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FCC site: http://cern.ch/fcc.

The FCC relates to the development of a higher performance particle collider(s) to extend 
the research currently being conducted at the LHC.

The goal of the FCC is to greatly push the energy and luminosity frontiers of particle 
colliders, with the aim of reaching collision energies of 100 TeV, in the search for new 
physics. The FCC Study, hosted by CERN, is an international collaboration of more than 70 
institutes from all over the world. Three different types of particle collisions are under 
consideration: 

• hadron (proton-proton and heavy ion) collisions, FCC-hh;

• electron-positron collisions, as in the former FCC-ee;

• and proton-electron collisions, FCC-he.

The next step for the FCC Study is to deliver, by 2018, a conceptual design report, as input 
to the next update of the European Strategy for Particle Physics (ESPP).

Future Circular Collider Study

http://cern.ch/fcc


12/2011 Blondel, Zimmermann, LEP3, ArXiv:1112.2518 LEP3 (26 km), 120 GeV.

02/2012 Oide, SuperTristan, KEK Semirar SuperTristan (80 km)

03/2012 Telnov, beamstrahlung, ArXiv:1203.6563 Luminosity limitation

06/2012 CERN 1st LEP3 meeting

07/2012 CMS Higgs observation, ArXiv:1207.7235

09/2012 1st CEPC-SppC meeting (China) CEPC-SppC project is announced 

11/2012 1st ICFA Higgs Factories WS (Fermilab) + pp collider (FCC-hh)

05/2013 ESPP Update CERN has got a commitment from ESPP

06-09/2013 Three int.meetings define the FCC-ee param. FCC-ee: 45.5 GeV – 175 GeV

11/2013 A CW collision was proposed for the FCC-ee Low energy luminosity 

02/2014 FCC Kick-off meeting, Geneva U. FCC study launch

10/2014 ICFA Higgs Factories WS, IHEP, China

03/2015 1st FCC week in Washington

07/2015 CW is a baseline for FCC-ee

04/2016 2nd FCC week in Rome BB coherent instability is discovered (K.Ohmi)

05/2017 3rd FCC week in Berlin

04/2018 4th FCC week in Amsterdam

End/2018 FCC CDR issue

LEP3-TLEP-FCC-ee 



“This (H(125)) discovery strongly influences the strategy for future collider 
projects. We are now entering the precision measurement era.”

Patrick Janot, CERN, HF2012

• m+m- collider?  The longest-term project (if at all feasible). Yet too hypothetical, 
too far in future – not addressed today.

• gg collider? Too limited a physics program – not addressed today .

• e+e- collider? Physics prospects are good and solid projects exist → Today’s focus. 
Linear colliders studied /designed for two decades. Circular colliders have more 
than 50 years experience. LEP1/2 has shown excellent results at high energy.

Lepton collider, which one?



Decision after 2020 

Linear or circular?

M.Boscolo, 

Amsterdam 2018 



Site
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Layout and basic principles
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Main parameters
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Integrated luminosity
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Experimental scenario
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Baseline optics 2016

• 60/60 cell at Z, W to mitigate the beam-

beam coherent instability,

• Smaller x*,

• Adopting “twin aperture quads” concept,

• Special section for inverse Compton 

spectrometer,

• Injection section optics.

FCC-ee optics is designed by K.Oide



13

Beam dynamics

• New BB coherent instability limiting luminosity was discovered in 2016 by 

K.Ohmi and mitigated by D.Shatilov/K.Oide.

• DA/MA is optimized by non-interleaved sextupoles in the arcs and they 

are enough for good machine performance

• Asymmetric momentum acceptance at high energy to fit the asymmetric 

energy distribution tails (due to beamstrahlung).

• DA study with errors and misalignments is in progress.

Emittance increase due to the BB 

coherent instability.
DA at different energies.
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Energy calibration: physics requirements

1. Center-of-mass energy determination with precision of  100 keV around  
the Z peak

2. Center-of-mass energy determination with precision of  300 keV at W 
pair threshold

3.  For the Z peak-cross-section and width, require energy spread uncertainty 
E/E =0.2%

 use resonant depolarization as main measuring method

 use pilot bunches to calibrate during physics data taking: 100 calibrations 
per day each 10-6 rel. 

 long lifetime at Z requires the use of wigglers at beginning of fills

 take data at points where self polarization is expected

A. Blondel
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MDI

Unique 

design for 

all energies. 
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Injection
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Injection facility layout
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Magnet and vacuum systems

Factor 2 power saving due to 

the double aperture design.

Arc quads

Arc dipoles Regular FODO 

cell

Super K 

vacuum 

chamber
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RF system
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20 shafts with 578 m of the deepest one

 5.5 m, main ring 

and booster 1 m 

distant.

Footprint
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Conclusion

• FCC-ee collider is an extremely challenging but feasible 

with unprecedented physics potential.

• Great progress has been made in the FCC-ee collider 

design during last years. 

• All the problems appeared (new effects limit the luminosity, 

DA/MA reduction, extremely precise energy measurement, 

etc.) seem are solved. No showstoppers are revealed.

• CDR is progressing as scheduled.


