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ATLAS Experiment
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SM-like Higgs discovery

ggF→γγ+ZZ+WW

H→γγ, H→ZZ→4l observation

H→WW observation VBF, H→ττ observation

VH, H→bb observation

ttH observation

Higgs at ATLAS
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Standard model Higgs measurements

Higgs STXS measurements

• An unprecedented number of production and 

decay processes of the Higgs boson are combined 

to scrutinize its interactions with elementary 

particles

• Most precise measurements ever of interactions of 

Higgs boson with gluons, photons, and W and Z 

bosons—the carriers of the strong, 

electromagnetic and weak forces—are presented

• We reveal that the Higgs boson discovered ten 

years ago is remarkably consistent with the 

predictions of the theory

• Based on these SM measurements, we will 

present BSM interpretations of Higgs bosons 

productions and decays
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Input Analyses

• All observed Higgs decays modes and two rare 

decays included

Input analyses

Rare decays:

• New H→Zγ

• H→μμ updated to 139fb-1

Main decays modes:

• New productions included

• Full Run-2 results updated

• More analyses available in STXS

• tH production added

• What’s new compared to 

HComb EFT and MSSM 

interpretations 2020?

https://atlas-glance.cern.ch/atlas/analysis/confnotes/details?ref_code=CONF-HIGG-2020-15
https://atlas-glance.cern.ch/atlas/analysis/confnotes/details?ref_code=CONF-HIGG-2020-15
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Interpretation strategies

• Searches for physics beyond SM via multiple interpretations of Higgs 

boson measurements

• Interpretation based on the model-

independent Effective Field Theory (EFT) 

framework with high dimensional operators 

• 2-Higgs-doublet model and supersymmetric model allow 

for direct search for additional Higgs bosons
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EFT Interpretations of cross sections

• EFT provides an elegant language to encode the modifications of the Higgs boson properties induced by a wide class 

of BSM theories

• Within the mathematical language of the SMEFT, the effects of BSM dynamics at a high energy Λ=1TeV can be 

parametrized at low energies, E<<Λ, in terms of higher-dimensional operators built up from the Standard Model fields 

and respecting its symmetries such as gauge invariance. This yields an effective Lagrangian:

consists of terms involving a single d = 6 

SMEFT operator, suppressed by Λ-2
consists of terms involving products of two 

d = 6 SMEFT operator, suppressed by Λ-4

Wilson coefficients

to be measured
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Linearized and quadratic models

• We further modified the Higgs productions and decays to reveal the impact of these SMEFT operators :

Consider this term only: 

linearized model

Consider both the terms: 

quadratic model

• The measurements are finally factorized using 

Wilson coefficients ci

• A/B are derived from simulation, reflecting 

sensitivities of the processes to the EFT operators
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Sensitivity estimate and choice of parameters

• Since the data samples are not capable of constraining all Wilson coefficients, we 

have to pick out sensitive ones or linear combinations of these parameters, based 

on the covariance matrices of data

• A principal component analysis is done to identify sensitive directions

Coefficients measured in this 

analysis

Original Wilson coefficients

• H→μμ

• H→ττ

• VH, H→bb

• H→bb

• ggF/ttH production

• H→γγ, H→Zγ

• affect W/Z vertices with 

3rd generation fermions 

& neutral current 

interactions with quarks

• tH, ttH

• shift in the Fermi constant/Higgs 

propagator correction

• anomalous HZee and HZµµ 

vertices
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Results from EFT

• Right: Linearized model

• Tightest constraints on EFT coefficients are observed for 

processes where the SM amplitudes are suppressed by 

factors that do not enter in SMEFT operators contributing 

to the same measured final states

• Bottom: Comparison of linearized and quadratic model
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Constraints on two-Higgs-doublet models

• In two-Higgs-doublet models, the SM Higgs sector with one doublet of scalar complex fields Φ1 is extended by 

introducing a second doublet Φ2

• The vacuum-expectation-values v1,2 of Φ1,2 that minimize V are related by v1
2+v2

2=v2

• Electroweak symmetry breaking leads to five physical scalar Higgs fields: two neutral CP-even Higgs bosons h and H, 

one neutral CP-odd Higgs boson A, and two charged Higgs bosons H±, where h is the observed Higgs

• Z2 discrete symmetry forbids tree-level flavor-changing neutral currents(see S. L. Glashow and S. Weinberg, E. A. 

Paschos), which are strongly constrained by existing data, and implies that all fermions with the same quantum 

numbers couple to only one Higgs doublet

• Based on the couplings, 4 2HDM types are defined:

example of charged Higgs

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.1958
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.1966
https://arxiv.org/abs/1105.2870
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Results based on κ-framework

• The measured signal strength μ is reparametrized using the mixing angle of the neutral CP-even Higgs sector α, and 

tanβ=v2/v1:

• All models exhibit similar exclusion regions in the 

(tanβ, cos(β−α)) plane at low values (<<1) of tanβ

• The interval of allowed values of cos(β−α) increases in 

size with tanβ, up to a total width of about 0.1–0.2 for 

tanβ=1

• A small allowed region in all types but Type-I 

corresponds to the fermion couplings that have same 

magnitude as in the SM but the opposite sign
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Results based on EFT

• The modifications introduced in 2HDM could also be generated by EFT operators. E.g., the Wilson coefficients cb/t/τH

could be matched to α & β as:

• Comparing the results from EFT interpretation and κ-

framework, we found:

• The exclusion regions are quite similar in general

• In Type-I model, EFT approach leads to looser 

constrains due to not considering dimension-8 

operators and higher level terms in Higgs self-

coupling

• The small allowed region disappear in other 

types because only dimesion-6 terms and linear 

expansions of Wilson coefficents are considered 
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Results of MSSM

• The minimal supersymmetric extension of the Standard Model, which introduces 7 benchmark scenarios plus a 

simplified one is also tested in our analysis

• These results exclude regime of pseudoscalar Higgs boson (mA) for most of the scanned tan β range

Grey band:

excluded by the 

requirement 

|mh-125.09GeV|
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Conclusions

• We report novel interpretations of the recent ATLAS combined measurements of Higgs boson production and decays 

with new channels and updated luminosity

• The results based on the model-independent parametrization of SM Effective Field Theory show no deviations from 

SM, while considering all available terms suppressed by up to a factor Λ-4 do affect the measurements at Λ=1TeV level

• We also performed interpretations in the context of two-Higgs-doublet models and of eight benchmark scenarios of 

the minimal supersymmetric model, which are complementary to limits from direct searches for additional Higgs 

bosons



Thank You
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