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Introduction
● Interpretation of measurements of Higgs boson production and decay rates and differential cross 

sections with Run 2 data, arXiv:2402.05742.
● STXS-0*: only distinguishes inclusive production processes.
● STXS-1.2: partition production processes in kinematic regions.

Decay channel Binning SMEFT Production mode L [fb-1]

H→γγ STXS-1.2 ✓ ggF, VBF, VH, ttH, tH 139

Differential pT
H ✓

H→ZZ→4l STXS-1.2 ✓ ZZ→4l: ggF, VBF, VH, ttH+tH 139

Differential pT
H ✓

H→ττ STXS-1.2 ✓ ggF, VBF, VH, ttH, tH 139

differential ✓ 139

H→WW STXS-1.2 ✓ ggF, VBF 139

H→bb STXS-1.2 ✓ VH, ttH+tH, VBF, inclusive (boosted) 139, 126 (VBF)

H→Zγ STXS-0* ✓ inclusive 139

H→μμ STXS-0* ✓ ggF+ttH+tH, VBF+VH 139

* H→ττ differential results from another stand-alone publication arXiv:2407.16320.

https://arxiv.org/abs/2402.05742
https://arxiv.org/abs/2407.16320


  

Interpretation based on SMEFT
● SMEFT Lagrangian:

● ci – Wilson coefficients
● Only d = 6 operators are considered, impact of d = 8 operators might be non-negligible.

● SMEFT cross section relative to SM expectation:

● Ai, Bij: calculated using MC.
● STXS and differential measurements are reparameterised in terms of the impact of EFT operators.
● Constraints measured on the corresponding Wilson coefficients (Warsaw basis).
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operators 
with d = 6 

operators 
with d = 8

Arise from interference between the SM 
and the BSM processes, suppressed by Λ−2

Arise from BSM processes, 
suppressed by Λ−4



  

STXS measurement

H→WW*, H→ZZ* H→γγ, H→Zγ H→ττ, H→bb, H→μμ



  

Expected impact of SMEFT operators
● Wilson coefficients ceH,22, ceH,33, cbH: Yukawa coupling modifiers of H→μμ, H→ττ, H→bb, cbH also 

affects the total Higgs boson width.
● Coefficient cHq

(3): mainly affects WH and ZH production, impact increase as a function of pT
V.
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Expected impact of SMEFT operators
● Coefficients cHG, ctG, ctH: mainly affect ggF and ttH production.
● Coefficients cHB, cHWB, cHW, ctB, ctW: affect branching ratio of H→γγ and H→Zγ.
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cHG cHB

cHWB



  

Expected impact of SMEFT operators
● Coefficients cHu, cHq

(1), cHd, cHt, cHl,33
(3), cHe,33: mainly constrained by VH(H→bb) decay channel.

● Coefficients cQq
(1,8), cQq

(3,1), ctQ
(8), cQu

(8), ctu
(8), cG: affect ttH and tH production modes.
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Expected impact of SMEFT operators
● Coefficient cHl,11

(3), cHl,22
(3), cll,1221, cH□: overall scale factor across different production and decay modes.

● Coefficients cHl,11
(1), cHl,22

(1), cHe,22, cHe,11, cHDD, cHQ
(3): mainly constrained by H→ZZ*→4l decay.
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Interpretation based on SMEFT
Interpretation based on EFT: obtain constraints on the Wilson coefficients ci through a maximum 
likelihood analysis of the Higgs boson STXS measurements.
● Difficult to constrain all ci simultaneously.
● Solution: a new fit basis expressed in terms of linear combinations of ci (eigenvector e[i]).

● To determine this new basis (can be measured from data): 
● VSTXS: the SM-based expected covariance matrix from the STXS measurement of {μi,k’,X}.
● V-1

STXS is obtained, rotated to SMEFT basis {cj}

expected Jacobian matrix P(i,k’,X)→(j) obtained from simulation, assuming Wilson coefficients not 0.
● V-1

SMEFT: the Fisher information matrix of its linearized SMEFT model re-parameterization.
● The information matrix yields the eigenvectors e[i].
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Sensitivity estimate: information matrix

Wilson coefficientsEigenvectors, obtained from expected measurements accounting for the 
observed values of NPs, ranked by eigenvalue λ, σexp. = 1/√λ .



  
11

Definition of fit basis
● Definition of the fit basis coefficients in terms of the Warsaw basis Wilson coefficients.

● Achieves both fit stability and fit-parameter interpretability.

Wilson coefficientsfit basis

ggF, ttH

H→γγ (Zγ)

ZH

ttH, tH

H→ZZ
global

H→μμ, H→ττ, VH, 
total Higgs decay width



  

SMEFT result 
SMEFT linear model: Λ−4 terms not 
included.
● p-value: corresponding to 94.5%
● Statistical uncertainty dominates.
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Symmetrised 68% CL uncertainty σ 
of each parameter measurement.

Measured parameter value (dot) and 
68% and 95% CL intervals, divided 
by the symmetrised uncertainty 
shown above.



  

SMEFT result 
SMEFT linear model: Λ−4 terms not included, SMEFT linear+quadratic: including Λ−4 terms.
● Linear+quadratic p-value: corresponding to 98.2%, improvement compared to previous result (59%).
● Stronger constraints with 

linear+quad. 

Symmetrised 68% CL 
uncertainty σ of each 
parameter measurement.

Measured parameter value 
(dot) and 68% and 95% CL 
intervals, divided by the 
symmetrised uncertainty 
shown above.
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H→γγ and H→ZZ differential cross section
Expected impact of the SMEFT operators on the fiducial differential distributions of pT

γγ and pT
4l, in 

H→γγ and H→ZZ→4l decays respectively.
● Wilson coefficients of SMEFT operators sensitive to H→γγ and H→4l: cHG, ctG, ctH 
● Impossible to constrain all three Wilson coefficients simultaneously, define a new fit basis:

Expected impact of the SMEFT operators Expected impact of rotated SMEFT operators

fit basisfit basisWilson coefficients
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H→γγ and H→ZZ results
Observed 68% CL intervals on the fit basis ev[i].
● ev[1]: almost aligned cHG; ev[2]: close to ctG; ev[3]: close to ctH.
● Result obtained using SMEFT linear model, with STXS (blue) or fiducial pT differential cross-section 

measurements (green).
● STXS: only H→γγ and H→4l included.
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H→ττ STXS measurement
● STXS and fiducial differential cross section measurement in H→ττ decay, Run 2 data 140 fb-1, 

arXiv:2407.16320.
● Production modes: all modes were measured, particular focus on VBF (~ 83% signal events).

measured values of σH×BR(H→ττ) relative to the SM expectations

https://arxiv.org/abs/2407.16320
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H→ττ differential cross section
● Kinematic variables of VBF Higgs boson production sensitive to BSM effects:

● Signed angle of the two jets in transverse plane: Δϕjj
signed, provides sensitivity to the charge (C) and 

Parity (P) of the Higgs boson.
● Δϕjj

signed as a function of pT
H.
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H→ττ differential cross section
● Measured differential cross sections for Δϕjj

signed, Δϕjj
signed vs pT

H
.

● Overall good agreement between measured cross sections and SM predictions. Per-bin precision is 
typically 25%-50%.

● Experimental precision dominated by statistical uncertainties in most of the bins.



  
19

H→ττ interpretation of diff. xs measurement in EFT
Expected and observed 95% CL intervals for each of the six considered Wilson coefficients.
● Wilson coefficients: cHW, cHB, cHWB, cHW, cHB, cHWB. Each coefficient is fitted individually.
● both the linear and linear + quadratic models are considered.

Correspond to CP-even operators,
Δϕjj

signed distribution is used
Correspond to CP-odd operators,
Δϕjj

signed vs pT
H distribution is used 
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Conclusion
● SMEFT interpretations of the combined ATLAS measurements of Higgs boson STXS.

● Linear model and linear+quadratic model results provided.

● The effects of operators suppressed by Λ−4 terms can significantly affect constraints on 
Wilson coefficients for a mass scale of Λ = 1 TeV.

● Fiducial differential cross-section measurements for H→γγ, H→ZZ→4l. 

● Significantly weaker constraints on top-gluon coupling compared to STXS measurement.

● Fiducial differential cross-section measurements for VBF H→ττ.

● Provides also sensitivity to CP-odd EFT operators.

● No significant deviations from the SM are observed.
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Backup
Rotate of fit basis.
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Backup
SMEFT linear+quadratic model result.
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Backup
Uncertainty breakdown of SMEFT linear model result.
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Backup
Comparison of EFT approach and UV-complete approach.

● Comparison of the constraints from the approaches based on 
the κ- and EFT-frameworks in the tanβ, cos(β-α) plane.

● The κλ constraint is included in the Type-I model interpretation.

Type-I model Lepton-specific model
Flipped model

Type-II model
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Backup
H→ττ Wilson coefficients and EFT operators.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/
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Backup
H→ττ fiducial differential cross section particle level event selection.
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