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EU Strategy 2020: “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, 
with  an  electron-positron Higgs and electroweak factory as a possible first stage.”

The FCC feasibility study is now complete. Technical feasibility OK !   
The FCC program goes well beyond the successful LEP – LHC (1976-2041) program 

Comprehensive cost-effective program maximizing physics opportunities and Complementary physics
- Stage 1: FCC-ee (Z, WW, H, tt, mH?) as best Higgs, EW, Heavy Flavour and top factory at the highest luminosities
- Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with heavy ions and eh options

• The FCC-INT project is fully integrated with the HL-LHC  exploitation
• It provides a natural transition for higher precision, energy & scope

Stage 1 Stage 2

• Common civil engineering and technical infrastructures
• Building on and reusing CERN’s existing infrastructure.

2045 - 2065 2074 – 2095
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at Circular Colliders➔ Rich e+e- Physics Program …
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The potential of an hh machine at the energy frontier in the same circular tunnel is also excellent:

• Measurement of Higgs Self-coupling at the ~3-4 % level

• Highest reach in sensitivity for di-higgs studies, dark matter searches and more

• New heavy particles could be directly discovered for masses up to 20-40 TeV

• Large potential also from indirect searches

But we are not yet ready to build the hh machine, more R&D on the magnets is needed.

We may however build an ~80 TeV machine by 2055 if we go directly for such machine.

…plus an excellent hh program soon afterwards
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Kinematics @ FCC-hh
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Machine and Detector requirements / radiation levels 
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Detector concept 

Challenges

● Large dynamic range 
● High occupancy (1000 PU)

- Timing (3 ps resolution)
● High data rates

- 10x data vs HL-LHC
● High radiation

- 3x1018 1MeV neq/cm2
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Higgs complementarity with lepton machines
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Higgs production in hadron machines

HH (NNLO)           40 fb                1.2 pb                  30

> 10M Higgs boson with  
pT(H) > 500 GeV

sub %

30
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Improvements on Higgs couplings with FCC-hh
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Single Higgs couplings: Ratio H(𝝁𝝁)/H(4𝝁)

H→𝝁𝝁 H→4𝝁

Updated results from differential fit in pT(H) 

bins, for the different operating scenarios

10.17181/sxreb-8h751

CDS note

Benefit from large statistics at high pT(H), where 

experimental efficiency systematics are smaller.

Furthermore focus on ratios of signal strengths to 

cancel (theory) systematic uncertainties

https://doi.org/10.17181/sxreb-8h751
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Single Higgs couplings: t̅tH(𝛄𝛄) analysis

New channel for precision measurement of top 

Yukawa coupling 𝜿top

Extract from fits to invariant di-photon mass in 

pT(H) bins

Expected precision for 84 TeV and different 

assumptions on systematics

10.17181/tr6k7-bm770

CDS note

1.2%

https://doi.org/10.17181/tr6k7-bm770
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Higgs self-coupling: bb𝛄𝛄 analysis 𝛄𝛄 analysis

Re-optimized strategy: Event selection with 

Deep Neural Network

Fit invariant di-photon mass in bins of invariant 

di-jet mass, with different assumptions

Consider different energies & resolutions of 

invariant d-jet mass 

Impact of di-jet resolution is critical

10.17181/w6928-gr929

CDS note

3.5%

5.2%

4.6%

https://doi.org/10.17181/w6928-gr929
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Higgs self-coupling: bb̅𝛕𝛕 analysis 
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Focus on channels with hadronic 𝛕 decay

Re-optimized strategy: 

Event selection with Graph Neural Network 

(events modelled as fully connected graph)

Working on extraction of 𝜿𝝀 precision at 84 TeV

from fits to GNN score in bins of invariant di-

Higgs mass

Competitive with bb̅𝛄𝛄
➔ A combination is planned

10.17181/8cdq9-dj340

CDS note

3%(stat) + 3%(syst) on HH(bb𝛕𝛕) cross-section

https://doi.org/10.17181/8cdq9-dj340
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BSM Searches at the Energy Frontier 

stopHigh mass resonances

Challenges: multi-TeV collimated top,   W, τ highly collimated.

Tracking is the key and highly segmented calorimetry 
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Energy/Luminosity Scenarios

name F12LL F12HL F12PU F14 F17 F20

Dipole Field (T) 12 12 12 14 17 20

√s (TeV) 72 72 72 84 102 120

current (A) 0.5 1.12 1.12 0.5 0.5 0.2

PU 600 3000 1000 600 700 150

SR power (MW) 
2 beams

1.3 2.9 2.9 2.4 5.2 4.0

Lumi/yr (ab-1) 1 2 1.3 0.9 0.9 0.35

Limiting factor: 5 MW synchrotron power ~ √ s 4

(# Pile-Up)
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Sensitivity with the different scenarios 

Higgs SM precision BSM reach

Higgs self-coupling precision at 80 TeV ➔~ 3-4%
assuming same detector performances

Preliminary conclusions:
For Higgs physics and lower mass new resonances, 
a higher luminosity can make up for a lower energy. 
For higher masses searches, it is as expected harder
But going for 84 TeV is now the default choice

WIMP DM still in reach at 80 TeVHiggs couplings
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FCC-hh timelines
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Conclusions 

• FCC-hh, supported by the results of an e+e- Higgs Factory has an outstanding physics 

program even if running at 84 TeV, both on the Higgs and on the searches for new resonances 

which can reach masses of ~34 TeV.

• FCC-hh as FCC’s 2nd stage, possibly based on HTS magnets, could start operation in ~2074

• If another Higgs Factory (e.g. CEPC) would be built and ready well before 2045,  FCC may go 

directly to FCC-hh based on 14T Nb3Sn magnets and could start operation in ~2055, with a 

centre-of-mass energy ~85 TeV, as a standalone project.

• The cost of FCC-hh is estimated to 19B CHF  (after the ~16B CHF of FCC-ee).

If going directly to FCC-hh the cost will be about 27B CHF, but on a timeline 10 years longer

• The ESG will propose by ~December what will be its plan B, since by now it is widely assumed     

that FCC-ee will be plan A, but plan B is still wide open.
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Thanks
for your

attention
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High energy hadron machines

Pros:

● relatively democratic initial states, strong and electro-weak force 
● high center of mass, thanks to ~ small synchrotron power loss 

(me/mp)4

○ caveat: at 100 TeV it becomes significant!
● high luminosity up to high energy 

Cons:
● large backgrounds compared to lepton machines (𝛂S > 𝛂EM,W ), from

○ high Q2 physics (di-jet, ttbar …)

○ “simultaneous” p-p collision (pile-up)
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Magnet challenge

● Baseline FCC-hh design: B = 14 T (√s = 84 TeV) 
● New conductor Nb₃Sn supports higher fields due to its larger critical current density and 

critical field
○ HTS ? far from required specs still …  → needed for higher energy (120 TeV)

● Wider coils (50–55 mm vs. 30 mm in LHC dipoles) are needed to maintain a conservative 400 
A/mm² overall current density.

● This design demands 2–2.5 times more conductor material than in LHC dipoles.
○ 4.7k magnets (cost will be addressed in the ESPPU ~ 10 BCHF)

● Still intense R&D required to reach 15-16 T (including safety margin)

Ezio tedesco 
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Physics at threshold 
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Boosted topologies at multi-TeV energies 
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High pT flavor tagging
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Boosted Colored Resonances 

● Multi TeV top radiates FSR at a typical scale angular scale ~ m / pT (deadcone)

● Large cone FSR can spoil mass by adding Δm ~ mtop even for 1 GeV emission

○ → use shrinking cone algo by reclustering with R ~ 4m/pT

○ use tracking for substructure  

Very simple heuristic algo
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Radiation tolerance
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Pile-up and timing information
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Data rates  
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Road to 1% precision on the self-coupling  
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Sub-detectors 
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Tracker
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Calorimeters
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Photon performance

Energy resolution
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Jet performance
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Muons
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( in the MFF=Multi-annual Financial Framework)


