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• Some statistics
• HL-LHC and its upgrades
• Flavour physics
• Neutrino experiments
• European Strategy, FCC, 

attività per futuri
acceleratori

Outline Research lines CSN1 2024 FTE (%) Budget (%)

Physics at hadron colliders (LHC) 50,71 50,19

Neutrino Physics 9,10 12,6

Flavour Physics (with  LHCb) 27,11 22,45

Charged Lepton Physics 5,73 8,95

Proton Structure 2,61 2,46

R&D for Future Accelerators 3,76 3,01

Dark Sector 0,99 0,34

(*) 2024 CSN1 Budget 25 M€, does not include the external 
fund complementing HL-LHC and DUNE detector 
construction, Tier2 computing
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CSN1 PERSONNEL

FTE fraction with CSN1:   ~70%    constant over the years

CSN1 2014 2015 2016 2017 2018 2019 2020 2021 2022
FTE 759,98 753,03 784,19 797,86 822,38 825,86 834,62 813,69 820,27

People 998 1043 1061 1084 1124 1151 1166 1185 1181
FTE/people 76,2% 72,2% 73,9% 73,6% 73,2% 71,8% 71,6% 68,7% 69,5%
Women 186 209 227 231 234 233 236 244 259
%Women 18,6% 20,0% 21,4% 21,3% 20,8% 20,2% 20,2% 20,6% 21,9%

Includes synergic projects



ATLAS and CMS upgraded detectors (phase 2)

Main INFN INVOLVEMENTS:
• Tracker (ITK)
• Liquid Argon Calorimeter
• Tile Calorimeter
• MUON
• TDAQ

MAIN INFN INVOLVEMENTS:
• Tracker (inner and outer)
• MTD timing layer
• ECAL
• MUON



Progress in the PHASE 2 upgrade @ INFN
• Most projects of INFN interest close or at production phase 
• Final qualifications of prototypes in progress or close to completions Some examples à

CMS Tracker

Final OTPS module mounted on ring at INFN PIsa

Tracker Modules tested at beam with final hybrids  

CMS Muons

Final DT electronics close to 
production, testbed for 

qualification of all modules being 
prepared in Legnaro

ATLAS ITK

Italian cluster Ge/Mi for assembly, Bo for Thermal
cycles and Bo/Tn/Ud for cold testing is going
through the Site Qualification. Few modules assembled

ATLAS LAr

Advanced prototype of trigger 
electronics, integration tests 

foreseen next year 



LHC Phase 2 CORE construction time profile 
(extra-costs non included, yet, ≈ 20% total additional cost)
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Concerns for the schedule, reduced contingency

ATLAS Time Contingency, 
typically less than 1 year 

CMS Construction schedule



LHCb Upgrade 2

Scoping document in preparation à

CSN1 review of possible INFN participation started



Belle 2 and next detector upgrade (LS2)

Belle 2 detector upgrade in LS2 : 
consolidate and upgrade the detector to 
maximise physics reach at full luminosity.

CDR in preparation (ready end of 2023)

Expect relevant INFN participation in 
next detector upgrade

• Belle 2 completed Long Shutdown 1 (LS1)
• Data taking restarted in February 
• Accelerator consolidation at LS1 should allow the 

machine to reach 2.5 X 1035 cm-2 s-1 luminosity
• More work and ideas needed to reach the design 

luminosity of 6 X 1035 cm-2 s-1



FermilabSouth Dakota FermilabSouth Dakota

The Deep Underground Neutrino Experiment (DUNE) 

FD
ND

𝜈!

A new generation Long Baseline – 1300 km – neutrino oscillation experiment based on

• a  wide band high intensity (1.2 MW upgradable to 2.4 MW) ν/ν neutrino beam produced at Fermilab 

• a large total mass (~70 kton) Far Detector at the Sanford Underground Neutrino Facility (SURF) 1.5 km 
underground exploiting the Liquid Argon Time Projection Chamber (LArTPC) technology 

• a Near Detector complex (ND) at Fermilab providing control of systematic uncertainties, enabling a rich 
physics program

Some physics goals (phase 1)
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INFN @ DUNE

European site for 
WLS evaporation



LHC long-term schedule and other projects

HL-LHC : Run 4, Run 5, Run 6  at least 3000 fb-1 for ATLAS e CMS (ultimate lumi 4500 fb-1)
Upgrades LHCb [e ALICE] Fase 2 : Run 5 e Run 6
FCC-ee : start 204X dictated by CERN budget, anticipated start tecnically possible

Financing  PHASE2
CONSTRUCTION PHASE 2

LHCB U2
BELLE 2 U2

NUOVA ESSP 

FCC-ee

Fin DUNE



Nuova European Strategy for Particle Physics



L’ INFN e la Strategia Europea per 
la Fisica delle Particelle

Le attività INFN per lo Studio di Fattibilità per il 
collider FCC, per le roadmap sugli acceleratori
(High Field Magnets, Muon Collider, Cavità RF) e sui 
rivelatori.
• 6 e 7 Maggio a Roma, Centro Congresso Frentani

(di fronte a Sapienza Università)
• Incontro che si colloca in modo ideale per la 

preparazione dell’ Input da parte dell’ INFN per la 
prossima European Strategy, fondamentale per la 
discussione del futuro della Fisica delle Alte Energie in 
Europa (CERN, e non solo) e quindi anche del nostro 
Istituto.

• Le iscrizioni sono ancora aperte!
• https://www.roma1.infn.it/conference/infn-espp-2024/

https://www.roma1.infn.it/conference/infn-espp-2024/


Comprehensive long-term program 
maximizing physics opportunities
• stage 1: FCC-ee (Z, W, H, t ̅t) as Higgs 

factory, electroweak & top factory at 
highest luminosities

• stage 2: FCC-hh (~100 TeV) as natural 
continuation at energy frontier, with ion 
and eh options

• complementary physics
• common civil engineering and technical 

infrastructures, building on and reusing 
CERN’s existing infrastructure

• FCC integrated project allows seamless 
continuation of HEP after completion of 
the HL-LHC program

A first class infrastructure to maintain the leadership of European research in 
particle physics over the 21st century

After HL-LHC: the FCC integrated project 

Infrastructure preparation 2020 - 2040

2045 - 2060

2065 - 2090



La fisica di FCC-ee in una slide



FCC unique project to unveal the nature of  the Higgs 
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Need √s monochromatisation ( GH ≈ 4.2 MeV) 

1. FCC-ee : Measurement of absolute couplings 
and invisible width with recoil in HZ 

2. FCC-ee : precision couplings  (permil for ZZ)
3. FCC-ee : potential to investigate 1st

generation
4. FCC-hh : Higgs self-coupling at ≈ 5% (with 

FCC-ee ≈ 20% with single Higgs)
5. FCC-ee : precision top mass vs Higgs 

investigates stability of the Universe 

1.

3.

2. / 4.

4.

5.



FCC exploring new territories for BSM

Strength of the sterile-active mixing vs HNL mass

(seesaw mechanism @ FCC-ee)

Thermal dark matter

FCC-hh closing the window for WIMP dark matter



Preparing the future at CSN1:

IDEA detector for FCC-ee

TEST BEAM at DESY
DUAL READOUT CALORIMETER for 
the IDEA FCC-ee detector

Example: developed a detailed 
design of the vertex detector 
region, with MAPs based 
silicon sensors. Integration 
takes into account crossing 
angle and other accelerator 
constraints

Prototype of µRWELL 
detector for muon 
chambers , tested with 
new TIGER low noise 
electronics

FCC @ INFN (talk of M. Boscolo)

MUON Collider @ INFN
(talk of N. Pastrone)

Collaboration with FBK for 
Digital SiPM CMOS dedicated 
to fiber calorimeter



Accelerator projects for particle physics @ CSN1

Four flagship projects 
with special INFN Funds 
(≈ 2 MEUR+personnel)

Common review by 
CSN1 and MAC 
committees

Manuela Boscolo, INFN-LNF

Coordinating the efforts 
to boost participation 
and include the INFN 
accelerator community, 
in synergy with other 
projects



CONCLUSIONI
• Costruzione FASE 2 ATLAS e CMS per HL-LHC maggiore impegno della 

CSN1 nel presente – immediato futuro
• Importanti nuovi progetti per fisica del flavour (LHCb U2, Belle 2 upgr)
• Fisica dei neutrini ad acceleratori in CSN1 (Dune, Icarus, SND@LHC)
• Accelerazione (anticipazione) della European Strategy for Particle 

Physics e completamento Feasibility Study per FCC per 2025
• Notevole impegno CSN1 per progetti Futuri Acceleratori per HEP
• Altre attivita’ non discusse causa tempo limitato : NA62, MEG 2, 

MU2E, G-2, AMBER, UA9, PADME, MUonE, BES 3, KLOE, IGNITE



https://www.roma1.infn.it/conference/infn-espp-2024/



ADDITIONAL INFORMATION



Targeting same performance as in Run 3, but with pile-up ~40!

Same spectrometer 
footprint, innovative 
technology for detector 
and data processing
Key ingredients:   

Run 3:  pile-up ~6

Upgrade II:  pile-up ~42

~2000 tracks ~6 cm

• granularity          
• fast timing  (few tens of ps)  

VErtex LOcator (VELO)

LHCb Upgrade II : The detector challenge

• radiation hardness



The Belle II detector and INFN commitments



Three layers of new BES III GEM tracker, designed and constructed in Italy, are now 
ready in Beijing.
There are in commissioning collecting cosmics, insertion in BES III expected in 2024



Belle 2 and future upgrades Q1

SuperKEKB ha una lunga lista di contromisure alle limitazioni di luminosità 
osservate:  buona parte si stanno implementando durante LS1
SuperKEKB ha una lunga lista di contromisure alle limitazioni di luminosità 
osservate:  buona parte si stanno implementando durante LS1
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DUNE and its Physics Program in one slide
🟠 Long- baseline wide-band neutrino beam

— Measurement of CP violation phase and determination of the 
neutrino mass ordering in a single experiment using spectral
information

🔵 Underground location à access to astrophysical neutrinos
— Supernova neutrino burst detection – sensitive to the ν! component
— Atmospheric neutrino – capability of ν" identification
— Solar neutrinos – potential for detection of hep flux

🟢 Massive detectors with tracking and calorimetric information
— Search for baryon number violating processes – p → ν K+, n $n

🟤 Long baseline + higher energy neutrino beam
— ν" appearance, NSI searches

🔴 Capable Near Detector Complex 
— Precise neutrino physics (cross sections, nuclear effects)
— BSM searches



Sanford Underground Research Facilities 

SAND
TMS NDLAr

Near Detector Complex



DUNE 
SAND



MEG 2 at PSI
Taking data from 2021: number of muons
on target steadily increasing

Foreseen sensitivity
First result of MEG 2 on µà eg
K. Afanaciev et al., arXiv:2310.12614



The Mu2e experiment at Fermilab
Searching for muon-to-electron conversion in a thin aluminum stopping target

Calorimeter disk  
assembled with crystals 
(INFN responsibility)  

The experimental hall with the recently installed 
Transport Solenoid (AGS Superconductors Genova)  



UA9 : Cristalli per manipolazione e ricombinazione fasci

µ beam µ beam
Si strip

Goniometer
& crystal

p-µ beam

Si strip
Splitting
crystal

p-µ Beam (core)

p-µ beam (halo) Recombined beam

Recombination
crystal

Steering
crystal

1)

2)
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Primo scopo è quello di fornire due fasci sincronizzati da ricombinare
Short Term, 2023 
1) Test dei cristalli Aplyx nel nuovo bender realizzato da Roma1
2) Primo passo: test di allineamento della configurazione a tre cristalli (de-bunched). 

Medium Term………
3) Secondo passo: bunches recombination
4) Terzo passo: ottimizzazione dello schema protoni e muoni



NA62 and kaon physics

35

• NA62: measure the SM branching fraction of 
K+àp+nn with 15-20% precision

• Result from full Run 1 [JHEP 06 (2021) 093]:              
B NA62(K+ → π+νν )̄ = (1.06+0.40 ± 0.09 syst) × 10−10 

• 3.4σ significance
• Data taking resumed in 2021, a{er CERN LS2, 

approved un|l CERN LS3 

March 2024 : not approved by CERN



SND@LHC : first observation of 
Collider neutrinos !

Integrated luminosity in 2023
22

Delivered: 7.55 fb-1
Recorded: 7.47 fb-1



Beyond Standard Model, Precision Measurements, Discoveries: un robusto 
programma di ricerca a medio/lungo termine deve affrontare gli aspetti e 
correlazioni delle misure di precisione e delle ricerche dirette. 

Interplay EW/Higgs at future colliders

2929Jorge de Blas 
Univ. of Granada / CERN

Figure 4: Ratios of the measurement precision (shown in Fig. 3) to the one assuming perfect
EW measurements in the constrained-�H fit. See text for details. Results are only shown
for Higgs couplings and aTGCs with ratios noticeably larger than one. For CEPC/FCC-ee,
we also show (with the thin “T” lines) the results without the improved measurements of
the EWPO that would be possible at the future Z-pole runs.

order and SM predictions are computed including the future projected uncertainties
associated to the SM input parameters in the {↵,MZ , GF ,mt,mH} scheme. See
Section 5.1 for more details on the latter and a discussion on the impact of other SM
uncertainties.

For the constrained-�H fit, the outcome of this analysis is similar to that presented
in Ref. [25], with the exception of the CEPC results where one observes the expected
improvement in the sensitivity to Higgs couplings derived from the increase in the
luminosity at 240 GeV, together with the addition of the new set of measurements
that would be possible at 360 GeV. The sensitivity to the aTGC via the optimal
observable analysis presented in Section 4.5 is also di↵erent compared to Ref. [25], as
we now use all W decay channels (as opposed to only the semi-leptonic channel), but
we also use a slightly more conservative selection e�ciency, consider cuts not included
in [25], and account for systematic e↵ects associated to the knowledge of the e↵ective
beam polarization or the luminosity.

For the free-�H fit, it is essential to have a model independent determination of the
Higgs width, without which the Higgs couplings could not be constrained. Clearly,
the e+e� colliders have the advantage of the inclusive HZ measurements, while a
125GeV muon collider is able to directly measure the Higgs width with a threshold
scan. There is a potential at the HL-LHC to determine the Higgs total width using
o↵-shell Higgs measurements [36,37] with an uncertainty of 0.75 MeV [38,39]∗. This
piece of input has not been included in the global fit since the full EFT treatment for
this measurement is not yet available [40].

It is worth noting that, in a global SMEFT framework, the EW measurements are
also relevant for the Higgs coupling determination, since they constrain many EW
parameters that could also enter the Higgs processes. To illustrate this, we show in
Fig. 4 the ratios of the measurement precision to the one obtained assuming perfect
EW measurements for the Higgs couplings and aTGCs. This perfect EW scenario

∗This uncertainty is likely to be improved once the WW channel is employed in addition to the
current ZZ analyses.
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Impact of future EWPO in Higgs/aTGC couplings

Figure 4: Ratios of the measurement precision (shown in Fig. 3) to the one assuming perfect
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Figure 3: Precision reach on e↵ective couplings from a SMEFT global analysis of the Higgs
and EW measurements at various future colliders listed in Table 2. The wide (narrow)
bars correspond to the results from the constrained-�H (free-�H) fit. The HL-LHC and
LEP/SLD measurements are combined with all lepton collider scenarios. For e+e� colliders,
the high energy runs are always combined with the low energy ones. For the ILC scenarios,
the (upper edge of the) triangle mark shows the results for which a Giga-Z run is also
included. For the muon collider, 3 separate scenarios are considered. The subscripts in the
collider scenarios denote the corresponding integrated luminosity of the run in ab�1. Note
the Higgs total width measurement from the o↵-shell Higgs processes at the HL-LHC is not
included in the global fit.
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LaTeX materials for the talks at the 6th FCC
workshopg, Jan 23 2023

J. de Blas
a†

aCAFPE and Departamento de F́ısica Teórica y del Cosmos, Universidad de Granada,
Campus de Fuentenueva, E–18071 Granada, Spain

Abstract

LaTeX materials for the talks at the LHC Top WG meeting, June 16 2022

1 Latex Stu↵
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H|�gff
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Model Pred. MW [GeV] Pull Pred. MW [GeV] Pull

standard average conservative average
SM 80.3499± 0.0056 6.5 � 80.3505± 0.0077 3.7 �
ST 80.366± 0.029 1.6 � 80.367± 0.029 1.4 �
STU 80.32± 0.54 0.2 � 80.32± 0.54 0.2 �

SMEFT 80.66± 1.68 �0.1 � 80.66± 1.68 �0.1 �

Table 1: Predictions and pulls for MW in the SM, in the oblique NP models and in the SMEFT,

using the standard and conservative averaging scenarios. The predictions are obtained without

using the experimental information on MW . See text for more details.

⇣
IC ⌘ �2logL + 4�2

logL

⌘
(3)

MW , �W , BRW!`⌫ (4)

BRW!e⌫

BRW!µ⌫

���
ATLAS

= 0.997 ± 0.010 (5)

†
E-mail: jorge.de-blas-mateo@durham.ac.uk
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fit assuming LEP/SLD Z-pole measurements
fit including Future Z-pole measurements

LO

Higgs couplings fits 
January 23, 2023

EW-Higgs SMEFT correlations

Higgs coupling determination
q In EFT global fits: strong correlations between EWPOs and Higgs couplings

u Causes large induced uncertainties on some Higgs couplings …

l … unless these EWPOs are measured at the Z pole

u In EFT fits, the FCC-ee Z-pole run improves the Higgs couplings to the Z & W by 25-30%

l By 70% after the run at √s = 240 GeV
l Bt 25-30% after the run at √s = 365 GeV
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No Z pole data

With Z pole data

G. Durieux

240 GeV

240+365 GeV

Correlazioni tra osservabili Higgs, Z e W a futuri acceleratori

Esempio: incertezze Higgs couplings senza e con nuove misure alla Z 




