officina meccanica

Serena Mattiazzo 20





INFN sections: Bologna, Milano, Padova, Perugia, Pavia, TIFPA, Torino.
Nat. resp.: Manuel D. Da Rocha Rolo

Loc. Resp.: Jeffery Wyss

ARCADIA

INFN Padova
Gruppo V

June 2022

INFN Grp. V project to develop a 
LARGE AREA, LOW POWER, MONOLITHIC 
active pixel sensor

Sigla 2020-2021, estesa 2022



Presently no sensor meets more than two of those specs together. 

To meet them all requires dramatic changes in the way detectors are designed and 
constructed: 

Approach of ARCADIA:

• Architecture (Padova tasks!): low power, timing, rate, pixel choice

• Large area: stitching

ARCADIA goals

Large 

area

Low

power

Pixel Timi

ng

Rate

> 10 

cm2

 20 

mW/cm2

20 m 

20 m

10 

ns

 10 

MHz/cm2

❑ In Space, moving from micro-strip to pixels, allowing high-resolution 
momentum measurement, is presently not possible (think of AMS-3).

❑ In medical imaging, performant 3D tomography is simply unavailable today. 
ARCADIA is in fact the sensor development part of the iMPACT project.

❑ Experiments at large colliders, to improve tracking, require unprecedented 
ease of assembly, cost-effectiveness and reduced material budget. 

AMS

360°

iMPACT

ARCADI

A
CMOS



ARCADIA Pixel detector

• Svuotamento → veloci

• Elettrodi piccoli → buon S/N

• Elettronica di lettura in p-wells profonde dentro 

allo strato epitassiale di tipo n →

disaccoppiamento dal substrato svuotato 

• Collaborazione con Lfoundry

Applicazione in 

• HEP: tracciatori

• Space

• Imaging in Medicina: proton CT, hadron

therapy

• Industria: sensori per Photon Electron 

Emission Microscopy (PEEM) and Low 

Energy Electron Microscopy (LEEM).



• Architecture:  conception, specification, simulation, and development.

• Testing and development: prototypes I/O specifications, actual device testing and data 
analysis.

• Radiation validation: irradiation with X-Ray and at beam facilities, SEE and total dose 
characterization

Budget: 

940 kEUR from INFN + circa 300 kEUR from the iMPACT (PD) project for devices and 
test structures production: 

one submission in 2020 (150k), 

one submission in 2021 (July, 150k), 

one in 2022 (March, 150k)

ARCADIA

Additional Collaborators UniPD: 

Pantano D. , Bonini C.

TASKS of Padova

Tasks and Budget



ARCADIA SUMMARY 2021 / Early 2022

1) Development of very low power High-Performance Parallel Hardware (HASH)
reading architecture, based on multiple pixel projections: concept development,
analytical verification of feasibility, HDL implementation for the synthesis
(January 2021 - ongoing)

2) Prototyping of the simulation of the incident radiation response with bunches
time structure typical of linear lepton accelerators, medical accelerators, space
environment (January - March 2021);

3) Data taking on test Matisse chips, irradiated with neutrons at the TRIGA reactor
of the RIC at the JSI in Ljubljana (June 2021);

4)Analysis of the data on the irradiated chips to estimate the effect of radiation
damage (July-September 2021);

5) Managing of high-speed data cables procurements on behalf of other INFN
sections (in particular Torino, Trento, Milano) (May 2021);

6) Insertion of the HASH architecture inside the HDL code developed for the
autumn submission Main Demonstrators: tentative to submit a first small
prototype exploiting HASH concepts (March-June 2021); postponed to mid 2022
to fit within the submissions roadmap



ARCADIA

1) HDL completion and simulation of the HASH architecture, writing of documentation
and academic reference (article) to the aforementioned architecture;

2) implementation of the HASH architecture in the second/third silicon prototype
(postponed from autumn 2021)

X) BAD production run due to Synopsis software bug, jeopardized the entire schedule.

Understood, but impossible to solve (literally carved in silicon).

1) Re-submission of the device with the software problem addressed

2) Take the chance to improve few details

3) Re-scope the project toward a minimal demonstrator

4)Complete testing during 2023 with NO extra funding (no official INFN experiment)

5) Prepare for a new Call in 2024

ATTIVITÀ 2022 (estensione)

ATTIVITÀ 2023 (ghost)

Emergency plan 2022 (ongoing)





Conclusione progetto ASAP (2017-2022)

Array of Silicon Avalanche Pixels
(ASAP)

3rd final chip (in 

production)

Padova:

Collazuol, Mattiazzo, Iacob, Ospina 



Summary ASAP

Aims 

- develop a new generation of 
layered avalanche detectors 
for charged particles (also 
for medical applications) 

- Leveraging process scaling, 
thinning technologies, 
process tailoring and 
through silicon vias f

- for improved efficiency, 
reduced DCR and buttability
to cover large areas 

Main results

- Design and characteriz CMOS 
SPADs in 150 and 110nm 
technologies

- 150 nm  (2 chips) - done

- 110 nm (1 chip) – in production

- Single-layer configuration (for test 
& characterization) and dual-layer
configuration read out in 
coincidence

- Studied effects both from ionizing 
and non-ionizing radiation

- Designed various readouts
including RO for a wireless 𝛽-
emitter probe

Recent pubblications / procs.

1. L. Ratti, P. Brogi, G. Collazuol, G.-F. Dalla Betta, P.S. Marrocchesi, L. Pancheri, A. Sulay, G. Torilla, C. Vacchi, 
“Layered CMOS SPADs for low noise detection of charged particles”, 
Frontiers in Physics, vol. 8, 2021, art. no. 607319.

2. L. Ratti, P. Brogi, G. Collazuol, G.-F. Dalla Betta, P.S. Marrocchesi, L. Pancheri, A. Sulay, G. Torilla, C. Vacchi, 
“Cross-talk and RTS noise characterization of 1- and 2-tier CMOS SPADs in a 150 nm process”, 
presented at the 2021 IEEE NSS-MIC (virtual), 16-23 Oct. 2021 .



Final chip – test structures (for future applications)

Block diagram of a parallel counter for a 16-cell mini-dSiPM, 
also including single dark noise hit rejection and adjustable 
threshold

Impact of glitches miticated by defining the architecture 
using a specific design algorithmthe algorithm which  
automatically generates a relatively small number of full 
adders (for balancing the propagation delays taking place in 
the parallel counter)

Layout of the test chip in 110 nm 
CMOS technology - includes four 
arrays of SPADs with different 
active area, mini-dSiPMs, SPADs 
with internal counter



Beta Probe 

The APIX2LF sensor bonded on the top 

printed circuit board of a two board stack.

The second printed board of the stack houses

a commercial SiPM (Advansid ASD-NUV4S-P) 

with a BC-408 scintillator, mounted below the 

SPAD sensor for triggering purposes

(INFN Padova)





M. Verlato

2020->2022, In chiusura





Dottorato nazionale













MOPEA

Sigla 2019-2021, estesa al 2022, chiesta estensione al 2023

Sezioni coinvolte:

Padova [Fanin, Zotto (RN), Dal Corso,  Montecassiano, Pegoraro]

LNL 

Sono riportate le attività da Agosto 2021 a Giugno 2022





Brevetto

Brevetto italiano approvato il 21/5/2021

Pubblicato un articolo su Review of Scientific Instruments

Titolo

"Comparison of the Performance of a High Voltage Generator 

Insulated by Gas or Liquid Dielectric”. 

Review of Scientific Instruments 91, 074712 

(2020); https://doi.org/10.1063/5.0009519

https://doi.org/10.1063/5.0009519


Prolungamento
Si supponeva di non  richiedere un prolungamento, ma il progetto è  strettamente legato alla realizzazione di un’infrastruttura 
REI con funzioni di radioprotezione deve essere realizzata.

Senza questa infrastruttura possiamo assemblare l’acceleratore, ma non possiamo accenderlo e quindi verificare il suo 
funzionamento.

Attualmente

• Collocazione determinata (decisione d’imperio di U. Dosselli)

• Progetto del vano terminato (grazie alle risorse del Dip. Di Fisica)

• In attesa che Legnaro inizi la procedura per piazzare l’ordine

• Fondi per  la realizzazione anticipati sul budget MISE (con qualche capriola finanziaria agevolata dai direttori INFN)

• Questi fondi sono distratti da quelli destinati alla realizzazione degli impianti (elettrico idraulico e di sicurezza): saranno 
reintegrati? Da chi?

- Conclusione: prolungamento richiesto, in fase di discussione



Anagrafica e richieste

Sezione di Padova

Zotto 30%       

(Responsabile nazionale)

Dal Corso 30%

Montecassiano 20%

Totale                           0.9 FTE

Laboratori di Legnaro

Antonini 5%         

(Responsabile locale)

Poggi 5%

Totale                         0.1 FTE

Padova

Missioni                                                  1   keuro

Consumo                                               1   keuro

Legnaro

Consumo 1 keuro

Sistemi di distribuzione elettrica,

idraulica e interlock per il vano REI        10 keuro (s.j.)





N3G : Next Generation 

Germanium Gamma Detectors

D. De Salvador1,2

Responsabile Nazionale

1 INFN-LNL
2 Università di Padova

Laboratori di Legnaro 
W. Raniero

Sezione Milano
S. Capra

Sezione Ferrara
A.Mazzolari

Sezione Padova
F. Recchia

CALL 2021-2023

CSN5 N3G 14/09/2021



Aim

Aim:
The proposal aims to implement Pulsed Laser Melting technology to

produce complex HPGe coaxial detectors and test their potential for the

challenge of nuclear spectroscopy experimentation in conditions of high

flux and high damage.

Besides the innovatively processed crystals, the implementation of

complete prototypes with optimized electronics and DAQs and their

testing under damage and annealing will be developed.

All this will lead to two further possible benefits:

- INFN will have the technology to repair existing detectors

- INFN will have the technology to be able to build detector prototypes with

innovative geometries, for research in various fields.

Final user:
International Community of Nuclear Gamma Spectroscopy. The core

business regards CSN III INFN with possible future implications in

space and medical applications.

CSN5 N3G 14/09/2021



Prototipi
CSN5 N3G 14/09/2021

Li diffused n+ P+ laser process

N+ laser process



Risultati

• Up-grade dell’apparato di 
sputtering per permettere 
sputtering laterale.

• Up-grade scansione laser.

• Realizzazione apparato litografia 
3D: Progettata, acquistata e  
testata apparato per creare 
pennello laser a 405nm per la 
scrittura del resist:

• Test di giunzioni su superfici con 
orientazioni alternative

z

y

x

Cristallo

Soffietto

z

y x

Cristallo

Traslatore z

Rotore x

Rotore-z

Laser beam



Attivitá a Padova

WP3: Simulazioni del 

rivelatore e test 

prototipi

Risultati della 

simulazione

0    0.01  0.02

0    0.01 0.02 0    0.01 0.02 0    0.01 0.02 0    0.01 0.02

Weighting

fields

Signal shapes

Piani per i test

• Allestimento tavola di scansione per test con sorgente (già iniziata progettazione e aquistati traslatori).

Allestimento sistema per irraggiamento neutronico.

• Assemblaggio DAQ dedicata tipo “Agata” per esecuzione dei test dei prototipi.

• Test del prototipo P2 prima e dopo irraggiamento.



COSTI PD
CSN5 N3G 14/09/2021

Richieste

- Assegno di ricerca assegnato 2022:

- Selezione in corso, inizio a breve 

- Richieste 2023:

- Secondo anno di assegno 24kE

- Missioni: 4.5 kE

- Consumo 4 transceivers: 0.75*4+0.5=3.5 kE

Personale

- Recchia 30%

- Mengoni 10%

- Bazzan 20%

- Nuovo assegnista 100%, prendera' servizio a dicembre 2022

- Escudeiro e' passato a gamma.









Metodo

Misurare lo sfasamento della precessione dell’elettrone in campo 

magnetico dovuto all’interazione del momento di dipolo elettrico con il 

campo di una molecola



Per studiare l’edm è necessario produrre un cristallo 

di para idrigeno e drogarlo con la molecola di interesse



















Sigla 2021-2022

in chiusura

























Totale FTE PD

Canton Luciano, INFN Resp. Locale 0.3

De Nardo Laura, UNIPD 0.5

Paiusco Marta, IOV 0.2

Zorz Alessandra, IOV 0.2

Checchin Diego, UNIPD 0.2

Laskho Yuliya, INFN (assegnista da settembre 2022) 0.1





HISOL
High performance ISOL systems for the production of radioactive ion beams

CSNV proposal

Principal Investigator: Mattia Manzolaro

Work Package 1: Development of High Performance ISOL Targets – WP1 leader: Stefano Corradetti

Work Package 2: Development of High Performance ISOL Ion Sources – WP2 leader: Alberto Monetti

Work Package 3: Materials Characterization and Multiphysics Simulation – WP3 leader: Michele Ballan



Introduction

HISOL – Project Proposal for INFN CSN5 Experiment 202282

AM4INFN (supported by INFN_E): 3D printing of high temperature materials such as SiC, TiC, Ta, W, and Mo (for ISOL systems).

High intensity and pure Radioactive Ion Beams (RIBs): fundamental for research in various fields (for basic

research in nuclear physics, high-level applications such as nuclear medicine)

A dedicated INFN-CSN_5 Experiment could be great opportunity to define a 

New Generation of High Performance ISOL Targets and Ion Sources.

INFN-SPES project: the LNL ISOL group developed a considerable amount of know-how (on targets, ion sources, molecular beams, …)

benefitting of presigious international collaborations (ISOLDE-CERN, ORNL, …).

Improving ISOL Targets and Ion Sources can increase the intensity and the purity of RIBs.

HISOL
ISOL Target – Ion Source development at SPES

3D printing of materials for nuclear applications

20222008

First target prototype

2013

Test of SPES target at ORNL

2020-2021
Test of SPES Ion Sources at CERN

2021-2022
AM4INFN experiment

2020
Proof-of concept 3D printed Mo and TiC samples 

2023-2024



Project Objectives and organization

HISOL – Project Proposal for INFN CSN5 Experiment 202283

Development of High Performance ISOL Targets

Development and test 

of High performance 

ISOL Target – Ion 

Source systems

Development of High Performance ISOL Ion Sources

Production of TiC/SiC samples with regular structures 

Microstructural, thermal and structural characterization

Thermal, electric and structural characterization

R&D of complex shape Ion Source components

Multiphysics simulations



Research Metodology

HISOL – Project Proposal for INFN CSN5 Experiment 202284

Production of TiC/SiC samples with regular 
structures for characterization activities

Work package 1: 

Development of High Performance 

ISOL Targets

Work package 2: 

Development of High Performance 

ISOL Ion Sources

Work package 3: 

Materials Characterization and 

Multiphysics Simulation

Production of ion beams with the Ion Source 
prototype (also molecular beams)

Microstructural, thermal, electrical and 
structural characterization

Development of TiC/SiC disks with regular 
structures for ISOL Targets

Long term high temperature test of a TiC/SiC 
ISOL Target prototype

Alternative anode-cathode interfaces

Production and test of W, Ta and Mo Ion 
Source components with complex shapes

Aim: maximize heat transfer and 

release

Aim: improve the ionization efficiency, 

the source stability and reproducibility 

Multiphysics Simulation of High Performance 
ISOL Targets and Ion Sources 

Aim: component characterization



Personnel and budget

HISOL – Project Proposal for INFN CSN5 Experiment 202285



BACKUP



ISOL (Isotope Separation OnLine) Technique

What are we talking about?

● Production of Radionuclides for medical applications using 

cyclotrons (or linacs)
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Hollow Cylinder:

● Tungsten

● Tantalum


