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The Call for a Higgs Factory

the Reference Detector published TDR (Oct. 2025)

Similar processes: NuPPEC – Long Range Plan 2024 ; APPEC – Roadmap 2027-2036

Jan.2025
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The European Strategy for Particle
Physics: 2026 Update

Jan.2025
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Timeline
for the Update of the ESPP     

We are here

Jan.2025
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The Strategy Secretariat and        
European Strategy Group (ESG)

Jan.2025
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ESPP Bodies

Physics Briefing Book text
319 pages; issued Sept. 30. 2025

Organisation of the 
Open Symposium

(see the next slide)

Jan.2025
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Open ESPP Symposium in Venice

Very clear message: FCC as the first option

Jan.2025
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ESPP Bodies cont.

Draft of the strategy
and its submission to the CERN Council

Jan.2025
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Proposed Large Scale Projects
at CERN ~2045                          

„Bridge Projects”

Jan.2025
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Potential for Development:                  
Future 10 TeV Parton-Scale Collider Options

„Bridge Projects”

Jan.2025
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FCC Integrated Programme

Jan.2025
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FCC Integrated Programme: Timeline

Jan.2025
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FCC Integrated Programme: 
Layout

Jan.2025
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FCC Integrated Programme: 
Stage 2 Hadron Collider

Jan.2025
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Linear Collider Facility (LCF)           

Jan.2025
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LEP3 as a „Bridge Project”               

Jan.2025
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LHeC as a „Bridge Project”              

Jan.2025
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Muon Collider

Jan.2025
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How Much Would it Cost?
(in BCHF)
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ESG Working Groups

Jan.2025
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ESG Working Groups

Jan.2025
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ESG: View of the National Communities

Jan.2025



Quo Vadis European HEP? 23Tadeusz Lesiak

ESG: View of the National Communities

Jan.2025
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CEPC – the Recent Development            

The CEPC is NOT included in the next 5-year plan

Yifang Wang:

„Although our proposal that CEPC be included in the next five-year plan was not successful, 
IHEP will continue this effort, which an international collaboration has developed for the past 
10 years”

„We plan to submit CEPC for consideration again in 2030, unless FCC is officially
approved before then, in which case we will seek to join FCC, and give up CEPC”

Jan.2025
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ESG: View of the National Communities

Jan.2025
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WG2a: Assessment of Large-Scale Projects

Jan.2025
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WG2a: Assessment of Large-Scale Projects
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WG2b: Physics Potential

Jan.2025
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WG2b: Physics Potential

Jan.2025
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WG2b: Physics Potential

Jan.2025
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WG2b: Physics Potential

Jan.2025
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ESG: Strategy Drafting Session, 
Ascona (CH), Dec. 1-5, 2025

Jan.2025
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Ascona Recommendations

Jan.2025

PR11.25
12.12.2025

The European Strategy for Particle Physics reaches an important milestone

Geneva, 12 December 2025. At its 225th session, the CERN Council received the
recommendations for the update of the European Strategy for Particle Physics, the aim of
which is to develop a common vision for the future of the field. The recommendations will
be reviewed by the Council in the coming months. A final decision is expected at a dedicated
Council Session in Budapest in May 2026.

The recommendations address a broad range of topics and goals related to research in high‐
energy physics in Europe and beyond.

The electron–positron Future Circular Collider (FCC‐ee) is recommended as the preferred 
option for the next flagship collider at CERN.

The ESG presents a descoped FCC-ee as the preferred alternative option for the next flagship collider 
at CERN.

The full set of recommendations is available at this link.

The recently completed FCC Feasibility Study provides the basis for continued work on
multiple aspects of the project.

A decision by the CERN Council on the possible construction of the FCC is expected around
2028.

CERN Press Release 12.12.2025 (excerpts)

https://cds.cern.ch/record/2950671
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Ascona Recommendations

Jan.2025
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Ascona Recommendations
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Ascona Recommendations
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Ascona Recommendations
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Ascona Recommendations
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Ascona Recommendations
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Ascona Recommendations
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Ascona Recommendations
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Ascona Recommendations
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Ascona Recommendations

Jan.2025
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ESG: Future Steps

Jan.2025

The recommendations will be reviewed by the Council in the coming months. 

A final decision is expected at a dedicated Council Session in Budapest in May 2026.

A decision by the CERN Council on the possible construction of the FCC is expected around 
2028.
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U.S. – an important step by the DOE: Focus on the „preferred option”

Remarkable rebranding: „Higgs Factory Coordination Consortia” (both linear and circular) 
 U.S. „Higgs Factory Circular Collider”

51Tadeusz Lesiak

FCC-ee – New Facts

https://indico.global/event/14674/

Jan.2025
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FCC-ee – New Facts

And sponsors…

Jan.2025
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FCC: Private Donors

Jan.2025

PR12.25
18.12.2025

Private donors pledge 860 million euros for CERNʹs Future Circular 
Collider

Geneva, 18 December 2025. For the first time in CERNʹs history, private
donors (individuals and philanthropic foundations) have agreed to
support a CERN flagship research project. Recently, a group of friends
of CERN, including the Breakthrough Prize Foundation, The Eric and
Wendy Schmidt Fund for Strategic Innovation, and the entrepreneurs
John Elkann and Xavier Niel, have pledged significant funds towards
the construction of the Future Circular Collider (FCC), the potential
successor of the Large Hadron Collider (LHC). These potential
contributions, totalling some 860 million euros and corresponding to 1
billion US dollars, would represent a major private sector investment in
the advancement of research in fundamental physics.

CERN Press Release 12.12.2025 (excerpt)
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FCC: Future Developments

Jan.2025

• FCC funding scenario ?

• FCC governance model ?

• FCC acceptane by the local community public dialogue

• FCC: preparations for the pre-TDR



Quo Vadis European HEP?

• Some slides were taken from presentations of

Karl Jakobs

and Guy Wilkinson

55Tadeusz Lesiak

Thanks for your attention

Jan.2025
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CERN A.D. 202510.12.2025

European Strategy for Particle Physics: 
2026 Update

National Strategy of our community

FCC as the highest priority (both FCC-ee and FCC-hh)

If FCC not competitive If FCC not feasible

Proceed with the FCC Move to LCF/CLIC no recommendation

(Negligible 
probability)

Due to 
technological  

failure

Due to financial
/ managerial 

failure

https://indico.cern.ch/event/1439855/contributions/6461412/
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FCCFS Finances

Jan.2025
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FCC Project: 
Prospects

and Physics Programme

Jan.2025
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FCC Feasibility Study:                  
Accomplished with Success

The recent meetings (Sept, 8-10) of the SPC and FC subjected the FCC FS project
to the detailed scrutiny, based also the evalutions of the SAC and the CRP

• SPC (Scientific Polisy Committee of CERN Council):

„The baseline physics program (FCC-ee FCC-hh) is coherent and convincing”

• FC (Finance Committee of CERN Council):

„The FC is reassured to see that the SAC and the CRP have not identified any major 
showstoppers from the perspective of technical and scientific feasibility”   

• SAC (Scientific Advisory Committee of the FCC FS):

„The SAC has concluded that, insofar as can be determined at this stage,  the project is
feasible and provides an excellent opportunity for CERN’s next flagship project and its long-
term future”

• CRP  (Cost Review Panel of the FCC FS):
„The CRP has not found missing elements in the costing”

Jan.2025
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FCC-ee Essentials                        
and Enabling Characterics

Jan.2025
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Higgs Physics
at the End of the HL LHC
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Higgs Studies at FCC-ee

Jan.2025
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Higgs Coupling Measurements
at FCC-ee

Jan.2025



Quo Vadis European HEP? 64Tadeusz Lesiak

Higgs Coupling Measurements
at FCC-hh

Jan.2025
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Higgs Self-Coupling at FCC-hh

Jan.2025



Quo Vadis European HEP? 66Tadeusz Lesiak

The FCC is Much More
than a Higgs Factory…

Jan.2025
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Discovery through Precision:
EW@FCC-ee

Jan.2025



Quo Vadis European HEP? 68Tadeusz Lesiak

Flavour Physics at FCC-ee

 Example:  BK*(892)τ+τ- decay:

 FCC-ee: 1000 signal events expected
Belle2: 10 events expected

 The angular analysis feasible

Jan.2025
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Direct Searches
for New Particles at FCC-ee

Jan.2025
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High Mass Searches at FCC-hh

Jan.2025
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Detectors Developments

Jan.2025
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FCC Physics Programme:
Source Materials

Jan.2025
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Take-Away Message                    

• Update of the European Strategy for Particle physics is in full
swing with the final outcome next March and May

• The FCC programme is extremely attractive, gains momentum, 
and passes (with flying colors) the subsequent milestones
on the path of its approval

Jan.2025
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Accelerator Challenges

Jan.2025
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The Main Physics Messages cont.          
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The Main Physics Messages cont.          
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The Main Physics Messages cont.          
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The Main Physics Messages cont.        
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FCC Integrated Programme: FCC-ee
Operation Sequence and SRF Concept
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FCC Integrated Programme: 
Stage 1 e+e- Collider
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FCC Stage Two: FCC-hh
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FCC-hh Challenges
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FCC-ee Detectors in a  nutshell

• Number of electronic channels: >109

• Most of the machine induced limitations are imposed by the Z pole run (large collision rates
(33 MHz) and continuous beams, large event rates (100 kHz), beamstrahlung

T.Lesiak                                                                       FCC Project                                   Feb. 2024 83

• Low material budget

• Hermeticity (forward region)

• Precision vertex and tracking
detectors

• High granularity calorimeters
(Particle Flow Algorithm PFA)

• Cost 500-700 MEUR

• Technology fully mature
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FCC-ee Detector Concepts

lech@cft.edu.pl

T.Lesiak FCC Project                                              Feb. 2024 84

ALLEGRO

Full Si vtx

& 

tracker

Si vtx

& 

ultra light drift chamber

Si vtx & 

ultra light drift chamber (or Si)

High granularity noble Liquid ECAL
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FCC-ee: Physics Landscape

x 10-50 improvements 
on all EW observables

Indirect discovery 
potential up to ~ 70 TeV

Direct discovery potential 
for feebly-interacting 

particles over (5-100) GeV 
mass range

up to x 10 improvement on 
Higgs coupling (model-indep.) 
measurements over HL-LHC 

x 10 Belle II 
statistics 
for b, c, τ 

T.Lesiak                                                                       FCC Project                                   Feb. 2024 85
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Higgs Boson Production at e+e- Collider

T.Lesiak                                                                       FCC Project                                   Feb. 2024 86

With 2 IPs:

With 4 IPs:
• Total integrated luminosity x 1.7
• Statistical precision increase x 1.3

arXiv:1308.6176
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Higgs Mass Determination
 The recoil technique in e+e- ZH - unique for lepton colliders:

• Look just at the Z and reconstruct its decay products 

• ZH events are tagged independently of Higgs decay mode (include invisible decay modes)

• Very clean Higgs mass determination: 

• Precise determination of the ZH cross-section:

T.Lesiak                                                                       FCC Project                                   Feb. 2024 87

(both HZ and VBF)

J.Eysermans
FCC week, 
London, 

2023

J.Von Ahnen
Bs.C Thesis, 

DESY
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Higgs Total Width and Couplings

gHWW measured
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gHZZ
measured

(0.1%)

ΓH
measured

(1%)

gHXX measured

Higgs couplings to bb, cc, τ+τ-, µ+µ-, gg,γγ …
can be determined through the tagging of the respective Higgs decay final states:

(X = b, c, τ, µ, g, γ,…) 
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Higgs Couplings: Post FCC-ee
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FCC: Factor of (4-10)x improvement
for most couplings (w.r.t. HL-LHC)

 Fingerprinting NP: different BSM 
models predict different pattern
of deviations from the SM:

Supersymmetry

Composite Higgs

Phys Rev. D 97, 053003 (2018)

 Higgs couplings normalized
to the Standard Model predictions:

Eur. Phys. J. Plus (2022) 137:92
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Higgs Couplings: Post FCC-ee

3rd and 2nd fermion generations
only (qualitative precision level for 
the latter)

3rd AND 2nd generations
precise measurements

T.Lesiak                                                                       FCC Project                                   Feb. 2024 90

LHC FCC-ee

Other Higgs topics: Higgs self-coupling
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• FCC-ee: potential for direct measurement of the H-e-e Yukawa coupling

• - very small 
(several (≈10)  final states can be studied)

• Calls for a high-luminosity run precisely at

• Since ΓH = 4.1 MeV, it requires beam energy spread monochromatization from the natural spread
of ~46 MeV down to  ~4.1 MeV (and a prior knowledge of the Higgs mass to a few MeV)

• Other problems: ISR+FSR, big backgrounds

Direct Higgs Production in s-channel

T.Lesiak                                                                       FCC Project                                   Feb. 2024 91

Currently reached
monochromatization

Best signal strength
monochromatization

• The signal significance at C

• Assuming B and two years of running with 4 IPs (~12k eeH events)
Not yet in the baseline arXiv:2107.0268
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tt Pair Production at Threshold
 Any next e+e- collider: 

for the 1st time the top 
quark to be studied using
a precisely defined leptonic
initial state

PDG: 

 The shape of the tt production cross-section at the threshold is computable to high 
precision and depends on mt , Γt , αs , yt , (and  luminosity spectrum)

FCC-ee

T.Lesiak                                                                       FCC Project                                   Feb. 2024 92

 Other top topics:

Single top production,
top quark FCNC,
e+e− → ttγ,
top-quark EW 
couplings
…

Eur. Phys. J. C (2019) 79
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EW Couplings of the Top Quark

- four-vector of the t (tbar) quark

Sensitivity of the V and A couplings to NP                        

Clean EW process; parametrisation of the current at vertex

profit from the initial-state longitudinal polarisation of the incoming e+, e- beam

Forward Backward

• Determination of the cross-section
and the AFB of two configurations:

Linear Collider:

Measure:

Extract:

M.S.Amjad et al., E. Phys. J. C  75 (2015) 512

T.Lesiak FCC Project                                              Feb. 2024 93
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EW Couplings of the Top Quark
lack of initial-state polarization profit from the final-state polarisation,
which is maximally transferred to the top decay products (tWb) 

Any anomalous ttZ, ttγ coupling would lead to a modification of the final kinematics,              
in particular of the angular and energy distributions of the leptons from the W decays. 

(analogy to τ polarisation in Z  τ τ decays at LEP)

Circular
Collider:

4D-CHM
f < 2 TeV

Other NP models
(tested at the LHC)

Adapted from 
S. de Curtis et al.
arXiv:1504.05407

(courtesy R.Poeschl)

P. Janot JHEP 04 (2015)  182
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WW Pair Production at Threshold

 The W mass from σWW:
+

 Measure σWW  in two energy points E1 and 
E2, with the fractions of luminosity f and (1-f)
 evaluation of both mW and ΓW

 Choose the parameters E1, E2, and f                      
in order to minimize the errors: ΔΓW an ΔmW:

 The W width from σWW:

+

T.Lesiak                                                                       FCC Project                                   Feb. 2024 95

Other W topics:                                                                         
W branching ratios (universality), TGCs, αS …

Eur. Phys. J. C (2019) 79
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W Physics: Branching Ratios, TGCs…

 WW samples
(FCC-ee) 

•Lepton universality test at 0.04% level
•Quark-lepton universality test at 0.01%
•Flavour tagging Vcs Vcb…

LEP2

• Lepton universality tested at 2% level
(2.7σ discrepancy between τ and μ/e)

• Quark-lepton universality tested at 0.6%

FCC-ee

 W Branching ratios (%)

 Triple Gauge Couplings

• Selected LEP 
limits (95% C.L.)

• FCC-ee:  overall improvements by                   
a factor of 50 to compare with LEP 

 The strong coupling constant:

• FCC-ee: 
from hadronic W decays (ΓW and BRW,had)

• LEP2 precision:  37%

T.Lesiak                                                                       FCC Project                                   Feb. 2024 96



Quo Vadis European HEP?

Electroweak Physics at the Z pole
Extreme precision 
of EW observables

LEP FCC-ee

 Z mass and width (from Z pole scan):

The crucial factor:  continuous ECM calibration (resonant depolarization) 

necessary input for a precise measurement of EW couplings (next slide) 

and αS(m2
Z)  (from hadronic Z decays).  FCC-ee precision:                                                   LEP: 2.5% 

 Normalized partial widths: 

T.Lesiak                                                                       FCC Project                                   Feb. 2024 97

Eur. Phys. J. C (2019) 79
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Electroweak Physics at the Z pole
 Z asymmetries: Pe - polarization

of the initial state e-

The forward-backward asymmetry:

The left-right asymmetry:

tau lepton case: 
the final state helicity can be measured

Experimentally accessible observables:

Af measured
(f = e, µ, τ, b, c) gV

f gA
f extracted

Improvement w.r.t. LEP: (10-100)x

Precision on vector and axial
couplings from Rf and Af :

LEP & SLC: longstanding discrepancies between different asymmetry measurements; uncertainties dominated by statistics

Systematic uncertainties dominate
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Eur. Phys. J. C (2019) 79



Quo Vadis European HEP?

Electroweak Physics at the Z pole

 Measurement of αQED(mZ
2) - better precision necessary for  future precision SM  tests !

• Current uncertainty: from running coupling
constant formula:

dominated by the experimental determination of the hadronic vacuum polarization,  obtained from dispersion integral
with expt. input from low energies (KLOE, Belle, BaBar, CLEO, BES CMD-2…)

 Alternative: the  direct measurement of αQED(mZ
2)  from  the muon FB asymmetry just

below and just above the Z pole (as part of Z resonance scan) – no need of extrapolation from 

Optimal CMS energies: 

• The AFB
µµ - self normalized quantity

(no need for measurement of Lint;   
most uncertainties (sel. efficiency, det. accceptance) cancel in the ratio 

2x 6 months of FCC-ee running:

(adequate for future precision EW fits)

(absolute) uncertainties:

- Z(photon)–exchange terms
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P.Janot JHEP 02 (2016) 053
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The Z Invisible Width
– Number of Light Neutrino Species

Only small room for improvements: 
precision limited mainly by the theoretical uncertainty on luminosity determination
i.e. on small angle Bhabha cross section 
(LEP1:   ΔL/L = 0.00061,  ΔNν

lumi = 0.0046  ΔNν
lumi = 0.0001 @FCC-ee ).

1)  Nν determined at LEP1 from the Z line-shape scan: 

2)  Nν from the radiative return process

• LEP1:                                      (statistics too scarse). 

• Photon selection common for both final states cancellations of systematics.
• Nν can be measured vs sqrt(s)  sensitivity to NP at high energy scales.
• FCC-ee sensitivity:

Monophoton events (normalized
to photon-lepton-lepton events):  

( running parasitically)

theory
all measured at the peak

from the  higher masses
than the Z resonance
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Eur. Phys. J. C (2019) 79
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Electroweak Observables: Instead of Summary
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Eur. Phys. J. Plus (2022) 137
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Flavour Physics
 The sheer

power of 
statistics:

 FCC-ee: 1000 signal events expected,   
Belle2: 10 events expected

 The angular analysis feasible

signal

Resolutions:

Momentum: 10 MeV
PV:  3 µm
SV:  7 µm
TV: 5 µm

1013 Z decays
ILD detector

 Example:  BK*(892)τ+τ- decay

 Excellent vtx reconstruction (τ 3 prongs)
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S.Monteil. 2nd FCC Physics Workshop 

Other flavour topics: CKM parameters, UT angles, tau physics, lepton universality,      
heavy quark spectroscopy, rare decays…
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QCD Measurements
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 High precision αS determination
(with the accuracy at the ‰ level) from:
 hadronic τ decays
 Jet rates, event shapes
 hadronic Z decays
 hadronic W decays

 High precision studies of perturbative parton radiation including: 
 jet rates and event shapes
 jet substructure
 quark/gluon/heavy-quark discrimination
 g,q,b,c parton-to-hadron fragmentation functions

 High precision non-perturbative QCD                                                                                   
studies including:
 colour reconnection (<1% control)
 final-state multiparticle correlations

 High precision hadronization studies
 very rare hadron production and decays

Gluon radiation
& fragmentaion
poorly known

Ξ- spectrum

Eur. Phys. J. Plus 
(2022) 137:92
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Sterile, right-handed neutrinos (N)  are common in extensions of the SM; they couple to Higss and SM ν

Substantial part of them are HNLs: very massive and characterised by macroscopic decay length

The HNL  production and decay at the  Experimental signatures

NC: 2 leptons/jets + Emiss

CC: 2 jets + lepton/Emiss

Search for (highly) displaced vertices;               

very clean events

 FCC-ee sensitivity

to HNLs up to 10-11

 Complementary to 

beam dump facilities

 The upper limits of LEP   

searches:  10-4

Heavy Neutral Leptons (HNL) Searches
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A.Blondel et al., arXiv: 1411.5230 [hep-ex]

Other topics:

axion-like particles, exotic

Higgs decays,…
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Sensitivity to NP
 New Physics new interactions of SM particles:

Nucl. Phys. B268 (1986) 621 

Eur Phys. J. C. (2019) 79, 474 

arXiv 1008.4884

- mass scale

- dimensionless coefficients

- operators of dimension d

Sensitivity exceeding 50 TeV for several EFTs

neglecting current

theoretical uncertainties

95% probability
bounds on the 

interaction scale
Λ/(ci)1/2

T.Lesiak                                                                 
FCC Project                                                              
Feb. 2024
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Motivation for FCC-hh
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 Opportunities of ~100 TeV pp collider:
• Exploration of scenarios that could emerge from a FCC-ee
• The next qualitative leap in precision of crucial measurements, providing hope to answer nagging

questions (shortages of SM, BSM…)

Snowmass 2013 report: 
arXiv:1310.5189 

 Big gain (x10) in production cross sections of many relevant processes
 Impressive precision of the SM measurements
 Reach of terra incognita in the energy frontier

With 20 ab-1 at √s=100 TeV expect:

~ 1013 W
~ 1012 Z
~ 1011 tt
~ 1010    H 

~ 109 ttH
~ 107 HH
~ 105 gluino pairs m=8 TeV

Eur. Phys. J. Special Topics (2019) 228; 755
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FCC-hh Accelerator
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6.1-8.9

1020-4250

13-54

0.77-0.26

 Formidable challenges:

 High-field SC magnets: (14 – 20) T;  current setup with 16T dipoles beam energy 48GeV
 Power load in arcs from synchrotron radiation: 4 MW  cryogenics, vacuum
 Stored beam energy: ~ 9 GJ machine protection
 Pile-up in the detectors: ~1000 events/crossing
 Energy consumption: 4 TWh/year 
 …                                                                                               R&D on cryogenics, HTS, beam current…

Circumference: 90.66 km

arXiv:2203.07804
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FCC-hh Detectors
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FCC-hh Physics Potential Examples
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 Conclusive elucidation of EWSB by probing SM in regime where EW symmetry
is restored (√ŝ >> v=246 GeV) 
Without H: VLVL scattering violates unitarity at mVV ~TeV
 H regularizes the theory fully  a crucial “closure test” of the SM 
 Else: new physics: anomalous quartic couplings (VVVV, VVhh) and/or new heavy resonances 
 FCC-hh: direct discovery potential of new resonances in the o(10 TeV) range

 Determination of nature of EW phase 
transition
(is it 1st order transition, faster than in SM, as required
for EW  baryogenesis ?   modification to Higgs potential)

Constraints also from self-coupling (5% precision of FCC-hh, 50% 
@HL-LHC), and from HZZ at FCC-ee. 

Additional 
Higgs singlet 
with mass m2

decaying 
into HH 

 Issues of EWPT and HSC are tightly connected
– their aswer depends on the parameters of V(h)

 Di-Higgs production (destructive interference
of the box and triangle diagrams):

 Main decay channels:
 Expected precision: 

Eur. Phys. J. Special Topics (2019) 228; 755

arXiv:2203.08042

Eur. Phys. J. C (2019) 79

 Direct discovery potential up to ~40 TeV

 Higgs Self Coupling (HSC  λ3H )
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1%

HL-LHC: SM width and 𝜿c=1

δki
(%)

 Thermal WIMP dark cannot be                       
too heavy: (1- 3) TeV upper mass limit 
from observed relic abundance

 The conclusive affirmation/rejection
of WIMPs by accelerator expts
is of paramount importance

 LHC: can exclude only a fraction
of the range (1-3) TeV

 FCC-hh is necessary and just sufficient
with this respect

FCC-hh Physics Potential Examples

 Measurement of  
- identical production dynamics

- substantial reduction
of theoretical uncertainties)

arXiv:1507.08169

Eur. Phys. J. Special Topics (2019) 228; 755

 Final word about thermal
WIMP dark matter (DM)

 Precise measurement of SM couplings with precision ~ 1%

 Top - Higgs Yukawa Coupling (kt)
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FCC-ee in a Nutshell


