
Simone Tentori

1

FCC Workshop, CERN, 16/01/25

Higgs couplings projections at the 
FCC-hh

Part of WIP with T. Armadillo, E. Celada, J. t. 
Hoeve, F. Maltoni, L. Mantani, J. Rojo,
A. N. Rossia, ST, M. Thomas, E. Vryonidou 
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Kappa Framework – I 
● Scale each Higgs interaction with a kappa 

modifier
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Kappa Framework – I 
● Scale each Higgs interaction with a kappa 

modifier

● Easy comparison between colliders, easy interpretation (BSM)
● Not fully exploiting kinematics & beam polarization
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Kappa Framework III

κH expression depends on the BSM Physics

The κappa-0 framework:

● (κH
0)^2 = ∑f κf^2 Brf

SM

● No new Higgs decay channels 
● Testable in any collider

● The κappa-1(2) framework:

● (κH)^2= (κH
0)^2 / (1-BrBSM)

● New BSM light states or Higgs 
decays

Following  
Granada 2019 
naming scheme
[1905.03764]
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Kappa Framework III

The κappa-0 framework:

● (κH
0)^2 = ∑f κf^2 Brf

SM

● No new Higgs decay channels 
● Testable in any collider

● The κappa-3 framework:

● (κH)^2= (κH
0)^2 / (1-BrBSM)

● New BSM light states or Higgs 
decays

● HL-LHC AS FIT BASELINE

Following  
Granada 2019 
naming scheme
[1905.03764]

κH expression depends on the BSM Physics
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Kappa Framework IV

BSM Branching ratio

Brinv: Invisible Branching ratio
● Can be measured
● Target for HL-LHC (2.5% at 

95% C.L.)  

*More in the
 Backup

kappa-1 framework
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Kappa Framework IV

BSM Branching ratio

Brinv: Invisible Branching ratio
● Can be measured
● Target for HL-LHC (2.5% at 

95% C.L.)  

Brund: Undetected Branching 
ratios

● Cannot be targeted
● Free in the fit
● Needs proxy for ΓH  or 

additional conditions
*More in the
 Backup

kappa-2 framework
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Kappa Framework IV

BSM Branching ratio

Brinv: Invisible Branching ratio
● Can be measured
● Target for HL-LHC (2.5% at 

95% C.L.)  

Brund: Undetected Branching 
ratios

● Cannot be targeted
● Free in the fit
● Needs proxy for ΓH  or 

additional conditions
*More in the
 Backup

In future ℓ+ℓ- colliders 
synergy between:
● ZH inclusive
● H → ZZ 

kappa-2 framework
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Methodology

● New functionalities to implement kappa framework

● Input based on recent SnowMass2022 projection

● Validated against HEPfit 2019 results (big thanks to Jorge de Blas, for 
helping with the validation)

For more SMEFiT 
take a look at Jaco 
Ter Hoeve talk on 
Tuesday!
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FCChh input
Original 2019 ESPPU Input
[Eur. Phys. J. C (2019) 79:474]
● κg
● κᵞ
● κμ
● κZ
● κZᵞ
● κt
● κb

[Mangano, CERN-FCC-PHYS-2019-0002]
● κw
● κτ
● κb, κᵞ (already present, reduce correlations) 

For more FCChh input
look at previous talk by 

Birgit Stapf
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Kappa-0 framework
Preliminary
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Kappa-0 framework

Rare decays improvement 
thanks to greater 

cross-sectionκt improvement

Preliminary
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Smaller loss κw 
thanks to WH 

Big loss in κZ, 
cannot compete 
with ZH at  ℓ+ℓ-

Preliminary
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Kappa-0 framework

Smaller loss κw 
thanks to WH 

Big loss in κZ, 
cannot compete 
with ZH at  ℓ+ℓ-

Preliminary

Look these two! 
(SPOILER ALERT
 for slide 18)
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Kappa-0 framework
Preliminary
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Kappa-0 framework
Preliminary

Rare decays improvement 
thanks to greater cross-section
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Kappa universal

● Unique kappa modifier: κuniv.

● HLLHC as baseline
● Brinv. and Brund. turned on
● κuniv. ≤ 1 : needed due to Brund.

● UV Case: Minimal Scalar Extension
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Kappa universal
Preliminary
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Kappa universal

Factor 3Factor 2.5

Preliminary
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Fermion Vector modifiers

● Two kappa modifiers: κf, κv 
● HLLHC as baseline
● Brinv. and Brund. turned on
● κV ≤ 1 : needed due to Brund.

● UV Case: Type I 2HDM
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Fermion Vector modifiers
Preliminary
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Fermion Vector modifiers

Competitive (clean κμ)

Preliminary
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Kappa-3 framework

● Ten kappa modifiers 
● HLLHC as baseline
● Brinv. and Brund. turned on
● κZ ≤ 1, κW ≤ 1 : needed due to Brund. 
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Kappa-3
Preliminary
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Kappa-3

Rare decays 
improvement 

thanks to 
greater xs

κt improvement

Preliminary
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Kappa-3
Preliminary
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Kappa-3

● Sizable loss in κw ,
● LheC better now
● (kappa-0 was 
● the other way)  

Big loss in κZ, cannot 
compete with ℓ+ℓ-→  ZH 

Big and 
correlated Brund. 

Preliminary
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Kappa-3
Preliminary
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Kappa-3
Preliminary

Rare decays improvement 
thanks to greater xs
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LHeC effects
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LHeC effects
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Summary and Conclusions
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Summary and Conclusions
● FCChh can test all κ but κc considered in  ℓ+ℓ- colliders studies
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Summary and Conclusions
● FCChh can test all κ but κc considered in  ℓ+ℓ- colliders studies

● Unique opportunity to precisely measure rare decays 

● Fermion modifier almost as accurate as  ℓ+ℓ-

● Vector modifiers (in particular κz) cannot compete with ℓ+ℓ- 
colliders

● LHeC intermediate stage can improve the situation (not a lot for κZ)
● Can limit the testing of BSM models by a lot

● Needs a κV ≤ 1 limitation since no ZH inclusive measurement

● But in general different kappa frameworks lead to 
different conclusions on FCChh alone potential!

Thanks 
for the 

attention!
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Backup
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FCChh unconstrained



Simone Tentori

45

FCC Workshop, CERN, 16/01/25

FCChh constrained



Simone Tentori

46

FCC Workshop, CERN, 16/01/25

LheC correlations
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Kappa0
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Kappa universal
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Fermion Vector modifiers
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Fermion Vector modifiers
Preliminary
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Fermion Vector modifiers
κf competitive
κv 2.5 times less precisePreliminary
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kappa3
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