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ZH maximum 𝒔 ~ 240 GeV 3 years 106      e+e-➝ ZH

tt  threshold 𝒔 ~ 350 GeV 5 years 106       e+e-➝tt

Z peak 𝒔 ~   91 GeV 4 years 5 x 1012     e+e-➝ Z   

WW threshold+ 𝒔  161 GeV 2 years > 108        e+e-➝ W+W-

s-channel H 𝒔 = 125 GeV ? Years ~5000    e+e-➝ H

Never done
Never done
LEP x 105

LEP x 103

Never done

2 MeV
5 MeV 

< 100 keV
< 300 keV
< 200 keV

𝒔 errors
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Mogens Dam, FCC Week 2002 (Paris)
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• 𝑔𝑍𝑍𝐻 𝜎𝑍𝐻
•

• 𝑡 ҧ𝑡𝐻 𝐻𝐻
• 𝑔𝐻𝜇𝜇, 𝑔𝐻𝛾𝛾 , 𝑔𝐻𝑍𝛾 , 𝐵𝑅(𝐻 → inv)
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Unique FCCee/FCChh complementarity
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• 𝑍 → 𝜏𝜇 𝜏 → 𝜇𝜈/𝑒𝜈 τ
• 𝐵0 → 𝐾∗0𝜏+𝜏−
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Mogens Dam, FCC Week 2002 (Paris)

•Long-term program with immense breadth & richness

•50+ years of physics

•O(10) experimental collaborations

•O(10k) scientific publications
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A few thoughts based on invited FCC 
essay on online computing challenges for 
future 𝑒+𝑒−colliders accepted by EPJ+ 
(jointly with Richard Brenner)
“Focus Point on A Future Higgs & Electroweak 
Factory (FCC): Challenges towards Discovery”
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“Good artists copy; Great artists steal”



FCC CDR vol.2: https://link.springer.com/article/10.1140%2Fepjst%2Fe2019-900045-4
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Experiment Rate Event size Throughput

Detector Readout

ATLAS/CMS Run 1/2 100 kHz 1 MB 100 GB/s

LHCb Run 1/2 1 MHz 100 kB 100 GB/s

ATLAS/CMS Run 4 – O(500 kHz)
4 MB

(PU = 200)
2 TB/s

LHCb Run 4 – 40 MHz 100 kB 4 TB/s

Throughput to disk

ATLAS/CMS Run 1/2 1-2 kHz 1 MB 1-2 GB/s

LHCb Run 1/2 10 kHz 100 kB 1 GB/s

ATLAS/CMS Run 4 – 5 kHz
4 MB

(PU = 200)
20 GB/s

LHCb Run 4 – 20 kHz – ? 100 kB 2 GB/s
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FCC Week 2022
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Substantial resources (~ 5 BCHF) needed from outside CERN’s budget

• Large part in-kind contributions from non-Member States

• Special contributions from Host States and other Member States

• European Commission

• Private funding?
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Major advantages

• Low cost

• Ambition

My personal opinion

• If Europe (&US) does not step up, have 

no doubts that China will get there
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Feasibility Study (2021-25) objectives



Sequence of energy runs 



P. Janot

The case for four interaction points

❑ One of the many advantages of circular colliders: can serve several IP

◆ Overall gain in luminosity and in luminosity/MW (greener collider)

⚫ Many measurements are statistics limited – some are tantalizingly close with only 2 IP

➔ E.g., Higgs self-coupling ; Search for HNL; Flavour anomalies; etc.

◆ Variety of detector requirements may not be satisfied by one or even two detectors

⚫ E.g., High precision, high granularity, high stability, geometric accuracy, PID, cost constraints

➔ Having four IP allows for a range of detector solutions to cover all FCC-ee opportunities

◆ Four IP provide an attractive challenge for all skills in the field of particle physics

◆ Redundancy is invaluable in uncovering hidden systematic biases or conspiracy of errors

⚫ E.g., mZ discrepancy at LEP in 1991

➔ Found to be an effect of RF phases and voltages

⚫ Could have remained unnoticed for ever

➔ With only ALEPH and DELPHI

➔ Or with only L3 and OPAL

19 Nov 2021
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After RF correction





Polarimeters











Stage 1: updated parameters K. Oide, D. Shatilov,

Parameter [4 IPs, 91.2 km,Trev=0.3 ms] Z WW H (ZH) ttbar

beam energy [GeV] 45 80 120 182.5

beam current [mA] 1280 135 26.7 5.0

number bunches/beam 10000 880 248 36

bunch intensity  [1011] 2.43 2.91 2.04 2.64

SR energy loss / turn [GeV] 0.0391 0.37 1.869 10.0

total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.08/0 4.0/7.25

long. damping time [turns] 1170 216 64.5 18.5

horizontal beta* [m] 0.1 0.2 0.3 1

vertical beta* [mm] 0.8 1 1 1.6

horizontal geometric emittance [nm] 0.71 2.17 0.64 1.49

vertical geom. emittance [pm] 1.42 4.34 1.29 2.98

horizontal rms IP spot size [mm] 8 21 14 39

vertical rms IP spot size [nm] 34 66 36 69

beam-beam parameter xx / xy 0.004/ .159 0.011/0.111 0.0187/0.129 0.096/0.138

rms bunch length with SR / BS [mm] 4.38 / 14.5 3.55 / 8.01 3.34 / 6.0 2.02 / 2.95

luminosity per IP [1034 cm-2s-1] 182 19.4 7.3 1.33

total integrated luminosity / year [ab-1/yr] 87 9.3 3.5 0.65

beam lifetime rad Bhabha + BS [min] 19 18 6 9



parameter FCC-hh HL-LHC LHC

collision energy cms [TeV] 100 14 14

dipole field [T] ~17 (~16 comb.function) 8.33 8.33

circumference [km] 91.2 26.7 26.7

beam current [A] 0.5 1.1 0.58

bunch intensity  [1011] 1 1 2.2 1.15

bunch spacing  [ns] 25 25 25 25

synchr. rad. power / ring [kW] 2700 7.3 3.6

SR power / length [W/m/ap.] 32.1 0.33 0.17

long. emit. damping time [h] 0.45 12.9 12.9

beta* [m] 1.1 0.3 0.15 (min.) 0.55

normalized emittance [mm] 2.2 2.5 3.75

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

events/bunch crossing 170 1000 132 27

stored energy/beam [GJ] 7.8 0.7 0.36

Stage 2: FCC-hh (pp) collider parameters
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FNAL dipole 

demonstrator

4-layer cosJ

14.5 T Nb3Sn     

in 2019

from 

LHC technology 

8.3 T NbTi dipole

via 

HL-LHC technology 

12 T Nb3Sn quadrupole

FCC-hh: highest collision energies



Main R&D activities:

❑ materials: goal is ~16 T for Nb3Sn, at least 

~20 T for HTS inserts

❑ magnet technology: engineering, 

mechanical robustness, insulating 

materials, field quality

❑ production of models and prototypes: to 

demonstrate material, design and 

engineering choices, 

industrialisation and costs

❑ infrastructure and test stations: for tests up 

to ~ 20 T and 20-50 kA

Global collaborations already established 

during FCC CDR phase.

High-field magnets R&D: 1st steps towards FCC-hh

In parallel to FCC Study, HFM development program as long-term separate R&D project







P. Janot

The FCC-ee interaction region

❑ Need to progress from “conceptual” to “feasible” design

◆ Engineering mechanical design & assembly concept

⚫ Including support and access for detector elements

◆ Heat load assessment

◆ Alignment tolerances and vibration control

◆ Conceptual design of IR elements / systems

◆ Dealing with backgrounds, beam loss, radiation

❑ Recent reduction of beam-pipe radius to 10 mm

◆ Lower impedance

◆ Low backgrounds generate low occupancy

⚫ Detection layer possibly situated inside the beam pipe? 

◆ Higher efficiency b/c tagging against light quarks & gluons

❑ B = 2T well adapted to FCC-ee momentum range

◆ Study to increase it to 3T at high energies ongoing

19 Nov 2021
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CDR Baseline
RBP = 15 mm

Lower impedance

RBP = 10 mm

L* = 2.2m, B = 2T


