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The Higgs sector
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EW Symmetry Breaking mechanism


Near-criticality of  

and stability of the minimum of the potential

mH


V(ϕ) = m2ϕ2 + λϕ4 → V(H) = 1
2 m2

HH2 + λ3H3 + λ4H4

https://inspirehep.net/literature/1121140
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V(ϕ) = m2ϕ2 + λϕ4 → V(H) = 1
2 m2

HH2 + λ3H3 + λ4H4

ATLAS, Phys. Rev. Lett. 133 (2024) 101801
CMS, Phys.Lett.B 861 (2025) 139210 ATLAS, Phys. Rev. D 111 (2025) 032006

κλ ∈ [−1.2, 7.2]
95 % CL

κ4

κ4 ∼ 𝒪(102)

 framework  κ κP = λP

λSM
P

https://inspirehep.net/literature/1121140
https://arxiv.org/pdf/2406.09971
https://inspirehep.net/literature/2808928
https://arxiv.org/pdf/2411.02040
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Beyond the Standard Model
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Effective Field Theory approach
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The Standard Model Effective Theory
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A. Beikötter, QCD@LHC 2025
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The Standard Model Effective Theory
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A. Beikötter, QCD@LHC 2025
New physics effects contained in the 
matching Wilson coefficients 


Expansion in  and couplings


Theory is renormalizable order-by-
order in 

Ci

1/Λ

1/Λ

 means new Physics!Ci ≠ 0

Consistent and systematic approach 
for data interpretation!
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Precision in SMEFT
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Why higher orders?

K. Mimasu, SMEFT@NLO 2021

Precise SMEFT predictions 

to determine Wilson coefficients

Precise experimental data and SM predictions 

We consider the contributions given by 

dim-6 operators in the Warsaw basis at NLO


Uncertainty and correlation estimation crucial for data interpretation
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Higgs-strahlung production
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• At LHC easier to identify some decays e.g.  in this channel


• At FCC-ee will be main production channel


•  known up to NLO in the SM

NNLO EW+QCD and EW partial results for polarised initial states

H → bb̄

e+e− → ZH

Fleischer, Jegerlehner, Phys.Rev.D 23 (1981) 2001-2026

Kniehl, Z.Phys.C 55 (1992) 605-618

Freitas et al., Phys.Rev.D 108 (2023) 5, 053006

Freitas, Song, Phys.Rev.Lett. 130 (2023) 3, 031801

Denner et al., Z.Phys.C 56 (1992) 261-272 Chen et al., 2209.14953 [hep-ph]

Gong et al., Phys. Rev. D 95, 093003

Sun et al., Phys.Rev.D 96 (2017) 5, 051301

https://inspirehep.net/literature/158844
https://inspirehep.net/literature/322417
https://inspirehep.net/literature/2663009
https://inspirehep.net/literature/2152949
https://link.springer.com/article/10.1007/BF01555523#article-info
https://arxiv.org/abs/2209.14953
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.093003
https://inspirehep.net/literature/1486395
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ZH production at FCC-ee in SMEFT
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CϕD, Cϕ□, Cϕe, C1
ϕl, C3

ϕl, Cll, CϕWB, CϕW, CϕB

ZZH vertex

eeZ vertex
4p interactions 
eeZ vertex

ZZH and ZH  verticesγ
GF

Asteriadis et al., Phys.Rev.Lett. 133 (2024) 23, 231801
Asteriadis et al., JHEP 02 (2025) 162

LO contributions

https://inspirehep.net/literature/2856519
https://inspirehep.net/literature/2829748
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ZH production at FCC-ee in SMEFT
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70 SMEFT operators at NLO with no flavor assumptions

Cϕ trilinear coupling C1133
lq 4f interactions

Asteriadis et al., Phys.Rev.Lett. 133 (2024) 23, 231801
Asteriadis et al., JHEP 02 (2025) 162

NLO contributions: example

https://inspirehep.net/literature/2856519
https://inspirehep.net/literature/2829748
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Let’s decay the Higgs in SMEFT
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NEW!

Dawson, Giardino, Phys. Rev. D 97, 093003 (2018)

Dawson et al., Phys.Rev.D 111 (2025) 1, 015016

Cullen, Pecjak, JHEP 11 (2020) 079

Cullen, Pecjak, Scott, JHEP 08 (2019) 173

Gauld, Pecjak, Scott, JHEP 05 (2016) 080

Gauld, Pecjak, Scott, Phys.Rev.D 94 (2016) 7, 074045

Hartmann, Trott, Phys.Rev.Lett. 115 (2015) 19, 191801

Dedes, Suxho, Trifyllis, JHEP 06 (2019) 115

Dedes et al., JHEP 08 (2018) 103

Dawson, Giardino, Phys.Rev.D 98 (2018) 9, 095005

Hartmann, Trott, JHEP 07 (2015) 151

Deutschmann et al., JHEP 12 (2017) 063 Martin, Trott, JHEP 01 (2024) 170

Corbett, Martin, Trott, JHEP 12 (2021) 147



















H → bb̄

H → τ+τ−

H → γγ

H → Zγ

H → gg

H → Zff̄

H → Wff̄′ 

https://inspirehep.net/literature/1646265
https://inspirehep.net/literature/2848286
https://inspirehep.net/literature/1809484
https://inspirehep.net/literature/1729733
https://inspirehep.net/literature/1408760
https://inspirehep.net/literature/1477424
https://inspirehep.net/literature/1382628
https://inspirehep.net/literature/1727269
https://inspirehep.net/literature/1670949
https://inspirehep.net/literature/1684504
https://inspirehep.net/literature/1369122
https://inspirehep.net/literature/1614159
https://inspirehep.net/literature/2658419
https://inspirehep.net/literature/1885488
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Let’s decay the Higgs in SMEFT
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NEW!

NEWiSH 

NLO 


ElectroWeak


in the


SMEFT for


Higgs widths

Bellafronte et al., 2508.14966 [hep-ph]



















H → bb̄

H → τ+τ−

H → γγ

H → Zγ

H → gg

H → Zff̄

H → Wff̄′ 

Implemented in

fixed-order Monte Carlo code


total widths and branching ratios

at NLO in SMEFT

https://arxiv.org/abs/2508.14966
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 at NLO EW in SMEFTH → Wff̄′ 
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at LO   CϕD, Cϕ□, C3
ϕl/C3

ϕq, Cll, CϕW, Cϕud

, CϕudC3
ϕq, CϕD , CϕWCϕ□

Cledq

Bellafronte et al., 2508.14966 [hep-ph]

https://arxiv.org/abs/2508.14966
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Adding the decays

Narrow width approximation





Adding the information of the decays 
provides much better constraints!

σ(e+e− → HZ; H → XZ) = σ(e+e− → HZ) BR(H → XZ)
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Bellafronte et al., 2508.14966 [hep-ph]

https://arxiv.org/abs/2508.14966
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Higgs couplings

17
δZ = 1

4
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Cϕ□ = 0

Bellafronte et al., 2508.14966 [hep-ph]

https://arxiv.org/abs/2508.14966
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Outlook
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The Higgs sector is fundamental for 
understanding the SM and the physics 
beyond


Consistent parameterisation of New 
Physics effects in Higgs production 
and decay with SMEFT at NLO 

Inclusion of the decays improves 
bounds on many coefficients at FCC-ee


Thank you!


