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A WARM WELCOME TO ROME
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INFN is …

a community of over 
6,700 people
~ 25% of them have PhD grants, 
post-doc scholarships and research grants

Staff Researchers 699
Staff Technologists 447
Technicians, Administration  960
Associates 4503



INFN Reasearch lines                                     
(“the five Scientific Committees”)



Future High Energy Physics projects at accelerators with 
INFN involvement 

• High Luminosity LHC
• ATLAS, CMS phase 2 upgrades (CSN1)
• LHCb phase 2 upgrade (CSN1)
• ALICE phase 2 upgrade (CSN3)

• The Future Circular Collider (FCC)
• FCC-ee (CSN1)
• FCC-hh (CSN1)

• Electron Ion Collider (CSN3)
• Neutrinos at FNAL (CSN1)
• Short Baseline neutrino (SBN) 
• Long Baseline neutrino (LBN)

• Hyper Kamiokande (HK) (CSN2)
• Muon Collider studies (CSN1)

(purple=already approved projects)

Smaller scale projects: AMBER, BELLE 2 upgrade, HIKE, MEG2, MU2E, etc.



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
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Number of FTEs, CSN1 (particle physics)

Ratio FTE/people around 70% Specific INFN 
funds for 
future 
accelerators 
are also 
available, in 
addition to 
CSN1 budget



Preparing the future: FCC 
CSN1: RD_FCC
170 scientists/25 FTE
~ 6-700 k€/yr (CSN1 & EU grants)

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

In 2022 INFN started the efforts to 
boost participation and include the 
INFN accelerator community, in synergy 
with other projects

• SC magnets
• RF cavities
• etc

Specific INFN funds 
for future 
accelerators started 
in 2023: 2 million 
euros over 3 years, 
with additional 
postdoc positions

• FCC-ee IR and MDI
• High-Q/High-G SRF
• SRF R&D thin films
• Damping Ring and 

Transfer Lines 



WHY FCC ? a particle physicist point of view



Precision Measurements çè Discoveries: a research programme adressing the 
next decades should must be wide-ranging, have a high-profile programme of 
measurements and considerably extend the search for new phenomena
à Explore the landscape, do not leave stones unturned
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Where nature decided to put stuff
(the electroweak playground)

total
luminosity
[1034 cm-2s-1]

c.m. energy 
[GeV]

Z bosons (105 times LEP)

W bosons (103 times LEP)

Higgs factory

top quark





Some key points about FCC
• FCC-ee is not just about brute-force luminosity

• Continuous calibration of centre-of-mass energy (e.g. 100 keV at 
the Z) with resonant depolarization

• Direct measurement of parameters, which were computed until 
now (e.g. direct measurement of aQED running)

• There is a well-defined theory effort, to successfully use 
data in a meaningful way (e.g. 3-loop calculations)
• It has been shown in various ways (e.g. EFT analyses) that 

a jump in precision in Z, W, H, top measurements is 
required for a comprehensive interpretation of the 
electroweak sector
• A deviation of  a single coupling or operator will not provide the 

full picture
• FCC-hh is eventually required to precisely investigate the 

Higgs self-coupling, to close important chapters (e.g. 
WIMP interpretation of Dark Matter) and to significantly 
extend direct searches



Beyond Standard Model, Precision Measurements, Discoveries: a robust medium-
to long-term research programme must address most aspects of of precision 
measurements (and their correlations) in addition to direct searches.

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
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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
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Abstract

LaTeX materials for the talks at the LHC Top WG meeting, June 16 2022
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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.
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= 0.997 ± 0.010 (5)
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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

Correlations between Higgs, Z and W observables at future accelerators

Example: Higgs couplings uncertainties without and with new measurements at Z



Summary
INFN is paying a special attention to the preparation for the future of our field
– Focusing on the feasibility of FCC (FCC-ee followed by FCC-hh): 
– «A first class infrastructure to maintain the leadership of European research 

in particle physics over the 21st century»
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We wish you a fruitful workshop !!


