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A common Lagrangian Inputs

  Heavy particles beyond direct reach subtly affect kinematics of current measurements  
EFT provides a framework to probe for indirect signs of new phenomena by extending the SM

  Effective Field Theory interpretation of Higgs & weak boson  
     measurements with ATLAS data & LEP precision observables  
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✦ Standard Model Effective Field Theory

ATLAS DRAFT

– Quadratic terms for Higgs decays (already evaluated, not yet in fit, expect relatively small102

impact)103

– Acceptance correction H->2l2v (only a few percent for a few operators)104

– 2D scans based on full instead of simplified likelihood105

1 Introduction106

The Standard Model E�ective Field Theory (SMEFT, see for example Ref. [4] for an overview) allows107

for the description of the e�ects of a variety of theories beyond the Standard Model (SM) that introduce108

new-physics states at a mass scale ⇤ that is large in comparison to the electroweak scale. The theory109

provides predictions for experimental observables in terms of an expansion in ⇢/⇤, where ⇢ is the typical110

energy exchanged in the process. This is done by using a series of operators O(3)

8
, which consist of gauge111

invariant combinations of SM fields with an energy dimension 3 greater than four:112

LSMEFT = LSM +

’
8

2
(5)
8

⇤
O

(5)
8

+

’
8

2
(6)
8

⇤2 O
(6)
8

+ . . . . (1)

Measurements of observables sensitive to the e�ect of SMEFT operators allow to constrain 2
(3)

8
/⇤3�4,113

where 2
(3)

8
are the Wilson coe�cients associated to the dimension-3 operator O(3)

8
. There is one lepton-114

number violating operator at dimension five and leading e�ects of new physics are otherwise expected115

to manifest themselves as dimension-six operators. The Warsaw basis [5] provides a complete set of116

dimension-six operators allowed by the gauge symmetries.117

In this note a SMEFT interpretation of three types of measurements is performed to constrain dimension-six118

operators.119

• ATLAS Higgs data: A combined measurement of Higgs production and decays in exclusive kinematic120

regions of the production phase space defined within the Simplified Template Cross-Section (STXS)121

framework [1].122

• ATLAS electroweak data: di�erential cross-section measurements for diboson production and /123

boson production via vector boson fusion (VBF) [2].124

• Electroweak precision data (EWPD): A combined measurements of electroweak precision observables125

(EWPO) on the / resonance [3] that have been performed at LEP and SLC.126

The measurements are sensitive to a large number of operators that a�ect Higgs boson couplings, weak127

boson self-couplings, couplings of weak bosons to fermions, and four-fermion couplings. The combination128

of a large number of measurements is required for optimal sensitivity and to disentangle the contributions129

of these operators.130
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Weinberg operator - violates B, L  
(not relevant for this analysis)

focus of this analysis
Wilson coefficients : 

Parameters of Interest

terms suppressed by  1/Λd>2

SMEFT is a low-energy approximation of fundamental theory at energy scale  
Lagrangian consists of series of higher dimensional operators {  (d>4)} with all possible local contact interactions of SM 
particles with known symmetries

 
 
 
 
 
 

Operators defined with the Warsaw basis, (2499 operators in general) 
Imposing additional flavour symmetry,  topU3l :  (2499  182)
Allows to parameterised all allowed deviations from SM in a model-agnostic manner 

        Global fit to measurements from Higgs, EW, and LEP allow to pin down large number of coefficients

Λ ≫ ⟨v⟩, E
%d

i

U(2)q × U(2)u × U(2)d × U(3)l × U(3)e →Operators defined in Warsaw basis (2499 operators) (182 operators)

topU3l flavour symmetry : dedicated operators affecting top & bottom quarks

flavour symmetry

SMEFT is a low-energy description of a fundamental theory at energy scale 
Lagrangian consists of higher dimensional operators { } & captures all  

allowed local contact interactions with known symmetries

Λ ≫ ⟨v⟩, E
𝒪d

i (d > 4)

SMEFT parameterisation of kinematic bins given as polynomial in Wilson coefficients: 
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✦ SMEFT parameterisation
ATLAS DRAFT

cross-sections and other observables can then be approximated by239

f = |ASMEFT |
2

= |ASM |
2
+

’
8

2
(6)
8

⇤2 2Re
⇣
A

(6)
8

A
⇤

SM

⌘
+

’
8

⇣
2
(6)
8

⌘2

⇤4

���A(6)
8

���2 + ’
8< 9

2
(6)
8

2
(6)
9

⇤4 2Re
⇣
A

(6)
8

A
(6)⇤
9

⌘

+ . . . ,

(6)

where ASM is the amplitude as it occurs in the SM and A
(6)
8

are amplitudes containing the operator O(6)
8

.240

The leading contribution in ⇤�2 is thus given by the interference of dimension-six new-physics e�ects241

with the SM , 2
(6)
8

⇤2 2Re
⇣
A

(6)
8

A
⇤

SM

⌘
– also referred to as linear term. The additional contributions, from242

dimension-six squared amplitudes (quadratic terms) and the interference of two amplitudes containing243

two di�erent dimension-six operators (cross terms) are expected to be subleading as they enter at $ (⇤�4
).244

Further $ (⇤�4
) contributions, which include the interference of dimension-eight operators with the SM or245

double insertion of dimension-six operators as well as $ (⇤�3
) terms where 3 > 4 are neglected in this246

analysis. Throughout this note, ⇤ = 1 TeV is assumed. Results for alternative values of the new-physics247

scale, ⇤0, can be obtained by multiplying the constraints on the dimension-six Wilson coe�cients by248

(⇤/⇤0
)
2.249

Results are provided for both a “linear” model that includes contributions up to $ (⇤�2
) and a “linear plus250

quadratic” model that includes the $ (⇤�4
) contributions that are explicitly listed in Equation 6. As not all251

$ (⇤�4
) are known and only a subset is included in the fit, the di�erence between results obtained using the252

“linear” and “linear plus quadratic” model can be used as a qualitative measure of an uncertainty due the253

missing $ (⇤�4
) contributions.254

Any observable $1, for example the cross-section of a given process in a measurement bin 1, can be255

expressed as256

$1 = $
SM
1

 
1 +

’
8

�1828 +

’
8

⌫182
2
8
+

’
8< 9

⇠18 9282 9

!
, (7)

where $
SM
1

is the SM value and �18, ⌫18, and ⇠18 9 correspond to the linear, quadratic, and cross term257

values, relative to the SM value. From here on, the superscript (6) is dropped for dimension-six operators258

and their Wilson coe�cients.259

Higgs-boson production and decay are factorized based on the narrow width approximation and initially260

the expression of Equation 7 is evaluated separately for each production cross-section f? (in each STXS261

bin) and partial decay width �3 as well as for the total Higgs boson width �tot. The full expression for262

a given production and subsequent decay process is then given by f?

�3
�tot

, expanded to linear (quadratic)263

order in the Wilson coe�cients to obtain the linear (linear-plus-quadratic) model (see Ref. [41] for the264

detailed description). Wilson coe�cients that strongly a�ect the total Higgs width, for example 21� and265

2�⌧ , which change the decay rate into 1-quarks and gluons, respectively, thus also have an important266

e�ect on the decay rates in other channels.267

3.2 Input parameters and symmetry assumptions268

The {<, ,</ ,⌧F} electroweak input parameter scheme is used for the theoretical prediction of observables269

at LHC and LEP. The measurements of </ at LEP [3] and <, at the Tevatron [42] are su�ciently model270
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Linear Quadratic
/

+ missing interference 
d=8. with SM 

terms suppressed by  1/Λd>4

From matrix element relation, SMEFT parameterisation of bins given by a polynomial in Wilson coefficient, 
  
 
 
 
 
 
 

Results provided for 
1. linear — includes all SMEFT contributions to cross-sections unto )  
2. linear + quadratic — includes contribution of d=6 x d=6 operators, difference with linear allows to gauge impact of  
   missing d=8 operators and gauge unc. of SMEFT expansion
For Higgs parameterisation NWA approximation allows to estimate production, partial width & total width  
parameterisation separately and then Taylor expansion is performed 

O(1/Λ2)

Matrix element relation

Allows to probe indirect signs of new physics physics in a model-agnostic manner

Kinematic information of Higgs production 
from 5 decay channels, measured in the 

simplified cross-section framework 

Unfolded differential measurements 
of di-boson (WW, WZ, ZZ) 

& Z-boson (Z+2jets)

ATLAS Run-2 measurements

Electroweak precision observables (EWPO) from Z-resonance data from LEP & SLC

 
 

Remove categories with overlapping event selections across different analyses
Common treatment for systematics sources of uncertainties

New local  
interactions

Modification 
to the SM

Constraint on SMEFT parameters

Operator impact on measurements

Parameterisation derived from both MC simulations and analytical predictions : 
    Predictions for tree-level EFT insertion with SMEFTsim 3.0
    SMEFTatNLO to resolve important loop contribution ( )
    Analytical predictions for  and EWPO observables

gg → Z H, gg → H, H → gg
H → γ γ

62 operators relevant for processes considered in this analysis  
Kinematic impact of some of the SMEFT operators shown below,

Many operators affect measurements with similar impact, cannot distinguish individually 
Identify sensitive directions within operators group using 

 principle component analysis of Fisher information matrix
→

c ∼ O (0.01 − 0.1) c ∼ O (1 − 10)
Λ ∼ O (3 − 10 TeV) Λ ∼ O (0.3 − 1 TeV)

 Limits on SMEFT parameters← →
probe energy scales upto  ← →

Sensitive to 28 parameters in total !

Simplified likelihood 
Simplified likelihood allow to approx. well the full likelihood function for measurements
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✦ Simplified Likelihoods
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Figure 18: Correlation of the measurement of the parameters included in the combined maximum likelihood fit of the
combined ATLAS-only analysis, for the linear (left) and the linear+quadratic (right) model.

5.3 Simplified Likelihood617

In this section a simplified statistical model of the measurements interpreted in this note is presented that618

allows to reproduce the presented fit results with high accuracy. It is based on the model introduced in619

Equation 15, which defines a signal-strength parameter for each EWPO, each electroweak measurement620

bin, and each STXS region. The results of a maximum-likelihood fit of this model is shown in Tables 9621

and 10 while Figure 19 visualizes the correlation of the signal-strength modifier measurements. From the622

vector of best fit results, labelled -̂, and their covariance, ⇠`, a Gaussian approximation of the likelihood623

can be constructed:624

! (-) =
1q

(2c)=` det
�
⇠`

� exp
✓
�

1
2
�-|⇠�1

`
�-

◆
, (18)

where =` is the number of signal strength parameters (=` = 128) and625

�- = - � -̂ . (19)

By substituting - for the SMEFT parametrization, an approximation of the likelihood used to constrain626

Wilson coe�cients in this note can be obtained. Profile-likelihood scans of this simplified model result in627

constraints that are very similar to the full model, as shown in Figure 20.628

The simplified model is nuisance parameter free and thus computationally inexpensive. The model629

can for example be used to study alternative EFT scenarios, by simply substituting - for a modified or630

alternative parametrization. As the signal strength modifiers describe the measurement in relation to the631

SM expectation, for such a re-parametrization there is no need to re-evaluate the SM predictions and their632

uncertainties.633
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Figure 18: Correlation of the measurement of the parameters included in the combined maximum likelihood fit of the
combined ATLAS-only analysis, for the linear (left) and the linear+quadratic (right) model.

5.3 Simplified Likelihood617

In this section a simplified statistical model of the measurements interpreted in this note is presented that618

allows to reproduce the presented fit results with high accuracy. It is based on the model introduced in619

Equation 15, which defines a signal-strength parameter for each EWPO, each electroweak measurement620

bin, and each STXS region. The results of a maximum-likelihood fit of this model is shown in Tables 9621

and 10 while Figure 19 visualizes the correlation of the signal-strength modifier measurements. From the622

vector of best fit results, labelled -̂, and their covariance, ⇠`, a Gaussian approximation of the likelihood623

can be constructed:624

! (-) =
1q

(2c)=` det
�
⇠`

� exp
✓
�

1
2
�-|⇠�1

`
�-

◆
, (18)

where =` is the number of signal strength parameters (=` = 128) and625

�- = - � -̂ . (19)

By substituting - for the SMEFT parametrization, an approximation of the likelihood used to constrain626

Wilson coe�cients in this note can be obtained. Profile-likelihood scans of this simplified model result in627

constraints that are very similar to the full model, as shown in Figure 20.628

The simplified model is nuisance parameter free and thus computationally inexpensive. The model629

can for example be used to study alternative EFT scenarios, by simply substituting - for a modified or630

alternative parametrization. As the signal strength modifiers describe the measurement in relation to the631

SM expectation, for such a re-parametrization there is no need to re-evaluate the SM predictions and their632

uncertainties.633
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Light-weight manner to reproduce SMEFT constraints

First ATLAS global SMEFT fit, including eight EWPO  Grow into more global combination inc. top, Drell-Yan & many more→

SMEFT framework allows to probe deviations across different measurements
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Figure 14: Constraints on Wilson coe�cients from the combined LHC+EWPO analysis, presented in four blocks
with di�erent G-axis ranges. right-hand side panel shows the contribution of each input measurement group to the
eigenvector constraint in the Gaussian approximation.
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Figure 14: Constraints on Wilson coe�cients from the combined LHC+EWPO analysis, presented in four blocks
with di�erent G-axis ranges. right-hand side panel shows the contribution of each input measurement group to the
eigenvector constraint in the Gaussian approximation.
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Figure 14: Constraints on Wilson coe�cients from the combined LHC+EWPO analysis, presented in four blocks
with di�erent G-axis ranges. right-hand side panel shows the contribution of each input measurement group to the
eigenvector constraint in the Gaussian approximation.
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four-fermion operators 

operators  affecting HVV, Vff

mailto:rahulb@nikhef.nl

