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Overview
The LHC has not found any evidence of New Physics.
•  Direct searches for SUSY or exotics continue, but the focus on indirect exploration is 

increasing…
•  Increasing number of Effective Field Theory (EFT) measurements and reinterpretations 

in ATLAS:
- EW : reinterpretation of differential fiducial XS;
- Top :  differential cross-sections, Charge asymmetries, ttV, ecc..
- Higgs: STXS (Simplified template cross section)-based interpretations in all main 

decays modes (H→γγ, 4l, WW*, bb, ττ) and combination; dedicated analyses for CP.
•  Input observables: asymmetries, angles, pT , mass…
•  Interpretation in context of EFT complementing (or superseding) other interpretations 

-> application on a variety of analyses.
- κ-framework (Higgs);
- anomalous couplings (SM, Top);
- polarisation measurements (SM, Top).

• EFT results interpret unfolded spectrum (reinterpretation - indirect)
or measure coefficients with the primary likelihood 
(reparameterisation - direct).

tt̄
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• An EFT approach can be used to set model-independent constraints on BSM physics, assuming 
that the scale of new physics is high enough to decouple from the SM. 

• Constrain EFT coefficients ➙ constrain large classes of UV theories.

• Consider an EFT generalisation of the SM, SMEFT (SM Higgs doublet is present in the EFT 
construction); it describes BSM effects @LHC in scenarios where BSM is out of collider reach.

• In SMEFT, the effects of BSM dynamics at high energies Λ ≫ v, can be parametrised at low 
energies, E ≪ Λ, in terms of higher-dimensional operators built up from the Standard Model fields, 
respecting its symmetries such as gauge invariance and using the same fields:

• only CP-even dimension-6 operators are considered (dim-5/7 operators -> violate lepton and/or 
baryon number conservation);

• the Warsaw basis, which provides a complete set of independent operators allowed by the SM 
gauge symmetries, is used; a value of Λ = 1 TeV is assumed.

• Flavour symmetry (U(3)5) assumed to reduce the number of parameters - 25/85 (CP odd - all)
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3 Methodology of E�ective Field Theory interpretations

Standard Model E�ective Field Theory provides a theoretically elegant language to encode the modifications
of the Higgs properties induced by a wide class of beyond-the-SM models that reduce to the SM at
low energies, and is systematically improvable with higher-order perturbative calculations. Within the
mathematical language of the SMEFT, the e�ects of BSM dynamics at high energies ⇤ � v, well above the
electroweak scale v = 246 GeV, can be parametrised at low energies, E ⌧ ⇤, in terms of higher-dimensional
operators built up from the Standard Model fields and respecting its symmetries such as gauge invariance

LSMEFT = LSM +

Nd6X

i

ci
⇤2O

(6)
i
+

Nd8X

j

bj

⇤4O
(8)
j
+ . . . , (4)

where LSM is the SM Lagrangian, O (6)
i

and O (8)
j

represent a complete set of operators of mass-dimensions
d = 6 and d = 8, and cj , bj are the corresponding Wilson coe�cients. Operators with d = 5 and
d = 7 violate lepton and/or baryon number conservation and are not relevant for Higgs physics. The
e�ective theory expansion in Eq. (4) is robust, fully general, and can be systematically matched to explicit
ultraviolet-complete BSM scenarios.

In this analysis the “Warsaw” basis [75] is used, which forms a complete set of all O (6)
i

operators in
Eq. (4) allowed by the SM gauge symmetries. This basis is widely used in EFT measurements in various
fields of particle physics and the usage of a common basis will allow easier future combination of these
measurements. Contributions of operators of mass-dimension d = 8 are not considered. The goal of the
analysis is to constrain the d = 6 Wilson coe�cients that correspond to operators that either directly or
indirectly impact Higgs boson couplings to SM particles [14, 76]. Table 3 lists the operators considered
in this analysis, and their corresponding Wilson coe�cients cj . Here, all CP-even d = 6 operators were
considered for which the ⇤�2-suppressed contribution to any of the STXS categories measured in Figure 1
exceeds 1‰ with respect to the SM prediction at ci = 1. In this analysis, a value of ⇤ = 1 TeV is assumed,
coe�cients for alternative values of ⇤ = X can be trivially obtained through a scaling with a factor
(X/1 TeV)2. All complex-valued Wilson coe�ents, notably cuW , cuG , cuB and cuH in this analysis, are
used with =(ci) = 0.

3.1 Simulation of the impact of SMEFT operators

The impact of the d = 6 SMEFT operators listed in Table 3 has been computed with the UFO model of
Madgraph [53], using lowest order calculations in QCD for all production and decay modes.

Calculations for Higgs production modes with tree-level diagrams have been performed with SMEFTsim [77],
under the assumption of a U (3)5 flavour symmetry (which corresponds to the unbroken global flavour
symmetry present in the SM outside the Yukawa sector), and providing the Fermi constant GF , and the Z
and W boson masses as input. Cross-sections have been calculated at NLO accuracy in QCD for ggH,
gg!Z H and H ! gg with SMEFTatNLO [78] and at NLO accuracy in QED for SMEFT-SM interference
terms in H! �� [79], also providing mW as input. SMEFT modifications to the background processes in
the included analyses are not considered.

In the simulation, kinematic cuts on the minimal (b-)jet transverse momentum of pT > 20 GeV have
been imposed. Furthermore, for the Higgs boson decay a requirement of �R > 0.05 between two jets
or two leptons is imposed in order to avoid divergences in the matrix element calculation. Additional
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SM Lagrangian

complete set of 
operators of mass-
dimensions d = 6 

and d = 8

Wilson coefficients

Theoretical framework
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(Selection of) ATLAS recent results

HWW+WW

• Four EW SM analyses WW,WZ ,4l and Z +2j
• Simultaneous fit of 15 coefficients.

Top summary plots

• Combination of two Hbb analyses:
resolved ptV > 75 GeV +two separate jets 
boosted  ptV>250 GeV + one large-R jet
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Updated

Updated

Updated
Updated

NEW

5

STXS measurements

ATLAS-CONF-2021-053

• Dedicated particle-level (truth) regions of the 
production phase space (approximately fiducial on 
production side), inclusive for all Higgs decays.

• Compromise between differential distributions and 
experimental sensitivity; designed to minimise theory 
uncertainty and provide BSM sensitivity.

• Measurements available for all main decay modes (γγ, 
4l, 2l2ν, bb, ττ).

• Measured signal strength for each STXS category used 
in EFT analysis to extract constraints on (combinations 
of) Wilson coefficients.
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✦ EFT Overview

Final versions in preparation,  
Updates today

EFT interpretation coming along well, primary computational bottleneck — preparation of 

STXS x BR combined workspace, HESSE ( reqd. for sensitivity study & NP pruning) 

EFT workflow
Focus on the methodology used in the Higgs combination than can/is used also in other 

combinations.
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✦ EFT Overview

Final versions in preparation,  
Updates today

EFT interpretation coming along well, primary computational bottleneck — preparation of 

STXS x BR combined workspace, HESSE ( reqd. for sensitivity study & NP pruning) 

SMEFT@NLO
v3.0

Rivet code (public) implementing the classification of a 
MC event into STXS bins

STXS Rivet

EFT workflow - 1

STXS X BR covariance 

STXS X BR 
covariance matrix

NLO QCD 

https://gitlab.cern.ch/LHCHIGGSXS/LHCHXSWG2/STXS/Classification
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Impact of SMEFT operators on STXS 

• Impact of each Wilson 
coefficient in the different 
STXS bins or partial widths. 

• The impact of most Wilson 
coefficients is rescaled to fit in 
the plot.

• Insuffic ient k inemat ic 
i n f o r m a t i o n t o p r o b e 
simultaneously 26 parameters! 

• P r i n c i p l e C o m p o n e n t 
Analysis in parameter groups 
to identify sensitive directions. 

• EFT parameterisation is 
affected by analysis level 
selections used to reconstruct 
SM Higgs.

• Acceptance effects are 
included for HWW and HZZ 
channels. 

 

Modification to 
Fermi constant 
(GF)

ATLAS-CONF-2021-053
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• CEFT: covariance matrix of the Wilson coefficients; 

• CSTXS: covariance matrix of the STXS cross sections;

• P: matrix that gives the parametrisation of the STXS bin cross sections as a function of the Wilson 
coefficients;

•  : factors obtained from the simulation.
 

Abj
i
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ATLAS DRAFT

find the sensitive parameters would be to evaluate the fit for all possible combinations of Wilson coe�cients.468

However, this is computationally not manageable due to the large number of combinations. The sensitivity469

of the measurement to di�erent Wilson coe�cients is therefore evaluated using the covariance matrix.470

To determine the covariance matrix of the Wilson coe�cients from data, a full fit of all these coe�cients471

would be needed. Since the full fit is not possible due to convergence problems, the covariance matrix is472

obtained by propagating the parametrisation of the STXS cross sections through the full STXS covariance473

matrix using474

C�1
EFT = PT C�1

STXS P, (13)

where CEFT and CSTXS are the covariance matrices of the Wilson coe�cients and the STXS cross sections475

respectively. P is the matrix that gives the parametrisation of the STXS bin cross sections as a function of476

the Wilson coe�cients:477

P =

*......
,

Ab0
0 Ab0

1 Ab0
2 . . .

Ab1
0 Ab1

1 Ab1
2 . . .

Ab2
0 Ab2

1 Ab2
2 . . .

...
...

...

+//////
-
, (14)

where Ab j

i
is the linear parameter from Equation 4 for a given measured STXS bin times the branching478

ratio of a specific decay mode bj and Wilson coe�cient ci.479

480

The published STXS results are usually quoted in terms of production cross sections times H ! Z Z⇤481

branching ratio, together with the ratios of the other decay widths to the H ! Z Z⇤ width. However, for482

the sensitivity study described above, a more gaussian representation is needed; we thus use a fit of all483

�i ⇥ BRj , where i are the di�erent STXS bins and j are the included decay channels, in this case H ! ��,484

H ! Z Z⇤ ! 4` and H ! bb. For that fit to converge, a di�erent STXS merging scheme is implemented485

for every decay channel, and the EFT parametrisation is merged accordingly for each case. The resulting486

cross sections are shown in Fig. 4. The correlations matrices (observed and Asimov) are shown in Fig. 5.487

The covariance matrix is shown in Figure 6. The corresponding covariance matrix is used as CSTXS to488

obtain the EFT covariance matrix.489

490

The eigenvalues and eigenvectors of the resulting inverse EFT covariance matrix have been calculated491

to determine to which Wilson coe�cients the fit is sensitive. The eigenvalues Ei can be related to the492

expected uncertainty of the corresponding eigenvector ei in the fit by �ei ⇠ 1
p
Ei

. Large eigenvalues thus493

correspond to eigenvectors with sensitivity in the fit.494

This procedure assumes a Gaussian behaviour when propagating the EFT parametrisation to the STXS495

covariance matrix. The results can therefore only serve as a guideline for the choice of parameters. In496

practice the dominant Wilson coe�cients in each eigenvector corresponding to a “large” eigenvalue are497

chosen. The final choice of fitted Wilson coe�cients has been made by testing the fit convergence for498

di�erent scenarios and understanding the source of correlations between the Wilson coe�cients.499

Only the eigenvectors with a significant eigenvalue (larger than ⇠ 0.1) are taken into account. Wilson500

coe�cients with uncertainties >> 1 can anyway not be measured with a high enough precision in the501

domain of validity of the EFT approach.502

The Wilson coe�cients appearing in these eigenvectors have some sensitivity in the combined fit. In most503

cases, these Wilson coe�cients are then used as POI in the fit. In some cases, only a combination of several504

11th October 2020 – 21:59 22
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ATLAS DRAFT
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✦ EFT Overview

Final versions in preparation,  
Updates today

EFT interpretation coming along well, primary computational bottleneck — preparation of 

STXS x BR combined workspace, HESSE ( reqd. for sensitivity study & NP pruning) 

Sensitivity studies

SMEFT@NLO

• Principal Component Analysis to reduce the dimensionality of the fit.
• Combinations of Wilson coefficients to which measurements are not 

sensitive manifest themselves as flat directions in the likelihood.
•  These directions are identified using the Fisher information matrix of the 

original  STXS likelihood ( ), parameterised in terms of the 
STXS parameters and obtained using the HESSE method within Minuit.

H → γγ C−1
STXS

STXS X BR 
covariance 

matrix
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✦ EFT Overview

Final versions in preparation,  
Updates today

EFT interpretation coming along well, primary computational bottleneck — preparation of 

STXS x BR combined workspace, HESSE ( reqd. for sensitivity study & NP pruning) 

Sensitivity studies
• Principal Component Analysis to reduce the dimensionality of the fit.
• Combinations of Wilson coefficients to which measurements are not 

sensitive manifest themselves as flat directions in the likelihood.
•  These directions are identified using the Fisher information matrix of the 

original  STXS likelihood ( ), parameterised in terms of the 
STXS parameters and obtained using the HESSE method within Minuit.

H → γγ C−1
STXS

ATLAS-CONF-2021-053
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Summary of results (linear only)

• All measured parameters are consistent with the SM expectation within their uncertainty.
• Setting parameters to SM (zero) can be a strong model assumption-> in order to keep the generality of 

results, show that the impact on fitted directions is negligible within EFT validity range. 

 

11

Observed

ATLAS-CONF-2021-053

Expected



28/10/2021 Eleonora Rossi 12

N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

�0.25 �0.2 �0.15 �0.1 �0.05 0 0.05 0.1 0.15 0.2 0.25

ATLAS Preliminary
p

s =13 TeV, 139 fb�1

mH = 125.09 GeV, |yH | < 2.5

SMEFT ⇤ = 1 TeV
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c(3)
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c[2]
HW ,HB,HWB,HDD,uW ,uB
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c[3]
HG,uG,uH ,top
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(3),ll0

c[1]
Hl

(1),He
(⇥0.1)

c[3]
HW ,HB,HWB,HDD,uW ,uB

Parameter Value

Figure 9: Summary of observed measurements of the parameters c0
i

with the SMEFT linearized model (blue) and the
SMEFT model with additional quadratic terms (orange). The ranges shown correspond to 68% (solid) and 95%
(dashed) confidence level intervals, where all other coe�cients and all nuisance parameters were profiled. For the
model with quadratic terms, two exactly degenerate solutions are found for c[1]

HW ,HB,HWB,HDD,uW ,uB, which are both
indicated.

24

ATLAS-CONF-2020-053 ICHEP2020

Summary of results (linear only)

ATLAS-CONF-2021-053

• Additional sensitivity from the ,  and 
 input channels-> ,  + independent constraints for 

 .
• Sensitivity to the most sensitive directions in each of the remaining 

groups of the parameters is in general improved by up to 70%.

H → ττ VBF, H → bb̄
tt̄H, H → bb̄ ceH cdH
c[1]

top

Observed

https://cds.cern.ch/record/2743067
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model with quadratic terms, two exactly degenerate solutions are found for c[1]

HW ,HB,HWB,HDD,uW ,uB, which are both
indicated.

24

ATLAS-CONF-2020-053ICHEP2020

Summary of results (linear+quadratic, ICHEP combination)

• Open point of the SMEFT interpretation, linear+quadratic theoretically robust?
inclusion of quadratic terms: in some cases quadratic terms might drive the 
sensitivity -> study dim-8 terms since the  term is not complete without 
these terms.

Λ4

Tyler Corbett, Adam Martin, and Michael Trott: 
Consistent higher order ,  and 

 -> testing in 
σ(gg → H) Γ(H → gg)

Γ(H → γγ) H → γγ

https://cds.cern.ch/record/2743067
https://arxiv.org/pdf/2107.07470.pdf
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Plans
• Paper including EFT interpretations of  channel.
• Paper including EFT interpretation of the Higgs combination-> more channels included, 

additional results provided for interpretations.
Higgs studies are just one input of global EFT analyses; furthermore, current Higgs 
measurements are not enough to disentangle all possible EFT interactions entering in Higgs 
physics-> avoid having to fix many coefficients to SM-> Combine analyses
to get a more comprehensive picture!
• ATLAS Global EFT-> effort to combine Higgs, top, EW (+LEP constraints):

• experience with interpretations in Higgs combination and H->WW+WW;
• make use of the best knowledge of our measurement correlations.

• Likelihood-level EFT combination including EW, Higgs & top measurements from ATLAS & 
CMS (LHC EFT Twiki). 

• Exercise with CMS-> first combination using public results
 -> discussion ongoing to understand which analyses can be
 included for a first exercise (Twiki)

• Very active field both from experimental and theoretical point of view:
• e.g. dim-8 contributions + theory uncertainties for 

EFT truncation + matching with UV models ( From Models to SMEFT and Back)

H → γγ

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFT
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFTExpCombinationConventions
https://arxiv.org/abs/2108.01094


28/10/2021 Eleonora Rossi 15

Plans
• Paper including EFT interpretations of  channel.
• Paper including EFT interpretation of the Higgs combination-> more channels included, 

additional results provided for interpretations
Higgs studies are just one input of global EFT analyses; furthermore, current Higgs 
measurements are not enough to disentangle all possible EFT interactions entering in Higgs 
physics-> avoid having to fix many coefficients to SM-> Combine analyses
to get a more comprehensive picture!

H → γγ

• The LAPP group is active also in High Mass (mll>116 GeV) Drell Yan studies. 
• Measurements of beauty hadron decays from LHCb display a seemingly 

coherent pattern of deviations with respect to the SM predictions, 
which suggest that new physics couples differently to three generations of matter.

• quark-level processes responsible for these so-called ‘B anomalies’ could be
 connected to bs ̄→ ll and bc ̄→ lv → ll and bc ̄→ lv and bc ̄→ lv → lv 
scattering processes by crossing symmetry.

• Search for deviation from the SM prediction in the cross sections of the Drell
-Yan process, for all three lepton families consistently, studying single/
double differential DY cross section, trying to optimise the sensitivity of the 
analysis to new phenomena throughout EFT effects (L3 - M2 students have 
worked /will work on this!!).

arXiv: 1609.08157 
(HL-LHC)



BACKUPThanks for your 
attention!
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New SMEFTsim v3.0 model

From Ilaria’s talk

New SMEFTsim v3.0
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SMEFTsim package:
• LO tool with effective vertices for ggH, 

 and  ( ).
• Different flavour assumptions included 

(U(3)5 flavour symmetry);
• Two input parameter schemes (MW-

scheme).
• Truncation of the Lagrangian at .

H → γγ H → Zγ H → gg

1/Λ2

v3.0

• quarks of the first two generations and quarks 
of the 3rd are described by independent fields. 
                         

• corresponds to simple flavor-diagonality 

In the lepton sector, this setup matches exactly the 
structure of the U35 and MFV models. More restrictive 
w.r.t top scheme 

SMEFTsim 3.0, I.Brivio

Example of correction for  VH

• Linear propagator corrections added to the package:
mass terms and decay widths of the SM particles generally receive corrections from 
dim-6 operators-> include them in order to compute amplitudes consistently at O(Λ−2).

 production: negligible effect in VBF bins, significant in VH onesqq → Hqq

New SMEFTsim v3.0

https://arxiv.org/abs/2012.11343
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Two complementary measurements used to explore the properties of the Higgs boson:

Higgs-boson properties: precision measurements

Total phase space

Detector 
phase 
space

LHCHWGFiducialAndSTXS

Simplified template cross section (STXS):
• STXS targets phase space regions within production modes, 

using Standard Model kinematics as a template.
• Categorise each production mode in bins of key (truth) quantities 

( , , , …).
• Reduce theory systematics, but more model-dependent.
• No decay information available in STXS (for the moment).

pH
T Njets mjj

Fiducial cross sections:
• largely model-independent 

measurements.
• Include information on the decay. 
• Different distributions can be

measured.
• Fiducial selection matches 

experimental selection 
(reduce full phase space 
extrapolation).

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS
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: differential and fiducial cross sections H → γγ
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Figure 8: Cross sections measured as a function of jet kinematic observables, (a) pj1
T , (b) m j j and (c) �� j j . All

measurements are compared to the default MC prediction in which ggF is modeled with P����� NNLOPS and other
Higgs production processes, X H , are modeled according to the descriptions of Section 3. Additional comparisons
are also shown for di�erent ggF components added to the same X H prediction.
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• : sensitive to CP properties of the Higgs boson.
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• The distributions are compared to the state-of-the art theory 
predictions and used for the interpretations.
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Anomalous Higgs-boson interactions through EFT 

ℒEFT = ℒSM + ∑
i,D

c(D)
i

ΛD−4
𝒪(D)

i

Wilson coefficients

7 Search for anomalous Higgs-boson interactions using an e�ective field

theory approach

The strength and tensor structure of the Higgs-boson interactions are investigated following an e�ective
field theory (EFT) approach in which additional CP-even and CP-odd interactions can change the event
rates, the kinematic properties of the Higgs boson, and associated jet spectra, from those predicted by the
SM. Contributions from new physics in the di�erential cross sections are probed as non-zero values of the
Wilson coe�cients of the dimension-6 operators of an e�ective Langrangian [116]. Contributions from
dimension-5 and dimension-7 operators are excluded assuming lepton and baryon number conservation.
Operators with dimension 8 and higher are neglected as their e�ects are suppressed by at least 1/⇤2

with respect to dimension-6 operators, where ⇤ is the scale of new physics. From the available bases for
parametrising the dimension-6 operators, the SILH basis of the Higgs E�ective Lagrangian [6] (referred
to as SILH) is employed as well as the Warsaw basis of the SMEFT Lagrangian [7, 8] (referred to as
SMEFT).

While new interactions between the Higgs boson and fermions would impact the inclusive production
cross-section directly via the ggF mode, the di�erential H ! �� cross sections are also sensitive to
operators that a�ect the Higgs-boson interactions with gauge bosons. In the SILH formulation, the relevant
terms in the Lagrangian can be specified by

L
SILH
e� � cgOg + c�O� + cHWOHW + cHBOHB

+ c̃g HOg + c̃� HO� + c̃HW
HOHW + c̃HB

HOHB ,

where ci and Hci are the dimensionless Wilson coe�cients4 specifying the strength of the new CP-even
and CP-odd interactions, respectively, and the dimension-six operators Oi and HOi are those described in
Refs. [116, 117]. The Og (O�) and HOg (HO�) operators introduce new interactions between the Higgs boson
and two gluons (photons). The OHW , HOHW and OHB, HOHB operators introduce new HWW , H Z Z and
H Z� interactions and can be probed through VBF and V H production. Other operators in the full e�ective
Lagrangian of Ref. [116] can also modify Higgs-boson interactions but are not considered here due to the
lack of sensitivity of the H ! �� decay channel. Combinations of some of the CP-even operators have
been constrained using global fits to experimental data from LEP and the LHC [116, 118, 119].

In the SMEFT formulation, a similar parametrisation is employed:

L
SMEFT
e� � CHGO

0
g
+ CHWO

0

HW
+ CHBO

0

HB
+ CHWBO

0

HWB

+HCHG
HO
0
g
+ HCHW

HO
0

HW
+ HCHB

HO
0

HB
+ HCHWB

HO
0

HWB
,

where all coe�cients are dimensionless5. The coe�cients CHG and HCHG determine the strength of operators
that a�ect the ggF production and CHW , CHB, CHWB and their corresponding CP-odd counterparts,
HCHW , HCHB, HCHWB, are for operators that impact VBF and V H production and the Higgs boson decay to
photons. The operators in the SMEFT basis do not correspond to the same interactions as those in the
SILH formulation, despite the similarity in the naming convention.

4 Using the notation ci ⌘ (cim2
W

)/(⇤2g) (and similarly for CP-odd ones) for the dimensionless coe�cients, in the SILH
formulation.

5 Using the notation Ci ⌘ Ci�
2/⇤2 (and similarly for the CP-odd ones) for the dimensionless coe�cients in the SMEFT

formulation, where � is the vacuum expectation value of the Higgs field and ⇤ is the scale of new physics.
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d(σ × BR)/dx, x = pγγ
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expected. For the SILH basis, the change in partial widths is determined for each Higgs-boson decay mode
using the partial-width calculator in M�������5 and normalised to reproduce the SM prediction from
H����� [16]. The cross sections are scaled by �H/(�H + ��), where �� is the change in partial widths
due to a specific choice of Wilson coe�cient. For the SMEFT basis, the modification of the total and
partial width is obtained from Ref. [124].

The ratios of the expected di�erential cross sections to the SM predictions for some representative values
of the Wilson coe�cients of the SILH operators are shown in Figure 9. The impact of the cg and c̃g
coe�cients is mainly on ggF, giving a large change in the overall cross-section normalisation. The c̃g
coe�cient also changes the shape of the �� j j distribution, which is expected from consideration of the
tensor structure of CP-even and CP-odd interactions [125, 126]. The impact of the cHW , cHB and their
CP-odd counterparts is mainly on VBF+V H production, giving large shape changes in all of the studied
distributions. The �� j j distribution is of particular interest as it is known to discriminate between CP-even
and CP-odd interactions in VBF production [127].
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Figure 9: The e�ect on the five di�erential distributions used in the analysis of (a) the CP-even coe�cients cg, c� and
cHW , and (b) the CP-odd coe�cients c̃g, c̃� and c̃HW of the SILH e�ective Lagrangian for values of the coe�cients
close to the observed limits.

Figure 10 shows the corresponding modifications to the di�erential cross sections for SMEFT. The CHG and
HCHG coe�cients a�ect ggF production while CHB, CHW and their CP-odd counterparts a�ect VBF+V H
production. The main e�ect of CHB, CHW and also of CHWB, however, is on the H ! �� decay rate,
impacting the overall normalisation. The CP-odd coe�cients, as seen in the figure, exhibit sensitivity only
to the �� j j observable when only the interference term is considered [128].

7.2 Statistical interpretation

Limits on Wilson coe�cients are set by constructing a likelihood function,

L =
1

q
(2⇡)k |C |

exp
 
�

1
2

⇣
~�data � ~�pred

⌘T
C�1

⇣
~�data � ~�pred

⌘!
, (3)
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7.1 EFT predictions for SILH and SMEFT

The implementation of the e�ective Langrangian is done in FeynRules [117] for SILH6, and within the
SMEFT��� package [120] for SMEFT.7 Both implementations are interfaced to M�������5 [113] for
event generation through the ggF, VBF and V H production modes with leading-order matrix elements.
Other Higgs production modes, i.e. tt̄H and bb̄H , are assumed to occur as predicted by the SM, given that
the cross sections measured in this analysis are inclusive in production mode and thus do not o�er enough
sensitivity to them.

The ggF Higgs-boson events are generated in M�������5 with up to two additional partons in the final state
and are merged using the MLM matching scheme [121] to create the full final state. For each production
mode, the Higgs boson mass is set to 125 GeV and events are generated using the NNPDF2.3LO PDF
set [75] and the A14 parameter set [62]. The parton-level events are then passed to P�����8 for parton
showering, hadronisation and underlying event simulation. To apply the fiducial selections, calculate the
observables and obtain the di�erential predictions, a R���� [122] routine is used.

An assumption is made that higher-order QCD and electroweak corrections are the same for leading-order
SM predictions and leading-order predictions that contain contributions from new physics. Thus, the
leading-order di�erential ggF, VBF and V H predictions obtained from M�������5 for non-zero values of
the Wilson coe�cients are scaled by the ratio of the higher-order default SM di�erential predictions used
in Section 6.4 over the di�erential predictions from M�������5 with Wilson coe�cients set to zero.

To obtain cross sections at any given value of the Wilson coe�cients, samples are produced for a limited set
of values of the coe�cients and then a multidimensional interpolation is performed based on the fact that
the dependence of the cross-section on a single coe�cient is known a priori. Specifically, the contributions
to the cross-section can be separated into components for the SM, BSM and SM-BSM interference:

� / |MEFT |
2 = |MSM |

2 + |Md6 |
2 + 2Re(M⇤SMMd6) , (2)

where the first term is the dimension-4 squared matrix element for the SM, the second term is the squared
matrix element for dimension-6 EFT expansion that is of the order c

2
i

⇤4 (C
2
i

⇤4 ) and the last term represents
the interference between the SM amplitude and the dimension-6 operators in the EFT expansion that of
the order ci

⇤2 (Ci

⇤2 ). For small values of the Wilson coe�cients, ci, the interference term is the dominant
beyond-the-SM contribution to the cross-section. As it will be demonstrated later in this section, this is
mostly the case in the SMEFT formulation for which the interference term can be studied separately. The
predictions for SILH include both the interference and the squared dimension-6 term. Samples of 100,000
events are generated for each production mode for 11 values of each Wilson coe�cient and used to derive
the parametrisation. To study two coe�cients simultaneously, the same procedure is repeated for selected
combinations at 25 points in a 5 ⇥ 5 grid. The parametrisation is obtained by interpolation between the
produced samples with the P�������� method [123].

The model implemented in FeynRules fixes the Higgs boson width to be that of the SM, �H = 4.07 MeV [14],
while for non-zero values of the Wilson coe�cients a change in the partial and total decay width are

6 The implementation in Ref. [117] involves a redefinition of the gauge boson propagators that results in unphysical amplitudes
unless certain physical constants are also redefined. The original implementation did not include the redefinition of these
physical constants. However, the impact of redefining the physical constants is found to be negligible on the predicted cross
sections across the range of Wilson coe�cients studied.

7 Using U (3)5 flavour symmetry with non-SM CP-violating phases and the ↵ scheme that uses the ↵ew, mZ , GF input parameters
for the electroweak sector.
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expected. For the SILH basis, the change in partial widths is determined for each Higgs-boson decay mode
using the partial-width calculator in M�������5 and normalised to reproduce the SM prediction from
H����� [16]. The cross sections are scaled by �H/(�H + ��), where �� is the change in partial widths
due to a specific choice of Wilson coe�cient. For the SMEFT basis, the modification of the total and
partial width is obtained from Ref. [124].

The ratios of the expected di�erential cross sections to the SM predictions for some representative values
of the Wilson coe�cients of the SILH operators are shown in Figure 9. The impact of the cg and c̃g
coe�cients is mainly on ggF, giving a large change in the overall cross-section normalisation. The c̃g
coe�cient also changes the shape of the �� j j distribution, which is expected from consideration of the
tensor structure of CP-even and CP-odd interactions [125, 126]. The impact of the cHW , cHB and their
CP-odd counterparts is mainly on VBF+V H production, giving large shape changes in all of the studied
distributions. The �� j j distribution is of particular interest as it is known to discriminate between CP-even
and CP-odd interactions in VBF production [127].
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Figure 9: The e�ect on the five di�erential distributions used in the analysis of (a) the CP-even coe�cients cg, c� and
cHW , and (b) the CP-odd coe�cients c̃g, c̃� and c̃HW of the SILH e�ective Lagrangian for values of the coe�cients
close to the observed limits.

Figure 10 shows the corresponding modifications to the di�erential cross sections for SMEFT. The CHG and
HCHG coe�cients a�ect ggF production while CHB, CHW and their CP-odd counterparts a�ect VBF+V H
production. The main e�ect of CHB, CHW and also of CHWB, however, is on the H ! �� decay rate,
impacting the overall normalisation. The CP-odd coe�cients, as seen in the figure, exhibit sensitivity only
to the �� j j observable when only the interference term is considered [128].
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due to a specific choice of Wilson coe�cient. For the SMEFT basis, the modification of the total and
partial width is obtained from Ref. [124].

The ratios of the expected di�erential cross sections to the SM predictions for some representative values
of the Wilson coe�cients of the SILH operators are shown in Figure 9. The impact of the cg and c̃g
coe�cients is mainly on ggF, giving a large change in the overall cross-section normalisation. The c̃g
coe�cient also changes the shape of the �� j j distribution, which is expected from consideration of the
tensor structure of CP-even and CP-odd interactions [125, 126]. The impact of the cHW , cHB and their
CP-odd counterparts is mainly on VBF+V H production, giving large shape changes in all of the studied
distributions. The �� j j distribution is of particular interest as it is known to discriminate between CP-even
and CP-odd interactions in VBF production [127].
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Figure 9: The e�ect on the five di�erential distributions used in the analysis of (a) the CP-even coe�cients cg, c� and
cHW , and (b) the CP-odd coe�cients c̃g, c̃� and c̃HW of the SILH e�ective Lagrangian for values of the coe�cients
close to the observed limits.

Figure 10 shows the corresponding modifications to the di�erential cross sections for SMEFT. The CHG and
HCHG coe�cients a�ect ggF production while CHB, CHW and their CP-odd counterparts a�ect VBF+V H
production. The main e�ect of CHB, CHW and also of CHWB, however, is on the H ! �� decay rate,
impacting the overall normalisation. The CP-odd coe�cients, as seen in the figure, exhibit sensitivity only
to the �� j j observable when only the interference term is considered [128].

7.2 Statistical interpretation

Limits on Wilson coe�cients are set by constructing a likelihood function,

L =
1

q
(2⇡)k |C |

exp
 
�
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7.1 EFT predictions for SILH and SMEFT

The implementation of the e�ective Langrangian is done in FeynRules [117] for SILH6, and within the
SMEFT��� package [120] for SMEFT.7 Both implementations are interfaced to M�������5 [113] for
event generation through the ggF, VBF and V H production modes with leading-order matrix elements.
Other Higgs production modes, i.e. tt̄H and bb̄H , are assumed to occur as predicted by the SM, given that
the cross sections measured in this analysis are inclusive in production mode and thus do not o�er enough
sensitivity to them.

The ggF Higgs-boson events are generated in M�������5 with up to two additional partons in the final state
and are merged using the MLM matching scheme [121] to create the full final state. For each production
mode, the Higgs boson mass is set to 125 GeV and events are generated using the NNPDF2.3LO PDF
set [75] and the A14 parameter set [62]. The parton-level events are then passed to P�����8 for parton
showering, hadronisation and underlying event simulation. To apply the fiducial selections, calculate the
observables and obtain the di�erential predictions, a R���� [122] routine is used.

An assumption is made that higher-order QCD and electroweak corrections are the same for leading-order
SM predictions and leading-order predictions that contain contributions from new physics. Thus, the
leading-order di�erential ggF, VBF and V H predictions obtained from M�������5 for non-zero values of
the Wilson coe�cients are scaled by the ratio of the higher-order default SM di�erential predictions used
in Section 6.4 over the di�erential predictions from M�������5 with Wilson coe�cients set to zero.

To obtain cross sections at any given value of the Wilson coe�cients, samples are produced for a limited set
of values of the coe�cients and then a multidimensional interpolation is performed based on the fact that
the dependence of the cross-section on a single coe�cient is known a priori. Specifically, the contributions
to the cross-section can be separated into components for the SM, BSM and SM-BSM interference:

� / |MEFT |
2 = |MSM |

2 + |Md6 |
2 + 2Re(M⇤SMMd6) , (2)

where the first term is the dimension-4 squared matrix element for the SM, the second term is the squared
matrix element for dimension-6 EFT expansion that is of the order c

2
i

⇤4 (C
2
i

⇤4 ) and the last term represents
the interference between the SM amplitude and the dimension-6 operators in the EFT expansion that of
the order ci

⇤2 (Ci

⇤2 ). For small values of the Wilson coe�cients, ci, the interference term is the dominant
beyond-the-SM contribution to the cross-section. As it will be demonstrated later in this section, this is
mostly the case in the SMEFT formulation for which the interference term can be studied separately. The
predictions for SILH include both the interference and the squared dimension-6 term. Samples of 100,000
events are generated for each production mode for 11 values of each Wilson coe�cient and used to derive
the parametrisation. To study two coe�cients simultaneously, the same procedure is repeated for selected
combinations at 25 points in a 5 ⇥ 5 grid. The parametrisation is obtained by interpolation between the
produced samples with the P�������� method [123].

The model implemented in FeynRules fixes the Higgs boson width to be that of the SM, �H = 4.07 MeV [14],
while for non-zero values of the Wilson coe�cients a change in the partial and total decay width are

6 The implementation in Ref. [117] involves a redefinition of the gauge boson propagators that results in unphysical amplitudes
unless certain physical constants are also redefined. The original implementation did not include the redefinition of these
physical constants. However, the impact of redefining the physical constants is found to be negligible on the predicted cross
sections across the range of Wilson coe�cients studied.

7 Using U (3)5 flavour symmetry with non-SM CP-violating phases and the ↵ scheme that uses the ↵ew, mZ , GF input parameters
for the electroweak sector.
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expected. For the SILH basis, the change in partial widths is determined for each Higgs-boson decay mode
using the partial-width calculator in M�������5 and normalised to reproduce the SM prediction from
H����� [16]. The cross sections are scaled by �H/(�H + ��), where �� is the change in partial widths
due to a specific choice of Wilson coe�cient. For the SMEFT basis, the modification of the total and
partial width is obtained from Ref. [124].

The ratios of the expected di�erential cross sections to the SM predictions for some representative values
of the Wilson coe�cients of the SILH operators are shown in Figure 9. The impact of the cg and c̃g
coe�cients is mainly on ggF, giving a large change in the overall cross-section normalisation. The c̃g
coe�cient also changes the shape of the �� j j distribution, which is expected from consideration of the
tensor structure of CP-even and CP-odd interactions [125, 126]. The impact of the cHW , cHB and their
CP-odd counterparts is mainly on VBF+V H production, giving large shape changes in all of the studied
distributions. The �� j j distribution is of particular interest as it is known to discriminate between CP-even
and CP-odd interactions in VBF production [127].
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Figure 9: The e�ect on the five di�erential distributions used in the analysis of (a) the CP-even coe�cients cg, c� and
cHW , and (b) the CP-odd coe�cients c̃g, c̃� and c̃HW of the SILH e�ective Lagrangian for values of the coe�cients
close to the observed limits.

Figure 10 shows the corresponding modifications to the di�erential cross sections for SMEFT. The CHG and
HCHG coe�cients a�ect ggF production while CHB, CHW and their CP-odd counterparts a�ect VBF+V H
production. The main e�ect of CHB, CHW and also of CHWB, however, is on the H ! �� decay rate,
impacting the overall normalisation. The CP-odd coe�cients, as seen in the figure, exhibit sensitivity only
to the �� j j observable when only the interference term is considered [128].

7.2 Statistical interpretation

Limits on Wilson coe�cients are set by constructing a likelihood function,

L =
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SILH -  CP even
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Figure 10: The e�ect on the five di�erential distributions used in the analysis of (a) the CP-even coe�cients CHG ,
CHB, CHW , CHWB and (b) the CP-odd coe�cients HCHG , HCHB, HCHW , HCHWB of the SMEFT e�ective Lagrangian
for values of the coe�cients close to the observed limits.

where ~�data and ~�pred are k-dimensional vectors from the measured and predicted di�erential cross sections
of the five analysed observables, with k = 32, C = Cstat + Csyst + Ctheo is the k ⇥ k total covariance
matrix defined by the sum of the statistical, systematic and theoretical covariances, and |C | denotes its
determinant.

The statistical covariance matrix is obtained with a bootstrapping technique similar to that described in
Ref. [129] and the resulting correlation matrix shown in Figure 11. The matrix provides a measure of the
statistical correlations between cross-section bins as the same events in data will populate the di�erent
observables used in the fit. Although the correlations refer to the associated uncertainties on the signal
yields, they are practically dominated by the statistical fluctuations of the background under the signal peak
due to the small signal-to-background ratio. For this reason, the bootstrapping is based on events in the
data sidebands as they have the same correlations as events under the signal peak.

The covariance matrices for systematic and theoretical uncertainties are constructed from the uncertainties
listed in Section 6.3. Additional theoretical uncertainties are obtained for the ggF, VBF and V H production
modes using the default SM MC simulation to estimate the e�ect of QCD scale and PDF variations, and
are considered to be independent of new physics. Identical sources are assumed to be fully correlated
across bins and variables. In what follows, the likelihood function is numerically maximised to determine
Lmax and confidence intervals for one or several Wilson coe�cients are determined via

1 � CL =
Z
1

�2 ln L(ci )+2 ln Lmax

dx f (x) ,

with L(ci) denoting the likelihood value evaluated for a given Wilson coe�cient value ci, and f (x)
denoting the distribution of the test statistic, �2 log(L(ci)/Lmax). The coverage of 68% and 95% CL
limits using the likelihood ratio scan is validated by pseudo-experiments.

In Table 5, the expected and observed 95% CL limits are shown for the Wilson coe�cients that are
considered for the SILH formulation. The limit for cHW (c̃HW ) is obtained after setting cHB = cHW
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SMEFT - CP odd

ATLAS-CONF-2019-029

Plots including CP-
odd (SILH) and CP-
even (SMEFT) are 

in backup  

An effective field theory (EFT) approach can be used to interpret Higgs-boson interactions:
• additional CP-even and CP-odd interactions can change the event rates, the kinematic 

properties of the Higgs boson, etc.., from those predicted by the SM.

• The differential  cross sections are sensitive to operators that 
affect the Higgs-boson interactions with gauge bosons (5 differential distributions).

• Two different EFT basis have been used:
✦ the  SILH basis of the Higgs Effective Lagrangian; 
✦ the  Warsaw basis of the SMEFT Lagrangian.

H → γγ

https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
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Anomalous Higgs-boson interactions through EFT 
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Figure 13: Observed 68% and 95% CL limits on SMEFT Wilson coe�cients. Limits are derived fitting one Wilson
coe�cient at a time while setting the other coe�cients to zero.

8 Limits on the c-quark Yukawa coupling from the interpretation of the

Higgs boson p
��

T
spectrum

The Higgs boson p��T spectrum is sensitive to the Yukawa couplings of the Higgs boson to the c and b
quarks, both through quark-initiated (qq̄ and qg) production of the Higgs boson and the contributions
of c and b quarks to the loop-induced ggF production of the Higgs boson. Direct observations of the
Higgs-boson coupling to b quarks [132, 133] provide stringent constraints on its possible modification with
respect to the SM, while current searches for Higgs boson decays to charm final states [134, 135] still allow
for a relatively large modification of the c quark coupling. The focus of this analysis is on the c quark
coupling, given that the sensitivity that can be achieved for the b quark coupling is not competitive with the
direct observations.

A modification in the coupling strength would impact the ggF and quark-initiated production and a�ect
both the normalisation and the shape of the p��T spectrum. The branching ratio for the H ! �� decay
would also be a�ected. In this work, only the shape of the measured p��T spectrum is used to set limits on
the coupling modifier c of the charm Yukawa coupling relative to that predicted by the SM, in order to be
model-independent regarding a possible modification to the branching ratio.

The predictions for the modifications of ggF production are computed with R��ISH at NNLL+NLO accuracy
for the Higgs-boson pT distribution [136, 137] using the PDF4LHC15 PDF set. The renormalisation,
factorisation and resummation scales are chosen to be mH/2. The assumption is made that higher order
QCD corrections to the ggF cross section can be factorised from physics modifying the charm Yukawa
coupling. Thus, the predictions for any c value can be scaled by the ratio of the nominal N3LO ggF cross
section used in this note over that provided by the R��ISH prediction. The R��ISH predictions are given
for the total phase space. To obtain predictions in the fiducial phase space, bin-dependent correction factors
derived using the P����� NNLOPS simulation have been applied. The fiducial corrections vary with the
Higgs boson pT from approximately 0.5 to 0.65. Variations of the charm Yukawa coupling a�ect the Higgs
boson pT distribution directly (2

c
), and through interference e�ects with other heavy quarks in the loop,
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Table 5: Observed allowed ranges at 95% CL for the cg, cHW , c� Wilson coe�cients of the SILH basis and their
CP-conjugates. Limits on a coe�cient are obtained by setting all others to zero. Limits on cHW and c̃HW are derived
by setting cHB = cHW and c̃HB = c̃HW , respectively, with remaining coe�cients set to zero.

Coe�cient Observed 95% CL limit Expected 95% CL limit
cg [�0.26, 0.26] ⇥ 10�4 [�0.25, 0.25] [ [�4.7,�4.3] ⇥ 10�4

c̃g [�1.3, 1.1] ⇥ 10�4 [�1.1, 1.1] ⇥ 10�4

cHW [�2.5, 2.2] ⇥ 10�2 [�3.0, 3.0] ⇥ 10�2

c̃HW [�6.5, 6.3] ⇥ 10�2 [�7.0, 7.0] ⇥ 10�2

c� [�1.1, 1.1] ⇥ 10�4 [�1.0, 1.2] ⇥ 10�4

c̃� [�2.8, 4.3] ⇥ 10�4 [�2.9, 3.8] ⇥ 10�4
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Figure 12: The observed 68% (green) and 95% (yellow) confidence level regions from the simultaneous fit to the
cHW and c̃HW Wilson coe�cients of the SILH basis are shown in the left plot (a). The values of cHB and c̃HB are
set to be equal to cHW and c̃HW , respectively, and all other Wilson coe�cients are set to zero. The SM expectation
at (0, 0) is also shown. The corresponding limits from the simultaneous fit to cg and c̃g, setting all other Wilson
coe�cients to zero, are shown in the right plot (b).

Table 6: The 95% CL observed limits on the CHG , CHW , CHB, CHWB Wilson coe�cients of the SMEFT basis and
their CP-odd counterparts using interference-only terms and using both interference and quadratic terms. Limits are
derived fitting one Wilson coe�cient at a time while setting the other coe�cients to zero.

Coe�cient 95% CL, interference-only terms 95% CL, interference and quadratic terms
CHG [�4.2, 4.8] ⇥ 10�4 [�6.1, 4.7] ⇥ 10�4

HCHG [�2.1, 1.6] ⇥ 10�2 [�1.5, 1.4] ⇥ 10�3

CHW [�8, 2, 7.4] ⇥ 10�4 [�8.3, 8.3] ⇥ 10�4

HCHW [�0.26, 0.33] [�3.7, 3.7] ⇥ 10�3

CHB [�2.4, 2.3] ⇥ 10�4 [�2.4, 2.4] ⇥ 10�4

HCHB [�13.0, 14.0] [�1.2, 1.1] ⇥ 10�3

CHWB [�4.0, 4.4] ⇥ 10�4 [�4.2, 4.2] ⇥ 10�4

HCHWB [�11.1, 6.5] [�2.0, 2.0] ⇥ 10�3
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Figure 12: The observed 68% (green) and 95% (yellow) confidence level regions from the simultaneous fit to the
cHW and c̃HW Wilson coe�cients of the SILH basis are shown in the left plot (a). The values of cHB and c̃HB are
set to be equal to cHW and c̃HW , respectively, and all other Wilson coe�cients are set to zero. The SM expectation
at (0, 0) is also shown. The corresponding limits from the simultaneous fit to cg and c̃g, setting all other Wilson
coe�cients to zero, are shown in the right plot (b).
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by setting cHB = cHW and c̃HB = c̃HW , respectively, with remaining coe�cients set to zero.

Coe�cient Observed 95% CL limit Expected 95% CL limit
cg [�0.26, 0.26] ⇥ 10�4 [�0.25, 0.25] [ [�4.7,�4.3] ⇥ 10�4

c̃g [�1.3, 1.1] ⇥ 10�4 [�1.1, 1.1] ⇥ 10�4

cHW [�2.5, 2.2] ⇥ 10�2 [�3.0, 3.0] ⇥ 10�2

c̃HW [�6.5, 6.3] ⇥ 10�2 [�7.0, 7.0] ⇥ 10�2

c� [�1.1, 1.1] ⇥ 10�4 [�1.0, 1.2] ⇥ 10�4

c̃� [�2.8, 4.3] ⇥ 10�4 [�2.9, 3.8] ⇥ 10�4
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Figure 12: The observed 68% (green) and 95% (yellow) confidence level regions from the simultaneous fit to the
cHW and c̃HW Wilson coe�cients of the SILH basis are shown in the left plot (a). The values of cHB and c̃HB are
set to be equal to cHW and c̃HW , respectively, and all other Wilson coe�cients are set to zero. The SM expectation
at (0, 0) is also shown. The corresponding limits from the simultaneous fit to cg and c̃g, setting all other Wilson
coe�cients to zero, are shown in the right plot (b).

Table 6: The 95% CL observed limits on the CHG , CHW , CHB, CHWB Wilson coe�cients of the SMEFT basis and
their CP-odd counterparts using interference-only terms and using both interference and quadratic terms. Limits are
derived fitting one Wilson coe�cient at a time while setting the other coe�cients to zero.

Coe�cient 95% CL, interference-only terms 95% CL, interference and quadratic terms
CHG [�4.2, 4.8] ⇥ 10�4 [�6.1, 4.7] ⇥ 10�4

HCHG [�2.1, 1.6] ⇥ 10�2 [�1.5, 1.4] ⇥ 10�3

CHW [�8, 2, 7.4] ⇥ 10�4 [�8.3, 8.3] ⇥ 10�4

HCHW [�0.26, 0.33] [�3.7, 3.7] ⇥ 10�3

CHB [�2.4, 2.3] ⇥ 10�4 [�2.4, 2.4] ⇥ 10�4

HCHB [�13.0, 14.0] [�1.2, 1.1] ⇥ 10�3

CHWB [�4.0, 4.4] ⇥ 10�4 [�4.2, 4.2] ⇥ 10�4

HCHWB [�11.1, 6.5] [�2.0, 2.0] ⇥ 10�3
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• 1D and 2D limits obtained fitting one or two WC at the 
time (and fixing the others to 0 -> SM).

7 Search for anomalous Higgs-boson interactions using an e�ective field

theory approach

The strength and tensor structure of the Higgs-boson interactions are investigated following an e�ective
field theory (EFT) approach in which additional CP-even and CP-odd interactions can change the event
rates, the kinematic properties of the Higgs boson, and associated jet spectra, from those predicted by the
SM. Contributions from new physics in the di�erential cross sections are probed as non-zero values of the
Wilson coe�cients of the dimension-6 operators of an e�ective Langrangian [116]. Contributions from
dimension-5 and dimension-7 operators are excluded assuming lepton and baryon number conservation.
Operators with dimension 8 and higher are neglected as their e�ects are suppressed by at least 1/⇤2

with respect to dimension-6 operators, where ⇤ is the scale of new physics. From the available bases for
parametrising the dimension-6 operators, the SILH basis of the Higgs E�ective Lagrangian [6] (referred
to as SILH) is employed as well as the Warsaw basis of the SMEFT Lagrangian [7, 8] (referred to as
SMEFT).

While new interactions between the Higgs boson and fermions would impact the inclusive production
cross-section directly via the ggF mode, the di�erential H ! �� cross sections are also sensitive to
operators that a�ect the Higgs-boson interactions with gauge bosons. In the SILH formulation, the relevant
terms in the Lagrangian can be specified by

L
SILH
e� � cgOg + c�O� + cHWOHW + cHBOHB

+ c̃g HOg + c̃� HO� + c̃HW
HOHW + c̃HB

HOHB ,

where ci and Hci are the dimensionless Wilson coe�cients4 specifying the strength of the new CP-even
and CP-odd interactions, respectively, and the dimension-six operators Oi and HOi are those described in
Refs. [116, 117]. The Og (O�) and HOg (HO�) operators introduce new interactions between the Higgs boson
and two gluons (photons). The OHW , HOHW and OHB, HOHB operators introduce new HWW , H Z Z and
H Z� interactions and can be probed through VBF and V H production. Other operators in the full e�ective
Lagrangian of Ref. [116] can also modify Higgs-boson interactions but are not considered here due to the
lack of sensitivity of the H ! �� decay channel. Combinations of some of the CP-even operators have
been constrained using global fits to experimental data from LEP and the LHC [116, 118, 119].

In the SMEFT formulation, a similar parametrisation is employed:

L
SMEFT
e� � CHGO

0
g
+ CHWO

0

HW
+ CHBO

0

HB
+ CHWBO

0

HWB

+HCHG
HO
0
g
+ HCHW

HO
0

HW
+ HCHB

HO
0

HB
+ HCHWB

HO
0

HWB
,

where all coe�cients are dimensionless5. The coe�cients CHG and HCHG determine the strength of operators
that a�ect the ggF production and CHW , CHB, CHWB and their corresponding CP-odd counterparts,
HCHW , HCHB, HCHWB, are for operators that impact VBF and V H production and the Higgs boson decay to
photons. The operators in the SMEFT basis do not correspond to the same interactions as those in the
SILH formulation, despite the similarity in the naming convention.

4 Using the notation ci ⌘ (cim2
W

)/(⇤2g) (and similarly for CP-odd ones) for the dimensionless coe�cients, in the SILH
formulation.

5 Using the notation Ci ⌘ Ci�
2/⇤2 (and similarly for the CP-odd ones) for the dimensionless coe�cients in the SMEFT

formulation, where � is the vacuum expectation value of the Higgs field and ⇤ is the scale of new physics.
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• Destructive interference causes the ggF production cross 
section=0 around  for -> structure seen 
in the observed limits in the two-dimensional parameter plane. 

c̄g ∼ − 2.2 ⋅ 10−4 c̃g ∼ 0

• The limits in the interference and 
interference + pure BSM cases are very 
similar for coefficients of CP-even 
operators (interference terms dominate). 

• Significant differences emerge for the CP-
odd ones for which the interference term is 
vanishing (for inclusive observables). 

ATLAS-CONF-2019-029

https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
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Figure 13: Best-fit values and uncertainties for the cross sections in each measurement region, normalized to the
SM predictions for the various parameters. The values for the 66 ! � process also include the contributions
from 11̄� production. The black error bars, blue boxes and yellow boxes show the total, systematic, and statistical
uncertainties in the measurements, respectively. The gray bands show the theory uncertainties in the predictions,
including uncertainties due to missing higher-order terms in the perturbative QCD calculations and choices of parton
distribution functions and value of US.
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Figure 12: Summary of the 27 regions for which STXS measurements are reported.
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: STXS cross sections H → γγ

27 STXS bins

ATLAS-CONF-2020-026
• The relative uncertainties on the measurements 

range from 20% to more than 100%. 

23

https://cds.cern.ch/record/2725727/files/ATLAS-CONF-2020-026.pdf
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STXS Stage 1.2
• Physical cross sections defined in mutually exclusive regions of phase space (bins).
• Simplified kinematic cuts: measurements unfolded to STXS bins → facilitate ATLAS and CMS 

combination 
• Cuts defined for specific production modes, with the SM serving as kinematic template.
• Minimise dependence on theory uncertainty folded into the measurements.
• Maximise experimental sensitivity.
• Isolate possible BSM effects.
• Limit number of bins to match the experimental sensitivity ⇒ this number evolves as data increases.
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ATLAS-CONF-2020-053 ICHEP2020

Impact of quadratic terms

Non-negligible impact from quadratic 
terms-> study dim-8 terms

https://cds.cern.ch/record/2743067
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• Analyses primarily measure cross-sections (or signal strengths) with likelihood fit

EFT parameterisation

• For direct interpretations, we should replace the number of signal events:

• For indirect interpretations (like differential measurements), perform the same 
procedure on the cross-sections in the rewritten likelihood based on published, 
unfolded result with data bin correlation matrix C:
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ATL-PHYS-PUB-2021-010

HWW+ WW combination
• Combine unfolded WW distribution (14 bins - indirect interpretation, Gaussan likelihood) and H(WW*) 

ggF + H(WW*) VBF signal strength modifiers in likelihood (direct interpretation μggF/μVBF);
★  correlated treatment of systematics;
★simultaneous fit of 8 coefficients;
★rotation to sensitive basis.

• Orthogonal SRs, but WW CR in H (WW∗) overlaps with SM WW signal.
★  replace WW CR with SM WW measurement, correlate as appropriate.

• Constrain 22 Wilson coeffs. of bosonic and two-fermion operators in SMEFT framework.
• Stepping stone towards more global EFT combinations.
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JManjarres-LHCEFT

Clipping

https://indico.cern.ch/event/971722/contributions/4131119/attachments/2157752/3639809/JManjarres_MB_LHCEFTWG.pdf
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HM DY talk

High Mass DrellYan

https://indico.cern.ch/event/835066/contributions/3625913/attachments/1954725/3246494/high_mass_DY.pdf

