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This talk: 

Overview of  ATLAS and CMS global EFT 
interpretations 

ATLAS: 
Global EFT fits: ATL-PHYS-PUB-2022-037 
Higgs combination: 2402.05742 

CMS: 
Top quark production in EFT: JHEP12(2023)068 
Higgs combination: CMS-PAS-HIG-19-005 

Thanks to the many people in ATLAS and CMS that have helped preparing this talk!

https://cds.cern.ch/record/2816369
https://arxiv.org/abs/2402.05742
https://link.springer.com/article/10.1007/JHEP12(2023)068
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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Introduction 
In the past years many efforts from the experimental community to interpret combined measurements in the EFT 
framework 

Multiple results including EFT interpretations have been produced within ATLAS and CMS, including different sets 
of  measurements 

ATLAS has published the first global EFT fit in 2022 (Higgs 139 fb  + EW 36-139 fb  + LEP) and since then 
updated the Higgs sector in 2024 with new channels  

CMS has published in 2020 a partial Run2 Higgs combination and in 2023 a Top production interpretation (138fb ) 

−1 −1

−1

ATLAS CMS
ATL-PHYS-PUB-2022-037: global EFT 
combination including Higgs and electroweak 
data 

Combined Higgs interpretation 
(2402.05742): including Higgs data from 
seven different channels

CMS-PAS-HIG-19-005: including Higgs data 
from five different channels 

JHEP12(2023)068: top quark production 
processes interpretation ( )tt̄H, tt̄W, tt̄Z, tZq, tHq, tt̄tt̄

EFT interpretations in ATLAS and CMS

https://cds.cern.ch/record/2816369
https://arxiv.org/abs/2402.05742
https://arxiv.org/abs/2402.05742
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://link.springer.com/article/10.1007/JHEP12(2023)068
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EFT predictions
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Standard Model Effective field theory 

  Operators - introduce new interaction vertices  

        Wilson coefficients - free parameters of  the model, strength of  
the interaction! 

2499 operators at dimension six - need to introduce some assumption 
to reduce their numbers  Flavour symmetry!
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From measurements to EFT

 SMEFT ~ σ |MSMEFT |2 =

+ Re2
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Linear : SM, d=6 interference

( x  Re+
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|MSM |2 + 2Re(MSMM*EFT) + |MEFT |2 =

SMEFT effects on the SM predictions can be factored out in a linear and quadratic component 

Linear plus quadratic models are generally quoted to understand the impact of  missing high order 
operators

SMEFT dependence parameterised as polynomials in Wilson coefficients:

μSMEFT = 1 + ∑
i

Aici + ∑
i

Bic2
i + ∑

i,j

Cijcicj
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Overview of  EFT predictions in ATLAS and CMS

ATLAS CMS

EFT operators’ impact on measurements is estimated in different ways between ATLAS and CMS and the various 
measurements included 

Both collaborations are working to produce a common SXTS SMEFT parameterisation 

In both combinations: 

MadGraph plus SMEFTsim 3.0 is used for most of  
the measurements 

Loop induced processed use instead 
SMEFTatNLO ( ) for NLO 
QCD corrections 

Analytical calculations are used for  (from 
Dawson, Giardino, Phys. Rev. D 98, 095005 in global 
EFT fits) and  (from Dawson, Giardino, Phys. 
Rev. D 97, 093003 in Higgs only comb) 

LEP EWPO from Corbett, Helset, Martin, Trott, 
JHEP06(2021)076

gg → H, gg → ZH, H → gg

H → γγ

H → Zγ

Higgs combination (HEL):  

Events generated with MadGraph 

HEL model is defined using the FEYNRULES 
implementation  

Decay channel parameterisation obtained from 
Hays, Sanz Gonzalez, Zemaityte

Top production interpretation (SMEFT):  

MadGraph plus DIM6TOP model to 
incorporate EFT effects

https://arxiv.org/abs/1405.0301
https://arxiv.org/abs/1709.06492
https://link.springer.com/article/10.1007/JHEP04(2021)073
http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO
https://arxiv.org/abs/1807.11504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.093003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.093003
https://link.springer.com/article/10.1007/JHEP06(2021)076
https://link.springer.com/article/10.1007/JHEP06(2021)076
https://arxiv.org/abs/1405.0301
https://link.springer.com/article/10.1007/JHEP04(2014)110
https://cds.cern.ch/record/2673969
https://arxiv.org/abs/1405.0301
http://www.arxiv.org/abs/1802.07237
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Sensitivity studies and choice of  fit basis

Andrea Visibile

✦ Identifying sensitive directions 

13

Linear fit with all Wilson coefficients is not possible!

IEFT = PTC−1measP

We cannot tell apart every individual coefficient due to degeneracies in 
their effect on our set of measurements 

Sensitivity study: identify the 
sensitive directions

Principal component analysis on information matrix

Eigenvector basis

Fixing non-sensitive directions

Information matrix

These directions are difficult to interpret 
because of mixing of very different operators!

c′ 1

Here both parameters are loosely 
constraint

After rotation, the sensitive 
direction is identified and the 
insensitive direction is fixed to zero
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Among our parameters we identify 27 
sensitive directions! 
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Among our parameters we identify 27 
sensitive directions! 

Here both parameters are loosely 
constrained

After the rotation the sensitive 
direction is identified and the other 
one is fixed to SM

Not all Wilson coefficients ( ) can be simultaneously constrained by data 

Sensitivity studies: in ATLAS a Principal Component Analysis (PCA) is generally performed on the 
information matrix to obtain the most sensitive directions in the space of  EFT coefficients (other directions are 
fixed to SM) 

Definition of  the different fit bases in back-up!

ci

In this way the PCA allows us to identify flat directions and fix them to SM!

Parameterisation matrix, including all  Ai

Covariance matrix
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Input measurements
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Overview of  analyses

ATLAS CMS
Global combination (SMEFT) including: 

Higgs data (Run2): STXS framework and five 
channels combination  

Electroweak data (36-139 fb ): WW, WZ, ZZ 
and Z + jets processes 

LEP & SLC data 

28 operators measured, largest combination in 
ATLAS until now 

Updated Higgs combination (SMEFT) to 
seven channels (adding  and ) in 2024: 

19 operators measured 

SMEFT to UV matching 

−1

μμ Zγ

Higgs combination (HEL): 

Higgs data (partial Run2): STXS framework 
and 5 channels combination 

7 operators measured 

Top processes interpretation  (SMEFT) : 

SMEFT analysis using detector level 
categories and full Run2 data 

 processes included  

26 operators measured 

tt̄H, tt̄W, tt̄Z, tZq, tHq, tt̄tt̄
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ATLAS: Higgs measurements

STXS (Simplified Template Cross-Section) 
framework used as input for the Higgs sector in  
ATLAS: 

Higgs cross sections measured differentially in 
production mode kinematic variables 

Five decay channels (ZZ, WW, , , )  
included, spanning all production modes 
  extended in latest Higgs comb: seven 
channels, adding  and  

Using STXS bins makes it easier to deal with 
most of  the common issues in statistical 
combinations (overlap, correlation of  systematics 
etc.) 

γγ bb ττ

→
μμ Zγ

ATL-PHYS-PUB-2022-037

https://cds.cern.ch/record/2816369
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CMS: Higgs measurements

6

Table 1: Summary of the event categories in the analyses included in this combination. The first column
indicates the analysis, the second column the decay channel and the third column indicates the produc-
tion mechanism and kinematic regions targeted by an analysis. The fourth column gives the integrated
luminosity of the data set used for the analysis and the final column provides the references in which
further details of the analysis can be found.

Analysis Decay tags Production tags Luminosity ( fb�1) References

H ! gg
ggH, pT(H) ⇥ N-jet bins
VBF, pT(H jj) bins 77.4 [53]

gg
ttH 35.9, 41.5 [54], [55]

H ! ZZ(⇤)
! 4`

ggH, pT(H) ⇥ N-jet bins
VBF, mjj bins
VH hadronic
VH leptonic, pT(V) bins

4µ, 2e2µ/2µ2e, 4e

ttH

137 [56]

H ! WW(⇤)
! `n`n

ggH  2-jetseµ/µe VBF
ee+µµ ggH  1-jet
eµ+jj VH hadronic

3` WH leptonic
4` ZH leptonic

35.9 [57]

H ! tt

ggH, pT(H) ⇥ N-jet bins
VH hadronic
VBF

77.4 [58]
eµ, eth, µth, thth

VH, high-pT(V) 35.9 [59]

H ! bb

W(`n)H(bb) WH leptonic
Z(nn)H(bb), Z(``)H(bb) ZH leptonic 35.9, 41.5 [60], [61]

ttH, tt ! 0, 1, 2`+ jets 77.4 [62]bb ggH, high-pT(H) bins 35.9 [63]
ttH production 2`ss, 3`, 4`,

with H ! leptons 1`+2th, 2`ss+1th, 3`+1th
ttH 35.9, 41.5 [64], [65]

H ! µµ
ggH

µµ VBF 35.9 [66]

Adapted from reference

STXS framework also used as input for 
the CMS Higgs combination: 

5 decay channels included (ZZ, WW, 
, , )   

Partial Run2 dataset used 

2nd generation coupling measured with 
 but not included in EFT 

interpretation 

γγ bb ττ

μμ

CMS-PAS-HIG-19-005

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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ATLAS: Electroweak measurements

EW data included in ATLAS global EFT 
combination: 

WW, WZ, Z + jets, ZZ unfolded 
differential distributions for 
complementary sensitivity to operators not 
probed in the Higgs sector 

Differential cross-sections as function of  different 
kinematic variables for each process 

6 7 10 20 30 210 210×2 310
 [GeV]Z2m

3−10

2−10

1−10

1

10

210

 [f
b/

G
eV

]
Z

2
/d

m
σd

 PreliminaryATLAS
-1 = 13 TeV, 139 fbs

 regionZ > 2m
4l

4l, m

Prediction
Theory Uncertainty
Measurement

 Syst. Uncertainty⊕Stat.

30 40 50 210 210×2
 [GeV]lead. lep.

T
p

3−10

2−10

1−10

1

10

210

 [f
b/

G
eV

]
le

ad
. l

ep
.

T
/d

p
σd

 PreliminaryATLAS
-1 = 13 TeV, 36 fbs

WW

Prediction
Theory Uncertainty
Measurement

 Syst. Uncertainty⊕Stat.

0 100 200 300 400 500 600 700 800 900 1000
 [GeV]WZ

Tm

1

10

210

 [f
b/

G
eV

]
W

Z
T

/d
m

σd

 PreliminaryATLAS
-1 = 13 TeV, 36 fbs

WZ

Prediction
Theory Uncertainty
Measurement

 Syst. Uncertainty⊕Stat.

3− 2− 1− 0 1 2 3

jj
φ∆

1

10

210

 [f
b]

jjφ
∆

/d
σd

 PreliminaryATLAS
-1 = 13 TeV, 139 fbs

VBF Z

Prediction
Theory Uncertainty
Measurement

 Syst. Uncertainty⊕Stat.

ATLAS DRAFT

Table 2: The LHC electroweak processes entering the combination, together with selected phase space cuts of
the measurements, the observables used in the reinterpretation, and the integrated luminosity analyzed in the
measurement.

Process Important phase space cuts Observable L [fb�1] Ref.

?? ! 4
±
a`

⌥
a <✓✓ > 55 GeV, ?jet

T < 35 GeV ?
lead. lep.
T 36 [15]

?? ! ✓
+
✓
�
✓
±
a <✓✓ 2 (81, 101) GeV <

,/
T 36 [16]

?? ! ✓
+
✓
�
✓
+
✓
�

<4✓ > 180 GeV </2 139 [17]
?? ! ✓

+
✓
�
9 9 < 9 9 > 1000 GeV, <✓✓ 2 (81, 101) GeV �q 9 9 139 [18]

The measurement of only one di�erential cross-section as a function of one observable is chosen from154

each measurement. The leading lepton ?T, ?lead. lep.
T , and the transverse mass distribution 1, <,/

T , are used155

in the ,, and ,/ measurement, respectively. These observables are sensitive to SMEFT e�ects that156

increase with the parton centre-of-mass energy,
p
B̂. In the 4✓ analysis, the invariant mass of the secondary157

/-boson candidate (the candidate with a mass that is less compatible with the / mass), </2 is used for the158

SMEFT interpretation, as this observable allows to distinguish between contributions with two or only159

one on-shell / bosons. The signed azimuthal angle between the two jets, �q 9 9
2 , is studied in / boson160

production in association with two jets, as it is sensitive to the e�ect of operators modifying triple gauge161

couplings. The measurements are summarized in Table 2.162

2.3 Electroweak precision observables163

In addition to the LHC measurements, electroweak precision observables measured at LEP and SLC are164

included in the combination. The LEP accelerator operated from 1989 to 1995 in the LEP-I phase, dedicated165

to the Z boson mass region. During LEP-I the four experiments ALEPH [19, 20], DELPHI [21, 22],166

L3 [23–26] and OPAL [27–30] collected approximately 17 million / boson decays. The SLC accelerator167

started running in 1989 and from 1992 the SLD [31–36] accumulated approximately 600 thousand / boson168

decays. Despite the smaller dataset, SLD measurements involving 1- and 2-quark events are typically of169

comparable or better precision, thanks to advantageous conditions at SLC.170

Eight pseudo observables describing the physics at the /-pole are interpreted in this note: �/ , f0
had, '0

✓ ,171

�
0,✓
FB , '0

1, '0
2 , �0,1

FB , and �
0,2
FB . The combination of these observables helps disentangling, to some extent, the172

e�ect of operators a�ecting up-type and down-type quarks, of the first two and the third quark generations,173

and of couplings to left-handed and right-handed fermions. Due to the high measurement precision of the174

electron-positron collider experiments, the constraints obtained from the interpretation of these observables175

are typically more precise than LHC constraints but only a limited number of directions in parameter space176

can be constrained. Their inclusion in the global fit simplifies the interpretation of LHC measurements,177

which are sensitive to a greater number of operators: the tight EWPO constraints provided on operators178

a�ecting weak-boson–fermion couplings allow to disentangle their e�ect from those a�ecting only Higgs179

or weak-boson self couplings, which cannot be constrained with /-pole data.180

1 The transverse mass is defined as <,/
T =

r⇣Õ
?
✓
T + ⇢

miss
T

⌘2
�

⇣Õ
Æ?
✓
T + Æ⇢

miss
T

⌘2
, where Æ?

✓
T and ?

✓
T are the charged lepton

transverse momentum vectors and their magnitude, respectively, and Æ⇢
miss
T and ⇢

miss
T are the missing transverse momentum

vector and its magnitude.
2 The �q 9 9 variable is defined as q 5 � q1 , where the two highest transverse-momentum jets 5 and 1 are ordered such that
H 5 > H1 .

23rd May 2022 – 10:52 7

ATL-PHYS-PUB-2022-037

https://cds.cern.ch/record/2816369
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LEP & SLC measurements

LEP precision observables added to ATLAS global EFT combination : 

LHC precision of  EW data is around percent level, LEP & SLC around per mille 

ATLAS included these measurements in the latest global EFT fits: can give us insight into what LHC 
can provide in terms of  sensitivity to SMEFT 

Update of observables list

Results without assumption of LFU available in LED/SLD
combination document

Some definitions (pole quantities denoted with 0 corrected, e.g., for “

e�ects):

Hannes Mildner JEIC Meeting June 14, 2023 4 / 57

Table 3: Electroweak precision observables included in the analysis. The second column corresponds to the
experimental value, the third to the theory prediction in the {<, ,</ ,⌧� } input parameter scheme, and the fourth
is the ratio of the two values.

Observable Measurement Prediction Ratio

�/ [MeV] 2495.2 ± 2.3 2495.7 ± 1 0.9998 ± 0.0010
'

0
✓ 20.767 ± 0.025 20.758 ± 0.008 1.0004 ± 0.0013

'
0
2 0.1721 ± 0.0030 0.17223 ± 0.00003 0.999 ± 0.017

'
0
1 0.21629 ± 0.00066 0.21586 ± 0.00003 1.0020 ± 0.0031

�
0,✓
FB 0.0171 ± 0.0010 0.01718 ± 0.00037 0.995 ± 0.062

�
0,2
FB 0.0707 ± 0.0035 0.0758 ± 0.0012 0.932 ± 0.048

�
0,1
FB 0.0992 ± 0.0016 0.1062 ± 0.0016 0.935 ± 0.021

f
0
had [pb] 41488 ± 6 41489 ± 5 0.99998 ± 0.00019

topologies. The inclusive 4✓ analysis is performed in various phase-space regions for the four-lepton invariant
mass of <4✓ > 20 GeV while the signal region of the � ! 4✓, together with the corresponding sideband
region used to constrain the continuum 4✓ background, comprise events with 105 GeV < <4✓ < 160 GeV.
A more optimal analysis of the Higgs boson mass regions is more important than the relatively weak
constraints provided by the low-mass region of the inclusive 4✓ measurement. Thus, this combination
includes the complete � ! 4✓ measurement but excludes analysis regions of the inclusive 4✓ analysis that
target <4✓ < 180 GeV.

The signal region of the ,, [19] measurement and the signal regions of the � ! ,,
⇤ [12] analyses that

target gluon fusion Higgs boson production are orthogonal, as the former analysis requires the dilepton
invariant mass <✓✓ > 55 GeV while the latter requires <✓✓ < 55 GeV. Overlap between the � ! ,,

⇤

signal region targeting VBF production and the ,, measurement is also negligible due to the requirement
of 2 jets with ?T > 30 GeV in the final state of the former analysis, as the ,, measurement vetoes events
containing jets with ?T > 35 GeV. However, the control regions of the � ! ,,

⇤ analyses that are used to
constrain the ,, background relax the <✓✓ requirement and thus partially overlap with the ,, analysis.
The 0-jet ,, control region of the � ! ,,

⇤ analysis is thus removed in this combined interpretation.
Instead, the normalization of the ,, background contribution in the 0-jet region is treated as correlated to
the normalization of the signal from the ,, measurement. The overlap between the ,, analysis and the
1-jet ,, control region of the � ! ,,

⇤ analysis is negligible, as only events with a jet with ?T between
30 and 35GeV are considered by both analyses.

6
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Update of observables list

Results without assumption of LFU available in LED/SLD
combination document

Some definitions (pole quantities denoted with 0 corrected, e.g., for “

e�ects):

Hannes Mildner JEIC Meeting June 14, 2023 4 / 57

Ratio of  partial decays widths:

Hadronic pole cross-section:

Forward-backward asymmetry: 

ATL-PHYS-PUB-2022-037

https://cds.cern.ch/record/2816369
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CMS: Top production measurements
Not a combination of  published results but standalone analysis! 

Events divided in two same-sign leptons ( ), three leptons ( ) and four or more leptons ( ) categories 

 category divided further between on-shell and off-shell Z decays,  and  categories subdivided also by the sign of  the sum 
of  the charges of  the leptons and number of  b-tagged jets 

Events in each of  the 43 categories binned according to a kinematic variable (e.g.  of  the highest  pair of  objects) for a total 
of  178 bins
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Figure 7. Observed data and expected yields in the prefit (upper) and postfit (lower) scenarios.
All kinematic variables have been combined, resulting in distributions for the jet multiplicity only.
The postfit values are obtained by simultaneously fitting all 26 Wilson coefficients (WCs) and the
nuisance parameters (NPs). The lower panel contains the ratios of the observed yields over the
expected. The error bands are computed by propagating the uncertainties from the WCs and NPs.

The 1 and 2σ CIs extracted from the likelihood fits described in section 7 are shown in
figure 8. The solid black (dashed red) bars show the results of the fits in which the other 25
WCs are profiled (fixed to their SM values of zero). The CIs for all 26 WCs are consistent
with the SM. The 1 and 2σ CIs for each WC are listed in tables 5 and 6, respectively. We
note that, as mentioned in section 3, the definition of the operator associated with ctG here
includes an explicit factor of the strong coupling constant, which should be accounted for
when comparing to results extracted based on other conventions.

The disjoint 1σ intervals that appear in some of the individual scans (i.e., the scans in
which the other 25 WCs are fixed to zero) shown in figure 8 are a result of the quadratic
nature of the EFT parametrization. In principle, this inherent degeneracy would apply for
all WCs; however, the degeneracy can be broken when contributions from multiple processes
in multiple bins result in one of the two minima having significantly better agreement with
the observed data. The individual scans over the 4hq WCs are the only cases with a
double minima that is sufficiently degenerate to lead to disjoint CIs. These double minima
disappear when profiling over the other 25 WCs, since the interferences with the other

– 21 –

Targeting 
  tt̄H, tt̄lν, tt̄tt̄

Targeting   tt̄ll, tll̄q, tt̄H, tt̄lν Targeting 
  tt̄ll and tt̄H

JHEP12(2023)068

https://link.springer.com/article/10.1007/JHEP12(2023)068
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Results
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ATLAS results: global EFT fits
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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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Results are expressed in terms of  best fit values and 68% and 95% C.I., for both linear and linear plus quadratic 
models (linear here): 28 operators measured 

Source of  sensitivity to each operator is plotted alongside fit results

From LEP  A0,b
FB ; A0,c

FB

ATL-PHYS-PUB-2022-037

https://cds.cern.ch/record/2816369
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ATLAS results: Higgs only update
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Figure 10: Comparison of the expected (gray) and observed (blue) parameters of the rotated basis c0 with the SMEFT
linearised model, where all other coefficients and nuisance parameters are profiled. The middle panel shows the
symmetrised 68% CL uncertainty f of each parameter measurement (left vertical axis) and the corresponding energy
scale ⇤/

p
f that is probed (right vertical axis). The bottom panel shows the measured parameter value (dot) and

68% (solid line) and 95% (dashed line) CL intervals, divided by the symmetrised uncertainty shown in the middle
panel. The ?-value for the compatibility of the data with the Standard Model expectation (all coefficients vanishing)
is 94.5%. The top panel shows the expected breakdown of contributions to the sensitivity of each measurement
from the various measured Higgs boson decay and production modes. Green shades represent production and decay
modes with Higgs boson couplings to vector bosons, red shades represent modes with Higgs boson couplings to
fermions, and blue shades represent modes with loop couplings. The production category labelled ‘inc’ collects
final states for which the breakdown into production modes is not available (� ! `` and � ! /W). The 95% CL
interval for 4 [3]ttH is truncated at the boundary at which the logarithm of the likelihood function becomes undefined,
resulting in a small undercoverage.
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Latest Higgs combination in ATLAS 
highlighted the importance of  connecting 
the sensitivity to each operator to the set 
of  measurements 

19 operators measured, no significant 
deviations from the SM 

Deviations from the SM

Absolute uncertainty for each operator

The operators measured (definition in back-up)  

Sensitivity origin for each operator
Combined Higgs interpretation

https://arxiv.org/abs/2402.05742
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as the square root of the difference of the squares of the total uncertainty and the statistical uncertainty.
The contribution from a group of systematic uncertainties is estimated as the difference of the squares of
the total uncertainty and the uncertainty from a fit in which the associated nuisance parameters are fixed to
their best-fit values.
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Figure 11: Expected fractional contributions of the statistical (orange) and systematic (blue) uncertainties to the total
uncertainty in the measurements of the parameters of the rotated basis c0 with the SMEFT linearised model (top
panel), and the corresponding expected fractional contributions of experimental (cyan), signal theory (light blue) and
background theory (dark blue) uncertainties to the total systematic uncertainty (bottom panel).

For parameters 2�4,33, 4 [1]globand 4
[1]
�;;;;

, the fractional contribution of systematic uncertainties is close to
50%; for parameters 4

[1]
ggF, 4 [2]ggF, 4 [1]ttH and 4

[2]
ttH , the fractional contribution of systematic uncertainties is

around 40%; the remaining parameters have smaller relative systematic uncertainties. In particular, the
uncertainties in the 2�4,22 and 4

[3]
ttH parameters, probed by the measurements of the rare processes � ! ``

decay and C� production, respectively, are almost completely dominated by the statistical component. The
total systematic uncertainty in most parameters is dominated by experimental systematic uncertainties,
except 4 [1]ggF and 4

[1]
glob, where signal theory systematic uncertainties dominate, and 4

[2]
ggF, 4 [1]ttH and 4

[2]
ttH , where

background theory systematic uncertainties dominate. The breakdown of the uncertainty components,
including a breakdown of the systematic uncertainty into experimental, signal theory and background
theory components, is also given in Tables 3 and 4.

The expected and observed correlation matrices are shown in Figure 12, and show a reasonably good
decorrelation achieved between the fit basis parameters: over half of the off-diagonal elements are smaller
than 0.1 and over 85% are smaller than 0.3 in both the observed and expected matrix. A few exceptions
stand out, notably the correlation between 4

[2]
ggF and 4

[1]
ttH and between 4

[3]
ggF and 4

[1]
�WW,/W

, which are caused
by a common sensitivity to CC� production and ggF � ! WW, respectively.

Model including quadratic terms Figure 13 compares the expected and observed results obtained using
the SMEFT model including quadratic terms, again showing good agreement of the observed data with the
SM expectation, corresponding to a ?-value of 98.2%. For most parameters, the observed uncertainty is
noticeably smaller than the expected uncertainty. The cause of this discrepancy is related to appearance of

31

ATLAS results: uncertainties splitting
Proper treatment of  systematic uncertainties and their correlation between different 
measurements is of  primary importance 

ATLAS combined Higgs results included a breakdown of  uncertainties 

Most of  the parameters are dominated by statistical uncertainty 
Combined Higgs interpretation

https://arxiv.org/abs/2402.05742
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CMS results: Higgs 
22
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Figure 10: Summary plot for the HEL parameter scans. The best fit values when profiling (fixing) the
other parameters are shown by the solid black (hollow blue) points. The ± 1s and ± 2s confidence
intervals are represented by the thick and thin black lines respectively for the profiled scenario, and
the green and yellow bands respectively for the fixed scenario. The assumptions used in this fit are
described in the text.

in the combination. These analyses target Higgs boson decays to gg, ZZ, WW, tt , bb, and µµ
pairs, using 13 TeV proton-proton collision data collected between 2016–2018 with integrated
luminosities of between 35.9–137 fb�1 depending on the analysis.

The combined Higgs boson signal strength is measured to be 1.02+0.07
�0.06, and signal strengths

measured per production and decay mode are also found to be in agreement with the SM
prediction. In addition, an interpretation is provided in which these production and decay
rates are parameterised by the Higgs boson self-coupling modifier kl. The measured value is
compatible with the SM expectation, and a 95% confidence level interval of [�3.5, 14.5] is de-
termined under the assumption that the Higgs boson couplings to fermions and vector bosons
take their SM values. An effective field theory interpretation is also presented, in which con-
straints on the parameters of the Higgs Effective Lagrangian model are determined. For many
of the parameters these results represent the strongest constraints to date.

11. Summary 25
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Figure 13: Observed correlations in the HEL parameters. The size of the correlation is given by the
colour scale with positive (negative) correlation represented by blue (yellow). The assumptions used in
this fit are described in the text.

Simultaneous constraints placed on 7 different HEL parameters 
(  

Correlation matrix and best fit results are obtained for linear plus quadratic 
model  

cG, cA, cu, cd, cl, cHW, cWW − cB)

CMS-PAS-HIG-19-005

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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CMS results: Top 
J
H
E
P
1
2
(
2
0
2
3
)
0
6
8

6− 4− 2− 0 2 4 6
]

-2
 [TeV

2
ΛWilson coefficient / 

c 31Qq × 5

c 38Qq × 5

c 11Qq × 5

c 1tq × 5

c 18Qq

c 8tq

c 1tt

c 1QQ

c 8Qt

c 1Qt

c tW

c tZ

c tφ ÷ 2

c −φQ ÷ 2

c tG × 5

cbW

c 3
φQ

cφtb

cφt ÷ 2

c
3(ℓ )

Qℓ

c
−(ℓ )

Qℓ

c
(ℓ )

Qe

c
(ℓ )
tℓ

c
(ℓ )
te

c
S(ℓ )
t

c
T(ℓ )
t

Other WCs profiled (2σ)

Other WCs profiled (1σ)

Other WCs fixed to SM (2σ)

Other WCs fixed to SM (1σ)
CMS

 (13 TeV)
-1

138 fb

Figure 8. Summary of CIs extracted from the likelihood fits described in section 7. The WC 1σ
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To make the figure more readable, the intervals for ctϕ, cϕt , and c−

ϕQ were scaled by 0.5, and the
intervals for ctG, c1tq , c11Qq , c38Qq , and c31Qq were scaled by 5.
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Results are expressed in the Warsaw basis: 26 operators 
simultaneously constrained (most global EFT analysis to 
date in CMS) 

Majority of  the WCs dominated by statistical uncertainty

JHEP12(2023)068

J
H
E
P
1
2
(
2
0
2
3
)
0
6
8

Systematic uncertainty Average change in the yields
Integrated luminosity 1.6%
Jet energy scale and resolution 1%
b jet tagging scale factors 1%
Theoretical cross section 1–4% (QCD) 1% (PDF)
Renormalization and factorization scales 3%
Parton shower 1–2%
Additional radiation 7%
Electron and muon identification and isolation 2% (electron) 1% (muon)
Trigger efficiency ≤1%
Pileup 1%
L1 prefiring 1%
Misidentified-lepton rate 3%
Charge misreconstruction rate 1%
Jet mismodeling 7%

Table 4. Summary of systematic uncertainties along with the average change in the SM prediction
yields.

with respect to the SM. A precise modeling of the SM distribution is thus important for
identifying potentially small deviations from the SM, not only in the normalization but
also in shape. Other systematic uncertainties that often have relatively large impacts for
these WCs include various uncertainties related to the modeling (e.g., ISR, FSR, µR, and
the diboson jet mismodeling uncertainty). For the WCs that are dominated by systematic
uncertainties, the uncertainty on the nonprompt-lepton contribution generally represents
the leading experimental systematic uncertainty.

The shape variation due to the PDF uncertainty is measured by reweighting the spectra
using 100 replica sets and variations in αS. The total uncertainty is then measured using
the recommendation in PDF4LHC [59]. This uncertainty had a negligible effect on the
analysis, so it was not included.

9 Results

The number of observed events for all 178 bins is shown in figures 4, 5, and 6 separated by
the different signal categories, with the expectation obtained by setting all WCs to their
SM values of zero (prefit) or simultaneously fitting the 26 WCs and the NPs by minimizing
the NLL (postfit). To visualize the relative yields across the categories, figure 7 combines
the bins of the kinematic variables, resulting in a plot of jet multiplicity for each selection
category. The hatched regions in the stacked plot and shaded regions in the ratio plot
correspond to the total systematic uncertainty. We have quantified the level of agreement
between data and the SM hypothesis using a saturated model. We obtain a p-value of 0.18,
showing no significant discrepancies between the two.
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https://link.springer.com/article/10.1007/JHEP12(2023)068
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Figure 9. The observed 68.3, 95.5, and 99.7% confidence level contours of a 2D scan for ctW and
ctZ with the other WCs fixed to their SM values (left), and profiled (right). Diamond markers show
the SM prediction.
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Figure 10. The observed 68.3, 95.5, and 99.7% confidence level contours of a 2D scan with the
other WCs profiled, for c−

ϕQ and cϕt (left), and for ctG and ctϕ (right). Diamond markers show the
SM prediction.
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 Correlation between coefficients is explored with 2D scans of  the likelihood 

 In most cases, the 2D scans in which the other 24 WCs are profiled are very similar to the 2D scans in 
which the other WCs are fixed to zero 

Disjoint contours are also observed 
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Figure 9. The observed 68.3, 95.5, and 99.7% confidence level contours of a 2D scan for ctW and
ctZ with the other WCs fixed to their SM values (left), and profiled (right). Diamond markers show
the SM prediction.
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Figure 10. The observed 68.3, 95.5, and 99.7% confidence level contours of a 2D scan with the
other WCs profiled, for c−

ϕQ and cϕt (left), and for ctG and ctϕ (right). Diamond markers show the
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ATLAS: SMEFT to UV matching

Constraints of  SMEFT operators can be re-
interpreted into constraints in specific 
physics theories 

E.g. Two-Higgs doublet models (2HDM) 
in latest ATLAS Higgs combination (using 
inputs from Phy. Rev. D 102, 055012 (2020) - 
S.Dawson, S.Homiller, & S.D. Lane) 

New particles modify the properties of  the 
already discovered Higgs Boson  operators 
modifying those can be translated into 
constraints on 2HDM parameters

→

(a) (b)

(c) (d)

Figure 20: Regions of the 2HDM (tan V, cos(V � U)) parameter plane excluded at 95% CL (blue filled regions) in the
EFT-based approach by the measured rates of Higgs boson production and decays in the (a) Type-I, (b) Type-II, (c)
Lepton-specific and (d) Flipped models. The dashed black lines show the borders of the corresponding expected
exclusion regions for the SM hypothesis. For the Type-I model, the observed and expected regions excluded at 95%
CL when the 2� constraint is considered are also shown (solid and dashed green lines). Results are derived assuming
that | cos(V � U) | ⌧ 1, near the alignment limit represented by the red dashed lines, and that the masses of the
non-SM-like Higgs bosons are large compared to the SM vev. In particular, the limits on the Type-1 model at high
tan V are likely outside the validity range of the assumption made in the model.
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Figure 20: Regions of the 2HDM (tan V, cos(V � U)) parameter plane excluded at 95% CL (blue filled regions) in the
EFT-based approach by the measured rates of Higgs boson production and decays in the (a) Type-I, (b) Type-II, (c)
Lepton-specific and (d) Flipped models. The dashed black lines show the borders of the corresponding expected
exclusion regions for the SM hypothesis. For the Type-I model, the observed and expected regions excluded at 95%
CL when the 2� constraint is considered are also shown (solid and dashed green lines). Results are derived assuming
that | cos(V � U) | ⌧ 1, near the alignment limit represented by the red dashed lines, and that the masses of the
non-SM-like Higgs bosons are large compared to the SM vev. In particular, the limits on the Type-1 model at high
tan V are likely outside the validity range of the assumption made in the model.
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Combined Higgs interpretation

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.055012
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.055012
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.055012
https://arxiv.org/abs/2402.05742
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Conclusion

Summary: 

ATLAS has produced two interpretations of  large combinations of  measurements, mostly focusing on the 
Higgs sector and its combination with electroweak measurements 

The collaboration is focusing on increasingly larger combinations trying to include measurements from 
all the sectors but for now the Top sector is not included 

SMEFT to UV matching: first results with 2HDM produced by ATLAS in latest Higgs combination 

CMS: for now also no combinations of  measurements from Higgs, EW and Top sectors together 

Higgs combination done with partial Run2 data, constraining operators in HEL 

Top quark production analysis in EFT framework includes processes that can simultaneously 
constrain many operators of  different nature
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Thank you! 
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Back-up 
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CMS: Top quark production EFT sensitivity 
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Grouping of WCs WCs Lead categories

2hq2ℓ c3(ℓ)Qℓ , c−(ℓ)
Qℓ , c(ℓ)Qe , c

(ℓ)
tℓ , 3ℓ off-Z

c(ℓ)te , c
S(ℓ)
t , cT (ℓ)

t

4hq c1QQ , c1Qt , c8Qt , c1tt 2ℓss

2hq2lq “ttℓν-like” c11Qq , c18Qq , c1tq , c8tq 2ℓss

2hq2lq “tℓℓq-like” c31Qq , c38Qq 3ℓ on-Z

2hqV “ttℓℓ-like” ctZ , cϕt , c−
ϕQ 3ℓ on-Z and 2ℓss

2hqV “tXq-like” c3ϕQ, cϕtb , cbW 3ℓ on-Z

2hqV (significant impacts ctG, ctϕ, ctW 3ℓ and 2ℓss
on many processes)

Table 7. Summary of categories that provide leading contributions to the sensitivity for subsets
of the Wilson coefficients (WCs).

also important to keep in mind interference and correlations among WCs. The following
subsections will step through each of the groups of WCs outlined in table 7, discussing
the subsets of bins that provide the leading contributions to the sensitivity and discussing
non-trivial correlations where relevant.

9.2.1 The WCs from the 2hq2ℓ category of operators
Beginning with the WCs in the 2hq2ℓ group, the 3ℓ off-Z channels provide the majority of
the sensitivity for these WCs, which are associated with four-fermion vertices that produce
pairs of leptons without an intermediate Z boson. To quantify the contributions of the
off-Z channels, a fit is performed with only this subset of bins included. The resulting 2σ

profiled CIs show that the expected sensitivity is only degraded by about 5–7% compared
to the results when all bins are included.

9.2.2 The WCs from the 4hq category of operators
The next group of WCs are those associated with the 4hq operators. The sensitivity to
these WCs is provided primarily by the 2ℓss bins, with leading contributions from the bins
requiring at least three b-tagged jets. Since the tttt process contributes significantly to
these bins and the four-heavy WCs strongly affect the tttt process (both the total cross
section and shape of the kinematic distributions), it is expected that these bins would
contribute significantly to the sensitivity. To obtain a quantitative characterization of the
sensitivity provided by the 2ℓss bins, we performed a fit with only these bins included.
The resulting 2σ CIs are only degraded by about 4–6% (with respect to a fit with all bins
included), showing that the 2ℓss bins indeed represent the dominant source of sensitivity
to the four-heavy WCs.
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Figure 1. Example Feynman diagrams illustrating Wilson coefficients from each of the categories
listed in table 1. From left to right, the diagrams show vertices associated with the ctG, c(ℓ)tℓ , c11Qq ,
and c1Qt .

The signal contribution is modeled at leading order (LO) using the Mad-
Graph5_amc@nlo event generator (version 2.6.5) [19–21] with the dim6top model de-
scribed in ref. [22] to incorporate the EFT effects. Using the Warsaw basis [23] of gauge
invariant dimension-six operators, this model focuses on operators involving one or more
top quarks, providing tree-level modeling of their effects. While the model described in
ref. [22] allows for the EFT effects to vary independently for each generation of leptons,
we impose the assumption that the EFT effects impact each lepton generation in the same
way. In this analysis, we aim to include all operators from ref. [22] that significantly im-
pact processes in which one or more top quarks are produced in association with charged
leptons; as listed in table 1, this amounts to 26 operators in total. The 26 operators fall
into four main categories: operators involving four heavy quarks (4hq), operators involving
two heavy quarks and two light quarks (2hq2lq), operators involving two heavy quarks and
two leptons (2hq2ℓ), and operators involving two heavy quarks and bosons (2hqV). The
leptons in the 2hq2ℓ operators may be either charged or neutral, and the bosons in the
2hqV operators include both gauge bosons and the Higgs boson. Figure 1 shows exam-
ples of how WCs from each of these categories can impact associated top processes. The
definitions of the operators associated with all of these WCs are provided in ref. [22]. In
order to allow MadGraph5_amc@nlo to properly handle the emission of gluons from
the vertices involving the ctG WC (which impacts interactions involving top quarks, glu-
ons, and the Higgs boson), an extra factor of the strong coupling gs is applied to the ctG
coefficient, as explained in ref. [24]. The simulations use the NNPDF3.1 [25] sets of parton
distribution functions (PDFs). Parton showering and hadronization are performed with
pythia 8.240 [26] with the CP5 tune [27]. The decays of Higgs bosons and top quarks are
handled with pythia. Both the leptonic and hadronic top quark decays can contribute.
The top quark mass used in the simulation is 172.5GeV. The default input scheme in the
dim6top model is used. The tℓℓq and tHq samples are produced using the four-flavor
scheme, while the five-flavor scheme is used for the rest of the samples (ttH, ttℓℓ, ttℓν,
and tttt).

Processes that are significantly impacted by these operators constitute the signal pro-
cesses for this analysis: ttH, ttℓℓ, ttℓν, tℓℓq, tHq, and tttt . The ttℓℓ and tℓℓq samples
incorporate contributions from on- and off-shell Z bosons, contributions from virtual pho-
tons, and contributions in which the lepton pair is produced directly from a 2hq2ℓ EFT
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Scaling down SMEFT: flavour symmetry 

28

Relax t,b

Top scheme topU3l schemeU(3)5 scheme

All lepton generations 
treated similarly

First two quark 
generations 
treated similarly

All lepton 
generations 
treated similarly

Relax leptons First two quark 
generations 
treated similarly

All quark generations 
treated similarly

topU3l : top & bottom treated differently 

All leptons 
generations 
treated 
separately

Top: No lepton flavour universality 

Too many operators at dimension six, cannot be constrained by data included in the combinations

ATLAS global EFT fits ATLAS Higgs comb 

60 WCs (CP even) 129 WCs (CP even) 204 WCs (CP even)

Flavour symmetry used: choice based on data included 

Both CMS results assume lepton flavour universality! 
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Fit basis: ATLAS global EFT fits definition
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Figure 13: Fit basis for the combined LHC+EWPO analysis. Each row corresponds to a fitted linear combination of Warsaw basis vectors. Entries are rounded to
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Fit basis: ATLAS global EFT fits correlation 
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Figure 11: Correlation of the measurement of the parameters included in the combined maximum likelihood fit of the
combined ATLAS-only analysis, for the linear model.

5.3 Combined interpretation of ATLAS and electroweak precision data

The inclusion of the eight EWPO input measurements increases the number of eigenvectors with eigenvalues
corresponding to an uncertainty of f < 5 from 24 to 28. They are visualized in Figure 12. Some Warsaw
basis vectors are still closely aligned with a single eigenvector, for example 2, , which is closely aligned
with 2

[13]
EV , indicating that an individual measurement is possible. However, the constraints on the Wilson

coe�cients that a�ect EWPO are strongly correlated. While, for example, stronger constraints can be
obtained on 2

(3)
�@ , due to this strong correlation, it can no longer be fitted individually. Instead, the principal

component analysis is performed in one large group that contains all coe�cients a�ecting EWPO and
� ! WW and three additional groups that are identical to groups defined in Section 5.2, the two groups of
four-fermion operators and the CC̄� operator group. The resulting subgroup eigenvectors are visualized in
Figure 13.

Constraints obtained from profile-likelihood fits are presented in Figure 14, along with the relative
contribution of the three measurement groups. Due to the unavailability of a quadratic parametrization of

29
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Fit basis: ATLAS Higgs comb correlation (a)
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Figure 12: The (a) expected and (b) observed correlation matrix for the parameters of the rotated basis c0 obtained
from a fit to the linearised SMEFT model.
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Higgs Effective Lagrangian 
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With the first equality, we show the component fields of the doublet after shifting the neu-

tral field h by its vacuum expectation value v. Moreover, we have included the Goldstone

bosons G+,0 to be eaten by the weak boson to get their longitudinal degree of freedom.

In the effective field theory-based approach that we adopt, the usual Standard Model

Lagrangian LSM is supplemented by higher-dimensional operators that parametrize the

possible effects of non-observed states assumed to appear at energies larger than an effective
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Effective approach: higher dimensional operators to parametric the possible effects of  non-observed states at higher 
energies 

The most general gauge-invariant Lagrangian at dimension six:

Where

https://link.springer.com/article/10.1007/JHEP04(2014)110
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ATLAS Higgs only: linear vs quadratic
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Figure 16: Comparison of the observed parameters of the rotated basis c0 with the SMEFT linearised model (blue)
and the model including quadratic terms (orange), where all other coefficients and nuisance parameters are profiled.
The top panel shows the symmetrised 68% CL uncertainty f of each parameter measurement (left vertical axis) and
the corresponding energy scale ⇤/

p
f that is probed (right vertical axis). The bottom panel shows the measured

parameter value and 68% (solid) and 95% (dashed) CL intervals, divided by the symmetrised uncertainty shown in
the top panel. Some of the intervals shown for the model with quadratics terms are clipped off. Due to multiple
minima the likelihood curves from which these CL intervals are derived are non-parabolic. The 95% CL interval for
4
[3]
ttH is truncated at the boundary at which the log likelihood becomes undefined, resulting in a small undercoverage.

For the parameter 24�,22, for which there are two degenerate minima in the interpretation with the model including
quadratic terms, the point corresponds to the best-fit value that is closest to that of the interpretation with the linear
model.
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Strongest improve with quadratic in  (increased sensitivity in ggF, ZH and ttH production modes and  decay) and   
(high  bins sensitivity enhanced in ttH and tH)
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Simplified likelihood fits

Complexity of  the model makes the fitting long and CPU expensive: a quick 
way of  studying it is with simplified likelihood fits 

MultiVariate Gaussian model (MVG) constructed as:
�0.04 �0.02 0 0.02 0.04
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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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where  are the POIs best fit results obtained over the full statistical 
model and  is the covariance matrix at the best fit values, encoding 
information on statistical and systematic uncertainty 

̂μ
Cμ

Number of  floating parameters is thus reduced from thousands to ~30 

Info to construct these models is publicly available
Comparison full -simplified likelihood from latest Higgs only comb 

https://arxiv.org/abs/2402.05742


Global EFT fits in ATLAS and CMS36

ATLAS global EFT: linear plus quadratic model

ATLAS global EFT fits: no linear plus 
quadratic EFT predictions for LEP data, 
quadratic results only with LHC data 
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Figure 10: Constraints on Wilson coe�cients from the combined ATLAS-only analysis, presented in four blocks
with di�erent G-axis ranges. The right-hand side panel shows the contribution of each input measurement group to
the eigenvector constraint in the Gaussian approximation of the linear model.
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Global EFT fits in ATLAS and CMS37

ATLAS Higgs only: EFT matching vs Kappa framework

(a) (b)

(c) (d)

Figure 21: Comparison of the constraints from the approaches based on the ^- and EFT-frameworks in the tan V,
cos(V � U) plane in the (a) Type-I, (b) Type-II, (c) Lepton-specific and (d) Flipped models. The ^_ constraint is
included in the Type-I model interpretation. Solid (dashed) lines indicate the observed (expected) constraints. Results
are derived assuming that | cos(V � U) | ⌧ 1, near the alignment limit represented by the red dashed lines, and that
the masses of the non-SM-like Higgs bosons are large compared to the SM vev. In particular, the EFT limits on the
Type-1 model at high tan V are likely outside the validity range of the assumption made in the model.

49

Dimension six results are known not to reproduce full model 
results (PhysRevD.106.055012 - S.Dawson, D. Fontes, S. 
Homiller, M. Sullivan): 

Type I constraints are driven at high  by the effect 
of  Higgs Boson couplings to vector bosons 

These effects are captured by EFT only at dimension 
eight 

For type L,F and II dimension six is unable to capture the 
“opposite sign” solution, i.e. the classical petal structure 
found in the full model is not present (only one minimum 
possible).  

Quadratic effects can capture this to a certain extent

tan(β)

https://arxiv.org/pdf/2205.01561.pdf
https://arxiv.org/pdf/2205.01561.pdf
https://arxiv.org/pdf/2205.01561.pdf
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ATLAS Higgs only: visualising EFT impact on measurements
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Figure 5: Expected impact of the most relevant SMEFT operators on the observables $ (cross-sections in STXS-1.2
regions or decay branching ratios), relative to the SM predictions, for the linearised SMEFT model (shaded histogram)
and the SMEFT model including quadratic terms (open histogram). The values of the Wilson coefficients, specified
in the legend, are chosen to show the distribution of the operator impact in the same range as the typical uncertainty of
the measurement. To judge the experimental sensitivity to constrain the operators from the data, the total uncertainty
in the measurement of each observable is shown in the top panel. For presentational clarity, the uncertainty of low
precision measurements is clipped off in the plot.

2
(3)
�;,11, 2(3)

�;,22, 2�4,11, 2�4,22 and 2;;,1221, and is observed to be non-negligible for four of these, 2�, , 2�⌫,
2�,⌫, and 2

(3)
�;

. For these, the corresponding recalculated factors �
�!-

9
, ⌫�!-

9;
(- = ,,

⇤, //⇤
) with

approximate acceptance modelling are used in the STXS SMEFT analysis. Figure 6 illustrates the effect
of the 2�, operator on the acceptance in the � ! ,,

⇤ and � ! //
⇤ decay modes. The acceptance

correction is not used in the differential analysis of � ! //
⇤, as none of the three operators analyzed

for that measurement are affected. For all other Higgs boson decays, the acceptance effects from SMEFT
operators are neglected.
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Figure 2: Relative impact of linear SMEFT terms with Wilson coe�cients 2�⌧ , 2, , 2C⌧ , 21� , 2C� , and 24� on di�erential cross-sections of electroweak
processes, the electroweak precision observables, and on the Higgs STXS cross sections and branching ratios. The corresponding selected values of Wilson
coe�cients are shown on the right-hand side of the lower panel. To quantify the sensitivity of each measurement to constrain the coe�cients, the total relative
uncertainty (including statistical, systematic, and theoretical components) on the measurement in the corresponding regions is shown for comparison in the top
panel as a shaded area. For presentational clarity, the statistical uncertainty of low-precision STXS regions is clipped.
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Figure 3: Relative impact of linear SMEFT terms with Wilson coe�cients 2�4, 2 (1)�; , 2�D , 2�3 , 2 (1)�@ , 2 (3)�@ , 2 (1)�&, and 2�1 on di�erential cross-sections of
electroweak processes, the electroweak precision observables, and on the Higgs STXS cross sections and branching ratios. The corresponding selected values of
Wilson coe�cients are shown on the right-hand side of the lower panel. To quantify the sensitivity of each measurement to constrain the coe�cients, the total
relative uncertainty (including statistical, systematic, and theoretical components) on the measurement in the corresponding regions is shown for comparison in the
top panel as a shaded area. For presentational clarity, the statistical uncertainty of low-precision STXS regions is clipped.
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Figure 4: Relative impact of linear SMEFT terms with Wilson coe�cients 2�⌫, 2�,⌫, 2�, , 2�⇡ , 2C, , and 2C⌫ on di�erential cross-sections of electroweak
processes, the electroweak precision observables, and on the Higgs STXS cross sections and branching ratios. The corresponding selected values of Wilson
coe�cients are shown on the right-hand side of the lower panel. To quantify the sensitivity of each measurement to constrain the coe�cients, the total relative
uncertainty (including statistical, systematic, and theoretical components) on the measurement in the corresponding regions is shown for comparison in the top
panel as a shaded area. For presentational clarity, the statistical uncertainty of low-precision STXS regions is clipped.
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Figure 5: Relative impact of linear SMEFT terms with Wilson coe�cients 2;; , 2 (3)�; , 2�⇤, 23� , and 2D� di�erential cross-sections of electroweak processes, the
electroweak precision observables, and on the Higgs STXS cross sections and branching ratios. The corresponding selected values of Wilson coe�cients are
shown on the right-hand side of the lower panel. To quantify the sensitivity of each measurement to constrain the coe�cients, the total relative uncertainty
(including statistical, systematic, and theoretical components) on the measurement in the corresponding regions is shown for comparison in the top panel as a
shaded area. For presentational clarity, the statistical uncertainty of low-precision STXS regions is clipped.
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Figure 6: Relative impact of linear SMEFT terms with Wilson coe�cients 2 (1);@ , 2 (3);@ , 2 (1,8)@@ , 2 (3,8)@@ , 2 (3,1)@@ , 2 (1,1)@@ , 2 (1)&3 , 2 (8)&3 , 2 (1,1)&@ , 2 (1,8)&@ , and 2
(3,1)
&@ di�erential

cross-sections of electroweak processes, the electroweak precision observables, and on the Higgs STXS cross sections and branching ratios. The corresponding
selected values of Wilson coe�cients are shown on the right-hand side of the lower panel. To quantify the sensitivity of each measurement to constrain the
coe�cients, the total relative uncertainty (including statistical, systematic, and theoretical components) on the measurement in the corresponding regions is shown
for comparison in the top panel as a shaded area. For presentational clarity, the statistical uncertainty of low-precision STXS regions is clipped.
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SMEFT to 2HDM matching within ATLAS44

with  the SMEFT energy scale ,  the VEV,   the Yukawa-couplings ( ) and  distinguishes the 
type of  model, M is the common mass of  the heavy decoupled scalars

Λ v Yi Yi = 2mi/v ηi

Relevant  (top flavour scheme) parametrised as function of  the 2HDM parameters:Ci

SMEFT TO 2HDM PROCEDURE

Phy. Rev. D 102, 055012 (2020) - S.Dawson, S.Homiller, & S.D. Lane

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.055012


Global EFT fits in ATLAS and CMS

Likelihood contains parameters of  interests (POIs)  and nuisance parameters (NPs)  to quantify the effect of  
systematic uncertainties in the measurement 

Systematic uncertainties are coming from theory predictions (over signal or backgrounds) and detector effects (e.g. 
luminosity uncertainty, objects reconstruction efficiencies etc): common NPs are correlated between sectors 

μ ⃗θ

45

Statistical model: likelihood

EW

Stat-only covariance

Gaussian  
constraint terms

LEP

Likelihood ratio used as a test statistic to perform statistical inference on SMEFT parameters, built from 
product of  likelihood ratios of  the different analyses

Statistical model uses likelihood built at the measurement level (cross-sections or event counts)  and 
only later rotated into the EFT space

Higgs

Total covariance

L(x |μ, θ) =
Ncat

∏
c

[
Nbins

∏
e

Poisson(ΣsNc
s + ΣbNc

b), nobs,e]
nsyst

∏
i

( fi(θi) L(μ) = exp(−
1
2

(μ − ̂μ)TC−1(μ − ̂μ))



Global EFT fits in ATLAS and CMS46

Statistical model: nuisance parameters and systematics
Impact of  NPs in the Higgs sector is included per 
category  and generally parametrised as: c

Nc(θ) = Nc
0 exp(log(1 + α)θ) ≈ Nc

0(1 + αθ)

where  is the number of  events in the category ,  is the relative impact of  the systematic and  is the nuisance parameterNc c α θ

The values of   are constrained by additional measurements called auxiliary measurements  which are always assumed 
to be expressible as independent Gaussians 

The number of  NPs is in the thousands, but a pruning procedure (more in back- up) has usually been applied in the most recent 
combinations to skim their number  

In the EW sector: 

 

For LEP data, the effect of  systematic uncertainties is enclosed in the covariance matrix used to construct the Gaussian model 

θ fi(θi)

Δx(θ) = xpred − xmeas; xpred(θtheo sys) = xSM ×
ntheo syst

∏
j

(1 + αjθj); xmeas(θexp sys) = x ×
nexp syst

∏
i

(1 + αiθi)

Stat-only covariance

nsyst = ntheo syst + nexp syst

L(μ) = exp(−
1
2

(μ − ̂μ)TC−1(μ − ̂μ))

L(x |μ, θ) =
Ncat

∏
c

[
Nbins

∏
e

Poisson(ΣsNc
s + ΣbNc

b), nobs,e]
nsyst

∏
i

( fi(θi)


