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91 km ring near CERN 
for ee and hh collision 
(and maybe more) 
experiments

FCC
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• Showing EC H2020 beneficiaries 

(Some of) current FCC collaborators
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Planned timeline
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We are here
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Feasibility study
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Review status on
• Infrastructure & civil engineering
• Accelerator technology & design
• Physics, experiment, and detector

• Physics performance
• Detector technology & design
• Software infrastructure

FCC week 2022
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Also, after two years of remotely 
working, for people in the community 
to catch up/get familiar with each other

FCC Week

https://indico.cern.ch/event/1064327/
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Main dishes 
(Physics opportunities)
• Electroweak physics

•  measurement

• Flavor physics

•
•

• QCD measurements
• Higgs physics

• Higgs self-coupling
• Higgs mass

mW

B0 → K*τ+τ−

B+/B+
c → τ+ντ

List of selected highlights
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Drinks
(Experiment setups)
• Detector concepts
• Beam energy calibration
• Flavor tagging
• Software framework

Desserts
(Civil engineering 
and logistics)

N.B. the menu does not 
reflect the importance of 
these projects, but rather 
the structure of this talk
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• Splendid datasets expected with a 
plethora of physics opportunities
• EW precision measurement (Z, W, H, t)

• QCD precision measurement ( )

• Flavor physics ( )

• Rare decay searches
• BSM particles (ALPs, dark photons, 

LLPs)

αs

b, c, τ

FCC-ee dataset
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Dataset Operation Events

Z 4 years 0.1 MeV

WW 2 years 0.3 MeV

ZH 3 years 1 MeV

tt 5 years 2 MeV

σ(ECM)
5 × 1012

> 108

> 106

1 × 106

Much more than just “H-factory”

• Meanwhile, experimental challenges-
opportunities for tracking, vertexing, 
PID, jet tagging, etc.
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Requirements:
• Higgs and top: lepton 

momentum, flavor tagging 
(with PID)

• Z: extremely accurate 
acceptance, stable B field, 
lepton momentum

• W: jet angular calibration
• Flavor: vertex precision, PID
• LLP: far reach of tracking 

capability

Detector concepts
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Mogens Dam at FCC Week

https://indico.cern.ch/event/1064327/timetable/?view=standard#166-detector-concepts-overview
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Electroweak physics
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Paradigm shift:
Before the LHC, people had a clear “plan” for discovering new physics.
After 10 years of the LHC, no hint of specific BSM models.
Instead of direct searches for various signatures, examine SM very precisely to understand: 
what kind of new physics to expect, and at what energy scale.

Unparalleled opportunity:
The “ultimate” Z dataset ( ) in our era (likely also for the far future).
The cleanest possible way to measure W and t properties.
Bring humans’ knowledge of EW physics to a completely new level.

5 × 1012
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• O(10-100) times more precise than the 
current best measurements 
• Expected to be sensitive to new 

physics described by dim 6 operators 
up to  ~ 70 TeV.

• Clues for what to expect / not to 
expect at FCC-hh 

• In many cases, 

• Fundamental improvements to be 
done in experimental techniques and 
theoretical calculations.

Λ

σsyst ≫ σstat

Electroweak physics
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arxiv:2106.13885

https://arxiv.org/abs/2106.13885
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Electroweak case - mW
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• SM  = 6 MeV, CDF  = 9 MeV

• Expect  ~ 0.25 MeV at FCC-ee
σ(mW) σ(mW)

σ(mW)
Scan production threshold
• Clean and robust measurement

Note: can also be measured from the reconstruction side at FCC-ee and used 
backward to examine the complex techniques developed in hadron experiments

FCC CDR Christoph Paus at FCC Week

https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://indico.cern.ch/event/1064327/timetable/?view=standard#155-ew-precision-performance
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Calibration by resonant depolarization
• Precession frequency for polarized 

electrons is directly related to beam 
energy. 

• Spin tune, the number of precession per 
tunnel-cycle defined as. 

• The RF kicker synchronized with the 
precession frequency would gradually tilt 
the spin direction to the horizontal plane 
(vertical depolarization)

Beam energy calibration
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Alain Blondel at FCC Weekν =
ge − 2

2
Eb

me
=

Eb (in GeV)

0.4406486(1)

FCC CDR

https://indico.cern.ch/event/1064327/timetable/?view=standard#171-ped-overview-centre-of-mas
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
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• With  Z bosons

•  quarks

• about 13x as many  as Belle II (50 ab )

• All species of b-hadrons are produced

•  quarks,  leptons

• about 10x as many c-hadrons as Belle II (50 ab )

• about 8x as many  as Super tau-charm factory

• Decay products significantly boosted

• LFV  decays

• More opportunities in H-dataset (LFV decay) and WW-dataset (CKM measurements).

5 × 1012

1012 b
B0/B+ −1

1012 c 3.3 × 1011 τ
−1

τ

Z → τμ, Z → μe, Z → τe

Flavor physics
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Belle II physics book
STCF slides

Next-generation machine for all flavor physics

https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://indico.inp.nsk.su/event/13/contributions/572/attachments/317/360/02_TauSTCF.pdf
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• Compare with current LFV in  
between  and 

• Super rare decay  ~ O( )

• Current limit at  (from BaBar)

• Highly sensitive to BSM enhancements
• Strong case to study/demand detector 

performance
• Backgrounds are overwhelming, but the 

signal is still visible
• (WIP) significance ~ 3
• To further reduce backgrounds 

b → sℓℓ
e μ

BRSM 10−7

10−3

Flavor case - B0 → K*τ+τ−
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Tristan Miralles at FCC Week

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802
https://indico.cern.ch/event/1064327/timetable/?view=standard#162-b-to-k-tau-tau
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• Decays suppressed by CKM
• Still, millions of signals at FCC-ee

• Efficient background rejection and little 
cross-contamination

• Measure  and  , or constrain 
BSM models

|Vcb | |Vub |

Flavor case - B+/B+
c → τ+ντ
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• Crucial to all studies with hadronic 
final states

• Benefit from excellent vertexing and 
PID performances.

• Additional (novel) opportunities for 
measurements in the strange sector

• Irreplaceable opportunities to study 
light q-jet vs g-jet properties with 
standard candles of  and 

 samples 
Z → qq

H → gg

Flavor tagging
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Kunal Gautam at FCC Week

https://indico.cern.ch/event/1064327/timetable/?view=standard#129-jet-flavour-tagging-at-fut
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•  measurement matters for all decays

• Many ways to measure  at FCC-ee

• Clean and abundant data events to study 
jet substructure, parton shower, and 
hadronization. 

• High demands for QCD calculation
• QCD syst is the leading uncertainty for 

some EW measurements
• Improvements needed in high order 

calculation and resummation, and color 
reconnection

αs

αs

QCD

18

 measurements at FCC-eeαs
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• Complementary to Higgs 
programs at HL-LHC ( ) 
and FCC-hh ( )

• Higgs mass and width
• Higgs to light quarks and 

gluons decay.
• Higgs to invisible decay

•  coupling from direct 
production.

• Most cost-effective  Higgs 
factory
• Linear colliders are limited by 

luminosity

4 × 108

> 1010

H − e

e+e−

Higgs physics
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Christophe Grojean at FCC week

Electricity bill per Higgs boson FCC Q&A

https://indico.cern.ch/event/1064327/timetable/?view=standard#175-fcc-physics-case-the-once
https://arxiv.org/abs/1906.02693
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• Unique opportunities in FCC-ee are under study
• Many more essential measurements to be covered

Higgs physics - experimental coverage
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Gauthier Durieux at FCC week

https://indico.cern.ch/event/1064327/timetable/?view=standard#159-higgs-programme
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• Direct production of HH is very rare at FCC-ee
• Self-coupling indirectly probed through loop correction to 

ZH and VBF processes

Higgs case- Higgs self-coupling
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Expect 1% - 2% deviation 
from LO (experimental 
precision at per-mille level)

Complementary 
measurements with 
different energies and 
production modes

Jan Eysermans at FCC week

https://indico.cern.ch/event/1064327/timetable/?view=standard#160-higgs-performance
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• With ZH events, measure Higgs mass from the recoil of Z

Higgs case - Higgs mass 
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Jan Eysermans at FCC week

• With  channel,    
 =  6 - 9 MeV, 

depending on detector 
resolution

• Compared to current LHC 
results,  > 100 MeV, 
in which 100 MeV

• Possible to reach ~20 MeV 
at HL-LHC with significant 
amount of work

Z → μμ
σ(mH)

σtot(mH)
σsyst(mH) ≲

m2
H ≜ m2

recoil = ( s − EZ)2 − p2
Z

https://indico.cern.ch/event/1064327/timetable/?view=standard#160-higgs-performance
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• Higgs programs at lepton collisions and hadron 
collisions are complementary.

• Sub-percent precision for most measurements 
at FCC
• Challenges for theory to match this precision

Higgs physics
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arxiv:2106.13885Gauthier Durieux at FCC week

Mainly constrained by FCC-ee

https://arxiv.org/abs/2106.13885
https://indico.cern.ch/event/1064327/timetable/?view=standard#159-higgs-programme


xunwu.zuo@cern.ch

• Complete set of tools for all steps in 
HEP experiments

• Ready to use, straightforward to learn, 
centrally maintained

• Synergy and unification across all major 
future collider experiments
• FCC, CLIC, ILC, CEPC, and EIC
• Led by a small core group at CERN 

Software tools - key4hep
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Goal: create a software ecosystem integrating various tools and providing a standard workflow 
and data format for generic HEP experiments

Gerardo Ganis at FCC week

* Software and computing co-convened by our own Clement Helsens

https://indico.cern.ch/event/1064327/timetable/?view=standard#172-ped-overview-software
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Common framework for all FCC analyses

Software tools - analysis workflow
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Data processing: https://github.com/HEP-FCC/FCCAnalyses
• With common utilities for object reconstruction and kinematic calculation

Database of all 
samples

(EDM4hep)

analysis_stage1

Batch with HTcondor

Pre-selected and 
processed events

(EDM4hep + custom 
branches)

analysis_stage2

Batch or local

Selected and 
processed events

(custom branches)

Specific studies: https://github.com/zuoxunwu/FCCeePhysicsPerformance 
• With common utilities for usual analysis studies and plotting

Early-stage studies:

Object efficiency, 
phase-space 
selection, etc. 

Analysis optimization:

Final selection, fit 
strategy, etc.

Final fits and plots

analysis_final

Local processing

Selected and 
merged events

(custom branches)

Clement Helsens at FCC week

Complete workflow 
can be run in 1-2 days

https://github.com/HEP-FCC/FCCAnalyses
https://github.com/zuoxunwu/FCCeePhysicsPerformance
https://indico.cern.ch/event/1064327/timetable/?view=standard#163-improving-fccanalysis
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• Horizontal coordinate: set coordinate 
reference
• Fluid field of the land
• Many different coordinate systems 
• Coordinate precision at mm level

Civil engineering
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Sebastien Guillaume at FCC week Julia Azumi Koch at FCC week

• Vertical coordinate: gravity field and 
Geoid measurements
• Definition of “vertical” varies point-by-

point
• Affects height measurement at cm 

level

https://indico.cern.ch/event/1064327/timetable/?view=standard#100-geodesy-for-science-and-so
https://indico.cern.ch/event/1064327/timetable/?view=standard#41-gravity-field-modelling
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• 5.5m ring as both the collider ring and 
the transportation tunnel
• Both booster ring and collider ring 

include ~10000 magnets
• Electric vehicles for transporting 

both people and material

ϕ

Civil engineering
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Cristiana Colloca at FCC week

• About 9M cubic meters 
of excavated material
• Re-use for 

construction
• Assess pollution risk

https://indico.cern.ch/event/1064327/timetable/?view=standard#21-transport-requirements


xunwu.zuo@cern.ch

Cost estimate

28

400 in which for detectors
Construction cost CERN-ACC-2019-0007

Operational cost

1.5 - 2 times the power consumption of LHC
LHC operational cost in 2018 is ~250 MCHF (CERN budget 2018)

Michael Benedikt at FCC Week

Jean-Paul Burnet at FCC Week

https://cds.cern.ch/record/2653673
https://cds.cern.ch/record/2299699/files/French.pdf
https://indico.cern.ch/event/1064327/timetable/?view=standard#141-fcc-feasibility-study-over
https://indico.cern.ch/event/1064327/timetable/?view=standard#31-update-of-the-power-demand
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Group members: Markus Klute, Clement Helsens, Xunwu Zuo
Projects:
• Software and computing

• Key4hep, EDM4hep, analysis framework
• Sample generation and management

• Physics performance

•  searches

• (Planned)  measurements

• (Planned) Search for new scalars (h) in Zh production

• (Planned) -ID algorithm and performance

• Technical support
• FCC conference webpage

B+/B+
c → τ+ντ

H → ττ

τ

KIT contributions
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Management roles:
• Markus in FCC conference committee
• Clement in Software & Computing 

coordination


