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FCC-ee key elements: dedicated working points
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Staged physics programs with 4 working points
• Z-pole: Tera Z sample for very high precision measurements
• WW threshold: W mass and width
• HZ: Higgs precision physics
• tt threshold: t mass and width

FCC-ee: The Lepton Collider, Eur. Phys. J. Spec. Top. 228 (2019)
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FCC-ee physics in a nutshell
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https://indico.cern.ch/event/1064327/contributions/4893259/attachments/2452515/4202680/Grojean_FCCWeek_2022_05_30.pdf
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FCC-ee key elements
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High Statistics

Precise center-of-mass 
energy determination

Clean environments
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FCC-ee key elements
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High Statistics

Precise center-of-mass 
energy determination

Clean environments

• Reduce statistical errors

• Allow for extremely precise global consistency check of the SM 
through electroweak precision observables measurements

• Check for deviation from SM prediction ⟹ hint of BSM physics
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FCC-ee key elements
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High Statistics

Precise center-of-mass 
energy determination

Clean environments

Transverse beam polarization provides beam energy 
calibration by resonant depolarization

A. Blondel    FCC Week 30.5.22

𝝂 is the spin tune

https://indico.cern.ch/event/1064327/contributions/4893236/attachments/2452727/4203106/EPOL%202022-05-30.pdf


G. Gaudio  - 2022 LCF22  29.08.2022 

FCC-ee key elements
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High Statistics

Precise center-of-mass 
energy determination

Clean environments

Higher luminosity but  higher number of bunches wrt LEP 
⟹ intensity/bunch mostly the same as LEP

The asymmetric e+e- beam lines around the FCC-ee
interaction regions are designed to minimize synchrotron
radiation in the detectors.

From simulation:
the occupancy in a typical vertex detector is found to be 
smaller than 10-5 at the Z pole, and a few 10-4 at 365 GeV
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FCC-ee physics in a nutshell

8

C
.G

ro
je

an
FC

C
 W

ee
k 

30
.5

.2
2

https://indico.cern.ch/event/1064327/contributions/4893259/attachments/2452515/4202680/Grojean_FCCWeek_2022_05_30.pdf
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Electroweak Precision Observable
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+FCC-ee
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Flavour Physics @ FCC-ee
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https://indico.cern.ch/event/1064327/contributions/4893236/attachments/2452727/4203106/EPOL%202022-05-30.pdf
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QCD @FCC-ee
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Higgs Physics @ Fcc-ee (hh)
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https://indico.cern.ch/event/1064327/contributions/4893236/attachments/2452727/4203106/EPOL%202022-05-30.pdf
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Higgs Physics @ Fcc-ee (hh)
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Model-independent total Higgs production 
cross-section σH measurement from

Model-independent Higgs mass mH measurement
from system recoiling against the l+l- system 

Model-independent Higgs to Z coupling gHZZ and 
Higgs width  𝞒H measurement from relation between 
σH, mH and gHZZ in 

e
+
e
� ! (Z ! l

+
l
�)(H ! ZZ)

�HZ ⇥ �(H ! ZZ)/�H

https://indico.cern.ch/event/1064327/contributions/4893236/attachments/2452727/4203106/EPOL%202022-05-30.pdf
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BSM @ FCC-ee
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BSM searches @FCC-ee is a very important topic

Indirect measurements

• High precision and high statistics will allow for new physics discovery as deviation from 
Standard Model expectation 
• particle with too high mass and/or with too feebly couplings can still contribute to loops or 

modify BR
• Precise information on the parameters provide guidance to model(s) to interpret deviations

Direct search

• LLP searches with displaced vertices
• Rare/forbidden decays 
• ALP
• Massive Neutrinos
• ...

integrated ee + hh project 

can better cope with BSM 

search
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Detector Concepts
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CLD  detector concept
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Full Si tracker

Calice-like Calorimeter
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IDEA detector concept
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ultra light drift chamber

• monolitic parallel fibers, dual readout calorimeter
• EM Dual Readout Crystal section as an option
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Liquid Noble Gas ECAL based detector concept
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• Noble Liquid + Pb or W for 
ECAL 

• High Granular HCAL
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Detector Performance Requirements
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Δ(1/pT) high precision measurement at the end of tracker 

σrΦ requires finely segmented  vertex detector

Challenging requirements for detector materials
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Higgs mass from recoil mass in Z(μμ)H events
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Recoil mass affected by : 
- The beam energy spread 
- The momentum resolution (and the ISRs for the tail) 

Model-independent Higgs cross-section measurement
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Momentum resolution 

21

BES inherent to the machine. 
~ 0.16% at 240 GeV
( ~ 0.13% at the Z ) Muons in ZH events have rather small pT

Transparency more relevant than asymptotic resolution
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Vertex Detection Parameters
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Secondary vertices identification, key to b-, c- and 𝜏- tagging
• Measurement of Higgs couplings to b, c, g 
• Measurement of Vcb from WW events
• Measurement of EW HF observables Rb, Rc, AFB c)              

Precise (PV)/SV/TV reco for Flavour physics
• Time-dependent CPV measurements
• Unobserved/rare decays: B→K*𝜏𝜏
• Lifetime measurements

• Measurement of the t-lifetime



G. Gaudio  - 2022 LCF22  29.08.2022 

Detector Performance Requirements
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Fair σEM ~ 10-20% /√E sufficient for Higgs physics
σjets ~ 30-40% /√E to clearly identify W, Z, H in 2 jets decays
Transverse granularity < 1 cm for π0 from τ and HF
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Calorimeter performance
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At 𝛿E/E ≃ 30% / √E [GeV], 
detector resolution comparable 
to GW and GZ

W Z

Jet final state will be dominant at FCC-ee
• higher BR
• clean environment

Disantangling W and  Z peak 
e.g. Separation of  ννH from WW fusion and HZ
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ECAL performance

25

e+e- àHZ physics constraints
Hà 𝛾𝛾è ECAL resolution 
As good as possible – at least 20%/ 𝐸 + 1%

for HF physics 3%/√E is required
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Outlook 
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FCC-ee will allow for a very reach physics programs

It’s both a precise machine and an “intensity frontier” machine

Complementarity with FCC-hh is one of the key elements

A lot of activity ongoing in all aspects of the project (accelerator, detector, physic studies, 
theoretical calculation, ...) we need all of them 


