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The Standard Model
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• before Higgs discovery in 2012
à theory driven research

• after Higgs discovery
à experimentally driven research

à Need for next-generation Higgs Factory
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The Two-Fold Strategy
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FCC-ee FCC-hh

Sub-percent precision on most couplings

à New physics O TeV in tree-level

Produce new physics on shell?

https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf
https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf
https://arxiv.org/abs/1411.4085


𝒆!𝒆" vs pp: The best of Two Worlds
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E

● Large signal rates
● Large S/B
● Clean experimental environment (no pile-up, low event 

rate, etc)

E

● Large event rates (required for rare decays)
● Boosted studies possible
● Higher energies accessible
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𝒆!𝒆" vs pp: The best of Two Worlds
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High Statistics/ high energy Higgs frontierClean precision baseline



The Physics Landscape at FCC
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FCC-ee

Various 𝑠 scenarios, with complementary physics program

24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh



The Physics Landscape at FCC
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FCC-ee

Various 𝑠 scenarios, with complementary physics program
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The Physics Landscape at FCC
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FCC-hh

FCC-hh builds on previous findings/ 
refines them further and makes new
observables accessible
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The Physics Landscape at FCC
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FCC-hh

FCC-hh builds on previous findings/ 
refines them further and makes new
observables accessible

Only a selection will be
shown, with focus on 

Higgs program

24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh



The Higgs Program
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Cross-Sections
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The Higgs Program
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The Higgs Program at unprecedented Precision/Energy
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Absolute Normalization for Higgs Couplings and Width
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𝑚!"#$%&
' = 𝑠 +𝑚(

' − 2 𝑠𝐸(

Recoil Mass Method
à Initial state well known
à Inclusive, model-independent Higgs 

analysis based on Z-boson kinematics
à Higgs selection without looking at it‘s decay

products

1. Determine inclusive cross-section 𝜎 𝑍𝐻 via recoil mass
method: 𝜎 𝑍𝐻 ∝ 𝑔!""#

2. Investigate 𝐻 → 𝑍𝑍 decay to extract Higgs width Γ(𝐻)
	 𝜎 𝑍𝐻 𝐵𝑅(𝐻 → 𝑍𝑍) ∝ 𝑔!""#  x $(!→"")

$(!)
= (!""

#

$(!)
	

3.   Extract absolute couplings of channel H à XX:
	 𝜎 𝑍𝐻 𝐵𝑅(𝐻 → 𝑋𝑋) ∝ 𝑔!""#  x $(!→)))

$(!)
= (!""

# (!$$
%

$(!)
	

FCC-ee

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

Selling point for

𝑒* 𝑒
+ 	machine



The Higgs Program at unprecedented Precision/Energy
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Cross-Sections
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Inclusive ZH Cross-Section

1724/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh

[arxiv:2512.21290]
Reference

Extract 𝑔!""# via recoil mass method
à Normalization for FCC-ee but also FCC-hh coupling measurements

• leptonic 𝑍 → 𝑙𝑙 𝑙 = 𝑒, 𝜇 , as well as hadronic 𝑍 → 𝑞𝑞 analysis 
at 240 and 365 GeV

• Event selection based on Z kinematics
• Likelihood fit on recoil mass distribution
• Model independence shown by statistical tests
    à alter Higgs BR and extract 𝜎(𝑍𝐻)
 

FCC-ee

M
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Flagship analysis

for 𝑒
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https://arxiv.org/pdf/2512.21290
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Cross-Sections
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Electron Yukawa

19

FCC-ee
[arxiv:2107.02686], Arxiv:2604.24152
Reference

• Gluon tagger performance
• Beam monochromatisation

Open Tasks!

Strong cross-section dependence on 𝑠
à𝛿𝑚! and BES need to be reduced to level of Higgs width: 

4MeV
àBES can be reduced with monochromatisation (current

reach 20MeV)

Leading sensitive channel: 𝐻 → 𝑊W*→ 𝑙𝜈𝑗𝑗
à 2.0𝜎 (1Yx1exp)
à 4Yx4exp ~ 8 𝜎

Promissing channel: 𝐻 → 𝑔𝑔:
• High branching ratio
• No background contamination from Zàgg (forbidden), but 

from mistagged Zàqq

Discovery Potential

First generation Yukawa Study!

dedicated run for resonant s-channel production needed

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

NEW

https://arxiv.org/pdf/2107.02686
https://arxiv.org/abs/2604.24152
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Cross-Sections
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Higgs Mass
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𝑚!"#$%&
' = 𝑠 +𝑚(

' − 2 𝑠𝐸(

Recoil Mass Method
à Initial state well known
à Inclusive, model-independent Higgs 

analysis based on Z-boson kinematics
à Higgs selection without looking at it‘s decay

products

[DOI: 10.17181/jfb44-s0d81]
Reference

𝑚! parametric uncertainty in other quantities (BR, 𝜎..)

• Statistics dominated measurement
• Leading sys. uncertainty:  beam energy scale calibration

𝛿 𝑚D = 3.97	𝑀𝑒𝑉

• Simultaneous likelihood-fit 
in ee and 𝜇𝜇 channel at 
240 and 365 GeV

• Z(𝜇𝜇) dominates sensitivity
due to superior momentum
resolution

FCC-ee

24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh

https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73
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[DOI: 10.17181/jfb44-s0d81]
Reference

𝑚! parametric uncertainty in other quantities (BR, 𝜎..)

• Statistics dominated measurement
• Leading sys. uncertainty:  beam energy scale calibration

• Simultaneous likelihood-fit 
in ee and 𝜇𝜇 channel at 
240 and 365 GeV

• Z(𝜇𝜇) dominates sensitivity
due to superior momentum
resolution

FCC-ee

Limitations & Open Tasks
• Transparent tracker is crucial
à Tracker limits sensitivity if ,&'

-.
> 𝐵𝐸𝑆

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

𝛿 𝑚D = 3.97	𝑀𝑒𝑉

https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73


The Higgs Program at unprecedented Precision/Energy

23

Cross-Sections
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Higgs to hadronic: 𝑯 → 𝒃𝒃, 𝒄𝒄, 𝒔𝒔
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FCC-ee

Performance Driver!
• Jet visible mass resolution
• Jet flavor tagging:
à Unique opportunities for strange

tagging with PID (charged hadron
PID missing at LHC) [2]

pre-selection stage

[arxiv:2511.23149
Reference

~80% H decay hadronically • bb/ cc/ gg channels:
àClean, large S/B

• ss channel
àmeasurable for the first time

• Investigate categories
Z(𝜈𝜈,jj,ll)Hàjj

• Flavor tagger crucial for signal
enhancement

• Simultaneous fit of 𝜎xBRs in VBF 
and ZH

• Similar analyses for FCNC Higgs 
decays 𝐻 → 𝑏𝑠, 𝑏𝑑, 𝑠𝑑, 𝑐𝑢 [1]

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

https://arxiv.org/pdf/2202.03285
https://repository.cern/records/3jjdh-6fz97
https://arxiv.org/abs/2511.23149
https://repository.cern/records/7xjde-ebj45
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Rare Decays: 𝑯 → 𝒁𝛾, 𝛾𝛾, 𝝁𝝁
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FCC-hh

Large Higgs sample at FCC-hh improves precision on/ makes rare decay channels accessible

[cds:2944678]
Reference

FCC-ee

FCC-ee + FCC-hh
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FCC-hh

Ratio Measuremnet: 𝑯 → 	𝝁𝝁 / 𝑯 → 𝑍𝑍∗ → 𝝁𝝁𝝁𝝁

à Ratios reduce dependence on common
systematic assumptions

• Theory unc on production cross-section
• Luminosity
• etc

à Absolute coupling measurement by using FCC-ee

𝜎-012𝐵𝑅 𝐻 → 𝑋𝑋  = 𝜎-012
Γ(𝐻 → 𝑋𝑋)

Γ(𝐻)
𝐵𝑅 𝐻 → 𝑋𝑋
𝐵𝑅 𝐻 → 𝑍𝑍∗ =

𝑔!))#

𝑔!""#

~ 0.1% precision from FCC-ee

Model-dependent
assumptions at hh
machines needed

Strategy

Likelihood Fit to invariant mass distribution in bins
of 𝑝3(𝐻) (smaller sys at high 𝑝3(𝐻) )

𝑯 → 	𝝁𝝁 𝑯 → 𝑍𝑍∗ → 𝝁𝝁𝝁𝝁

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026
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FCC-hh

Ratio Measuremnet: 𝑯 → 	𝝁𝝁 / 𝑯 → 𝑍𝑍∗ → 𝝁𝝁𝝁𝝁

à Absolute coupling measurement by using FCC-ee

𝜎-012𝐵𝑅 𝐻 → 𝑋𝑋  = 𝜎-012
Γ(𝐻 → 𝑋𝑋)

Γ(𝐻)
𝐵𝑅 𝐻 → 𝑋𝑋
𝐵𝑅 𝐻 → 𝑍𝑍∗ =

𝑔!))#

𝑔!""#

~ 0.1% precision from FCC-ee

Model-dependent
assumptions at hh
machines needed

Strategy

𝑯 → 	𝝁𝝁 𝑯 → 𝑍𝑍∗ → 𝝁𝝁𝝁𝝁

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026
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systematic assumptions

• Theory unc on production cross-section
• Luminosity
• etc
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Trilinear Higgs Self-Coupling
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FCC-hh

Higgs self-coupling provides insight into
à Nature of Higgs potential
à EWK symmetry breaking

• At FCC-ee: 𝜅4 accessible indirectly at tree-level ~20-30%
• At FCC-hh: 30 million Higgs pairs expected

Most sensitive channel: 𝐻𝐻 → 𝑏𝑏𝛾𝛾 (high BR + high selection eff)
• Signal/background discrimination via DNN
• Profile likelihood fit on 2D 𝑚55𝑚66

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

Channel specific result: 𝛿𝜅4 = 3.5 𝑠𝑡𝑎𝑡. + 3.8(𝑠𝑦𝑠𝑡)

Combination with other channels (𝑏𝑏𝜏𝜏, 𝑏𝑏𝑏𝑏) improves
precision further

[doi:5mqfv-xnd34], arxiv:2511.03883
Reference

https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://arxiv.org/pdf/2511.03883


Trilinear Higgs Self-Coupling
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FCC-hh[doi:5mqfv-xnd34], arxiv:2511.03883
Reference

Di-jet resolution has critical impact
on analysis

Note
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Higgs self-coupling provides insight into
à Nature of Higgs potential
à EWK symmetry breaking
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precision further
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https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
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Trilinear Higgs Self-Coupling
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FCC-hh
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[doi:5mqfv-xnd34], arxiv:2511.03883
Reference

Di-jet resolution has critical impact
on analysis

NoteHiggs self-coupling provides insight into
à Nature of Higgs potential
à EWK symmetry breaking

• At FCC-ee: 𝜅4 accessible indirectly at tree-level ~20-30%
• At FCC-hh: 30 million Higgs pairs expected

Most sensitive channel: 𝐻𝐻 → 𝑏𝑏𝛾𝛾 (high BR + high selection eff)
• Signal/background discrimination via DNN
• Profile likelihood fit on 2D 𝑚55𝑚66

Channel specific result: 𝛿𝜅4 = 3.5 𝑠𝑡𝑎𝑡. + 3.8(𝑠𝑦𝑠𝑡)

Combination with other channels (𝑏𝑏𝜏𝜏, 𝑏𝑏𝑏𝑏) improves
precision further

https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://arxiv.org/pdf/2511.03883


Couplings and Branching Ratios
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FCC-hh
FCC-ee

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

FCC-ee

FCC-hh
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FCC-hh
FCC-ee
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FCC-ee

FCC-hh

• One order of magnitude improvement
compared to HL-LHC

• FCC-ee/hh complementary
• Absolute Higgs width measurement of 0.78!

Couplings and Branching Ratios



So much more beyond the Higgs
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The Electroweak and Top – Program at FCC-ee
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FCC-ee

Z pole run

WW run

Top
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CHALLENGES
EWPOs parametric inputs i.e. 𝑚8(𝑚. , 𝛼= 𝑚" , . . )

Observed Deviation = new physics effect + uncertainty
from input parameters

à Bring systematics down to stat level
à Precise knowledge of luminosity, 𝑠, BES, .. crucial
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Γ.

Abundance of B,D
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The Electroweak and Top – Program at FCC-ee
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FCC-ee
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BSM!



𝜶𝑸𝑬𝑫(𝒎𝒁) on/off Z-peak
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Approach 1): 𝐴@A
BB off peak measurements,      

on peak constraints sin(𝜃8)977

[arxiv:1512.05544], [slides: J. Eysermans], [arxiv:2501.05508]
Reference

Dominant parametric uncertainty in EW precision fit (sin(𝜃8 , 𝑚8)): 
à Avoid QCD-loop uncertainties from 𝛼 0 → 𝛼 mC extrapolation
à Measure at the Z-pole
à Current uncertainty needs to be reduced by one order of magnitude

to ~10+D

Approach 2): Lepton Ratios in Forward Region
à Compare differential distributions of

𝑅9(/9) , 𝑅9(/B( in forward region

𝛿𝛼
𝛼 = 6𝑥10+F

Challenge:

𝛿𝛼
𝛼 = 3𝑥10+D

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

FCC-ee

e/𝜇 identification in forward region

https://arxiv.org/pdf/1512.05544
https://indico.cern.ch/event/1674073/contributions/7065948/attachments/3269285/5839763/roundtable_alpha_qed.pdf
https://arxiv.org/pdf/2501.05508


Top Threshold Scan
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FCC-ee
[arxiv:2203.06520], [arxiv:2503.18713
Reference

Near threshold tt behaves like a short-lived QCD 
bound state, requiring high-order non-relativistic QCD
àN4LO needed from theory side

ChallengeScan 𝑠 around tt production and measure eeàWbWb

Curve encodes top quark properties as 𝑚. , Γ.,𝑦. , (𝛼=)
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https://arxiv.org/pdf/2203.06520
https://arxiv.org/pdf/2503.18713


Flavor at the Z-pole
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Z-pole combines many attributes in 
terms of flavour physics

𝐵 → 𝐾∗𝜏𝜏 analysis
• Not observed to date
• Requires 2-3𝜇𝑚 impact parameter resolution
• Requires excellent PID capabilities

[https://pos.sissa.it/443/060/pdf],
Reference FCC-ee

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

https://arxiv.org/pdf/2203.06520


Let‘s not forget FCC-hh
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The BSM- Program – A Selection
ALPs

Leptoquarks

Dark Sector

New Resonances

[A
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]
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FCC-hh

https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf
https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf


New Resonances
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[ESPPU input],
Reference FCC-hh

Direct mass reach of up to 40TeV
àlinear scaling: ~7xreach LHC 

Supersymmetry StudiesHeavy Resonances

Precision Measurements from FCC-ee
could lead the way

https://indico.cern.ch/event/1439855/contributions/6461632/


.. And so much more I did not cover
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Conclusion
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Exciting physics program with many possibilities to contribute

• Full simulation: studies, testing, reporting
• Many analyses to explore:

àVarious physics channels
àBeam induced background studies
à..

• Reconstruction Techniques to be improved
àHandling of pile-up at FCC-hh
àFlavor tagging
à.. 

• Detector/ accelerator studies
à control of beam parameters
à detectors fulfilling physics needs
àetc
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Join the Effort Subscribe to corresponding mailing lists:
https://groups-portal.web.cern.ch/

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026

https://groups-portal.web.cern.ch/
https://groups-portal.web.cern.ch/
https://groups-portal.web.cern.ch/


Feasibility Study Report & Other Resources
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[arXiv:2505.00272v1]
Feasibility Study Report: Volume 1

[cds:bzhc2-mem17]
FCC-hh

[cds:n78xk-qcv56]
EW, Higgs, Top

[cds:2fxav-m4p30]
QCD

[cds:jnzpp-1fw39]
Flavour

[cds:69m03-zzb95]
BSM

[cds:3kaxg-ejn91]
Manifesto

https://cds.cern.ch/record/2928193/files/2505.00272.pdf
https://repository.cern/records/mf0cz-2c516
https://repository.cern/records/mf0cz-2c516
https://repository.cern/records/mf0cz-2c516
https://repository.cern/records/n2emg-43f06
https://repository.cern/records/n2emg-43f06
https://repository.cern/records/n2emg-43f06
https://repository.cern/records/2fxav-m4p30
https://repository.cern/records/2fxav-m4p30
https://repository.cern/records/2fxav-m4p30
https://repository.cern/records/nf05j-xsq05
https://repository.cern/records/nf05j-xsq05
https://repository.cern/records/nf05j-xsq05
https://repository.cern/records/nf05j-xsq05
https://cds.cern.ch/record/2928193/files/2505.00272.pdf
https://repository.cern/records/ebvyr-s5y37
https://repository.cern/records/ebvyr-s5y37
https://repository.cern/records/ebvyr-s5y37
https://cds.cern.ch/record/2928193/files/2505.00272.pdf
https://repository.cern/records/zqdvw-gh865
https://repository.cern/records/zqdvw-gh865
https://repository.cern/records/zqdvw-gh865
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The Importance of the Two Stages
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• Different production modes covered at various
√𝑠 scenarios • study of rare decays:

H𝛾𝛾, H𝜇𝜇, HZ𝛾
• Higgs self coupling at percent-level

à Constraints on Higgs potential
• constraints on high scale new physics

Clean, model-independent precision baseline High Statistics/ high energy Higgs frontier

Higgsstrahlung
@ 240GeV

VBF Fusion
@365

S-channel Higgs 
production

@125

• Model-independent determination of Higgs 
properties (cross-section, width)

• Unique access to hadronic decays, electron
Yukawa, invisible

FCC-ee FCC-hh

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026
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The FCC Integrated Program
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• Proposed Future Circular Collider
• 91 km ring, built at CERN
• Two stages: à FCC-ee on luminosity frontier

à FCC-hh on energy frontier
• Physics cases tested and found to be complementary

(cite feasability):
àFCC-ee: not only Higgs but also EW, QCD, flavour
top factory; explore light physics frontier
àFCC-hh: new energy frontier

• Project extends several decades
• Common infrastructure of two stagesà cost effective

~2070

FCC-hh stage,    
~ 20 years

2021 - 
2025

Feasibility study

2028

Project approval by 
CERN Council

~2033

Construction starts

~2041

HL-LHC ends

~2046

FCC-ee stage,    
~ 15 years

Lena Herrmann | Physics Program FCC-ee/ FCC-hh



FCC-ee Operartion
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High Precision requires large 
data samples and thus high 

luminosity machines

Lena Herrmann | Physics Program FCC-ee/ FCC-hh24/06/2026



BSM at FCC-ee
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[M. Selvaggi, ecole de GIF]


