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Outline
● General Summary
● Belle II
● CMS / Fase2_CMS
● LHCb
● LUXE presentazione dedicata di Mauro

● FCC
● MuonE
● MuColl
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L’anagrafica potrebbe essere soggetta a 
piccole variazioni come al solito

Sigle in ordine alfabetico



Stefano Lacaprara, INFN Padova 

Anagrafica Gruppo1 ultimi 10 anni
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FTE preliminari!!!



Stefano Lacaprara, INFN Padova 

FTE e persone per sigla
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Belle II CMS FASE2_CMS LHCb MuonE RD_MuColl RD_FCC_DTz LUXE#

FTE Px FTE Px FTE Px FTE Px FTE Px FTE Px FTE Px FTE Px

2021 5.15 11 19.55 24 9.3 22 4.8 10 3.25 9 3.95 15 0.3 2

2022 4.5 9 FTE: 26.3 Px: 37 5.5 9 1.35 5 3.4 15 0.9 6 3.7 7

2023 5.5 10 FTE: 23.5 Px: 32 6.2 10 2.2 6 3.6 13 1.1 9 3.45 8

𝚫 +1.0 +1 -2.8* -5* +0.7 +1 +0.85 1 +0.2 -2 +0.2 +3 -0.25 +1

Da aggiornare

NB anagrafiche da confermare

Totale: Ricercatori+Tecnologi:  45.7 FTE
2022 45.2 FTE

*AdR+PhD ended
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Belle II – CdS 13 Luglio 2020

Belle II
RL: R.Stroili
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Belle II – CdS 13 Luglio 2020

4S: 360 /fb
4S offres:   40 /fb
5S scan:     20 /fb

2022ab data taking
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Belle II – CdS 13 Luglio 2020
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Belle II – CdS 13 Luglio 2020

Updated luminosity profile
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Belle II – CdS Luglio 2022

Belle2 LS1
● Long Shutdown tra 2022 e 2023

○ Remedy of the IR beam pipe
○ PXD2 readiness
○ VXD assembly and installation
○ More background reinforcement
○ TOP MCP-PMT replacement 

(under discussion)
○ DAQ/TRIG upgrade
○ KLM BB2 issue
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Belle II – CdS Luglio 2022

Belle2 status
pubblicazioni di Fisica:

● Combined analysis of Belle and Belle II data to determine the CKM angle ϕ_3   using B+ →D(KS→h−h+)h+  decays              

JHEP 02 (2022) 063

● B-flavor tagging at Belle II     Eur.Phys.J.C 82 (2022) 4, 283

q*rFBDT q*rDNN
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Belle II – CdS Luglio 2022

Belle2 status
pubblicazioni di Fisica:

● Probing charged lepton flavor violation with axion-like particles at Belle II JHEP 11 (2021) 218

● Precise measurement of the D0  and D+  lifetimes at Belle II Phys.Rev.Lett. 127 (2021) 21, 211801

● Search for B+→K+νν¯ Decays Using an Inclusive Tagging Method at Belle II Phys.Rev.Lett. 127 (2021) 18

Competitivo con risultati Belle con 1/10 
della statistica
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Belle II – CdS Luglio 2022

conference papers (2021)
∙ Measurement of the inclusive semileptonic B meson branching fraction in 62.8/fb of Belle II data 

[BELLE2-CONF-PH-2021-012]

∙ Measurements of the branching fractions for B→K*γ decays at Belle II [BELLE2-CONF-PH-2021-004]

∙ Measurement of the B- → D0 l νl  Branching Fraction in 62.8 fb-1 of Belle II data 
[BELLE2-CONF-PH-2021-011]

∙ Exclusive B → Xu l νl Decays with Hadronic Full-event-interpretation Tagging in 62.8 fb-1 of Belle II Data 
[BELLE2-CONF-PH-2021-013]

∙ Measurement of the branching fraction for B0 → π0 π0 decays reconstructed in 2019–2020 Belle II data 
[BELLE2-CONF-PH-2021-003]

∙ Rediscovery of B0 → J/ψ KL
0 at Belle II [BELLE2-CONF-PH-2021-002]

∙ Measurement of the branching fractions of B → η'K decays using 2019/2020 Belle II data 
[BELLE2-CONF-PH-2021-007]

∙ Measurement of the time-integrated mixing probability χd with a semileptonic double-tagging strategy and 
34.6 fb-1 of Belle II collision data [BELLE2-CONF-PH-2021-004]

∙ Muon and electron identification efficiencies and hadron-lepton mis-identification rates at Belle II for Moriond 
2021 [BELLE2-CONF-PH-2021-002]

∙ Study of B→D(*)h decays using 62.8 fb−1 of Belle II data [BELLE2-CONF-PH-2021-008, arXiv:2104.03628]
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Belle II – CdS Luglio 2022

∙ sistema di monitor del laser di calibrazione:
− spedito durante il lockdown
− installato a Marzo 2021
− in funzione

∙ analisi: CPV nel canale B→η‘K 
− BR measurement done
− goal is full TDCPV for Winter conferences

▪ analysis based on full BelleII dataset
∙ studio sulla sostituzione dei fotomoltiplicatori in LS2 (2027):

− definito il sistema di controllo e raffreddamento dei SiPM
− in fase di commissioning 

attività a Padova

impostato t=0 ∘C, in 
raffreddamento, stabilità 

entro pochi mK

1 month
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Belle II – CdS Luglio 2022

responsabilità

2022 2023
Alessandro Gaz Responsabile allineamento della 

calibrazione del TOP
TOP liaison tracking

Membro Exec Board
Convener del gruppo di  
performance Charged PID

Stefano Lacaprara Contact person Fisica PD
Production Manager
Convener Physics Group TDCP

Data Production Manager
Contact person Fisica PD
PI (tbc)

Roberto Stroili PI
Contact person computing PD

Contact person computing PD

Ezio Torassa Membro Executive Board
TOP liaison upgrade
Deputy coordinator TOP 
photomultipliers

TOP liaison upgrade
Deputy coordinator TOP 
photomultipliers
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Belle II – CdS Luglio 2022

anagrafica
2022 2023

Alessandro Gaz 100 % Alessandro Gaz 100 %

Stefano Lacaprara 100 % Stefano Lacaprara 100 %

Paolo Sartori 0 % Paolo Sartori 0 %

Franco Simonetto 10 % Franco Simonetto 10 %

Roberto Stroili 100 % Roberto Stroili 100 %

Ezio Torassa 90 % Ezio Torassa 90 %

Jakub Kandra 100 % (da Ottobre) Jakub Kandra 100 % 

totale ricercatori (FTE) 4.00 (+ 1) 5.00

Massimo Benettoni 10 % Massimo Benettoni 10 %

Flavio Dal Corso 20 % Flavio Dal Corso 20 %

Fabio Montecassiano 20 % Fabio Montecassiano 20 %

totale (FTE) 4.50 (+1) 5.50
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Belle II – CdS Luglio 2022

richieste 2023
richieste alla sezione

Servizio progettazione ed officina Elettronica 1+1 m. u.

Servizio officina Meccanica 1 m. u.

Servizio progettazione Meccanica (simulazione termica TOP) 3 m. u.

Servizio calcolo 0 m. u.

richieste all‘INFN
sede capitolo descrizione richiesta (k€) S. J. (k€)

PD consumo Metabolismo (1.5 k€ * FTE) 8.0 0

PD missioni Metabolismo [(6.0 k€ + 1.0 k€) * FTE] 38.5 0

PD missioni Membro Executive Board 5.0 0

PD missioni Data Processing Manager 5.0 0

PD missioni sostituzione PMT TOP 6.0 0

PD inventariabile stage motorizzato xy 6.0 0



 

CMS
RL: M.Margoni
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Sommario
•Highlights da CMS
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Fisica padovana in CMS: 
Analisi
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CMS highlights
● Top physics: Most precise top mass measurement using lepton+jets 

mt=171.11±0.38 GeV, m(t) from jet mass, differential tt & tW xsecs, ttW xsec, 
charge asymmetry

● Higgs physics: search for pp → VH, H → cc, search for di-Higgs production, 
measurement of  H → WW xsec

● Observation of triple J/ψ production
● Vector Boson Scattering: Observation of opposite-sign WW scattering, EWK 

production of Wγjj
● Precision Drell-Yan production: Mass dependence of dilepton PT, Z+ jets differential 

distributions
● Heavy Ions Physics: Observation of Y(3S) in PbPb collisions

● Padova Group (analisi appena sottomesse per la pubblicazione): Search for 
composite Majorana neutrino, Produzione associata VH, H → cc (vedi slides)
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Summary Analisi
● Ricerca di neutrino di Majorana in modelli composti con due leptoni e due jet nello 

stato finale. Tesi di Dottorato di Matteo Presilla, ora assegnista a Perugia. Appena sottomessa per 
la pubblicazione (P. Azzi, M. Presilla)

● Produzione associata di Higgs e Bosone vettore VH, H → cc. Appena sottomessa per la 
pubblicazione (P. Bortignon)

● Ricerca di Vector Boson Scattering nel canale semileptonico Zvjj (P. Azzi, M. 
Presilla)

● Misura della violazione della simmetria CP nel canale Bs→J/ψΦ. Pubblicata nel 2021, si 
sta lavorando a un tagging di flavor innovativo che raddoppiera` la precisione. Tesi di Dottorato di Enrico 
Lusiani (A. Bragagnolo, E. Lusiani, M. Margoni, P. Ronchese, F. Simonetto)

● Ricerca del decadimento raro Bs→ττ mediante analisi multivariata. Tesi di Dottorato di H. 
Yarar (T. Dorigo, H. Yarar)

● Sviluppo di DNN per hh → bbττ risonante e non risonante (T. Dorigo, G. Strong)
● Ricerca di decadimenti rari Z, H → J/ψγ. (R. Ardino, U. Gasparini, A. Zucchetta)
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Ricerca di Heavy Composite Neutrino 

P. Azzi, M. Presilla, V. Mariani (PG)

No excess, setting limit
Paper to be submitted to PLB
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H->cc in produzione associata con Bosone Vettore

P. Bortignon
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VBS in ZVJJ Semileptonico

 

P. Azzi, M. Presilla

Work in progress for 
combination with WV 
(already published) for paper
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Precision measurement of CP-Violation in Bs → J/ψΦ 

A. Bragagnolo, E. Lusiani, M. Margoni, F. Simonetto
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CPV in Bs → J/ψΦ: Padova involement and status 

A. Bragagnolo, E. Lusiani, M. Margoni, F. Simonetto
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Bs → ττ

H. Yarar, T. Dorigo
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hh → bbττ Searches: Non-resonant/resonant
● Run-II search for non-resonant hh→bb𝜏𝜏 

(ggF+VBF)
○ Published in PAS-HIG-20-010

■ PLB in preparation
■ Combination with the channels 

submitted to Nature
○ Most stringent limit on non-res di-Higgs @ 

CMS Run-II
■ Obs: 3.3xSM c.f. bb𝛾𝛾 7.7xSM

● Run-II search for resonant hh→bb𝜏𝜏 
(ggF+VBF)

○ Generic search for heavy Higgs in the 
forms of neutral spin-0 and spin-2 particles

● Giles Strong contributions:
○ DNN for final summary stat in all inference 

categories
○ bb and 𝜏𝜏 mass-cut optimisation
○ Documented in AN-2019/188

DNN distribution in most sensitive 
category: 2018 τh τh resolved 
b-jets

G. Strong, T. Dorigo

https://cds.cern.ch/record/2803419?ln=en
https://cms.cern.ch/iCMS/jsp/db_notes/noteInfo.jsp?cmsnoteid=CMS%20AN-2019/188
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Rare SM Higgs and Z decays
● The Higgs and Z bosons are expected to decay to a J/𝚿 meson and a photon
● Never observed before, because branching ratios are small:

○ B(Z→J/𝚿 𝜸) = 9 x 10-8

○ B(H→J/𝚿 𝜸) = 3 x 10-6

● The observation would allow a measurement of the Higgs coupling to the c quark
● With the J/𝚿 decaying to 𝜇𝜇, the final state is clean and the bkg very limited

● The strategy is to model the QCD (dominant) background 
with analytic functions (à la H→𝜸𝜸)

○ Minor resonant backgrounds controlled in a dedicated 
control region

● Analysis is under scrutiny of the CMS Collaboration
○ [Z]: expected small excess (0.5σ), or to exclude 7 

times the SM
○ [H]: expected exclusion approximately 50 times the 

SM, becomes candidate for end of HL-LHC
● Lot of room for improvements:

○ Design a new, dedicated trigger algorithm for the 
upcoming LHC run (now the bottleneck of the analysis)

R. Ardino, U. Gasparini, A. Zucchetta
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Preparazione Run3 

M. Tosi
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Outreach

P. Azzi, M. Tosi, M. Passaseo
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Fisica padovana in CMS: 
Rivelatore
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Preparazione Run3 
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Preparazione al Run 3 e HL-LHC
●Il lungo shutdown 2 

si e` concluso 
●Molti lavori di  

manutenzione e 
improvements sono 
stati eseguiti con 
contributo padovano 
nei DT e nei Pixels
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Phase II front-end electronics developments: OBDT
● The On-Board electronics for Drift Tubes 

is a board based on a FPGA (PolarFire) 
that implements TDC functionalities

● The OBDT has also control capabilities:
○ FE access, monitoring, test pulse, 

RPC connection
● It is radiation tolerant (up to 20 krad)
● OBDT Phi v2: 

○ Phi Superlayers 
○ Total boards = 900 units;
○ New 3M MDR connectors;
○ 240 channels;
○ Includes safety features;
○ Revised clock distribution;
○ LpGBT chip for timing and S.C.
○ LpGBT 10GFEC5 for data-readout;
○ 2 VTRX+ as optical transceivers.

A. Bergnoli, A. Triossi
M. Bellato, S. Ventura, 
F. Gonella, SPE, Officina meccanica.

M. Bellato, A. Bergnoli, F. Gonella, A. Triossi, S. Ventura
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OBDT: Thermal GAP experiments

Customized thermal pad, obtained polymerizing a liquid 
solution on a mould: Removable

Smooth out hotspots and insures heat removal 
over 100% of the surface

Without  thermal gap With  thermal gap

∙ Power consumption ~10W measured at almost the 

final operating conditions ( 240 TDC Ch. and two 
10Gbit/s links up)

M. Bellato, A. Bergnoli, F. Gonella, A. Triossi, S. Ventura
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OBDT: Test installation and Installation Plan

● 4 FE splitter boards and 4 new FE cables installed in 
the top part of YB+2S1MB4 

● Mechanics for supporting the OBDTv2 
● Fibers from OBDT to X2 
● LV cables to one A3009 with spare channels in X4J2 

M. Bellato, A. Bergnoli, F. Gonella, A. Triossi, S. Ventura

● Review dell'elettronica di Fase 2 andata bene e 
fondi sbloccati

● Test per l'installazione in corso a Legnaro: 
● Validazione di firmware: OK 
● Validazione di hardware: OK
● Validazione del sistema di Slow Control: in 

corso.
● Programma: effettuare una nuova installazione 

delle OBDT v2 in una pausa della presa dati, 
probabilmente a fine anno. 
● Preproduzione di 15 schede a breve
● Per la fine dell'anno si prevede di avere due 

settori equipaggiati con OBDT: uno con v1 e 
uno con v2
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DT chambers: Longevity studies              .

F. Gasparini, F. Gonella, A. Meneguzzo
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Sviluppo di algoritmi di trigger locale basati su reti neurali

G. Grosso, M. Migliorini, J. Pazzini, M. Zanetti
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Sviluppo di algoritmi di trigger locale basati su reti neurali

G. Grosso, M. Migliorini, J. Pazzini, M. Zanetti
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Phase II Tracker Upgrade: MaPSA testing in Padova

N. Bacchetta, D. Pantano
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Phase II Tracker Upgrade: MaPSA testing in Padova
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Phase II Tracker Upgrade: MaPSA testing in Padova
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Phase II Tracker Upgrade: MaPSA testing in Padova
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Barrel Timing Layer

10y
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Barrel Timing Layer
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Barrel Timing Layer



TEC tests: guadagno in T sui SiPM con i TEC
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Ufficio Tecnico: Tray assembly tools and sequence



Ufficio Tecnico: Tray assembly tools and sequence
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Trigger: Run3

M. Tosi
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Trigger: LHC-HL

M. Tosi
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Anagrafica 2023
● Out:

○ Ghosh (Assegno)
○ Rigoni (Assegno Tecn.)
○ Checchia (dal 1.6.2022 per pensionamento)
○ Yarar (Dottoranda)
○ Layer (Dottorando)

● In:
○ Nessuno

● Strutturati (cambiamento FTE)
○ Carlin 100 → 90
○ Margoni 100 → 90

23
  10

18.6
  5.2



54

Responsabilita’ 2023
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Richieste CSN1
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Richieste in Sezione



LHCb Update - 
preventivi INFN 

2022
G. Simi - Universita’ di Padova

per il gruppo LHCb Padova
Riunione del Consiglio di Sezione di Padova



Overview
Stato dell’esperimento

Highlights di fisica

Attivita’ Padovane

● Electroweak Analyses
● Flavour Physics Analyses
● Innovative Analysis Techniques
● Quantum Computing at LHCb
● ECAL For Upgrade 2
● RICH Upgrade II
● VELO Upgrade



Major Upgrade I



LHCb Upgrade I
● Major Upgrade del rivelatore durante 

il Long Shutdown II 
○ Trigger a 40MHz, Real Time Reconstruction
○ Nuovo VELO con Si 𝜇channel cooling @ 

5mm from the beam pipe
○ Aumento Granularità nei tracciatori (UT) e 

nel PID (RICH)
○ Nuova elettronica per MUON  e ECAL
○ PLUME & SMOG2 gas target upgrade

● Padova coinvolta nell’upgrade del 
RICH1&2  [Simi, Benettoni]

New Si 
Upstream 
Tracker

New 
Vertex 
Locator

New Sci
Fiber Tracker

New RICH1 & 2 (optics, 
electronics & PMT) New Electronics for 

Muon and Ecal



LHCb Upgrade I
TRIGGER: Highest throughput of any HEP experiment

VELO: Installation completed 
May 2022, now commissioning

UT: Aim to be ready for detector 
installation later in year, not 
essential for early physics 
operation

SciFi: Installation completed 
March’22, now commissioning

Calo and Muon: Detectors in Global data taking



● RICH PID tratto distintivo di LHCb, fondamentale per il 
programma di fisica di LHCb

● Padova coinvolta nel design e nella costruzione
● Responsabilita’ nella 

○ caratterizzazione dei PMT [Simi]
○ meccanica [Benettoni]
○ calibrazione del rivelatore [Simi]
○ commissioning
○ installazione

● Installati nuovi fotorivelatori e elettronica @ 40MHz
● Ridisegnata l’ottica del RICH1
● Installazione completata febbraio 2022
● Detector commissioned and now in data taking

Upstream Tracker to be installed in September

Upgrade Ib: only electronics, Padova involved in test beams

LHCb Upgrade I: RICH
RICH1: MaPMTs installed upper side

RICH2: first rings, LHC October ‘21 test



LHCb Analysis highlights
● CP Violation in B±→K±K+K–, B±→π±π+π–, 

B±→π±K+K– : 75% CPV
● B±→DK± with D→K∓π±π±π∓

○ 85% largest CPV ever measured
○ 𝛄 measurement

● LFU in b-> cl𝝂
○ 𝑅(Λ 𝑐 ) = 0.242 ± 0.026 𝑠𝑡𝑎𝑡 ± 0.040 𝑠𝑦𝑠𝑡 ± 0.059 𝑒𝑥𝑡

LHCb-PAPER-2021-049 LHCb-PAPER-2021-050

LHCb-PAPER-2022-017



LHCb Analysis
 highlights

W mass – hot topic with recent 
CDF result: JHEP 01 (2022) 36

First measurement of the 𝑍 → 𝜇 + 𝜇
angular coefficients and differential cross section in the 
forward region



Attivita` Padovane



QCD, Electroweak and Exotica (QEE) Physics at LHCb
● LHCb can be considered as a General Purpose Forward detector
● QCD and Electroweak measurements in a phase-space region complementary to ATLAS/CMS
● Direct searches with low momentum threshold trigger and excellent particle identification 

capabilities

W mass measurement

Phase space not explored by other experiments



QCD, Electroweak and Exotica (QEE) Physics at LHCb
● LHCb-Padova has crucial roles in the QEE Working 

Group:
○ Convener: Lorenzo Sestini
○ Simulation liaison: Luca Giambastiani
○ Statistics and Machine learning liaison: Davide Zuliani

● We are the main proponents of several
on-going analyses:

○ WW production in lepton+jets final state (PhD project of 
Davide Zuliani)

○ ZZ production in lepton+jets final state (PhD project of Luca 
Giambastiani)

○ H->cc search (PhD project of Laura Buonincontri)

● We are also involved in the Run 3 preparation:
○ QEE Run 3 migration task force
○ Early measurement of Z+jet production at 13.6 TeV



Analisi dati Run 2 (A. Bertolin)

as corresponding author of the paper and coordinator 
of the analysis

next step: CKM γ using this Δm
s 
as input, internal LHCb 

review just started, may be as conference result by the 
end of 2022 …



Universalità Leptonica
Per la misura dell’universalità leptonica nei 
b-barioni ᴧb con i dati del run2 è necessario 
ridurre l’errore sistematico (G. Simi 
LCHB-ANA-2018-026) dominato da

● Fattori di forma del decadimento
● Fondo da

Fattori di Forma

● Prima misura in questo decadimento
● Analisi completata, in review
● Timescale: conferenze invernali
● Persone coinvolte: G. Simi



Universalità Leptonica
Per la misura dell’universalità leptonica nei 
b-barioni ᴧb con i dati del run2 è necessario 
ridurre l’errore sistematico (G. Simi 
LCHB-ANA-2018-026) dominato da

● Fattori di forma del decadimento
● Fondo da

Osservazione e Misura del  

● Prima osservazione del decadimento
● Principale fondo per R(Λc*)
● Analisi preliminare in aggiornamento
● Persone Coinvolte: G. Simi, F. Borgato 



❑ gestione delle Exclusive HLT2 ed Exclusive Sprucing lines per il gruppo di fisica B2OC
❑ coordinamento delle Exclusive Sprucing lines per tutto LHCb

Presa dati 2022 (A. Bertolin)



Innovative Analysis Techniques group at LHCb
● The “Innovative Analysis technique” group 

is part of the Data Analysis Project (DPA) at 
LHCb:

○ new software and hardware technologies
○ quantum computing
○ usage of GPU for analyses
○ analysis facilities

● LHCb-Padova gives a fundamental 
contribution:

○ Coordinator: Donatella Lucchesi

● Preparation of an Analysis Facility at LHCb:
○ Computing scientists from INFN-Padova are 

involved: Alessio Gianelle, Paolo Andreetto, 
Federica Fanzago



Quantum Computing at LHCb
● Quantum Machine Learning (QML) 

applied to jet identification:
○ b vs b-bar jets identification
○ paper accepted by JHEP, main authors 

from Padova (Davide Zuliani, Donatella 
Lucchesi, Alessio Gianelle, Lorenzo Sestini)

○ reference: 
https://arxiv.org/abs/2202.13943

● On-going studies and future plans:
○ study b- vs c-jet separation with QML
○ exploit different quantum simulators and 

hardware
○ apply Quantum Computing algorithms to 

other tasks, like track or jet reconstruction

Angle embedding QML circuit

Performance 
comparison 
with classical 
methods (e.g. 
DNN)

https://arxiv.org/abs/2202.13943


ECAL for LHCb Upgrade 2 
● ECAL for the HL-LHC phase:

○ Fundamental for high momentum and electroweak 
physics

● Participation to test beams with ECAL cell 
prototypes:

○ Innovative technologies and materials (e.g Spaghetti 
Calorimeter with GAGG fibers)

○ Davide Zuliani is at CERN as simil-fellow to join the ECAL 
group and for commissioning of current ECAL

● Simulation studies with the new ECAL technology 
and configuration

● R&D over new ECAL reconstruction algorithms to 
be run online on FPGA:

○ CAEN module bought at the end of last year
○ Paolo Andreetto is taking care of the firmware preparation
○ We would like to ask some advice and help from the 

Electronics service of INFN-Padova 

Testbeam at SPS

CAEN module 
equipped with FPGA 
at INFN-Padova



:    Time and SPace real-time Operating Tracker

GOAL: development of a complete tracking demonstrator capable of copying with extremely 
high instantaneous luminosities foreseen at HL-LHC (High Luminosity LHC)

With high luminosities the tracking detectors will become inefficient!
How to correctly reconstruct the traces?

Hits no time info            Hits with time info
TIME INFORMATION

Why 3D sensors?

LHCb Upgrade-2 (Long shutdown 4) requirements:
• Fluence  1 MeV 
•  ps per hit

TimeSPOT 3D sensors satisfy all the requirements!
Viable option for the VELO Upgrade-2



:    Time and SPace real-time Operating Tracker

Test beam @CERN, SPS:

•180 GeV  pion beam

•2 MCP-PMTs on the beam line to time-stamp

•Piezo-electric stages to precisely align the 3D structures

•Readout with 8GHz bandwidth 20GSa/s

•Possibility of operating the fixed sensor down to -40° using 
dry ice to test irradiated sensors



:    Time and SPace real-time Operating Tracker

Efficiency studies:

99.1% @20°

Time resolution:

Test beam @CERN, SPS: results



:    Time and SPace real-time Operating Tracker

Scintillation
photons

SiPM

strip

P-terphenyl

Proton beam

Test beam @LNL: AN2000

 (strip-SiPM) [ns]

C
ou

nt
s 

The time distribution has a peaked structure, to be investigated.
The very first peak has  ps,  a promising result for this innovative 

time-tag technique

To improve the SiPM time resolution:
•More photons (bigger SiPM and optimized setup)
•SiPM with high efficiency in the P-terphenyl scintillation light spectrum
•Customized FE optimized for fast signals

•TimeSPOT 3D pixel strip tested with 2 MeV protons by means of the 
microbeam facility (2m spatial resolution).

•The P-terphenyl organic scintillator was deposited above the strip, 
with a SiPM facing it as a time-tag.



● Percentuali tecnologi(0.6FTE)
a. Benettoni 20%
b. Gianelle 40%

● Richieste finanziarie
a. Missioni, consumo secondo le formule 

standard
● Servizi

a. Progettazione elettronica 1m.u. per 
Customized FE optimized for fast signals 
readout for  3D sensors

b. Progettazione elettronica 1 m.u. per 
aiuto con FPGA firmare per ECAL 
Upgrade 

Anagrafica e Richieste
● Percentuali (5.6FTE)

a. A. Bertolin 70%
b. D.Lucchesi 70% (TBC)
c. L. Sestini 70% 
d. G. Simi 70%
e. D. Zuliani 70%
f. L. Giambastiani 70%

g. L. Buonincontri 70%
h. F. Borgato 70%



MUonE

E. Conti, CdS 30/6/2022



Attività 2021-2
• Alla fine del 2021:

• primo test beam @CERN con fascio µ di un modulo S2 (strip Silicio) 
congiunto CMS-MUonE, in parasitic mode

• (test tecnico)

• Nel 2022: 
• costruzione della prima stazione (3 piani x-y)
• terminata la realizzazione del modulo ECAL, con FE electronics, + laser pulse 

system (sistema di impulsamento di luce laser via fibre ottiche su ogni cristallo PWO)
• sviluppo (ancora in corso) del DAQ per ECAL
• Primo Test beam @CERN per ECAL, in luglio, con fascio elettroni
• Test beam @CERN combinato 1 (o 2) stazioni + ECAL, Ott-Nov, con fascio µ
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Attività 2023
• Per ECAL

• non si prevede nessun sviluppo hardware; 
• attività finalizzata al passaggio da rame a segnali optoelettronici e 

integrazione nella DAQ dell'esperimento
•scrittura del Proposal Esperimento
• test beam fine 2023, con molte stazioni, da definire meglio



Anagrafica
[provvisoria, da confermare] più o meno la stessa del 2021:
Benettoni 10%
Conti   70%
Ghosh          80%
Mastrolia 10%
Passera 10%
Rossin ?%
Ronchese 20%
Simonetto 20%
Bragagnolo  ?%

● Totale FTE: ~ 2.2
● 2021 era 1.35 



Richieste finanziarie
[da definire]
essenzialmente richiesta di missioni per il test beam 2023



Richieste di Servizi di sezione
Dobbiamo sviluppare il firmware per la gestione e 
l'acquisizione dei segnali elettro-ottici e l'integrazione della 
scheda FC7 nella DAQ dell'esperimento, tramite scheda 
Serenity Board
In collaborazione con Bologna e CERN
Chiediamo supporto al Servizio Progettazione Elettronica



RD MuColl
D. Lucchesi



RD_Mucol Progress 

Accelerator R&D roadmap, established by Laboratory Directors Group (LDG) to define a route towards 
implementation of the goals of the 2020 ESPPU,  was formed by several panels among which Bright Muon 
Beams and Muon Colliders:

Panel members: D. Schulte,(Chair), M. Palmer (Co-Chair), T. Arndt, A. Chancé, 
J. P. Delahaye, A.Faus-Golfe, S.Gilardoni, P.Lebrun, K.Long, E.Métral, N.Pastrone, 

L.Quettier, T.Raubenheimer, C.Rogers, M.Seidel, D.Stratakis, A.Yamamoto                            
Associated members: A. Grudiev, R. Losito, D. Lucchesi

Intense preparation and review activities in 2021: 3 Community Meetings + dedicated  Physics and 
Detector Workshop 

https://indico.cern.ch/category/14577/
https://indico.cern.ch/event/1037447/
https://indico.cern.ch/event/1037447/
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Technically limited timeline

A 3 TeV muon collider could be ready by 2045 as reviewed by the Roadmap committee 

presented to CERN Council in December 
and published:
Yellow Report under implementation 

              

          

Results Yellow Report

https://cds.cern.ch/record/2800190?ln=en
https://cds.cern.ch/record/2800190?ln=en


 Plan

The panel has identified a 
development path that can 
address the major challenges 
and deliver a 3 TeV muon 
collider by 2045

Aspirational Minimal
[FTEy] [kCHF] [FTEy] [kCHF] 

445.9 11875 193 2445

~70 Meu/5 years

 Two Scenarios

Strong INFN 
involvement 
on accelerator 
design



94

https://arxiv.org/abs/2203.07256

https://arxiv.org/abs/2203.08033

https://arxiv.org/abs/2203.07964
https://arxiv.org/abs/2203.07224

https://arxiv.org/abs/2203.07261

▪ Project submitted in response to HORIZON-INFRA-2022-DEV-01-01:  Research infrastructure 
concept development, Total EU budget 3 MEu 

▪ Participants: EU, China, Japan, US
▪ WP 2: Physics and Detector Requirements  Leader D. Lucchesi Univ. PD + strong 

contribution of local and national
• Strong contribution to Snowmass process:

○ thanks to the INFN computing resources, in particular CloudVeneto

Latest International Collaboration Activities 

https://arxiv.org/abs/2203.07256
https://arxiv.org/abs/2203.08033
https://arxiv.org/abs/2203.07964
https://arxiv.org/abs/2203.07224
https://arxiv.org/abs/2203.07261
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LEGEND
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As part of the EU project, produced a footprint of the Muon Collider
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RD_Mucol Padova

Anagrafica

Richieste Test Beam da definire

Will continue to use local cloud
Alessio will continue to provide 
support (and work)



RD FCC
P.Azzi
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Stefano Lacaprara, INFN Padova 

Richieste RD_FCC

● RD_FCC restera’ sotto dotazioni
● Richieste CSN1: missioni metaboliche da algoritmo
● Richieste servizi sezione: nessuno
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Stefano Lacaprara, INFN Padova 

Conclusioni
● Belle II 

○ Long Shutdown 1 iniziato: raccolta statistica ~BaBar
○ fisica continua a crescere
○ Prospettive per upgrade

● CMS: Attivita’ Padova continua: analisi, fase2, e HL:
○ Impegno su molti fronti su analisi, grande impatto in B-physics
○ Molta attivita’ per DT, Tracker, e BTL

● LHCb upgrade I un successo
○ Attivita’ per Upgrade II
○ Diversi fronti di analisi con grande coinvolgimento padovano

● LUXE 
○ Vedi presentazione Mauro

● MUonE: 
○ ECAL module pronto, test-beam a luglio 2022
○ person-power issue un po’ meglio

● MuColl:
○ PD ben rappresentata e attiva
○ Plan for 2045 MuColl

● FCC
○ Continua lavoro su simulazione e MDI
○ Focus 2023 su timing layer (sinergia con CMS)
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Stefano Lacaprara, INFN Padova 

Backup
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