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l Higgs at ATLAS

LHC HL-LHC Article | Open access ‘ Published: 04 July 2022

| Run 2 | | Run 3 | Run4-5... A detailed map of Higgs boson interactions by the
ATLAS experiment ten years after the discovery
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Standard model Higgs measurements
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Input Analyses
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interpretations 20207
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Interpretation strategies

Searches for physics beyond SM via multiple interpretations of Higgs
boson measurements

Dedicated BSM model

SMEFT ——— >

Two Higgs
doublet Models

Benchmark
MSSM scenario
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Matching EFT to 2HDM model

interpretation of
all sensitive operators
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Higgs coupling
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Inputs for

Higgs differential

cumdlsizio) Interpretation

of high-p¥ spectrum for
dedicated operators

2-Higgs-doublet model and supersymmetric model allow
for direct search for additional Higgs bosons
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Interpretation based on the model-
independent Effective Field Theory (EFT)
framework with high dimensional operators
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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 A=1TeV can be
parametrized at low energies, E<<A, 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:

Na=6 D) 6 N=g bi
L
Lsmerr = Lsm + Z R—ZO,-( ) 4 A_;'O} Y,
Wilson coefficients i J
to be measured l

G_(N}LO (N)LO
_ _ __((N)N)NLO int BSM
7 SMEFT = O'SM ++ TBSM)= Tsm % (l TN T NLO )

SM SM

consists of terms involving a single d = 6 consists of terms involving products of two
SMEFT operator, suppressed by A~ d = 6 SMEFT operator, suppressed by A4



l Linearized and quadratic models

*  We further modified the Higgs productions and decays to reveal the impact of these SMEFT operators :
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l 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
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l Results from EFT
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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 @, is extended by
introducing a second doublet ©,

The vacuum-expectation-values v, , of @, , that minimize V are related by v,2+v,2=v?

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

Z, 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:

Type I: All fermions couple to the same Higgs doublet. us(dy)

Type II: One Higgs doublet couples to up-type quarks while the other one couples to down-type
quarks and charged leptons.
~ H= a

Lepton-specific: One Higgs doublet couples to leptons while the other one couples to up- and
down-type quarks.

Flipped: One Higgs doublet couples to down-type quarks while the other one couples to up-type

b and 1 example of charged Higgs
gquarks and leptons.
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Results based on k-framework

« The measured signal strength u is reparametrized using the mixing angle of the neutral CP-even Higgs sector a, and
tanB=v,/v;: - _
uiX = X ({k(tan B, cos(B - @))})
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tanf=1
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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 ¢ /.
could be matched to a & f as:

viein B cos(fB — a)
A2 M an B
ATLAS Preliminary e Exp, 95% CL (with x) ATLAS Preliminary P
V5 =13TeV, 36.1- 139 fb~! —— K Obs. 95% CL (with k) V5 =13 TeV, 36.1- 139 b~ —— K Obs. 95% €L
= 12509 Gev TEsemany | e imece g
. 2HDM Type-l, Ma = 1 TeV -~ SMlike coupling " L 21OV Ty —-- sM-iike coupling
» Comparing the results from EFT interpretation and k-
framework, we found:
» The exclusion regions are quite similar in general
* In Type-l model, EFT approach leads to looser
L . constrains due to not considering dimension-8
e e operators and higher level terms in Higgs self-
|ronre it i | owtwerwes S coupling
' ‘ s » The small allowed region disappear in other
types because only dimesion-6 terms and linear
a a expansions of Wilson coefficents are considered
1 “02 0.2 cosn(:,‘é o 1 “02 0.2 cosn(:,‘é w0
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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 (m,) for most of the scanned tan  range
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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 A do affect the measurements at A=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
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