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What is the future of CERN?
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Since the LHC turn-on, CERN has been the host of 
ƣőĲШƽŸƖũĬќƚШőŔŊőĲƚƣШĲŰĲƖŊǃШĦŸũũŔĬĲƖЮШШìŔƣőШƣőĲШcx-
LHC accelerator and detector upgrades, an exciting 
new phase begins in 2030.  But all good things must 
come to an end.   What is the next step for CERN? 

https://acceleratingnews.eu/news/issue -49/high-luminosity-lhc-
hl-lhc/cerns-high-luminosity-lhc-progress-challenges-and-what

https://lhc -commissioning.web.cern.ch/schedule/LHC-long-term.htm

HL-LHC Progress

HL-LHC Progress



Future of CERN
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In 2020, the European strategy for Particle Physics  commissioned 
ƣőĲШљFuture Circular Collider [ĲċƚŔĤŔũŔƣǃШÉƣƨĬǃњЮШШ ŰĬШŔŰШsƨŰĲЯШ
during an open symposium in Venice, as part of process that 
could lead to its final selection, the successful completion of the 
study and the excitement of the European community for this 
project was evident.

https://agenda.infn.it/event/44943/overview

https://europeanstrategyupdate.web.cern.ch/

https://agenda.infn.it/event/44943/overview


The Future Circular Collider 
Program
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Want to:
Åmaximize the physics output 
Åprovide data to inform the most exciting physics questions of our field
Åa cutting-edge program available immediately HL-LHC
Åa long-term future that can take advantage of the R&D goals from the accelerator community

These goals lead to the Future Circular Collider program:
ÅThe largest possible circular collider
ÅWhose first stage, FCC-ee, is an electron-positron collider with 4 detectors, allowing the 

collection of the entire LEP Z data sample every 3 minutes, and unprecedented precision 
studies of all particles, especially the Higgs, with technology is closely related to that being 
pioneered at superKEKb, the light sources, and the linear collider program..

ÅAnd when higher field magnets are available, leading to a proton-proton collider FCC-hh at 
the highest possible energy to study further di-Higgs couplings and probe the ~85 TeV energy 
scale.



In this session
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In this session, we will hear more about the physics potential of this future collider

ÅFCC-ee BSM physics тRhitajaSengupta
ÅThe Physics Potential of FCC-hhтGregorio Bernardi

fŰШƣőŔƚШƣċũťЯШfќũũШŊŔƻĲШċŰШŸƻĲƖƻŔĲƽШŸŉШƣőĲШċĦĦĲũĲƖċƣŸƖЯШƣőĲШĦŸũũĲĦƣŔƻĲШƓőǃƚŔĦƚШƓƖŸŊƖċůЯШ
and experimental challenges.

Also see the talk by Christoph Paus on EWK measurements in the EWK Physics 3 
session in parallel with this one and the talk on Higgs physics by Ang Li this 
afternoon.  I hope you caught the detector talks on Tuesday by Linnuo Zhang, Chris 
Rasmussen, JessalyZhu and on Wednesday by WonyongChung.



It starts with a tunnel
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Å 90.7 km main tunnel with an  internal diameter of 5.5 m.
Å Depth varies between 50m and 560m.
Å 12 shafts up to 400 m deep and 18 m in diameter.
Å 2 larger experiment caverns (35m span).
Å 2 smaller experiment caverns (span 25m).
Å >70 small caverns.
Å 5 km transfer tunnel from the surface.
Å 3 km of klystron gallery tunnels.
Å Technical buildings on 8 surface sites
Å Injector FCC-ee: high-energy linac at CERN Prevessinsite
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The machine
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Beams of 2.86 GeV are created in the injector 
complex, are transferred to the damping ring 
for emittance reduction, and then to the 
high-energy linac for acceleration to 20 GeV 
ċŰĬШŔŰƚĲƖƣŔŸŰШŔŰƣŸШƣőĲШљĤŸŸƚƣĲƖњШƖŔŰŊЮ

fŰШƣőĲШљĤŸŸƚƣĲƖШƖŔŰŊњЯШĤĲċůШŔƚШƚƣŸƖĲĬШƣŸШċũũŸƽШ
љƣŸƓ-ƨƓњШŔŰŢĲĦƣŔŸŰШƣŸШůċǂŔůŔǍĲШũƨůŔŰŸƚŔƣǃШŔŰШ
the collider.  Beam is transferred periodically 
to the collider, which has eight arc sections, 
ċŰĬШĲŔŊőƣШљũŸŰŊШƚƣƖċŔŊőƣШƚĲĦƣŔŸŰƚњЯШƽőŔĦőШŔƚШ
divided into fourљũŸŰŊШlongњШƚƣƖċŔŊőƣШ
ƚĲĦƣŔŸŰƚЯШŉŸƨƖШĲǂƓĲƖŔůĲŰƣШљƚőŸƖƣШũŸŰŊњШ
straight sections



The FCC-ee
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double ring collider
Åmany bunches, high current, like LHC and B factories, different from LEP

top-up injection
Åstandard at modern light sources, like SLS
Åused at recent e+e- colliders, PEP-II (USA), KEKB (Japan), BEPCII (China)

crab-waist collision scheme
Åsuccessfully demonstrated at DAFNE (Italy) and SuperKEKB(Japan)

superconducting radiofrequency system 
ÅNb/Cu 400 MHz SC cavities pioneered at former CERN LEP
Åbulk Nb 800 MHz SC cavities similar to ESS (Sweden), EuXFEL(Germany)
Å revolutionary highly efficient RF power sources  
Ånew operation scheme for flexible energy switching & reduced complexity

https://cds.cern.ch/record/2713605



Some R&D is still needed
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e.g. for the RF power source
Å For Z, W, ZH operation: 100 MW RF required via 264 klystron + 2-cell cavity units, 400 MHz CW.
Å New 380 kW klystron prototype built with industry (HL-LHC) ͎ ШӀШΤΜӖЯШas design simulation.
Å Two-stage klystron design made for ͎ ШӀШΥΣӖЯШsimilar to CLIC drive-beam and ILC klystrons. 
Å Concept for multi-beam tristron developed, ͎ ШӀШΦΟӖШover wider range of powers.  prototype in 2027.
Å Assumption for present FCC-ee power consumption is ͎ ШӀШΥΜӖЮ



Accelerator versus time
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2-cell 400 MHz SRF system designed for Z, W 
and ZH, with entire system installed at 
operation start
Å Allows flexibility for switching between Z, 

WW, ZH operation
Å reverse phase operation at Z allows 

constant cavity coupling

6-cell 800 MHz SRF system for collider ttbar 
operation and booster at all energies

400 MHz RF layout and beam switching

Z, WW operation

ZH operation



FCC-ee strawman run plan
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Tera-Z run will nail down most SM parameters
WW nails the W mass
Top nails the top mass
ZH run probes the Higgs at an unprecedented level
All energies allow a diverse program of intensity frontier physics
All energies allow a diverse set of searches for new particles
Beyond the standard run plan, possibility of directly measuring the 
Higgs Yukawa to electrons

For 4 detectors



monochromatization
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https://link.springer.com/article/10.1140/epjp/s13360 -021-02204-2
https://accelconf.web.cern.ch/ipac2017/papers/wepik015.pdf
https://arxiv.org/abs/2107.02686

https://link.springer.com/article/10.1140/epjp/s13360-021-02204-2
https://accelconf.web.cern.ch/ipac2017/papers/wepik015.pdf
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FCC-ee: the Higgs and so much more

The Higgs is at the center of all we hate about the standard model.  Because of its unique properties, we can hope 
it holds the keys to many of its mysteries.    



A program that keeps giving
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ìĲќũũШőĲċƖШůŸƖĲШċĤŸƨƣШƣőĲШƚĲċƖĦőШƓŸƣĲŰƣŔċũШċŰĬШƣőĲШcŔŊŊƚШůĲċƚƨƖĲůĲŰƣƚШŔŰШƣőĲШŰĲǂƣШƣċũťƚЮШШxĲƣШůĲШ
mention a few of the many additional features.



Improvement in SM parameters
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To see the new 
physics effects of 
the Higgs properties, 
we need the 
extremely precise 
predictions, and 
thus extremely 
precise 
measurements of 
the SM inputs to the 
calculations, as well 
as new higher order 
calculations.

§ŉШĦŸƨƖƚĲЯШƣőŔƚШƽŸŰќƣШ
ĤĲШĲċƚǃв



Calibration
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This program requires fascinating, 
extremely precise calibration (and 
luminosity measurement)

Average beam energy might be known to 
less than 100 keV at ί 100 GeV!

A cool thing is that, because the beams tend to be 
transversely polarized due to the Sokolov-Ternov
effect,  the beam energy can be calibrated 
ĲǂƣƖĲůĲũǃШƓƖĲĦŔƚĲũǃШƻŔċШљƖĲƚŸŰċŰƣШĬĲƓŸũċƖŔǍċƣŔŸŰњЯШ
used to measure the spin precession frequency, 
which is related to the beam energy via:

If the beam is excited by a magnetic field along 
the radial direction, the polarization rotates 
along the radiation direction.  If the excitation is 
in phase so these add coherently, the spin can 
flip.  The dotted lines below indicate times 
when the frequency was scanned, to 
determine the flip frequency

Measuring the spin tune ‡gives the 
beam energy.



B physics
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BSM parameters in Bd and Bs mixings from 
left to right: current, 50 fb-1 projections for 
LHCb and Belle II, FCC-ee

FCNC with 3rd generation leptons

Rare decays



FCC-ee detectors
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Time to get 
involved is 

now!



The FCC-hh

19



Possible magnet timescale
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Ongoing 

12 T and 14 T 

short models 

Short model 

program on 

two selected 

designs

(>5 each type)

`25 `26 `27 `28 `29 `30 `31 `32 `33 `34 `35 `36 `37 `38 `39 `40 `41

RunIII HL-LHC RunIV HL-LHC RunV

Selection of final design 

to start long magnets

5-m-long 

prototypes 

(>5 each type)

15 m long 

prototypes (>5)

`42 `43 `44 `45 `46 `47 `48 `49 `50 `51

Industrialization 

(pre-series 

magnets)

Production and test

Installation and commissioning

`52 `53 `54

Tender 

for the series

First selection 

of design 

E. Todesco, B. Auchmann

Select the design by 2028/29 (first indications from HFM tests in 2026-2027)
Short model program to verify reproducibility and optimize manufacturing processes: in 2029-2031
Scaling in length in two steps: TRL 7 achieved between 2032 and 2040
Industrialization for final magnets, with pre-series
9 years of production, installation and commissioning in parallel



HTS
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Some international work on potential high temperature superconductor.  FNAL is also working on this.

In Shanghai, can currently produce 200 km/yr.  Faraday Factor in Japan makes 2000 km/yr.
FCC-hh needs one million km (500 years).
Industrialization drive primarily by Fusion start ups.



Detectors
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4T solenoid with 13 GJ of stored energy

1026 collisions per crossing



Funding: FCC-ee
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Domain Cost [MCHF]

Civil engineering 6,160

Technical infrastructures 2,840

Injectors and transfer lines 590

Booster and collider 4,140

CERN contribution to four experiments 290

FCC-ee total 14,020

+ four experiments (non-CERN part) 1,300

FCC-ee total incl. four experiments 15,320

For ttbar need additional 1.26 MCHF

About half expected to come from the current CERN budget



Update on FCC funding
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The European commission appears to be 
working to line up additional financial support: 
https://commission.europa.eu/document/dow
nload/a0ecf3f6-a964-4e00-9cb3-
4be28833b386_en?filename=MFF_HORIZON%
20EUROPE_v9.pdf

On 16 July 2025, Commission President Ursula 
ƻŸŰШĬĲƖШxĲǃĲŰШƓƖĲƚĲŰƣĲĬШƣőĲШ9ŸůůŔƚƚŔŸŰќƚШ
proposal for the next Multiannual Financial 
Framework (MFF) 2028т34 and the European 
Competitiveness Fund (ECF), which would 
represent with 410 billion EUR (in American 
billions, Milliarden in German) 23 % of the total 
budget of the Union for the next funding period. 
These proposals still need to be negotiated 
with the European Parliament and, most 
importantly, with the Member States who 
ĦŸŰƣƖŔĤƨƣĲШƣŸШƣőĲШÖŰŔŸŰќƚШĤƨĬŊĲƣЮ



Purple line
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Final note
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The US has strong involvement in FCC.
For information on how to get involved, please 
visit https://higgsfactory.slac.stanford.edu/   

BNL 2023

MIT 2024

FNAL/ANL 2025


