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Researchers and technologists affiliated to CSN1
Number of FTEs, CSN1 proper used for funding: CSN1 + synergic activities

• Number of FTE in 2023 budget requests 833, including synergies 886 
• Ratio FTE/people around 70%
• Fraction of women stable ≈ 20 – 21 % 



Research lines CSN1 Budget 21 (%) Budget 22 (%) Budget 23 (%)

Physics at hadron colliders (LHC) 59,70 58,89 59,74

Flavour Physics (with  LHCb) 27,60 22,52 23,5

Charged Lepton Physics 10,80 12,01 10,70

Proton Structure 2,70 3,56 2,76

R&D for exp at Future Accelerators 0,40 3,02 3,30
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(*) 2022 CSN1 Budget 20 M€, does not include the external 
fund complementing HL-LHC detector construction ≈ 3.5 M€

• Nel 2023 inizia finaziamento 
specifico triennale per R&D fisica 
del flavour [300 keu/anno]

• Nel 2023 inizia anche 
finanziamento specifico 
quadriennale su IGNITE (elettronica 
a 28 nm) [300 keu/anno] 

• Review comune CSN1/CSN5

• Nel 2023 aumentano considerevolmente in CSN1 i
ricercatori/tecnologi della comunita acceleratori, per 
un totale di circa 60 persone / 10 FTE

• Finanziamento su acceleratori 2023 ≈ 115 keu
• Destinato ad aumentare con progetti di R&D di 

acceleratori per la ESPP (in corso di valutazione 
da MAC e GE)



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)

• The Muon Collider (CSN1)
• Electron Ion Collider (CSN3)
• The neutrino platform at FNAL (CSN2)

• Short neutrino Baseline (SNB) 
• Long neutrino Baseline (LNB)

• Hyper Kamiokande (HK) (CSN2)

(approved, under discussion)

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



• From the European Strategy for Particle Physics: 
The full physics potential of the LHC and the HL-LHC, 
including the study of flavour physics and the quark-
gluon plasma, should be exploited.
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HL-LHC: the near future 

new  interaction region layout and 
crab cavity

LHC HL-LHC>10x the statistics of 
the LHC still to be 
collected!

Start of Run3!

upgrade of injector chain to 
deliver brighter bunches



New LHC long term schedule
incorporating delays accumulated for HL-LHC detector construction

7
HL-LHC : Run 4 + Run 5,  at least 3000 fb-1 delivered tk ATLAS e CMS (ultimate lumi 4500 fb-1)

@ 13.6 TeV
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• High luminosity ➔ 200 soft pp interactions per crossing

• Increased combinatorial complexity, rate of fake tracks, spurious energy in calorimeters, increased data volume to be read out in each event

• Detector elements and electronics are exposed to high radiation dose : requires new tracker, endcap calorimeters, forward muons, replacing 

readout systems

• Planned detectors shown to be able to successfully operate at the HL-LHC 

HL-LHC experimental challenges

Roughly reaching limits of current techniques in several 
systems

200 pileup25 pileup



Detector answers to the HL-LHC challenge

now

Example: ATLAS Tracker 
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Example: CMS Timing layer concept

Improve granularity Add timing information
+ radiation hardness



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



Time profile of INFN contributions to CORE and 
personnel LHC PHASE 2 – revised schedule (July 2022)
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Funding defined in feb 2018 (CTS) 

• CSN1:   25 M€  in 2018-2025
• LHC_MIUR: 31 M€ + 8 M€ 

contingency
• (computing not included)

• Total cost is bound to increase:
• Exchange rate (CHF/EUR)
• Cost of materials
• Russian crisis



Computing @ HL-LHC (ATLAS+CMS)
• Initially considered ”impossible” à resources 10-50x in excess of what 

technology could provide at a fixed price
• Intensive R&D in the last 5+ years, by Experiments, EU + NSF/DOE projects (IRIS, 

Excalibur, ESCAPE, …), initiatives (HSF, …)
• Tools: HPC, data-lake model, Heterogeneous Computing (GPU, etc.)
• Last extrapolation show a much more optimistic scenario

Extrapolations 
within the two 
exponentials à
fixed budget 
possible

Q3a



Main players in quark-flavour physics
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• ATLAS and CMS : measure some relevant B-
physics channels, mainly with muons in the final 
state, but also new prospects eagerly awaited 
with parked data à (upgrades already funded)

• NA62: measure the SM branching fraction of 
K+àp+nn with 10% precision à future upgrades 
involve K+ and K0 rare decays (HIKE)

• LHCb and Belle II: dedicated detectors 
for flavour physics with wide range of 
measurements à future upgrades 

For all of them strong INFN 
involvement, specific resources for 
R&D added in 2023-2025 under

“RD_flavour”

• FCC-ee : very relevant B physics 
perspectives by running at the Z at 105

times LEP luminosity 



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
Approved March 2022
R&D programme, 
scoping document followed
by sub-system TDRs

Q1



Cost of LHCb upgrade II

• FTDR describes baseline detector and areas of descope 
for investigation

• Cost range 175-130 MCHF

system what cost 
reductio
n

impact/comments

RTA reduce peak 
luminosity

8 MCHF Reduce data taken

ECAL single readout 
on outer 
region

13 MCHF Reduced physics performance

TORCH reduce 
coverage

3.5 CHF Reduced physics performance

MT-
CMOS

reduce CMOS 
pixel area

7 MCHF Driven by technology and algorithm 
development

Descope examples driven by physics or technology 

Request funding agencies decision on participation with time scale ~ 2 years
à Toward TDR and Money MatrixItalian community very interested and already involved: 16% in 
the current LHCb Collaboration

Q1



• SuperKEKB: new record of instantaneous 
luminosity (June '22): Lpeak = 4.7 1034 cm-2s-1
'crab waist scheme': 1300 mA (LER), 1040 mA 
(HER) 

• Excellent performance of the detector, several 
publications and new results at ICHEP 2022

• Machine far from the target luminosity, long 
shutdown foreseen in 2026-7 (LS2) to upgrade 
final focus and for other interventions

• LS2 in 2026-7 is an important opportunity for a 
detector upgrade that improves robustness (vs 
BKG) and performance 

Belle 2 and future upgrades

Example of physics case for tau physics



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



WŝĂŶŝ�ƉĞƌ�ů͛ƵƉŐƌĂĚĞ

Nel Run II SuperKEKB punta a raggiungere 
Lpeak = 2.4 x 1035 cm-2 s-1.

Per poter integrare 50 ab-1 sarà poi necessario  
raggiungere Lpeak = 6 x 1035 cm-2 s-1

A questo scopo sarà probabilmente necessario un 
ridisegno della regione di interazione e forse un 
upgrade di tutto il sistema di iniezione.
Fondamentale il run 2024 per precisare queste idee.

Simili interventi richiederanno un LS2 di durata > 1 anno  (2027-28)  e una ripartenza molto «ripida» 
per recuperare la luminosità non integrata durante LS2.
Una International task force sta studiando i possibili scenari di upgrade per SuperKEKB: la 
partecipazione di fisici di macchina italiani sarebbe molto importante.

KǀǀŝĂŵĞŶƚĞ�ů͛ƵƉŐƌĂĚĞ�Ěŝ�ŵĂĐĐŚŝŶĂ�ŚĂ�ŝŵƉĂƚƚŽ�ƐƵů�ĚĞƚĞĐƚŽƌ͕ �ŶŽŶ�ƐŽůŽ�ƉĞƌ�ůĞ�ŵŽĚŝĨŝĐŚĞ�Ěŝ�/Z�ŵĂ�ĂŶĐŚĞ�
ƉĞƌ�ů͛ĂƵŵĞŶƚŽ�ĚĞůůĂ�ƌĂƚĞ�Ěŝ�ĂĐƋƵŝƐŝǌŝŽŶĞ�Ğ�ĚĞů�ďĂĐŬŐƌŽƵŶĚ



Performance of drift chamber is
very good, already with initial
alignement momentum
resolution improved by a factor
of 4 w.r.t. MEG I

The MEG II exp at PSI

"Luminosity” accumulated during first physics run

Search for 
µà eg
decays

Q1



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

Mu2e progresses 2022: Critical path still driven by Solenoids +1.5 year Delay due to 
Covid à REBASELINED by DOE in Sept 2022.

Calorimeter disk  assembled with 
crystals (INFN responsibility)  



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



Preparing the future: FCC and Muon Collider
CSN1: RD_FCC
2022: 105 scientists/15.3 FTE
~ 6-700 k€/yr (CSN1 & EU grants)

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

CSN1: RD_MUCOL
2022: 97 scientists/15.7 FTE
~ 300+X k€/yr (CSN1 & EU grants)

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

• SC magnets
• RF cavities
• etc



Beyond Standard Model, Precision Measurements, Discoveries: un programma di 
ricerca indirizzato alle prossime decadi non deve essere indirizzato al pennacchio di 
fumo, ma all’intero panorama per scoprire gli edifici che formano la nuova fisica 



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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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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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.

34

Impact of future EWPO in Higgs/aTGC couplings

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.

34

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.

33

January 21, 2023

LaTeX materials for the talks at the 6th FCC
workshopg, Jan 23 2023

J. de Blas
a†
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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

11

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 



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



FCC Feasibility Study status summary

Following 2020 European Strategy Update, organisation structure and major 
milestones & deliverables for the FCC Feasibility Study (FCC FS) approved by CERN 
Council in June 2021. Entire FCC government structure (members of SC, CB, SAC, 
CG) established (summer 2022). 

Main activities: developing & confirming concrete implementation scenario, in 
collaboration with host state authorities, including environmental impact analysis, 
and accompanied by machine optimisation, physics studies and technology R&D -
via global collaboration, supported by EC H2020 Design Study FCCIS and Swiss 
CHART. Goal: demonstrate feasibility by 2025/26

Next milestone is the mid-term review, autumn 2023.

Long term goal: world-leading HEP infrastructure for 21st century to push  particle-
physics precision and energy frontiers far beyond present limits
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8-site baseline “PA31-3.0”

• 8 sites – less use of land, <40 ha instead 62 ha
• Possibility for 4 experiment sites in FCC-ee
• All sites close to road infrastructures (< 5 km of new 

road constructions for all sites)
• Vicinity of several sites to 400 kV grid lines
• Good road connection of PD, PF, PG, PH suggest

operation pole around Annecy/LAPP
• Exchanges with ~40 local communes in preparation

Number of surface sites 8

LSS@IP (PA, PD, PG, PJ) 1400 m

LSS@TECH (PB, PF, PH, PL) 2032 m

Arc length 9.6 km

Sum of arc lengths 76.9 m

Total length 90.6 km

PA: Experiment

PB: technical

PD: experiment

PF: technical

PG: experiment

PH: technical

PJ: experiment

PL: technical

J. Gutleber

optimized placement and layout 
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Particular thanks to
Volker Mertens!
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Progressi rilevanti nel progetto di ingegneria civile, nelle discussioni coi governi e comunita locali

Primi scavi di test 2023 !!



Final comments
• Strong CSN1 involvement in HEP experiments with accelerators at the intensity and energy frontiers
• At present most of the budget focused on projects at CERN 

– LHC experiments upgrade taking most of the effort, both from the personnel and financial point of view
– Concerns (and mitigating actions) due to international crises (war, cost of materials / components)

• Significant resources dedicated also to other activities:
– Special focus on flavour (new dedicated funds) and lepton sector
– New experiments started or in preparation (SND, AMBER, LUXE, MUonE, MU2E)

• Special attention dedicated 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»
• Seeking green light at next ESSP
• Construction in the next decade to be ready to operate soon after the end of LHC

– We support studies for the Muon Collider a splendid tool for energy frontier if technologically demonstrated
• In 2022 and 2023 we stregthened the links between CSN1, CSN5 and the INFN accelerator

community: in my opinion this path should be further pursued.
29



Additional Information



01/03/23 UA9  cristalli per manipolazione fasci (Roma-CSN1) 31

• Requires new opening of vacuum at plane 1 (already confirmed)
• Single station position might float by up to 0.5m 

UA9 2023 Layout



Luxe at the DESY Eu.XFEL
• XFEL and high-power LASER electron beam

collisions
– Investigating QED in regimes beyond the 

Schwinger limit by XFEL electron 
scattering on photons from a very high 
power laser (100 TW)..

• Collaboration 90 members (26 institutes)
• INFN grups: Bologna, Padova
• INFN proposed contribution : beam profile

measurement with a detector  made with 
strips on sapphire

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Photon Profiler Procure detector prototypes and test

Test beam at ELBE/FRASCATI/XFEL
LUBPRO design, production
Movable support mechanics design, production
Detector installation/commissioning
Detector ready for data-taking

2021 2022 2023 2024 2025 2026

Q6a



•From the European Strategy for Particle Physics 
(2019): 

Europe, together with its international partners, should investigate the technical and 
financial feasibility of a future hadron collider at CERN with a centre-of-mass energy 
of at least 100 TeV and with an electron-positron Higgs and electroweak factory as a 
possible first stage. Such a feasibility study of the colliders and related infrastructure 
should be established as a global endeavour and be completed on the timescale of the 
next Strategy update. 



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
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Baseline scenario presented in the CDR (2018) with 2 IPs
q Run at the Z pole, WW threshold, ZH cross-section maximum, tt threshold and above.

3

Z resonance √s ~   87.9, 91.2, 94.3 GeV 4 years 5 x 1012     e+e-➝ Z
WW threshold+    √s ~ 157, 162 GeV 2 years > 108       e+e-➝ W+W-

ZH maximum        √s ~ 240 GeV 3 years 106      e+e-➝ ZH
`tt  threshold √s ~ 340-350 GeV 1 year
Above threshold √s ~ 365 GeV 4 years 106        e+e-➝`tt

< 50 keV
< 200 keV

2 MeV
5 MeV 

√s uncertainty

EXPLORE the 10-100 TeV energy scale with precision measurements

u From the correlated properties of the Z (+ b, c, t) , W, Higgs, and top particles
l Up to 20-50-fold improved precision on ALL electroweak observables (EWPO)

è mZ , mW , mtop , GZ , sin2 qw
eff, Rb , aQED(mz), as(mz mW mt), top EW couplings …

l Up to 10 × more precise and model-independent Higgs couplings (width, mass) 
è Access the Higgs potential and infer the vacuum structure of the Universe
è Reveals the dynamics of the EW phase transition; Infer the fate of the EW vacuum

DISCOVER that the Standard Model does not fit

u NEW PHYSICS !   Pattern of deviations may point to the source. 

DISCOVER a violation of flavour conservation / universality 

u Z → tµ w/ 5×1012 Z ; t→ µn / t→ en w/ 2×1011 t ; B0 → K*0t+t- or BS→ t+t- in 1012 bb events

DISCOVER dark matter, e.g., as invisible decays of Higgs or Z

DISCOVER DIRECTLY feebly-coupled particles 

u in the 5-100 GeV mass range, such as right-handed neutrinos, dark photons, ALPs, …

_

Detector Concepts | Felix Sefkow | January 2023 18

Detector Concepts
In a Nutshell

Mogens Dam

inside



Muon Collider

Cost and power consumption drivers, limit 
energy reach e.g. 30 km accelerator for 10/14 
TeV, 10/14 km collider ring

Beam induced 
background

MDI and Detector  
design

Magnets &RF

Cooling cell 
prototyping 
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Roberto Franceschini - Complementarity at FCC and muon collider - https://indico.cern.ch/event/1176398/

Conclusions
• dedicated  factory stages prove to be the “easiest” factories to operate (and to interpret) when it 

comes to precision measurements ( ) 

• high-energy machines (  or ) can often probe the microscopic phenomena that motivate the 

precision measurements and often surpass it by far (see  compositeness example, EWPT in SMEFT) 

• in many instances the  collider can play the role of the  in finishing the job started by  with the 

bonus of potentially being run in the same years while also contributing as a “multiplex”-factory)   

• well motivated scenarios require inputs from all projects to reach a conclusion 

( , mechanisms for neutrino mass, … ) 

• interactions between timelines of the projects is highly non-trivial  

•   

• during the long time from now to the next collider results from outside highest-energy colliders might 

give a strong hint of where BSM might lie (e.g. for WIMPs, flavor, GWs, EDMs) 

e+e−

δmW, δmt, δmZ, . . .

pp μμ
tR

μμ hh ee

h → ϕϕ for ϕ driving EWpt

&
hhZh ttZ

→ → → vs

Roberto Franceschini - Complementarity at FCC and muon collider - https://indico.cern.ch/event/1176398/
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Physics at the FCC and at the High Energy Muon Collider
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