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FCC-ee parameter development: mid-term baseline 
Latest parameters for FCC mid-term review K. Oide



FCC-ee parameter development: “pushed” ZH & 𝑡 ҧ𝑡
K. OideA variant of 

parameters of FCC-ee 
collider. SR: 
synchrotron 
radiation, BS: 
beamstrahlung. The 
parameters for ZH 
and 𝑡 ҧ𝑡 are pushed to 
higher luminosities 
compared with the 
mid-term baseline.



FCC-ee optics design – changes & updates from CDR 
• Arc FODO cell structure. Phase advance at lower energies (Z, W±) is now 90°/90° with twice the cell length (long 90/90), 

instead of equal length with a phase advance of 60°/60°.
• Twin aperture dipoles & quad’s. Separation between two beams was increased to 35 cm from the CDR’s 30 cm.
• The superperiodicity is now 4, corresponding to the 4 IP scheme.
• Multi-family −I-paired sextupoles in the arc. The number of families is about ½ of the CDR’s as a result of the doubled superperiodicity. The 

multi-family scheme provides great flexibility for controlling additional parameters such as the chromatic behavior at the IP or RF.

• The RF section for the collider is concentrated in one LSS (PH) for all energies. This seems to induce an additional non-structure 
synchrobetatron resonance, limiting the choice of the transverse tune space at some energies. 

• The number of sextupoles in the IR is 2/side/IP × 2 sides × 4 IP × 2 beam = 32 for both beams. It employs the ‘virtual’ crab 
sextupoles incorporated in vertical local chromaticity correction sextupoles (FCC-ee scheme demonstrated at SuperKEKB!).

K. Oide

• Critical photon energies of incoming SR from dipoles <100 keV up to 400 m upstream of IP.
• Perfect solenoid compensation with counter-solenoids between the face of the last 

quadrupole (QC1L/R1) and IP. This scheme guarantees a perfect achromatic coupling correction 
with no leak of vertical orbit and dispersion to the outside. This scheme also guarantees a perfect 
removal of harmful beam-beam effects coupled to the chromatic coupling, from which SuperKEKB has 

been suffering so far. This compensation scheme, due to dispersion and synchrotron radiation 
in the solenoid fields with crossing angle, generates a vertical emittance of 0.5 pm at the Z.

• IR now incorporates polarisation wigglers and space for Compton polarimeter. The latter 
can detect spin precession angle at each IP to provide more constraints for beam energy calibration.

• Vertical chromaticities are set to +5 and +2 at Z and W±, respectively, and to 0 at other 
energies, to suppress TMCI. Dynamic aperture (DA) & beam lifetime optimised for these 
chromaticities.



FCC-ee tune scans: beam-beam + lattice
K. OideZ WW

ZH 𝑡 ҧ𝑡



emittance blow up & beam lifetime versus lattice vertical emittance

K. Oide



measurement of coupling & dispersion at BPMs

K. Oide



FCC-ee emittance vs BPM resolution

The correction of sext misalignment using coupling/dispersion measurements at BPMs seems OK, giving smaller vertical 
emittance than required (~300fm ), even with a poor BPM resolution.

K. Oide



Goal: identify wavelengths over which magnets need 

to be well aligned

Sensitivity to Coherent Misalignments

Model: ΔX = A * sin( S *
𝟐π
λ

) sin(π * 
𝐒−𝐒_𝐬𝐭𝐚𝐫𝐭

𝐒_𝐞𝐧𝐝
)

where S_start and S_end are the Arc start 

and end positions respectively

Z-mode
FODO Length –104m 

ttbar-mode
FODO Length –52m 

S. Sai

Coherent misalignments at wavelengths above 500 m do not 
have a significant impact on the machine performance 



FCC-ee Interaction Point Tuning Knobs
Extra skew windings at the Final Focus doublet and at 

least the nearest 6 sextupoles on each side of IP, to 

help control vertical dispersion & coupling at the IP

Skew quads Final doublet Sextupoles

example: vertical IP dispersion knob S. Sai

Vertical Dispersion Knob 𝐟𝐨𝐫 𝑫𝒚
∗ = 𝟏𝐦𝐦

created so far:
- vertical
dispersion knob,
- coupling knobs
|𝐅𝟏𝟎𝟏𝟎

∗ | 𝐚𝐧𝐝
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FCC-ee IP Tuning Knobs – Cross Talk Study examples
cross talk of DDy

*: chromatic coupling cross talk of D|𝐅𝟏𝟎𝟎𝟏
∗ |: impact on other 

linear optics parameters

Knobs created do 
not have a 
significant effect 
on other IP 
parameters, over 
a reasonable 
range of values.

Dispersion knob 
setting of ≥5 mm: 
impact on  
chromatic 
behaviour.

S. Sai



Monitoring FCC-ee Interaction-Point Collision Parameters

V. GawasPhD thesis scope (start 1 October 2023):

• examine the FCC-ee luminometer concept and the implied alignment or beam-stability 
tolerances

• develop, or get familiar with, a concept for the beamstrahlung monitor including 
shielding to handle the significant power and to screen the signal against lower-energy 
photons from radiative Bhabha scattering. This may require Guinea-Pig, plus GEANT or 
FLUKA simulations, and a collaboration with experts in the CERN STI and BI groups

• further study additional information on the collision and IP beam distributions that 
could be gained from a small-radius silicon vertex detector, possibly in collaboration 
with experts from the University of Geneva

• with the simulated beamstrahlung monitor and/or SVD signals, explore  if and how this 
information combined with the luminosity monitor and the tuning knobs developed 
in a parallel PhD thesis project can be used to infer, control and optimize the IP beam 
and optics parameters



Outlook – Possible Future Topics

- reconcile actual simulations of optics correction with the estimation presented above
- weak-strong beam-beam simulations with crab-waisted strong beam
- further evaluation of the detector background from beam-gas, beam pipe hitting, etc.
…
- additional IP tuning knobs: waist (x,y), beta* (x,y), horizontal dispersion, chromatic 

coupling,…  
- simultaneous applications of two (or more) knobs: impact on useful knob range ?
- further wavelength sensitivity studies 
…
- lumical & beamstrahlung monitor concepts & expected signals
- luminosity tuning: identification of useful realistic signals (Bhabha/lumical, 

beamstrahlung, rad. Bhabha (?), vertex information ??)
- usage & development of suitable simulations tools
- applications of IP tuning knobs to study effect for perfect machine 
- application of IP tuning knobs to optimise luminosity in a machine with errors

S. Sai

V. Gawas

K. Oide



original “FCCee Lumi” timeline

extension → ?
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