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Challenges FCC Ultimate Storage Rings

Frank Zimmermann

iFAST LER 2024, 14 February 2024

FCC Integrated Programme

FCC-ee

2020 - 2046 2048 - 2063 2074 -

FCC-hh

comprehensive long-term program maximizing physics opportunities
• stage 1: FCC-ee (Z, W, H, t ҧt) as Higgs factory, electroweak & top factory at highest luminosities

• stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option

• highly synergetic and complementary programme boosting the physics reach of both colliders (e.g. model-independent 

measurements of the Higgs couplings at FCC-hh thanks to input from FCC-ee; and FCC-hh as “energy upgrade” of FCC-ee)

• common civil engineering and technical infrastructures, building on and reusing CERN’s existing infrastructure

• FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC

a similar two-stage project CEPC/SPPC is under study in China
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PA: Experiment

PB: technical

PD: experiment

PF: technical

PG: experiment

PH: technical

PJ: experiment

PL: technical

Layout chosen out of ~ 100 initial variants, based on geology and 

surface constraints (land availability, access to roads, etc.), 

environment (protected zones), infrastructure (water, electricity, 

transport), machine performance etc.

Overall lowest-risk baseline: 90.7 km ring, 8 surface points, 
Whole project now adapted to this placement

Number of surface sites 8

Surface requirements ~40 ha

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 90.7 km

V. Mertens,
J. Gutleber

optimized placement and layout for feasibility study



progress with implementation baseline PA31   90.7 km

Meetings with municipalities concerned
in France (31) and Switzerland (10)

Individual meeting

Collective meeting

Individual meeting planned

PA – Ferney Voltaire (FR) – experimental site

PB – Présinge/Choulex (CH) – technical site

PD – Nangy (FR) – experimental site

PF – Roche sur Foron/Etaux (FR) – technical site

PG – Charvonnex/Groisy (FR) – experimental site

PH – Cercier (FR) – technical site

PJ – Vulbens/Dingy en Vuache (FR) experimental site

PL – Challex (FR) – technical site

status as of 10 November 2023

The support of the host states is greatly
appreciated and essential for the study progress!
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«A few holiday snaps…»

touring 90.7 km with the President of CERN Council

E. Rabinovici



status of site investigations

• Site investigations in areas with uncertain 

geological conditions:

• Optimisation of localisation of drilling locations 

ongoing with site visits since end 2022

• Alignment with FR and CH on the process 

for obtaining authorisation procedures. 

Planned start of drillings in Q2/2024

• Contract Status:

• Engineering service contracts since July 2022
• Site investigation tendering ongoing 
• Contract placement approved by Council in 

December 2023 and mobilization after contracts 
are signed 

Drilling works on the lake



preparatory phase planning - authorisations and CE

Mid-term baseline schedule

2025-2026 Permits and authorization for complementary site investigations

Tendering for environmental impact and authorisation processes contract, tendering for subsurface investigations 

2027-28 Complementary subsurface investigations 

Tendering for CE consultants, environmental impact studies, public concertation

2028 Project approval

Award of CE consultant contracts

2029-30 Tender design

Preparing calls for tenders for CE construction, 

Project authorisations in France and Switzerland obtained, preparations of infrastructures for construction

2031 mid 2032 Construction design, Tendering for construction 

mid 2032 Award of CE construction contracts

Preparation of site completed (road access, electricity, water…)

2033 Ground breaking

To start the excavation of the first shafts in 2033, a significant amount of preparatory work is required. An initial consideration 

of these preparatory works including scheduling and resource aspects has been made:



Stage 1: FCC-ee – highest luminosity collider 

Marica Biagini



operation sequences for FCC-ee
O. Brunner, F. Peauger

P. Janot

P. Janot

baseline alternative 



FCC-ee: main machine parameters

F. Gianotti

3 years 

2 x 106 H 

5 years

2 x 106 tt pairs 

2 years

> 108 WW 

LEP x 104

4 years

5 x 1012 Z 

LEP x 105

❑ x 10-50 improvements on all EW observables

❑ up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC

❑ x10 Belle II statistics for b, c, τ 

❑ indirect discovery potential up to ~ 70 TeV

❑ direct discovery potential for feebly-interacting particles over 5-100 GeV mass range

Up to 4 interaction points → robustness, 

statistics, possibility of specialised detectors

to maximise physics output

Parameter Z WW H (ZH) ttbar

beam energy [GeV] 45.6 80 120 182.5

beam current [mA] 1270 137 26.7 4.9

number bunches/beam 11200 1780 440 60

bunch intensity  [1011] 2.14 1.45 1.15 1.55

SR energy loss / turn [GeV] 0.0394 0.374 1.89 10.4

total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.1/0 2.1/9.4

long. damping time [turns] 1158 215 64 18

horizontal beta* [m] 0.11 0.2 0.24 1.0

vertical beta* [mm] 0.7 1.0 1.0 1.6

horizontal geometric emittance [nm] 0.71 2.17 0.71 1.59

vertical geom. emittance [pm] 1.9 2.2 1.4 1.6

horizontal rms IP spot size [mm] 9 21 13 40

vertical rms IP spot size [nm] 36 47 40 51

beam-beam parameter xx / xy 0.002/0.0973 0.013/0.128 0.010/0.088 0.073/0.134

rms bunch length with SR / BS [mm] 5.6 / 15.5 3.5 / 5.4 3.4 / 4.7 1.8 / 2.2

luminosity per IP [1034 cm-2s-1] 140 20 5.0 1.25

total integrated luminosity / IP / year [ab-1/yr] 17 2.4 0.6 0.15

beam lifetime rad Bhabha + BS [min] 15 12 12 11



FCC-ee: a possible extended physics programme

10.6

Υ 4𝑆

C. Grojean, Jan 2024S. Monteuil, Jan 2024



FCC-ee collider optics: two viable options 
K. Oide, 2023 EPS 

Rolf Wideroe award winner

P. Raimondi, 2017 EPS 

Gersh Budker award winner

arc interaction region

FODO lattice, many -I sext 
pairs; periodic unit cell length 
~260 m

LCCO lattice,
with few sext. families,

periodic unit cell length 
~300 m

“1.5” sext.s per final focus,
asymmetric

LCCO optics
5 main sext.s per final focus, 
modular

Phys. Rev. Accel. Beams 19, 111005

Phys. Rev. Accel. Beams 26, 021601

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.19.111005
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.26.021601


Commissioning

Tuning with 
progressive 
increase of Crab 
sextupoles.

Final 
configuration for 
Luminosity 
production.

Crab 100% = 80% of geometric value

FCC-ee LCCO dynamic aperture progress
S. Liuzzo, 25 January 2024

without errors



baseline dynamic aperture with errors

Leon Van Riesen-Haupt, May 2022 
from draft mid-term report

“Optics correction algorithms have been developed during 
recent years … including magnet strength errors and realistic 
misalignments with girders (resulting in about 170 mm and 
140 mm rms transverse misalignments for arc quadrupoles 
and arc sextupoles, respectively. After applying a series of 
optics corrections iteratively rms orbits of 50 mm are 
typically achieved in both transverse planes reaching design 
emittances and with rms b-beating below 6% but with 
marginal DA (e.g., at ttbar energy without considering 
radiation damping). … As a mitigation, it is assumed that BBA 
techniques are implemented for both arc and IR sextupoles, 
which determine the magnetic centre with respect to a 
nearby BPM at the 10 mm level. With this assumption, 
design emittances are reached, but with larger than desired 
optics aberrations. Further iterations and improved 
correction algorithms will be required to accomplish a good 
optics quality and maximise the DA.”

R. Tomas, 2023 



alignment sensitivity
Final Focus alignment sensitivity 

Arc alignment sensitivity 

S. Liuzzo, 25 January 2024



parallel BBA for FCC-ee baseline 

X. Huang, FCCIS WS 2022



transverse dipolar wake potential of a 0.4 mm Gaussian 
bunch used as Green function in beam dynamics simulations

transverse Green function wake field

M. Migliorati, FCCIS WS 2023



most dangerous mode is that closest 

to the origin (with negative frequency)

most critical instabilities

transverse coupled bunch at low frequency,
driven by resistive wall

rise time of the most dangerous mode is 
about 1.4 ms (or 4 turns);
develop a special narrow-band feedback ?  

30 mm pipe radius

35 mm pipe radiusTMCI

M. Migliorati, FCCIS WS 2023



single bunch instability in transverse plane

30 mm pipe radius + feedback (4 turns)

The intra-bunch motion at 2.6x1011 seems to show a ‘-1 mode’ instability. 
At SuperKEKB the feedback induced this kind of instability, too. 

Further mitigation by adding +5 units of chromaticity.
M. Migliorati, FCCIS WS 2023



booster – copper vs stainless steel chamber

A. Ghribi, FCCIS WS 2023

x3 larger bunch length after SR damping

bunch lengthening



booster – stainless steel chamber, varying radius

A. Ghribi, FCCIS WS 2023

TMCI

increasing pipe diameter from 50 mm to 84 mm suppresses TMCI



Prototype Q1 (left) & Interaction Region Mock-Up (right) 

FCC-ee IR mock-up assembly 
& test lab at INFN Frascati

M. BoscoloM. Koratzinos

Testing at cold in 
SM18 (CERN), 
27-31 October 2023

field quality:
all multipole errors 
<1 unit !

warm

cold

INFN-LNF, 
CERN and 
INFN-Pisa 
collaboration

CERN-PSI 
collaboration



HTS option for FCC-ee (!) arc quads and sextupoles

CDR arc lattice 

HTS option 
proposal

CDR: 2900 quads & 4700 sextupoles
• Normal conducting, ~50 MW @ ttbar
• 3 different types of short straight sections

“HTS4” project within CHART collaboration
• Nested SC sextupole and quadrupole.
• HTS conductors operating at around 40K.
• Cryo-cooler supplied cryostat

• Produce a ~1m prototype by 2026

CAD design of HTS short 
sextupole demonstrator 
based on CCT coils

“HTS4” potential
• Power saving
• Reduced length and increased 

dipole filling factor
• Optics flexibilityM. Koratzinos, B. Auchmann



FCC-ee injector layout & implementation

P. Craievich, I. Chaikovska, A. Grudiev,  C. Milardi, et al

HTS NI target solenoid
J. Kosse, T. Michlmayr, H. Rodrigues

“Positron production experiment” at PSI’s SwissFEL,  
beam tests from 2025/26

implementation study on Prevessin site

W. Bartmann

6 GeV linac

20 GeV linac



FCC-ee booster as ultimate storage ring photon source 

magnetic gap [mm] 10
undulator field [T] 0.71-0.32
undulator period [mm] 28
undulator unit length [m] 5
wiggler field [T] 1
wiggler period [mm] 40

Permanent magnet technologyFixed-field chicane: beam automatically moves out of wiggler during 

acceleration

U0 x 3 U0 x 94

wiggler unit length [m] 6.4 5

U28

U40

R. BartoliniReferences:

M. Benedikt, F. Zimmermann,
M. Doser, S. Casalbuoni,
First thoughts on the 
synergetic use of the FCC-ee 
collider and its injector 
complex for photon science 
and other applications, 2020

S. Casalbuoni,
F. Zimmermann,
FCC-ee booster as ultimate 
storage ring photon source,
FCC Week 2021



FCC-ee booster as ultimate storage ring photon source ct’d

FCC-ee booster as photon source
parameter U0 x 3 U0 x 94

beam energy [GeV] 20 20

avg. beam current [mA] 50 50

bunch population [1010] 2 2

rms bunch length [mm] 7.9 9.5

rms relative energy spread [10-3] 1.8 2.2

beta at wiggler /undulator [m] 1.6 1.6

wiggler field [T] 1 1
wiggler period [cm] 4 4
magnetic gap [mm] 10 10
tot. length wiggler [m] 6.4 264
hor. emittance [pm rad] 15 0.5
vert. emittance [pm rad] <1.5 <0.05

fraction of 

transversely 

coherent 

X-rays

FCC-ee:

coherence

down 

to 0.1 Å
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bunch          #/s        length (ps)   charge(nC) 

U0 x 94    5.1x 107        32                   1 

U0 x 3      5.1x 107        26                   1 

PETRAIV 2.1 x 108        5                    1  

EuXFEL    104               0.05               0.25

FCC-ee 

booster

U28

U40

SASE-U40

175 m

SASE-U40 175 m

+ SCU15/18  20 m

U40 5 m

U28 5 m

CPMU18 

10 m

APS-U, EBS

APS-U, EBS APS-U, EBS

unparalleled average brilliance up to 100 keV 
photon energies

S. Casalbuoni



FCC-ee – most important questions 

• optics tolerances
• beam-based alignment
• optics corrections 
• dynamic aperture with errors

• booster vacuum chamber



Stage 2: FCC-hh – parameters

F. Gianotti

Formidable challenges: 
❑ high-field superconducting magnets: 14 - 20 T
❑ power load in arcs from synchrotron radiation: 4 MW → cryogenics, vacuum
❑ stored beam energy: ~ 9 GJ →machine protection
❑ pile-up in the detectors: ~1000 events/xing
❑ energy consumption: 4 TWh/year → R&D on cryo, HTS, beam current, … 

Formidable physics reach, including:
❑ Direct discovery potential up to ~ 40 TeV
❑ Measurement of Higgs self to ~ 5% and ttH to ~ 1%
❑ High-precision and model-indep (with FCC-ee input) 

measurements of  rare Higgs decays (𝛄𝛄, Z𝛄, µµ) 
❑ Final word about WIMP dark matter

With FCC-hh after FCC-
ee: significantly
more time for high-field 
magnet R&D 
aiming at highest 
possible energies

parameter FCC-hh HL-LHC LHC

collision energy cms [TeV] 84 - 119 14

dipole field [T] 14 - 20 8.33

circumference [km] 90.7 26.7

arc length [km] 76.9 22.5

beam current [A] 0.5 1.1 0.58

bunch intensity  [1011] 1 2.2 1.15

bunch spacing  [ns] 25 25

synchr. rad. power / ring [kW] 1020 - 4250 7.3 3.6

SR power / length [W/m/ap.] 13 - 54 0.33 0.17

long. emit. damping time [h] 0.77 – 0.26 12.9

peak luminosity [1034 cm-2s-1] ~30 5 (lev.) 1

events/bunch crossing ~1000 132 27

stored energy/beam [GJ] 6.1 - 8.9 0.7 0.36

Integrated luminosity/main IP [fb-1] 20000 3000 300

High Temperature 
Superconductors 
(ReBCO, IBS): an 
enabling technology 
for high field (>15 T) 
magnets → R&D on 
HTS conductor



1) Physics : best overall physics potential of all proposed future colliders; matches the vision of the 2020 European 

Strategy: “An electron-positron Higgs factory is the highest-priority next collider. For the longer term, the European particle 

physics community has the ambition to operate a proton-proton collider at the highest achievable energy.”

❑ FCC-ee : ultra-precise measurements of the Higgs boson, indirect exploration of next energy scale (~ x10 LHC)

❑ FCC-hh : only machine able to explore next energy frontier directly (~ x10 LHC)

❑ Also provides for heavy-ion collisions and, possibly, ep/e-ion collisions

❑ 4 collision points → robustness; specialized experiments for maximum physics output

2) Timeline
❑ FCC-ee technology is “mature” → construction can start in the early 2030s and physics a few years after the end of HL-LHC 

operation (currently 2048, earlier if more resources available) → This would keep the community, in particular the young people, 

engaged and motivated. 

❑ FCC-ee before FCC-hh would also allow:

- cost of the (more expensive) FCC-hh machine to be spread over more years

- 20 years of R&D work towards affordable magnets providing the highest achievable field (HTS)

- optimization of overall investment : FCC-hh will reuse same civil engineering and large part of FCC-ee technical infrastructure

3) It’s the only facility commensurate with the size of the CERN community (4 major experiments)

Is it feasible? Isn’t it too ambitious? 

-- Ongoing Feasibility Study showing spectacular progress

-- FCC is big and audacious project, but so were LEP and LHC when first conceived → they were successfully

built and performed far beyond expectation → demonstration of capability of our community to deliver on very 

ambitious projects

-- FCC is the best project for future of CERN (for above reasons) → we have to work to make it happen

Why FCC ? F. Gianotti
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President Macron’s declaration: 
"Si j’ai voulu venir là aujourd’hui c’est pour témoigner ma confiance aux équipes et notre volonté, notre ambition de conserver 
la première place dans ce domaine.” [“My visit here bears witness to my trust in CERN personnel and France’s will and ambition 
to keep the leadership in this domain.”]

Visit of Swiss President A. Berset and French President E. Macron on 16 Nov.’23

F. Gianotti

“A pivotal event for CERN: strong support expressed by both Presidents for CERN, its future and the FCC”



Start of FCC-ee physics run

Start of engineering design 

FCC-ee Accelerator Key dates FCC-ee Detectors

FCC Approval,  R&D, start prototyping

European Strategy Update

FC3 formation, call for CDRs, collaboration forming
Completion of HL-LHC: more ATS personnel available  

Detector CDRs (>4) submitted to FC3

Start of detector component production
Four detector TDRs completed

Start detector installation

Start detector commissioning

End of HL-LHC operation

Ground-breaking and start of civil engineering

Start accelerators component production                  
Technical design & prototyping completed

Start accelerator installation

Start accelerator commissioning 

Completion of HL-LHC upgrade: more detector experts available

Detector EoI submission by community

– 2047

– 2046

– 2045

– 2044

– 2043

– 2042

– 2041

– 2040

– 2039

– 2038

– 2037

– 2036

– 2035

– 2034

– 2033

– 2032

– 2031

– 2030

– 2029

– 2028

– 2027

– 2026

– 2025FCC Feasibility Study Report

2047 –

2046 –

2045 –

2044 –

2043 –

2042 –

2041 –

2040 –

2039 –

2038 –

2037 –

2036 –

2035 –

2034 –

2033 –

2032 –

2031 –

2030 –

2029 –

2028 –

2027 –

2026 –

2025 –



further faster steps 
in San Francisco ! 

https://fccweek2024.web.cern.ch

https://fccweek2024.web.cern.ch/


thank you for your attention!



spare slides
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PA: Experiment

PB: technical

PD: experiment

PF: technical

PG: experiment

PH: technical

PJ: experiment

PL: technical

Layout chosen out of ~ 100 initial variants, based on geology and 

surface constraints (land availability, access to roads, etc.), 

environment (protected zones), infrastructure (water, electricity, 

transport), machine performance etc.

“Avoid-reduce -compensate” principle of EU and French regulations

Overall lowest-risk baseline: 90.7 km ring, 8 surface points, 
Whole project now adapted to this placement

Number of surface sites 8

Surface requirements ~40 ha

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 90.7 km

V. Mertens,
J. Gutleber

optimized placement and layout for feasibility study



progress with implementation baseline PA31   90.7 km

Meetings with municipalities concerned
in France (31) and Switzerland (10)

Individual meeting

Collective meeting

Individual meeting planned

PA – Ferney Voltaire (FR) – experimental site

PB – Présinge/Choulex (CH) – technical site

PD – Nangy (FR) – experimental site

PF – Roche sur Foron/Etaux (FR) – technical site

PG – Charvonnex/Groisy (FR) – experimental site

PH – Cercier (FR) – technical site

PJ – Vulbens/Dingy en Vuache (FR) experimental site

PL – Challex (FR) – technical site

status as of 10 November 2023

The support of the host states is greatly
appreciated and essential for the study progress!



connections to transport infrastructure
• Road accesses identified and documented for all 8 surface sites
• Four possible highway connections defined (material transport)
• Total amount of new roads required < 4 km (at departmental road level)

• E.g. Valleiry Nord

Detailed road access scenarios 
& highway access creation study 
carried out by Cerema*,
including regulatory 
requirements in France
* Centre for Studies and Expertise on Risks, the 
Environment, Mobility and Urban Planning. CEREMA is the 
major French public agency for developing public expertise in the 
fields of urban planning, regional cohesion and ecological and 
energy transition for resilient and climate-neutral cities and regions.



FCC tunnel implementation

Tunnel implementation summary

• 90.7 km circumference

• 95% in molasse geology for minimising tunnel construction risks

• 8 surface sites with ~5 ha area each.



2023-11-20

status of site investigations

• Site investigations in areas with uncertain 

geological conditions:

• Optimisation of localisation of drilling locations 

ongoing with site visits since end 2022

• Alignment with FR and CH on the process 

for obtaining authorisation procedures. 

Planned start of drillings in Q2/2024

• Contract Status:

• Contract for engineering services and role of 

engineer during works active since July 2022

• Site investigations tendering ongoing 

towards contract placement in December 

2023 and mobilization from January 2024

Drilling works on the lake



preparatory phase planning - authorisations and CE

2025-2026 Permits and authorization for complementary site investigations

Tendering for environmental impact and authorisation processes contract, tendering for subsurface investigations 

2027-28 Complementary subsurface investigations 

Tendering for CE consultants, environmental impact studies, public concertation

2028 Project approval

Award of CE consultant contracts

2029-30 Tender design

Preparing calls for tenders for CE construction, 

Project authorisations in France and Switzerland obtained, preparations of infrastructures for construction

2031 mid 2032 Construction design, Tendering for construction 

mid 2032 Award of CE construction contracts

Preparation of site completed (road access, electricity, water…)

2033 Ground breaking

To start the excavation of the first shafts in 2033, a significant amount of preparatory work is required. An initial consideration 

of these preparatory works including scheduling and resource aspects has been made:



connections to electrical grid infrastructure

The loads could be distributed on three main sub-stations 

(optimally  connected to existing regional HV grid):

• Point D with a new sub-station covering PB – PD – PF – PG

• Point H with a new dedicated sub-station for collider RF

• Point A with existing CERN station covering PB – PL – PJ

✓ Connection concept was studied and confirmed by 

RTE (French electrical grid operator) ➔ requested 

loads have no significant impact on grid

✓ Powering concept and power rating of the              

three sub-stations compatible with FCC-hh

✓ R&D efforts aiming at further reduction of the energy 

consumption of FCC-ee and FCC-hh

Updated FCC-ee energy consumtion Z W H TT
Beam energy (GeV) 45.6 80 120 182.5

Max. Power during beam operation (MW) 222 247 273 357

Average power / year (MW) 122 138 152 202

Total FCC-ee yearly consumption (TWh) 1.07 1.2 1.33 1.77

Yearly consumption CERN & SPS (TWh) 0.70 0.70 0.70 0.70

Total yearly consumpt. CERN & SPS &  FCC-ee (TWh) 1.77 1.90 2.03 2.47



cooling water supply concept

• Potential sources of cooling water Geneva lake (PA), Rhone (PJ) and Arve (PD)

• Existing line with lake water provided by SIG* to CERN LHC P8 (LHCb) sufficient for FCC-ee 

• Pipework in the tunnel will connect the remaining points to points PA, PD and PJ

• Main cooling towers placed at experiment points (PA, PD, PG, PJ), and RF sites (PL, PH)

*Services Industriels de Genève



2023-11-20 transfer line for FCC-ee (option with SPS for FCC-hh)

injector linacs and injection tunnels

• Designed to enable injection either 

from SPS as pre-booster or from a 

new high-energy linac sited at 

Prévessin

• Single tunnel with spur to enable 

anti-clockwise injection

• Design allows re-use for FCC-hh if 

injector in the SPS tunnel (scSPS

option)

- SPS Point 4 to FCC (clockwise)

- SPS Point 6 to FCC (counter-c.w.)



Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Challenges FCC Ultimate Storage Rings

Frank Zimmermann

iFAST LER 2024, 14 February 2024
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Stage 1: FCC-ee – 2nd highest luminosity collider 

Marica Biagini

~ same accelerator design 

as twin machine CEPC

(see previous talk by Jie Gao !)

a few differences

FCC-ee CEPC

#IPs 4 or 2 2

collider 

SRF up 

to ZH

400 MHz, 

1- & 2-cell, 

Nb/Cu, 4.5 K

650 MHz, 

2-cell,

Nb, 2 K

collider 

SRF ttbar

800 MHz 

5-cell, Nb, 2 K

650 MHz, 

5-cell, Nb, 2 K

booster 

SRF

800 MHz 

5-cell, 

Nb, 2 K

1.3 GHz, 

9-cell, 

Nb, 2 K

top-up in collider in booster

CEPC  for 100 MW SR power & 2 IPs

FCC-ee with 4 IPs

/ IP



operation sequences for FCC-ee
O. Brunner, F. Peauger

P. Janot

P. Janot



2023-11-20 FCC-ee: main machine parameters

F. Gianotti

3 years 

2 x 106 H 

5 years

2 x 106 tt pairs 

2 years

> 108 WW 

LEP x 104

4 years

5 x 1012 Z 

LEP x 105

❑ x 10-50 improvements on all EW observables

❑ up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC

❑ x10 Belle II statistics for b, c, τ 

❑ indirect discovery potential up to ~ 70 TeV

❑ direct discovery potential for feebly-interacting particles over 5-100 GeV mass range

Up to 4 interaction points → robustness, 

statistics, possibility of specialised detectors

to maximise physics output

Parameter Z WW H (ZH) ttbar

beam energy [GeV] 45.6 80 120 182.5

beam current [mA] 1270 137 26.7 4.9

number bunches/beam 11200 1780 440 60

bunch intensity  [1011] 2.14 1.45 1.15 1.55

SR energy loss / turn [GeV] 0.0394 0.374 1.89 10.4

total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.1/0 2.1/9.4

long. damping time [turns] 1158 215 64 18

horizontal beta* [m] 0.11 0.2 0.24 1.0

vertical beta* [mm] 0.7 1.0 1.0 1.6

horizontal geometric emittance [nm] 0.71 2.17 0.71 1.59

vertical geom. emittance [pm] 1.9 2.2 1.4 1.6

horizontal rms IP spot size [mm] 9 21 13 40

vertical rms IP spot size [nm] 36 47 40 51

beam-beam parameter xx / xy 0.002/0.0973 0.013/0.128 0.010/0.088 0.073/0.134

rms bunch length with SR / BS [mm] 5.6 / 15.5 3.5 / 5.4 3.4 / 4.7 1.8 / 2.2

luminosity per IP [1034 cm-2s-1] 140 20 5.0 1.25

total integrated luminosity / IP / year [ab-1/yr] 17 2.4 0.6 0.15

beam lifetime rad Bhabha + BS [min] 15 12 12 11



FCC-ee collider optics: two viable options 
K. Oide, 2023 EPS 

Rolf Wideroe award winner

P. Raimondi, 2017 EPS 

Gersh Budker award winner

arc interaction region

FODO lattice, many -I sext 
pairs; periodic unit cell length 
~260 m

hybrid FODO lattice,
with few sext. families,

periodic unit cell length 
~300 m

“1.5” sext.s per final focus,
asymmetric

5 main sext.s per final focus, 
modular

Phys. Rev. Accel. Beams 19, 111005

Phys. Rev. Accel. Beams 26, 021601

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.19.111005
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.26.021601


Prototype Q1 (left) & Interaction Region Mock-Up (right) 

FCC-ee IR mock-up assembly 
& test lab at INFN Frascati

M. BoscoloM. Koratzinos

Testing at cold in 
SM18 (CERN), 
27-31 October 2023

field quality:
all multipole errors 
<1 unit !

warm

cold

INFN-LNF, 
CERN and
INFN-Pisa 
collaboration

CERN-PSI 
collaboration



Stage 2: FCC-hh – parameters

F. Gianotti

Formidable challenges: 
❑ high-field superconducting magnets: 14 - 20 T
❑ power load in arcs from synchrotron radiation: 4 MW → cryogenics, vacuum
❑ stored beam energy: ~ 9 GJ →machine protection
❑ pile-up in the detectors: ~1000 events/xing
❑ energy consumption: 4 TWh/year → R&D on cryo, HTS, beam current, … 

Formidable physics reach, including:
❑ Direct discovery potential up to ~ 40 TeV
❑ Measurement of Higgs self to ~ 5% and ttH to ~ 1%
❑ High-precision and model-indep (with FCC-ee input) 

measurements of  rare Higgs decays (𝛄𝛄, Z𝛄, µµ) 
❑ Final word about WIMP dark matter

With FCC-hh after FCC-ee: 
significantly
more time for high-field 
magnet R&D 
aiming at highest possible 
energies

parameter FCC-hh HL-LHC LHC

collision energy cms [TeV] 84 - 119 14

dipole field [T] 14 - 20 8.33

circumference [km] 90.7 26.7

arc length [km] 76.9 22.5

beam current [A] 0.5 1.1 0.58

bunch intensity  [1011] 1 2.2 1.15

bunch spacing  [ns] 25 25

synchr. rad. power / ring [kW] 1020 - 4250 7.3 3.6

SR power / length [W/m/ap.] 13 - 54 0.33 0.17

long. emit. damping time [h] 0.77 – 0.26 12.9

peak luminosity [1034 cm-2s-1] ~30 5 (lev.) 1

events/bunch crossing ~1000 132 27

stored energy/beam [GJ] 6.1 - 8.9 0.7 0.36

Integrated luminosity/main IP [fb-1] 20000 3000 300



R&D on HTS high-field magnets

• High Temperature Superconductors: an enabling technology for high 
field ( 15 T) magnets - a sustainable opportunity for future accelerator 
technology

• Focus of the LDG Accelerator R&D Roadmap is presently on REBCO, but 
alternative options are also considered (IBS as in China)

• To exploit the potential, a rigorous R&D program is required

• R&D on conductor is essential for subsequent successful implementation 
in HTS magnets. This requires:

• reaching controlled, homogeneous and reproducible properties on industrially 
available conductor; 

• achieving long ( 1 km) lengths of industrially available conductor;
• innovation via development of high-current cables;
• validation of the technology via a parallel programme of small demonstrator 

coils; this is needed to provide feedback to conductor R&D and to support/launch 
magnet design and development



2023-11-20 FCC-ee detector concepts under study

M. Dam, et al.

W+LKr)



32
Companies

34
Countries

150
Institutes

EC
H2020

increasing international collaboration as a prerequisite for success

FCC Feasibility Study: aim is to increase further the collaboration, on all aspects,

in particular, on Accelerator and Particle/Experiments/Detectors (PED) 

Status of FCC global collaboration



1) Physics : best overall physics potential of all proposed future colliders

❑ FCC-ee : ultra-precise measurements of the Higgs boson, indirect exploration of next energy scale (~ x10 LHC)

❑ FCC-hh : only machine able to explore next energy frontier directly (~ x10 LHC)

❑ Heavy-ion collisions and, possibly, ep/e-ion collisions

❑ 4 collision points → robustness; increased dataset for same machine power; specialized experiments for maximum physics output

2) Timeline
❑ FCC-ee technology is mature → construction can proceed in parallel to HL-LHC operation and physics can start few years after

end of HL-LHC operation → This would keep the community, in particular the young people, engaged and motivated. 

❑ FCC-ee before FCC-hh would also allow:

- cost of the (more expensive) FCC-hh machine to be spread over more years

- 20 years of R&D work towards affordable magnets providing the highest achievable field (HTS)

- optimization of overall investment : FCC-hh will reuse same civil engineering and large part of FCC-ee technical infrastructure

3) It’s the only facility commensurate with the size of the CERN community (4 major experiments)

Is it feasible? Isn’t it too ambitious? 

-- The mid-term review will show the status of the Feasibility Study, including the funding model.

-- FCC is big and audacious project, but so were LEP and LHC when first conceived → they were successfully built and 

performed far beyond expectation → demonstration of capability of our community to deliver on very ambitious projects

with < 20% cost overrun  

Why FCC ? F. Gianotti



54

President Macron’s declaration: 
"Si j’ai voulu venir là aujourd’hui c’est pour témoigner ma confiance aux équipes et notre volonté, notre ambition de conserver 
la première place dans ce domaine.” [“My visit here bears witness to my trust in CERN personnel and France’s will and ambition 
to keep the leadership in this domain.”]

Visit of Swiss President A. Berset and French President E. Macron on 16 November 2023

F. Gianotti



Start of FCC-ee physics run

Start of engineering design 

FCC-ee Accelerator Key dates FCC-ee Detectors

FCC Approval,  R&D, start prototyping

European Strategy Update

FC3 formation, call for CDRs, collaboration forming
Completion of HL-LHC: more ATS personnel available  

Detector CDRs (>4) submitted to FC3

Start of detector component production
Four detector TDRs completed

Start detector installation

Start detector commissioning

End of HL-LHC operation

Ground-breaking and start of civil engineering

Start accelerators component production                  
Technical design & prototyping completed

Start accelerator installation

Start accelerator commissioning 

Completion of HL-LHC upgrade: more detector experts available

Detector EoI submission by community

– 2047

– 2046

– 2045

– 2044

– 2043

– 2042

– 2041

– 2040

– 2039

– 2038

– 2037

– 2036

– 2035

– 2034

– 2033

– 2032

– 2031

– 2030

– 2029

– 2028

– 2027

– 2026

– 2025FCC Feasibility Study Report

2047 –

2046 –

2045 –

2044 –

2043 –

2042 –

2041 –

2040 –

2039 –

2038 –

2037 –

2036 –

2035 –

2034 –

2033 –

2032 –

2031 –

2030 –

2029 –

2028 –

2027 –

2026 –

2025 –



thank you for your attention!



spare slides



present focus on FCC local implementation

• local communes engaged

• CE site investigations ongoing

• electrical network connections confirmed  

• transport connections defined 

• water intake defined

• political support on local, regional, and national 
levels in France and Switzerland



regular arc tunnel cross section & element integration

FCC-hhFCC-ee 

Main ring below of booster ring 
Main ring and booster ring 1.03 m apart

Collider Center

Cable trays:
Fibre optic
LV distribution
Control cables

DC cable trays
HV cable

Booster ring

Collider ring

F. Valchkova
Collider Center



FCC-ee injector layout & implementation

P. Craievich, I. Chaikovska, A. Grudiev,  C. Milardi, et al

HTS NI target solenoid
J. Kosse, T. Michlmayr, H. Rodrigues

“Positron production experiment” at PSI’s SwissFEL,  
beam tests from 2025/26

implementation study on Prevessin site

W. Bartmann

6 GeV linac

20 GeV linac



Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Challenges FCC Ultimate Storage Rings

Frank Zimmermann

iFAST LER 2024, 14 February 2024

Revised layout and geometry

M. Dam, et al.

access points reduced from 12 to 8

circumference from 97.75 to 90.7 km

4-fold superperiodicity, 

2 or 4 collision points for FCC-ee



Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Challenges FCC Ultimate Storage Rings

Frank Zimmermann

iFAST LER 2024, 14 February 2024

Main geometrical parameters

Main changes

• # access points reduced from 12 to 8

• facilitating placement and reducing the overall surface area required

• circumference has shrunk from 97.75 km to 90.657 km

• new layout with 4-fold superperiodicity, enabling FCC-ee operation with either 2 or 4 collision points  

• hadron collider RF system now shares a klystron gallery tunnel with lepton collider

• new circumference matched to both LHC and the SPS tunnels, corresponding to 400 MHz harmonic ratios     

of hFCC/hLHC=1010/297 & hFCC/hSPS=1010/77, allowing for hadron beam injection from either the                  

LHC or from a new superconducting SPS, with bunch spacings of 2.5, 5.0, 7.5, 10, 12.5, 15, 20, and 25 

ns



Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Future Circular Colliders

Frank Zimmermann

CERN Future Colliders Serminar Series 

14 March 2023

Challenges FCC Ultimate Storage Rings

Frank Zimmermann

iFAST LER 2024, 14 February 2024

Communication aspects

• CERN press release in February 2023 

to inform about FS and organisation 

• Prepared with France and Switzerland

« groupe de dialogue territoriale »
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Cette fois, cela commence à devenir un peu plus con-cret ! Ce mercredi 19 avril, le Cern (centre européen de re-cherche nucléaire) a présenté pour la première fois officielle-ment à la presse les études de faisabilité en cours pour le pro-jet de futur accélérateur de parti-cules de 91 kilomètres qui cour-ra sous l’Ain, Genève, et surtout la Haute-Savoie.
La décision de faire ou pas cette infrastructure n’intervien-dra qu’en 2027, pour une mise en service possible en 2045. Mais si les 23 gouvernements européens membres du Conseil du Cern ont décidé d’investir 100 millions dans des études de faisabilité, c’est qu’ils croient dans ce projet stratégique pour le vieux continent.

« Quand la relativité générale a été décrite,on ne savait pas que cela allait servir au GPS »

C’est en tout cas le message que s’est évertué à faire passer le laboratoire ce mercredi. I l existe en effet un débat légitime sur l’opportunité du FCC, au regard de son coût qui se chiffrera en milliards, autant que de son em-preinte sur notre territoire ou son impact énergétique, puisque l’on parle d’une infrastructure matérielle qui pourrait consom-

mer autant d’électricité qu’une ville de 500 000 habitants. L’an-neau lui-même a été dimension-né à 91 kilomètres selon le Cern, justement pour avoir le meilleur équilibre entre ces intérêts par-fois contradictoires.
À quoi servira le FCC ? Tech-niquement, la réponse est sim-ple : un anneau qui fait 91 kilo-mètres, c’est  la possibi l i té d’at teindre une énergie de 100TeV par faisceau contre 7 aujourd’hui. Les collisions se font à plus haute énergie, d’où plus de particules créées. L’idée est de faire du FCC « une usine à H iggs », ainsi que l’a dit Malika Meddahi, directrice adjointe des accélérateurs et de la technolo-gie. De quoi avancer dans la connaissance de la matière noi-re, du Big Bang et plein d’autres phénomènes physiques, soit un 

savoir fondamental qui est la na-ture même de l’humanité.
Mais d’un point de vue utilitai-re aussi, le FCC a un rôle à jouer, même si on ne sait pas exacte-ment ce qu’il va permettre de trouver. « La physique fonda-mentale, on ne sait pas à quoi ça sert. Le jour où l’on a inventé le canon à électrons, on ne savait pas que ça allait donner la télé ; quand la relativité générale a été décrite, on ne savait pas que cela allait servir au GPS. Que cela passe par le H iggs, le W ou le Z, pas d’importance, plus l’on con-naît, plus l’on trouvera », expli-que Patrick Janot, physicien.

De fait, lors de la matinée au laboratoire, on y est allé pour entendre parler de physique des particules, mais l’on est revenu aussi avec des informations sur des thérapies contre les tumeurs 

cancéreuses, ou plus futilement le four à micro-ondes de de-main, parmi d’autres choses que le Cern a contribué à dévelop-per. Non pas que le laboratoire fasse diversion, mais c’est l’es-sence même de le recherche fon-damentale que de permettre des découvertes connexes.
Or, dans ce domaine de la phy-sique des particules, l’Europe est leader mondial, et veut garder son avance, alors que la Chine a aussi un projet d’accélérateur de 100 kilomètres. « Le LHC (l’an-neau de 27 kilomètres) va arri-ver en fin de vie en 2041, même si ce n’est pas au sens technique car il servira encore d’injecteur. On aimerait bien que le FCC soit prêt vers 2040-2045 », expli-que M ichael Benedikt, chef de l’étude de faisabilité FCC.

C’est d’ailleurs ce qui explique 

la localisation ici de ce FCC. I l existe toute une infrastructure patiemment bâtie depuis les an-nées 50 qui ne peut être recréée ailleurs. Comme une commu-nauté scientifique de 13 000 per-sonnes, encore plus précieuse que le matériel. Car ce sont ces chercheurs qui vont faire des dé-couvertes, ainsi que ceux de de-main, puisque le Cern forme des milliers de jeunes scientifiques.Sans outil après le LHC, cette richesse humaine se dispersera un peu partout. Si l’on arrête d’investir dans la physique fon-damentale, l’Europe pourrait donc en payer le prix pour les 50 ans à venir, voire beaucoup plus encore, tel est aussi le sens que le Cern voit à ce FCC dont on reparlera à coup sûr pendant très longtemps…
Sébastien COLSON

Le FCC, l’accélérateur de 91 kilomètres, permettra aussi de garder l’écosystème d’excellence de 13 000 scientifiques bâti 

depuis les années 50, comme ici dans la salle de contrôle du détecteur de Ferney-Voltaire. Photo Le DL/S.C.

GENÈVE/HAUTE-SAVOIE/AIN

Avec l’accélérateur de 91 km, le Cern veut garder le leadership de l’EuropeLes études de faisabilité pour la construction du FCC, un accélérateur de particules de 91 kilomè-tres, ont été présentées pour la première fois ce mercredi. Un instrument que le Cern estime indis-pensable pour garder la science européenne au sommet. Réponse donnée vers 2027.

de scientifiques devrait rester le même. I l y a aura peut-être juste un peu plus de monde pour la machine elle-même, et encore… Car nous travaillons sur l’auto-matisat ion de certaines tâ-ches », répond Patrick Janot, physicien.
Reste qu’il y aura tout de mê-me un changement de taille : la région annécienne devrait deve-nir le deuxième pôle fort du Cern, après le Pays de Gex - Genève. « Pour limiter les dépla-cements, nous envisageons la création d’une base dans le sec-teur de Charvonnex », poursuit le même. Le LAPP (Laboratoire de Physique des Particules) ne sera plus tout à fait seul concer-né par le Cern à Annecy, et mine de rien, ça fera un petit change-ment sociologique.

Si le Pays de Gex est aussi cosmopolite -le Cern possède même un club de cricket-, c’est bien à cause du laboratoi -re. Laboratoire européen cer-tes, mais qui en vérité accueille des scientifiques de toute la pla-nète…

S.C.

Antoine Mayoux, 
ingénieur civil, devant une parcelle à Ferney-
Voltaire pressentie pour accueillir une 
infrastructure de 
surface. Photo Le DL/S.C.

Le collectif Noé 21 et d’autres associations environnementales locales s’inquiètent des impacts d’un tel projet sur notre territoi-re très densément peuplé et exi-gu. Ce mercredi était donc l’oc-casion de refaire le point sur l’infrastructure matérielle qui se-ra nécessaire. Concrètement, on parle là d’un tunnel plus petit qu’un tunnel routier, qui se situe-ra entre 100 et 400 mètres sous le Léman, la vallée de l’Arve ou la région du col d’Évires.
A cet anneau où sont censées se produire les collisions de par-ticules s’ajouteront huit infras-tructures de surface de 4 à 5 hectares environ : elles seront situées à  Vulbens/ Dingy-en-Vuache, Charvonnex/ Groisy,  Étaux, Nangy, Cercier en Haute-Savoie, Ferney-Voltaire et Chal-lex dans l’Ain, Présinges dans le canton de Genève. Quatre d’en-tre elles seront techniques, qua-tre autres scientifiques avec des détecteurs souterrains tels qu’on les a aujourd’hui dans le Pays de Gex ou à Genève.

« Cela représentera moins de 50 hectares d’emprise foncière au total », explique M ichael Be-nedikt, chef de l’étude de faisabi-lité FCC, qui est « très satisfait des échanges avec les élus dans les premières rencontres ». « Je ne m’attendais pas à un aussi bon accueil, mais les élus du Pays de Gex sont nos meilleurs ambassadeurs » explique-t-il.

■Pas plus de scientifiques
Voilà pour les bâtiments et les routes, mais l’on a aussi posé la question de l’impact humain. Alors que 10 à 13 000 scientifi-ques travaillent aujourd’hui sur un anneau de 27 kilomètres, fau-dra-t-il multiplier ce chiffre dans une région qui souffre de sa sur-croissance économique et dé-mographique ? « Non, il y a au-ra quatre détecteurs, le nombre 

Vers une 2e base du Cernà Charvonnex et Annecy

Sur près d’une centaine de tra-cés envisagés pour l’anneau de 91 kilomètres, un a été retenu. Mais il doit encore être validé par deux ans d’études très pous-sées, qui démarrent en ce mo-ment même. Le FCC envisagé est plutôt à l’écart de l’urbanisa-tion. Logiquement, les premières études seront pour mesurer son impact environnemental. Ainsi, sur les différents sites du tracé, il sera réalisé des inventaires de la faune et de la flore, des analyses de l’eau, de l’air, du trafic routier ou encore de la pollution sonore et lumineuse existante. Ce sera l’essentiel du travail de l’année 2023.
La deuxième phase, qui aura principalement lieu en 2024, se-ra plus géologique. Elle aura re-cours à des moyens qui sont pro-ches de ceux utilisés pour la géothermie. I l s’agira de confir-mer que le tunnel est réalisable, not amment  sur  l es poi n ts chauds que sont les traversées de l’Arve et du Rhône, ainsi que cel-le sous le Léman. De grandes quantités d’alluvions se sont en effet déposées là, alors que le tun-nel doit être creusé dans de la molasse, une roche tendre, qui limite les coûts de génie civil.

■Si contestations il y a, ce sera au moment de la constructionUne fois ces études réalisées, le Conseil du Cern, émanation des 23 gouvernements des pays eu-ropéens membres, validera ou pas la construction du FCC. « Nous travaillons aussi sur d’au-tres programmes », rappelle Ma-lika Meddahi, directrice adjointe des Accélérateurs et de la Tech-nologie. I l y a le Clic (collision-neur linéaire compact) ou un collisionneur de muons. I l existe d’ailleurs des débats internes au Cern, même si le FCC est claire-ment le choix numéro 1 des scientifiques.

Reste que la décision revient aux politiques. Si elle est validée, « on peut imaginer la construc-tion de l’infrastructure vers 2032-33 avec 7 à 8 ans de travaux pour une exploitation à partir de 2045 », indique Michael Bene-dikt, chef de l’étude de faisabilité FCC.
C’est là que les choses sérieuses pourraient commencer locale-ment. Car il y aura forcément quelques impacts sur des parcel-les, qui pourront être privées ou publiques, terres agricoles ou au-tres. Les associations environne-mentales seront donc particuliè-rement vigilantes vu la sensibilité de ces sujets sur notre territoire. « Le respect de l’environnement est inscrit dans l’ADN du Cern depuis 1954. Nous sommes aus-si sur cette planète », poursuit Malika Meddahi.

La directrice adjointe des accé-lérateurs a aussi désamorcé les 

critiques sur la consommation d’électricité, qui serait celle du canton de Genève, selon Noé21. « Au niveau des consomma-tions, l’énergie pour fournir une unité de particule a été divisée par quatre entre le LHC 2007 et 2030 », souligne-t-elle, en gage des efforts du Cern dans le do-maine.
I l y aura encore la question de l’évacuation des remblais pour lequel le Cern a lancé un con-cours international, en espérant que de bonnes solutions arrivent par ce biais. Mais le Cern a aussi valorisé son rôle positif pour l’en-vironnement ce mercredi en pré-sentant le système de récupéra-tion de sa chaleur perdue qui servira à chauffer une partie de Ferney-Voltaire, et pourra être dupliqué en d’autres endroits du tracé du FCC s’il y a les quartiers d’habitation pour…

S.C.   

Serge Claudet, coordinateur énergie, explique comment fonctionne le système qui permet à une partie de Ferney-Voltaire de se chauffer avec la chaleur perdue du Cern. Photo 
Le DL/S.C.

Deux ans d’études avant le possible feu vert… et les contestations ?

C’est la Ligue des champions, mais version moins de 19 
ans. Depuis huit ans, les finales de la Ligue de la jeunesse 
se déroulaient à Nyon, siège de l’UEFA, mais vu l’engoue-
ment pour la compétition, l’instance a décidé de la 
délocaliser pour la première fois au Stade de Genève cette 
année. Pour ceux qui aiment le foot, c’est donc l’occasion 
de voir les futurs grands noms de demain, puisque tous 
les clubs habituellement représentés en Ligue des Cham-
pion sont au rendez-vous. Le programme du tournoi final : 
vendredi 21 avril, Sporting Portugal- AZ Alkmaar à 13 
heures ; Hajduk Split - AC Milan à 18 heures. Lundi 
24 avril : finale entre les deux vainqueurs à 18 heures. 
Billets : 15 francs le week-end avec transports publics 
inclus pour les adultes, 1 franc pour les moins de 10 ans 
(https:// fr.uefa.com).

S.C.

Ces finales sont l’occasion de voir les futurs pros de demain, comme ici José Gomes (à gauche), en 2017, qui a quitté le Benfica 
Lisbonne où il a joué en seniors pour le club roumain de Cluj. 
Archives photo Le DL/Jérôme BROUARD

SUISSE
Les stars européennes du footde demain à Genève ce week-end

GENÈVE
Le dessin de Marie Mallon

POURNOUSSUIVRE:Vous pouvez nous suivre quotidiennement sur :
Facebook

TwitterLeDauphinéLibéré
@LeDLHauteSavoie

POURNOUSJOINDRE:Bâtiment Etoiledu Sud 13 rueEmile-Zola74100 AnnemassePour contacter la rédaction : 04 50 92 52 52 sebastien.colson@ledauphine.com
Pour contacter lapublicité : 04 50 92 52 52 ldlannemasse@ledauphine.com
Télécopie rédaction : 04 50 84 24 10Télécopiepublicité : 04 50 84 24 15

« Dans la mesure du possible, le Conseil fédéral tiendra 
cependant compte de l’avis du Parlement dans ses pro-
chains travaux et décisions. » I l n’y a pas de 49.3 en 
Suisse, mais cette petite phrase du Conseil fédéral réson-
ne étrangement avec notre actualité, même s’il s’agit d’un 
thème totalement différent. Le gouvernement helvète a en 
effet indiqué cela dans le cadre du fiasco Crédit Suisse. Ce 
mercredi 19 avril, i l a analysé le refus du parlement 
d’approuver les garanties de 109 milliards données par la 
Confédération pour le sauvetage de la banque, via son 
rachat par UBS. Réunis en session extraordinaire les 11 et 
12 avril derniers, droite souverainiste de l’UDC et gauche 
avaient rassemblé 103 voix, contre les 71 de la droite 
classique qui soutenait les 109 milliards de garanties. Les 
parlementaires savaient toutefois que ce vote compterait 
pour du beurre puisque le gouvernement avait engagé 
l’argent via une procédure d’urgence. Qu’il essayera donc 
d’éviter « dans la mesure du possible » à l’avenir…

S.C.

La succursale des Eaux-Vives de Crédit Suisse, sauvé de la faillite. Photo Le DL/Sébastien COLSON

SUISSE
Le gouvernement a dégainé son “49.3” pour sauver Crédit Suisse

➢ 11 journalistes

➢ 90 press clippings

➢ 31 countries

• Press visit at CERN for local medias in April 2023



2023-11-20

FCC FS Council Documents, June ‘21

Organisational Structure of the FCC Feasibility Study
http://cds.cern.ch/record/2774006/files/English.pdf

Main Deliverables and Timeline of the FCC Feasibility Study
http://cds.cern.ch/record/2774007/files/English.pdf

http://cds.cern.ch/record/2774006/files/English.pdf
http://cds.cern.ch/record/2774007/files/English.pdf
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FCC integrated program - timeline
Note: FCC Conceptual Design Study 

started in 2014 leading to CDR 

in 2018

2033 2048 2074
“Realistic” schedule taking into account:
❑ past experience in building colliders at CERN

❑ approval timeline: ESPP, Council decision

❑ that HL-LHC will run until 2041 

Can be accelerated if more resources available



2023-11-20 FCC FS mid-term review

− the scientific and technical results be reviewed by the FCC FS Scientific 
Advisory Committee, augmented by additional experts as needed;

− the cost and financial feasibility, which will focus on the first-stage project 
(tunnel, technical infrastructure, FCC-ee machine and injectors), be reviewed 
by a committee including external experts, as proposed in CERN/3588;

Mid-term review setup and deliverables are defined in  CERN/SPC/1183/Rev.2:

SAC: review of deliverables 1, 2, 3, 4, 5, 6, 8

• D1: Definition of the baseline scenario

• D2: Civil engineering

• D3: Processes and implementation studies with the 

Host States

• D 4: Technical infrastructure

• D5: FCC-ee accelerator

• D6: FCC-hh accelerator

• D7: Project cost and financial feasibility

• D8: Physics, experiments and detectors

Cost Review Panel Mandate

• Review the methodology and assumptions used in 

producing the cost estimates

• Identify inaccurate or missing cost information

• Check the consistency of the cost estimates with respect 

to applicable reference work, e.g., recent large-scale 

infrastructure and accelerator projects

• Review the uncertainty estimates

• Identify potential areas of savings and cost mitigation for 

future work 

• Advise the FCC study team on matters of cost estimation 

in view of preparation of the final Feasibility Study Report 

for end 2025
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FCC Feasibility Study – mid-term status summary

The first half of the FCC Feasibility Study is being completed with the mid-term review
• 20 – 22 November 2023: SPC and FC review meetings on mid-term review
• 2 February 2024: CERN Council meeting on mid-term review

Focus 2021 - 2023: 
• identifying best placement & layout and adapting entire project to new placement
• this provided the input for the mid-term review documentation and cost estimate update

Fruitful collaboration between scientific & technical actors, in close cooperation with the 
host state services concerned, at departmental/cantonal and local level. Direct exchange in 
place with communes concerned by surface sites. Environmental studies ongoing.

Focus 2024 - 2025: 
• Subsurface investigations, further optimization of implementation, surface sites, synergies, etc. 
• Full design iteration in view of  technical and cost optimisation of entire project. 



modified FCC-ee RF layout

J.-P. Burnet F. Valchkova, F. Peauger

Collider RF - Point H (400 and 800 MHz)

Booster RF - Point L 
(800 MHz only)

• RF for collider and booster in separate 
straight sections H and L.

• fully separated technical infrastructure 
systems (cryogenics)

• collider RF (highest power demand) in 
point H with optimum connection to 
existing 400 kV grid line and better 
suited surface site



FCC-hh layout, optics work, geom. integration 

betatron collimation straight

experimental straight

• adaptation to new layout and geometry

• shrink b collimation & extraction by ~30% 

• optics optimisation (filling factor etc.)

• move hh IPs on top of ee IP to optimise 

tunnel and cavern widths.

ee – beam 1
from IP

ee – beam 2
towards IP

hh
new

hh – earlier
reference

3 - beam footprint 
at interaction point

IP

M. Giovannozzi, T. Risselada, G. Perez Segurana, M. Hofer, K. Oide



high-field magnets for FCC-hh: Nb3Sn & HTS R&D

Rough estimates 

Bottom line: HTS technology must 

catch over the coming 

10 years in 

TRL to LTS

HTS Innovation Funnel for HFM
Next: FCC-hh SM-CC Demonstrator

Goal: demonstrate robust 

and cost-efficient Nb3Sn 

technology for next 

ESPPU.

Novel concept: Stress-

managed and asymmetric 

common coils.

Stainless steel shell

Iron yoke

Coil collar

Former

Non-magnetic poles

Nb3Sn conductor

B0 target of 14 T, at Top: 4.2 K
Eng margin of 10%
B0 short sample @ 1.9 K: 16 T

D. Araujo

B. AuchmannPSI Nb3Sn CCT «CD1» main test carried out in 2022/23

It trained A LOT. It reached 

100% of maximum field at 

4.5 K. No conductor 
degradation occurred from 
handling, assembly, powering, or 
thermal cycling.

Stress-management works, CD1 
is a robust magnet.

B. Auchmann



HTS option for FCC-ee (!) arc quads and sextupoles

CDR arc lattice 

HTS option 
proposal

CDR: 2900 quads & 4700 sextupoles
• Normal conducting, ~50 MW @ ttbar
• 3 different types of short straight sections

“HTS4” project within CHART collaboration
• Nested SC sextupole and quadrupole.
• HTS conductors operating at around 40K.
• Cryo-cooler supplied cryostat

• Produce a ~1m prototype by 2026

CAD design of HTS short 
sextupole demonstrator 
based on CCT coils

“HTS4” potential
• Power saving
• Reduced length and increased 

dipole filling factor
• Optics flexibilityM. Koratzinos, B. Auchmann
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Feasibility Study timeline and main activities/milestones

2021 2022 2023 2024 2025

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

FS Report

FCC Week & review: 

technical coherence 

Release FSR

Project review

FCC Week & Review : implementation, 

baseline design, organisation, communication

environmental studies, site investigation authorisation with 

host states, site investigations: drillings and seismics

FCCW & mid-term review:

study progress &

CDR cost update

detailed design towards FSR: refine surface sites layout,

technical and cost optimisation of entire project 

CDR baseline design adaptations for

new implementation scenario

FCC Week

study planning

FCC Week

FSR progress



Electrical network

• Electrical Power from the French 

network fed into the FCC at three 

points (A, H and D).

• Further distribution via the FCC ring.

• Covers all configurations of FCC-ee

without need to build new sub-stations.



74
Point D – Example of linear schedule

CE construction schedules (example) T. Watson

CE linear construction schedule



Preparatory phase planning civil engineering
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CERN Future Colliders Serminar Series 

14 March 2023

Future Circular Colliders
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CERN Future Colliders Serminar Series 
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Stage 1: FCC-ee – highest luminosity lepton collider 

double ring e+e- collider,  with           
full-energy booster

2 or 4 interaction points

efficient L from Z to 𝑡𝑡 ̅
thanks to twin-aperture magnets, high-Q 
SRF, efficient RF power sources, top-up 
injection, etc.

>2.5 ab-1 with ~0.5x106 H / IP (3y) 

>75 ab-1 with ~2x1012 Z / IP (4y)

enormous performance increase:

collects LEP data statistics in few minutes

luminosity vs. electricity consumption

highest lumi/power of all H fact. proposals

Nature Physics 16, 402–407 (2020)



FCCIS Workshops – mid November

FCCIS MDI and IR mock-up workshop, INFN-LNF, Frascati, 16-17 November 2023 (42 participants)
Topics:
• interaction region (IR) mock-up critical concepts
• beam losses in the IR
• synchrotron radiation
• IR higher-order mode calculations
• vertex detector integration & cooling
• accelerator and detector constraints in the IR

FCCIS 2023 WP2 “Collider Design” Workshop, Pontifical University, Rome, 13-15 November 2023 (56 participants)
Topics:
• collider performance and beam lifetime 
• mechanical alignment tolerances, misalignment models
• trim coil baseline and beam-based alignment 
• collider and booster optics, accelerator code development
• vibration and ripple tolerances plus mitigations
• booster vacuum system, booster impedance 
• electron cloud & ion effects
• beam studies at KARA, PETRA III, SuperKEKB and DAFNE (conversion to future test facility?)

FCCIS – The Future Circular Collider Innovation Study. This INFRADEV Research and Innovation Action project receives funding 
from the European Union’s H2020 Framework Programme under grant agreement no. 951754.

https://agenda.infn.it/event/37720/
https://agenda.infn.it/event/37720/
https://agenda.infn.it/event/37720/
https://indico.cern.ch/event/1326738/


FCC-ee impedance model
transverse dipolar impedance longitudinal impedance 

M. Migliorati, FCCIS WS 2022
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Synchrotron radiation in tunnel

• Source term comparable to LEP operation, higher critical energy for ttbar run.

• Baseline with distributed (water cooled) photon stops every ~6 m.

• Different shielding strategies for (Z, W, ZH) vs ttbar?

 

                                         
                          

A. Lechner et al.


