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Results and plans from the FCC-hh 
physics performance WG
Birgit Stapf

16.01.2025 | FCC Physics Workshop | CERN



Introduction
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FCC-hh: Hadron collider phase of 
the FCC integrated programme

Main limitations for FCC-hh from 
dipole magnets, synchrotron 
radiation and extreme levels of 
pile-up  → alternative FCC-hh 
running scenarios under study
to the CDR baseline plan of  30 ab-1 
@ 100 TeV

FCC-hh ESPP2025 Physics & 
performance group started last 
autumn as a common platform for 
all ongoing FCC-hh projection 
studies for the strategy update

F12 
scenarios*

F14 F17 F20 HL-LHC

CM energy / 
TeV

72 84 102 120 14

Dipole field / T 12 14 17 20 8.3

Init. pile-up 580 - 2820 590 732 141 135

Lumi/year / 
fb-1

950 - 2000 920 920 370 240

F. Zimmermann

*F12 includes 3 different scenarios for high, low lumi & low PU 

https://www.google.com/url?q=https://indico.cern.ch/category/18814/&sa=D&source=editors&ust=1736437898694981&usg=AOvVaw2lahtVtKfErH4etbsnKi7T
https://www.google.com/url?q=https://indico.cern.ch/category/18814/&sa=D&source=editors&ust=1736437898695092&usg=AOvVaw034jBxUISlvkHE-ziH6-j9
https://www.google.com/url?q=https://indico.cern.ch/event/1439072/contributions/6106995/attachments/2917946/5120981/FCC_hh_scenarios.pdf&sa=D&source=editors&ust=1736437898715643&usg=AOvVaw1bBdkJCcac3Q0qeS_B_3Ru
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Reference detector 
design from the CDR

CERN-ACC-2018-0058

https://www.google.com/url?q=https://cds.cern.ch/record/2651300&sa=D&source=editors&ust=1736437899021199&usg=AOvVaw2Y60gCTtvubmLMkyv2hyfJ
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Reference detector 
design from the CDR

CERN-ACC-2018-0058

Efficiencies & resolutions as 
functions of pT and 𝛈 

- Official FCC-hh scenarios 
- Rely on common software 

stack: key4hep 
- Note: No direct pile-up 

overlay, assume LHC levels 
in the parametrizations

https://www.google.com/url?q=https://cds.cern.ch/record/2651300&sa=D&source=editors&ust=1736437899136259&usg=AOvVaw14SFoXZbWkU6oTAdZx80ls
https://www.google.com/url?q=https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/&sa=D&source=editors&ust=1736437899441464&usg=AOvVaw2lEqbq_JOi7WRzlJBgRwhx
https://www.google.com/url?q=https://github.com/key4hep&sa=D&source=editors&ust=1736437899441559&usg=AOvVaw2ALrvRdNEOlZj3tHaEO608
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Covered in this presentation

Update of 2019 study: Reoptimized 
and/or at alternate energies

Completely new study 

💡 - Idea or initial exploration

⚙ - Ongoing work

⭐ - Advanced ongoing work

Performance studies
- ⭐ Flavour tagging with transformer architecture
- 💡 Full simulation tracking with timing e.g. ACTS
- 💡 Pile-up impact studies 
- ….
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Physics studies
- Higgs couplings in rare decays

- ⚙ Ratio H(𝝁𝝁)/H(4𝝁) 
- Top-Yukawa coupling

- 💡Ratio t̅tH(b̅b)/t̅tZ(b̅b)
- 💡t̅tH(𝛄𝛄) channel

- Higgs self-coupling 
- ⭐ b̅b𝛄𝛄 channel
- ⚙ b̅b𝛕𝛕 channel
- ⭐ b̅bll+ET

miss channel
- 💡 Higgs width measurement 

through VBF HWW off-shell
- 💡 Differential cross-sections 

as input to global fits
- High pT ttbar production

- ….



Jet Flavour Tagging with transformer architecture
Wei Sheng Lai, Nikita Pond, Tim Scanlon, Sebastien Rettie, Sam Van Stroud
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Motivation for the study:
- Current FCC-hh Delphes scenarios use 

assume flavour tagging efficiencies (at 
least as) good as latest CMS 
performance with ParticleNET

- Can we actually reach this?

- CDR included initial studies into 
flavour tagging efficiencies with the 
FCC-hh tracker layout relying on 
calculation of the track covariance 
matrix 

https://www.google.com/url?q=https://indico.cern.ch/event/1467696/contributions/6179880/attachments/2950083/5185437/FCChh_PPmeeting.pdf&sa=D&source=editors&ust=1736437899936615&usg=AOvVaw2RpLDb-dfi25jLP0uGrzjC


Jet Flavour Tagging with transformer architecture
Wei Sheng Lai, Nikita Pond, Tim Scanlon, Sebastien Rettie, Sam Van Stroud
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- Performance study of transformer model 
(GN2), with Delphes TrackCovariance 
module implementing tracker layout

- Validated against FCC-ee & CDR

https://www.google.com/url?q=https://indico.cern.ch/event/1467696/contributions/6179880/attachments/2950083/5185437/FCChh_PPmeeting.pdf&sa=D&source=editors&ust=1736437900065499&usg=AOvVaw2bgGqrkU-nl5VoELedBS8q
https://www.google.com/url?q=https://github.com/delphes/delphes/pull/127&sa=D&source=editors&ust=1736437900067859&usg=AOvVaw3Bq-rPOr7DQ5Hf-EIKmU4Z
https://www.google.com/url?q=https://github.com/delphes/delphes/pull/127&sa=D&source=editors&ust=1736437900067947&usg=AOvVaw3hSmGbDCoQY4EthOh9kZX5
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- Performance study of transformer model 
(GN2), with Delphes TrackCovariance 
module implementing tracker layout

- Validated against FCC-ee & CDR
-  Find b-tagging efficiencies > 95% (70%) 

with 1% mis-tagging at rates in moderate 
(high) pT range, maintained up to |𝜼| < 5

- Next steps: Further study impact of 
pile-up? Connect with tracking with timing 
studies?

https://www.google.com/url?q=https://indico.cern.ch/event/1467696/contributions/6179880/attachments/2950083/5185437/FCChh_PPmeeting.pdf&sa=D&source=editors&ust=1736437900177430&usg=AOvVaw3j5Pb7DexRomf6gwBhpwFI
https://www.google.com/url?q=https://github.com/delphes/delphes/pull/127&sa=D&source=editors&ust=1736437900181769&usg=AOvVaw1dXFHdDZFPA5LOYjMj8isd
https://www.google.com/url?q=https://github.com/delphes/delphes/pull/127&sa=D&source=editors&ust=1736437900181861&usg=AOvVaw0bsQqqBtzdxm6i09Zm0Pjz
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Significant precision improvements in couplings measurements in rare decay modes that 
remain (statistically) limited at FCC-ee/HL-LHC, or are not directly accessible at FCC-ee

Higgs couplings precision measurements
Granada report

https://www.google.com/url?q=https://arxiv.org/pdf/1905.03764&sa=D&source=editors&ust=1736437900488814&usg=AOvVaw07rM37u_by1tGPoI-6ilaw


Higgs couplings: Analysis strategy
CERN-ACC-2018-0045
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@ 100 TeV

Expected number of Higgses
In total ~ 1010 single Higgs (and ~ 
107 Higgs pair) events expected

Cross-section and integrated 
luminosity both increase by x 10 
compared to HL-LHC

→ Factor 10 reduction of 
statistical uncertainties, 
systematic uncertainties will 
dominate even in rare channels

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437900679748&usg=AOvVaw2GAPBSkjT3eTf5-twup4cW


Higgs couplings: Analysis strategy
CERN-ACC-2018-0045
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@ 100 TeV

Systematic uncertainties will dominate
But: Large statistics even at high pT …

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437901004774&usg=AOvVaw2SgSn1pOqgwPSwQB77zvYg


14

@ 100 TeV

Systematic uncertainties will dominate
But: Large statistics even at high pT …

… where experimental systematic 
uncertainties on efficiencies are smaller 

Higgs couplings: Analysis strategy
CERN-ACC-2018-0045

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437901137939&usg=AOvVaw0I5x2RvzbYpyTg1ynR5dww
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Signal strength precisionSignal strength precision

Higgs couplings: Analysis strategy
CERN-ACC-2018-0045

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437901364266&usg=AOvVaw1YvsIwrKJNgImQ4BHSkHrl
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Signal strength precisionSignal strength precision

With efficiency uncertainties  

Higgs couplings: Analysis strategy
CERN-ACC-2018-0045

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437901457985&usg=AOvVaw2_rjBQXFugj3eZg-7P0_m5
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Signal strength precisionSignal strength precision

With efficiency uncertainties  

With additional flat uncertainties
- 1%  on luminosity 
- 1% on 𝞂prod

Higgs couplings: Analysis strategy
CERN-ACC-2018-0045

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437901467382&usg=AOvVaw2OiaSdMn067cIvFNKXs4C8
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/ =
Signal strength precision BR ratio precision

Systematic uncertainties (partially) cancel in ratio 

Higgs couplings: Analysis strategy
CERN-ACC-2018-0045

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437901644748&usg=AOvVaw26x4sj-3beote35S22ott4
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/ =
Signal strength precision BR ratio precision

Systematic uncertainties (partially) cancel in ratio 

Higgs couplings: Analysis strategy
CERN-ACC-2018-0045

BR(H→ZZ*) precision 
measurement at FCC-ee   
→ BR ratios as absolute 
couplings

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437901858727&usg=AOvVaw2h7iHcKOwXwLL3vA9jcWiR
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BR ratio precision

First estimate of precision at alternative energies by 
rescaling statistical uncertainties:

- With ± 20 TeV : 𝞂prod ± 30% 

Precision in %

Coupling 80 TeV 100 TeV 120 TeV

𝛅 gH𝛄𝛄/ gH𝛄𝛄 0.4 0.4 0.4

𝛅 gH𝛍𝛍/ gH𝛍𝛍 0.7 0.65 0.6

𝛅 gHZ𝛄/ gHZ𝛄 1.0 0.9 0.8

Higgs couplings: Previous results
Michelangelo Mangano at last year’s FCC physics workshop

Rerunning the analyses is a work in progress

https://www.google.com/url?q=https://indico.cern.ch/event/1307378/contributions/5721007/attachments/2791203/4867586/Mangano-Annecy.pdf&sa=D&source=editors&ust=1736437901882095&usg=AOvVaw3mg_aRTqA7nNzi9jG9ZwmF
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Higgs couplings: First results from H(𝝁𝝁)/H(4𝝁)

⚙



Higgs self-coupling precision measurements
Granada report
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Large dataset & increased cross-section at baseline CDR FCC-hh offers %-level 𝝹𝝺 precision

https://www.google.com/url?q=https://arxiv.org/pdf/1905.03764&sa=D&source=editors&ust=1736437901894040&usg=AOvVaw2zrpp7-PAvf2tJfORuKH4g


Higgs self-coupling precision measurements
CERN-TH-2020-052
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3.1%
3.1%

Combined precision

𝜹𝜿𝝀 (68% CL) 3.0% - 7.8%

https://www.google.com/url?q=https://cds.cern.ch/record/2714640?ln%3Den&sa=D&source=editors&ust=1736437902025182&usg=AOvVaw3lnImaz9MJ-8rU5he-TNXI


Higgs self-coupling precision measurements
CERN-TH-2020-052
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3.1%
3.1%

Combined precision

𝜹𝜿𝝀 (68% CL) 3.0% - 7.8%

b̅byy best sensitivity due to very 
clean final state, despite low 
branching ratio
→ Investigating at alternative 
energies, and how to achieve 
ultimate precision

https://www.google.com/url?q=https://cds.cern.ch/record/2714640?ln%3Den&sa=D&source=editors&ust=1736437902217797&usg=AOvVaw3DZeZXKHnlatwUfbZAvyc8
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Pre-selected events DNNs categorization 
to suppress the bkg

• Backgrounds:

• Non-resonant QCD:  yy+jets and y+jets

• Single Higgs production

𝛾

𝛾
H

H

b

b

Re-optimized b̅b𝛄𝛄  analysis strategy
Angela Taliercio, Paola Mastrapasqua, Birgit Stapf at FCC-hh ESPP meeting

https://www.google.com/url?q=https://indico.cern.ch/event/1461208/&sa=D&source=editors&ust=1736437902307257&usg=AOvVaw05Bom04eMSc8ER2gf9FO3g
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Pre-selected events DNNs categorization 
to suppress the bkg Categorize based on mb̅b

Sideband Central 
region

Fit m𝜸𝜸 

Higgs physics at FCC-hh | Brgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

Re-optimized b̅b𝛄𝛄  analysis strategy
Angela Taliercio, Paola Mastrapasqua, Birgit Stapf at FCC-hh ESPP meeting

https://www.google.com/url?q=https://indico.cern.ch/event/1461208/&sa=D&source=editors&ust=1736437902525157&usg=AOvVaw2ER1WIM8A86DK2VN6CxV83
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Updated b̅b𝛄𝛄  analysis results
Angela Taliercio, Paola Mastrapasqua, Birgit Stapf at FCC-hh ESPP meeting

mbb resolution

Nominal 10 GeV 5 GeV 3 GeV

𝜹𝜿𝝀 (68% CL 
- stat. only)

3.2% 2.5% 2.0% 1.8%

@ 100 TeV

https://www.google.com/url?q=https://indico.cern.ch/event/1461208/&sa=D&source=editors&ust=1736437902661913&usg=AOvVaw14dkW9ZdTpzDKK4UIw_bGG
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Updated b̅b𝛄𝛄  analysis results
Angela Taliercio, Paola Mastrapasqua, Birgit Stapf at FCC-hh ESPP meeting

mbb resolution

Nominal 10 GeV 5 GeV 3 GeV

𝜹𝜿𝝀 (68% CL 
- stat. only)

3.2% 2.5% 2.0% 1.8%

@ 100 TeV

Impact of mbb  resolution is critical 

https://www.google.com/url?q=https://indico.cern.ch/event/1461208/&sa=D&source=editors&ust=1736437902944686&usg=AOvVaw3QKzL_jyOhqWb7QgEZRuxg
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Next step for b̅b𝛄𝛄  analysis: Separating triangle vs box diagrams
Bastien Voirin, Claude Charlot, [Angela Taliercio, Paola Mastrapasqua, Birgit Stapf] 

- Dominant mode of gluon-gluon Higgs pair production 
has two (interfering) diagrams

- Only the triangle diagram contribution contains a 
Higgs-self coupling vertex

- Ongoing work to apply Bastien Voirin’s BDT classifier 
which separates the triangle from the box contribution 
based on the Higgs’ kinematics to the bbyy analysis to 
further boost sensitivity 

https://www.google.com/url?q=https://indico.cern.ch/event/1467698/contributions/6275419/attachments/2985910/5258901/FCC-hh_2024-12-12_triangle_vs_box.pdf&sa=D&source=editors&ust=1736437903050352&usg=AOvVaw1f5vpjJGZo4XH20oe9Ha86
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Improved b̅b𝛕𝛕 analysis with advanced ML techniques
Sam Valentine, Lennox Wood, Monica D’Onofrio, Jordy Degens, Carl Gwilliam, Cristiano Sebastiani

3.1%

b̅b𝛕𝛕 benefits from larger 
branching ratio, yet only 
moderate backgrounds. Final 
state not fully reconstructible 
due to neutrinos
→ Second leading channel for 
kl precision

https://www.google.com/url?q=https://indico.cern.ch/event/1467698/contributions/6275418/attachments/2986078/5259210/Liverpool_FCC_bbtata.pdf&sa=D&source=editors&ust=1736437903343374&usg=AOvVaw1DIU-b_KsZ0-V-kn41bDrl
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Improved b̅b𝛕𝛕 analysis with advanced ML techniques @ 100 
TeV 
Sam Valentine, Lennox Wood, Monica D’Onofrio, Jordy Degens, Carl Gwilliam, Cristiano Sebastiani

3.1%

⚙ Ongoing work to 
push sensitivity even 
further by employing 
advanced ML 
techniques, such as 
Graph Neural Net (GNN)

https://www.google.com/url?q=https://indico.cern.ch/event/1467698/contributions/6275418/attachments/2986078/5259210/Liverpool_FCC_bbtata.pdf&sa=D&source=editors&ust=1736437903353580&usg=AOvVaw1NjUr6cjfQU1U1rIAF6mkN
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Improved b̅b𝛕𝛕 analysis with advanced ML techniques @ 100 
TeV
Sam Valentine, Lennox Wood, Monica D’Onofrio, Jordy Degens, Carl Gwilliam, Cristiano SebastianiInput distributions (example)

- Analysis of b̅b𝛕lep𝛕had and 
b̅b𝛕had𝛕had  signal events

- Backgrounds from top and 
single Higgs production, as 
well QCD+EW continuum 
(Drell-Yan Z+jets)

https://www.google.com/url?q=https://indico.cern.ch/event/1467698/contributions/6275418/attachments/2986078/5259210/Liverpool_FCC_bbtata.pdf&sa=D&source=editors&ust=1736437903447182&usg=AOvVaw0x_ljhjG6LUNUOfZkzFNnM
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Improved b̅b𝛕𝛕 analysis with advanced ML techniques @ 100 
TeV
Sam Valentine, Lennox Wood, Monica D’Onofrio, Jordy Degens, Carl Gwilliam, Cristiano SebastianiInput distributions (example) GNN performance

- Analysis of b̅b𝛕lep𝛕had and 
b̅b𝛕had𝛕had  signal events

- Backgrounds from top and 
single Higgs production, as 
well QCD+EW continuum 
(Drell-Yan Z+jets)

- Best GNN performance with 
high-level variables of b̅b and 
𝛕𝛕 systems (inv. masses, radial 
distances, ET

miss centrality) 
- Small benefit with constraints 

from di-Higgs system 

https://www.google.com/url?q=https://indico.cern.ch/event/1467698/contributions/6275418/attachments/2986078/5259210/Liverpool_FCC_bbtata.pdf&sa=D&source=editors&ust=1736437903489656&usg=AOvVaw0i1osV_5BkDW3Wv9YK2koS
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Improved b̅b𝛕𝛕 analysis with advanced ML techniques @ 100 
TeV
Sam Valentine, Lennox Wood, Monica D’Onofrio, Jordy Degens, Carl Gwilliam, Cristiano SebastianiInput distributions (example) GNN performance Sensitivity

- Analysis of b̅b𝛕lep𝛕had and 
b̅b𝛕had𝛕had  signal events

- Backgrounds from top and 
single Higgs production, as 
well QCD+EW continuum 
(Drell-Yan Z+jets)

- Best GNN performance with 
high-level variables of b̅b and 
𝛕𝛕 systems (inv. masses, radial 
distances, ET

miss centrality) 
- Small benefit with constraints 

from di-Higgs system 

- First estimate of 
significance binned in 
GNN output shows 
improvement of ~ factor 2 
over previous BDT analysis

https://www.google.com/url?q=https://indico.cern.ch/event/1467698/contributions/6275418/attachments/2986078/5259210/Liverpool_FCC_bbtata.pdf&sa=D&source=editors&ust=1736437903593634&usg=AOvVaw1CWCH9uEaIdOEE_JOv9fP0
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Outlook: Towards global fits with updated FCC-hh projections
Juan Rojo

LO
N

LO
N

N
LO

Repeat the kappa framework fits 
(see Simone’s talk) for alternative 
FCC-hh running scenarios & 
combinations of Future Colliders

- Required experimental inputs: updated incl. Higgs signal 
strength measurements @ 72, 80 (84)*, 100, 120 TeV 
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Outlook: Towards global fits with updated FCC-hh projections
Juan Rojo, 

LO
N

LO
N

N
LO

Repeat the kappa framework fits 
(see Simone’s talk) for alternative 
FCC-hh running scenarios & 
combinations of Future Colliders

FCC-hh interpretations in global 
SMEFT fits with inclusive signal 
strengths

- Required experimental inputs: updated incl. Higgs signal 
strength measurements @ 72, 80 (84)*, 100, 120 TeV 

- Required theory input: Repetition of HL-LHC EFT 
calculations for the FCC-hh energy scenarios 
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Outlook: Towards global fits with updated FCC-hh projections
Juan Rojo, 

LO
N

LO
N

N
LO

Repeat the kappa framework fits 
(see Simone’s talk) for alternative 
FCC-hh running scenarios & 
combinations of Future Colliders

FCC-hh interpretations in global 
SMEFT fits with inclusive signal 
strengths

- Required experimental inputs: differential distributions for 
Higgs, top, diboson, Drell-Yan etc. observables, and 
matching to UV models, with systematic uncertainties

- Required theory input: Repetition of HL-LHC EFT 
calculations for the FCC-hh energy scenarios 

Ultimate goal: Global SMEFT fit 
with differential distributions 
from FCC-hh
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- 💡 Pile-up impact studies 
- ….

Para
m

etri
c 

Sim
ulatio

n Physics

Benchm
ark

Dete
cto

r

Conce
pt

Full 

Sim
ulation

Physics studies
- Higgs couplings in rare decays

- ⚙ Ratio H(𝝁𝝁)/H(4𝝁) 
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- Higgs self-coupling 
- ⭐ b̅b𝛄𝛄 channel
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Physics studies
- Higgs couplings in rare decays

- ⚙ Ratio H(𝝁𝝁)/H(4𝝁) 
- Top-Yukawa coupling

- 💡Ratio t̅tH(b̅b)/t̅tZ(b̅b)
- 💡t̅tH(𝛄𝛄) channel

- Higgs self-coupling 
- ⭐ b̅b𝛄𝛄 channel
- ⚙ b̅b𝛕𝛕 channel
- ⭐ b̅bll+ET

miss channel
- 💡 Higgs width measurement 

through VBF HWW off-shell
- 💡 Differential cross-sections 

as input to global fits
- High pT ttbar production

- ….

+ Your input!
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Organisation, resources & links

If you are interested, join our FCC-hh physics & performance  group!
- Monthly  (zoom) meetings Thursday’s at 4PM (CERN time)

- Next meeting? Increase frequency? 
- Mailing lists: fcc-ped-hh-espp25 , fcc-ped-hh-physicsperformance-espp25
- Mattermost: 

Resources available on common software frameworks and tools
- FCC-hh P&P working group documentation page 
- LINK TO RECORDING OF HANDS ON TUTORIAL
- LINK TO DATABASE OF EVENTS

mailto:fcc-ped-hh-espp25@cern.ch
mailto:fcc-ped-hh-physicsperformance-espp25@cern.ch
https://www.google.com/url?q=https://hep-fcc.github.io/FCChhPhysicsPerformance/&sa=D&source=editors&ust=1736437904433116&usg=AOvVaw2ks6d8tHSbZ0RXVw-Zj7Au
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Higgs couplings: Top Yukawa coupling
CERN-ACC-2018-0045 & M. Mangano at FCC physics workshop

Exploit the ratio of t̅tH over t̅tZ for syst. cancellation
- Boosted top, H → b̅b decays, pT(H,t) > 250 GeV
- Fit t̅tH and t̅tZ simultaneously with mjj templates
- Assume precise measurement of t̅tZ from FCC-ee, 

and of backgrounds from control regions

Precision in %

Coupling 80 TeV 100 TeV 120 TeV

𝛅 gt/ gt 1.2 1 0.85

Same uncertainty scaling as on previous slide

https://www.google.com/url?q=https://cds.cern.ch/record/2642471?ln%3Den&sa=D&source=editors&ust=1736437904439417&usg=AOvVaw3bSsUAOoF1VJUEFsXHHoDc
https://www.google.com/url?q=https://indico.cern.ch/event/1307378/contributions/5721007/attachments/2791203/4867586/Mangano-Annecy.pdf&sa=D&source=editors&ust=1736437904439542&usg=AOvVaw3rL4N70Dh8V-Jassj5a3tF


FCC-hh baseline detector concept

43

From Michele Selvaggi

Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

https://www.google.com/url?q=https://indico.cern.ch/event/1439072/contributions/6106999/attachments/2920406/5125885/FCC-hh%2520workshop.pdf&sa=D&source=editors&ust=1736437904729830&usg=AOvVaw15J2JggWsUODK7JRzSgoF1
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FCC-hh baseline detector concept

SM physics more forward at 100 TeV
→ Precision spectroscopy and calorimetry up to |η| < 4
→ Tracking and calorimetry up to |η| < 6

Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala



Delphes scenarios for FCC-hh
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• Two current Delphes scenarios for FCC-hh:

• Scenario I: Idealistic scenario for ultimate precision

• Scenario II: Baseline scenario based on FCC-hh 

detector concept from CDR

Note: Both scenarios implement fixes w.r.t the original, 
e.g. bremsstrahlung for electrons, multiple scattering, 

resolutions in forward region

Example parametrization for muons

Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

https://www.google.com/url?q=https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_I.tcl&sa=D&source=editors&ust=1736437905186347&usg=AOvVaw239bbNdiozVnKmEVtopW6y
https://www.google.com/url?q=https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_II.tcl&sa=D&source=editors&ust=1736437905186482&usg=AOvVaw0xcAnwX98PxDZxYtTrjxZj


Higgs self-coupling: Cross-sections at FCC-hh
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FCC-hh(HL-)LHC

Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala



Higgs self-coupling projections: Systematic uncertainties 

● Following previous di-Higgs studies@FCC-hh 

● Applied as rate systematics only, no shape effect

47Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

https://www.google.com/url?q=https://arxiv.org/abs/2004.03505&sa=D&source=editors&ust=1736437905789869&usg=AOvVaw23KE2HE5wwYLFVG6vNNh6_


80 TeV 100 TeV 120 TeV

No assumption on 
mbb

4.0% - st. only  3.6% 3.5% - st. only 3.4% 3.1% - st. only 2.8%

mbb res 10 GeV 2.5% - st. only 2.3% 2.2% - st. only 2.0% 1.9% - st. only 1.7%

mbb res 5 GeV 2.0% - st. only 1.9% 1.8% - st. only 1.6% 1.6% - st. only 1.4%

mbb res 3 GeV 1.8% - st. only 1.7% 1.6% - st. only 1.4% 1.5% - st. only 1.3% 

b̅byy analysis: Center of mass energy scan

48Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala



Di-Higgs cross-section dependance on 𝜿𝝀 in pp-collisions

arXiv:2004.03505v2

49Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

https://www.google.com/url?q=https://arxiv.org/abs/2004.03505&sa=D&source=editors&ust=1736437906168981&usg=AOvVaw3WRCMrwT6mrlqr3pHL39s_


Higgs self-coupling @ ILC
arXiv:2203.07622v2

• Two production modes:

• Higgsstrahlung, peaks ~500 GeV

• WW-fusion, above ~1 TeV

• → need runs at both energies for 

maximum 𝜿𝝀 precision

• Studied dominant channels 4b and bbWW

• Advantage of ee-collider: ZHH cross-section 

increases with 𝜿𝝀, hence better constraints at 

values 𝜿𝝀 > 1 than pp-colliders

50Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

https://www.google.com/url?q=https://arxiv.org/pdf/2203.07622.pdf&sa=D&source=editors&ust=1736437906289720&usg=AOvVaw2x-N_rB15EZITrW4h95z55


Quartic Higgs self-coupling
Triple Higgs production measurements will 
remain challenging, even at FCC-hh due to 

very low cross-section

Again ~ O(100) smaller than the HH 
cross-section

Studies in final states with 4bs, tau pairs and 
photon pairs  and more recently 6b 

Number of selected signal events ~O(100) 

Combining several channels 3𝞼 may be 
reached

51Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

https://www.google.com/url?q=https://arxiv.org/pdf/1704.04298.pdf&sa=D&source=editors&ust=1736437906460310&usg=AOvVaw1an6pK2NpbwmA0jmW4i0Wa
https://www.google.com/url?q=https://arxiv.org/pdf/1508.06524.pdf&sa=D&source=editors&ust=1736437906460387&usg=AOvVaw3nmVf8dfdGEAw1TM3zRaDf
https://www.google.com/url?q=https://arxiv.org/pdf/2312.13562&sa=D&source=editors&ust=1736437906460424&usg=AOvVaw2qm36AIlVHItPt8kpIWmg5
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From M. Selvaggi

Higgs physics at FCC-hh | Birgit Stapf | 05.11.2024 | Higgs 2024 | Uppsala

https://www.google.com/url?q=https://indico.slac.stanford.edu/event/6758/contributions/2640/attachments/1217/3209/futurehadron_higgs_slac21.pdf&sa=D&source=editors&ust=1736437906874955&usg=AOvVaw2VM28ip95cJpilnFU9f5lv

