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EFT effects on cross 
section (tails) could be 

observable at LHC 

Introduction
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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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Wilson coefficients

ℒEFT = ℒSM

• Increasing number of  Effective Field Theory (EFT) measurements and reinterpretations in 
ATLAS and CMS which are complementing (or superseding) other interpretations. 

• An EFT approach is a very powerful tool used in different fields of  physics; allows one to combine 
different types of  measurements (Higgs, top, EW physics,…). 

• Constrain EFT coefficients -> constrain large classes of  UV theories. 
• A popular EFT model is the SMEFT (standard for dim6 interpretations): complete QFT compatible 

with higher-order calculations.
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Going “Global”: inputs

Table 2: The LHC electroweak processes entering the combined interpretation, together with the most important
phase space requirements in each measurement, the observables used in the reinterpretation, and the integrated
luminosity analyzed in the measurement. The signed angle �q 9 9 is defined as q 5 � q1, where the two highest
transverse-momentum jets 5 and 1 are ordered such that H 5 > H1 .

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

?? ! 4
±
a`

⌥
a <✓✓ > 55 GeV, ?jet

T < 35 GeV ?
lead. lep.
T 36 [19]

?? ! ✓
±
a✓

+
✓
�

<✓✓ 2 (81, 101) GeV <
,/
T 36 [20]

?? ! ✓
+
✓
�
✓
+
✓
�

<4✓ > 180 GeV </2 139 [21]
?? ! ✓

+
✓
�
9 9 < 9 9 > 1000 GeV, <✓✓ 2 (81, 101) GeV �q 9 9 139 [22]

For each of the four electroweak processes, di�erential cross-section measurement as a function of one given
observable is chosen as an input. The leading lepton ?T, ?lead. lep.

T , and the transverse mass distribution1,
<

,/
T , are used for the ,, and ,/ measurements, respectively. These observables are sensitive to

SMEFT e�ects that increase with the parton centre-of-mass energy,
p
B̂. In the 4✓ analysis, the invariant

mass of the secondary / boson candidate (the candidate with a mass that is less compatible with the /

boson mass), </2, is used, as this observable allows to distinguish between processes involving two or
only one on-shell / boson. The signed azimuthal angle between the two jets2, �q 9 9 , is employed as an
observable in / boson production in association with two jets, as this variable is especially sensitive to
SMEFT operators modifying triple gauge couplings. The measurements are summarized in Table 2.

2.3 Electroweak precision observables

In addition to the LHC measurements, electroweak precision observables measured at LEP and SLC
are included in the combined interpretation. The LEP accelerator operated from 1989 to 1995 in the
LEP-I phase, with electron-positron centre-of-mass collision energies at the Z boson resonance mass.
During LEP-I, the four experiments ALEPH [23, 24], DELPHI [25, 26], L3 [27–30], and OPAL [31–34]
collected approximately 17 million / bosons. The SLC accelerator started running in 1989 and from
1992 the SLD [35–40] accumulated approximately 600 000 / bosons. Despite the smaller dataset, SLD
measurements involving 1- and 2-quark events are typically of comparable or better precision, thanks to
the advantageous conditions at the SLC.

The measurements of eight pseudo observables describing the physics at the /-pole are interpreted in
this note: �/ , f0

had, '0
✓ , �

0,✓
FB , '0

1, '0
2, �0,1

FB , and �
0,2
FB (see Table 3). Definitions of these observables are

provided in this section. The combined interpretation of these observables helps to disentangle the impact
of SMEFT operators a�ecting up-type and down-type quarks, the first two quark generations from the
third, and couplings to left-handed from couplings to right-handed fermions. Due to the high measurement
precision of electron-positron collider experiments, the constraints obtained from interpretations of these
measurements are typically more precise than LHC constraints. However, only a limited number of
directions in parameter space can be constrained. Their inclusion in the global fit simplifies the interpretation

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 signed angle is defined as q 5 � q1 , where the two highest transverse-momentum jets 5 and 1 are ordered such that
H 5 > H1 .
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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.
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Table 1: The decay channels, targeted production modes, and integrated luminosity (L) used for each input Higgs
boson analysis in the combination. Gluon-gluon fusion production is abbreviated ggF, vector-boson fusion VBF, the
associated production of a Higgs boson and a , boson or / boson is labelled ,� and /�, respectively, while CC̄�
(C�) stands for the associated production of a Higgs boson in association with a top quark pair (single top quark).
Except for the � ! WW channel, the small C� contribution is measured in combination with CC̄�.

Decay channel Target Production Modes L [fb�1] Ref.

� ! WW ggF,VBF,,�, /�, CC̄�, C� 139 [10]
� ! //

⇤ ggF,VBF,,�, /�, CC̄� (4✓) 139 [11]
� ! ,,

⇤ ggF,VBF 139 [12]
� ! gg ggF,VBF,,�, /�, CC̄� (ghadghad) 139 [13]

� ! 11̄

,�, /� 139 [14–16]
VBF 126 [17]
CC̄� 139 [18]

2.1 Combined analysis of measurements of Higgs boson production and decay processes

A combined measurement of Higgs boson production process in several Higgs decay channels allows
for the simultaneous measurement of Higgs boson branching ratios and production cross-sections in
the STXS framework [6–9]. The STXS framework partitions the phase space of each main Higgs
boson production process into multiple, non-overlapping regions based on the event kinematics, enabling
di�erential cross-section measurements of Higgs boson production for each production mode. For the
SMEFT interpretation of these measurements, STXS production cross-sections as well as Higgs boson
branching ratios are reparametrized in terms of Wilson coe�cients.

The results used for the interpretation in this note are based on ?? collision data delivered by the LHC and
collected by the ATLAS experiment between 2015 and 2018 at a centre-of-mass energy of 13 TeV. The
analyzed decay channels, targeted production modes, and integrated luminosities of the datasets from each
input analysis entering the combined Higgs boson measurement are shown in Table 1.

A combined SMEFT interpretation of these measurements has already been performed in Ref. [3] using a
more restricted flavour symmetry and considering only SMEFT e�ects of order ⇤�2.

2.2 Combined analysis of di�erential cross-section measurements for the electroweak
processes

Measurements of di�erential cross-sections of weak boson production and decay, referred to as electroweak
measurements, are also used for the interpretation presented in this note. These include measurements of
,, production in the 4

±
a`

⌥
a final state [19] (where a encompasses both neutrinos and anti-neutrinos),

,/ production in the ✓
±
a✓

+
✓
� final state [20] (where ✓ = 4, `), four lepton production [21] (4✓, with

4✓ = `
+
`
�
`
+
`
�
, `

+
`
�
4
+
4
�
, 4

+
4
�
4
+
4
�, which targets not only // production but also the production of

lepton-pairs via virtual photons), and / boson production in VBF topologies with subsequent / decays
into electron or muon pairs [22]. The corresponding unfolded fiducial cross-section measurements are
directly compared to particle level di�erential cross-section predictions that are, in each bin, parametrized
as a function of Wilson coe�cients.

3

• Focus on global combinations, public results + challenges & open points 
• interesting talks on results by individual sectors (Higgs, Vector Bosons, Fermions ) 

• Focus on dimension6 results; interesting talk on dimension8 (Link).

CMS PAS SMP-24-003 (SMEFTsim + SMEFT@NLO)

CMS Global combination 2024 (Higgs+SM+EWPO+TOP):

ATLAS Global combination 2022 (Higgs+EW+EWPO):
ATL-PHYS-PUB-2022-037 (SMEFTsim + SMEFT@NLO)

https://conference.ippp.dur.ac.uk/event/1429/contributions/8182/
https://conference.ippp.dur.ac.uk/event/1429/contributions/8184/
https://conference.ippp.dur.ac.uk/event/1429/contributions/8185/
https://conference.ippp.dur.ac.uk/event/1429/contributions/8183/
https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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Table 2: The LHC electroweak processes entering the combined interpretation, together with the most important
phase space requirements in each measurement, the observables used in the reinterpretation, and the integrated
luminosity analyzed in the measurement. The signed angle �q 9 9 is defined as q 5 � q1, where the two highest
transverse-momentum jets 5 and 1 are ordered such that H 5 > H1 .

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

?? ! 4
±
a`

⌥
a <✓✓ > 55 GeV, ?jet

T < 35 GeV ?
lead. lep.
T 36 [19]

?? ! ✓
±
a✓

+
✓
�

<✓✓ 2 (81, 101) GeV <
,/
T 36 [20]

?? ! ✓
+
✓
�
✓
+
✓
�

<4✓ > 180 GeV </2 139 [21]
?? ! ✓

+
✓
�
9 9 < 9 9 > 1000 GeV, <✓✓ 2 (81, 101) GeV �q 9 9 139 [22]

For each of the four electroweak processes, di�erential cross-section measurement as a function of one given
observable is chosen as an input. The leading lepton ?T, ?lead. lep.

T , and the transverse mass distribution1,
<

,/
T , are used for the ,, and ,/ measurements, respectively. These observables are sensitive to

SMEFT e�ects that increase with the parton centre-of-mass energy,
p
B̂. In the 4✓ analysis, the invariant

mass of the secondary / boson candidate (the candidate with a mass that is less compatible with the /

boson mass), </2, is used, as this observable allows to distinguish between processes involving two or
only one on-shell / boson. The signed azimuthal angle between the two jets2, �q 9 9 , is employed as an
observable in / boson production in association with two jets, as this variable is especially sensitive to
SMEFT operators modifying triple gauge couplings. The measurements are summarized in Table 2.

2.3 Electroweak precision observables

In addition to the LHC measurements, electroweak precision observables measured at LEP and SLC
are included in the combined interpretation. The LEP accelerator operated from 1989 to 1995 in the
LEP-I phase, with electron-positron centre-of-mass collision energies at the Z boson resonance mass.
During LEP-I, the four experiments ALEPH [23, 24], DELPHI [25, 26], L3 [27–30], and OPAL [31–34]
collected approximately 17 million / bosons. The SLC accelerator started running in 1989 and from
1992 the SLD [35–40] accumulated approximately 600 000 / bosons. Despite the smaller dataset, SLD
measurements involving 1- and 2-quark events are typically of comparable or better precision, thanks to
the advantageous conditions at the SLC.

The measurements of eight pseudo observables describing the physics at the /-pole are interpreted in
this note: �/ , f0

had, '0
✓ , �

0,✓
FB , '0

1, '0
2, �0,1

FB , and �
0,2
FB (see Table 3). Definitions of these observables are

provided in this section. The combined interpretation of these observables helps to disentangle the impact
of SMEFT operators a�ecting up-type and down-type quarks, the first two quark generations from the
third, and couplings to left-handed from couplings to right-handed fermions. Due to the high measurement
precision of electron-positron collider experiments, the constraints obtained from interpretations of these
measurements are typically more precise than LHC constraints. However, only a limited number of
directions in parameter space can be constrained. Their inclusion in the global fit simplifies the interpretation

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 signed angle is defined as q 5 � q1 , where the two highest transverse-momentum jets 5 and 1 are ordered such that
H 5 > H1 .
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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.
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Table 1: The decay channels, targeted production modes, and integrated luminosity (L) used for each input Higgs
boson analysis in the combination. Gluon-gluon fusion production is abbreviated ggF, vector-boson fusion VBF, the
associated production of a Higgs boson and a , boson or / boson is labelled ,� and /�, respectively, while CC̄�
(C�) stands for the associated production of a Higgs boson in association with a top quark pair (single top quark).
Except for the � ! WW channel, the small C� contribution is measured in combination with CC̄�.

Decay channel Target Production Modes L [fb�1] Ref.

� ! WW ggF,VBF,,�, /�, CC̄�, C� 139 [10]
� ! //

⇤ ggF,VBF,,�, /�, CC̄� (4✓) 139 [11]
� ! ,,

⇤ ggF,VBF 139 [12]
� ! gg ggF,VBF,,�, /�, CC̄� (ghadghad) 139 [13]

� ! 11̄

,�, /� 139 [14–16]
VBF 126 [17]
CC̄� 139 [18]

2.1 Combined analysis of measurements of Higgs boson production and decay processes

A combined measurement of Higgs boson production process in several Higgs decay channels allows
for the simultaneous measurement of Higgs boson branching ratios and production cross-sections in
the STXS framework [6–9]. The STXS framework partitions the phase space of each main Higgs
boson production process into multiple, non-overlapping regions based on the event kinematics, enabling
di�erential cross-section measurements of Higgs boson production for each production mode. For the
SMEFT interpretation of these measurements, STXS production cross-sections as well as Higgs boson
branching ratios are reparametrized in terms of Wilson coe�cients.

The results used for the interpretation in this note are based on ?? collision data delivered by the LHC and
collected by the ATLAS experiment between 2015 and 2018 at a centre-of-mass energy of 13 TeV. The
analyzed decay channels, targeted production modes, and integrated luminosities of the datasets from each
input analysis entering the combined Higgs boson measurement are shown in Table 1.

A combined SMEFT interpretation of these measurements has already been performed in Ref. [3] using a
more restricted flavour symmetry and considering only SMEFT e�ects of order ⇤�2.

2.2 Combined analysis of di�erential cross-section measurements for the electroweak
processes

Measurements of di�erential cross-sections of weak boson production and decay, referred to as electroweak
measurements, are also used for the interpretation presented in this note. These include measurements of
,, production in the 4

±
a`

⌥
a final state [19] (where a encompasses both neutrinos and anti-neutrinos),

,/ production in the ✓
±
a✓

+
✓
� final state [20] (where ✓ = 4, `), four lepton production [21] (4✓, with

4✓ = `
+
`
�
`
+
`
�
, `

+
`
�
4
+
4
�
, 4

+
4
�
4
+
4
�, which targets not only // production but also the production of

lepton-pairs via virtual photons), and / boson production in VBF topologies with subsequent / decays
into electron or muon pairs [22]. The corresponding unfolded fiducial cross-section measurements are
directly compared to particle level di�erential cross-section predictions that are, in each bin, parametrized
as a function of Wilson coe�cients.

3

•  Electroweak precision observables measured 
at LEP and SLC

•  Eight pseudo observables describing the 
physics at the 𝑍-pole are interpreted. 

•  ATLAS Higgs boson data (2021 combination)
• Higgs boson production and decay combined 

measurements in  STXS bins 

•  ATLAS electroweak data 
•  Differential cross-section measurements 

for diboson and Z production via VBF

Higgs Combination

WW,WZ,4l, Z+2jets combination

Precision Electroweak Measurements 
on the Z Resonance 

ATL-PHYS-PUB-2022-037
ATLAS Global combination

http://cds.cern.ch/record/2789544/files/ATLAS-CONF-2021-053.pdf
https://cds.cern.ch/record/2776648/files/ATL-PHYS-PUB-2021-022.pdf
https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/hep-ex/0509008
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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CMS Global combination

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

•  Electroweak precision observables measured at 
LEP and SLC 

•  Eight pseudo observables describing the physics at the 𝑍-
pole are interpreted. 

JHEP 07 (2021) 027

• Wy, Phys. Rev. D 105 (2022) 052003 
• WW, Phys. Rev. D 102, 092001 (2020) 
• Zvv, JHEP 05 (2021) 205 
• Inclusive Jet,  JHEP 02 (2022) 142 

Precision Electroweak Measurements 
on the Z Resonance 

CMS PAS SMP-24-003

• ,  JHEP 12 (2023) 068 

• , Phys. Rev. D 104 (2021) 092013 

tt̄χ
tt̄

https://link.springer.com/article/10.1007/JHEP07(2021)027
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092001
https://link.springer.com/article/10.1007/JHEP05(2021)205
https://link.springer.com/article/10.1007/JHEP02(2022)142
https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/hep-ex/0509008
https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
https://link.springer.com/article/10.1007/JHEP12(2023)068
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013
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Going “Global”: parameterisation

• 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. 

• Only dim-6 operators are considered (dim-5 and dim-7 violate Lepton and Baryon number). 
• Input parameter scheme: . 
• TopU3l flavour scheme used:  

• SMEFT dependence parameterised as polynomials in Wilson coefficients: SMEFT effects on 
the SM predictions can be factored out in a linear and quadratic component.

(mW, mZ, GF)

2nd EB meeting STXS-EFT HIGG-2022-17 2/11/22/ Andrea Visibile3

✦ Flavour symmetry for operators

# of CP-even d=6 operators

Relax t,b

“top” scheme “topU3l” scheme U(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

In general 2499 dim. 6 CP-even operators: additional flavour symmetry in SMEFT 
allows to scale down the complexity of operators !  

U(3)5 : all quarks & leptons affected by same set of operators  (used in 3-channel comb. ATLAS-CONF-2020-053) 

topU3l : top & bottom treated different from other quarks  
(global fit of Higgs, SM. EW & LEP EWPO ATL-PHYS-PUB-2022-037) 

top : treat all leptons separately  
- useful for allowing lepton-specific modifiers 
  (   
- prepare for global fit with relaxed flavour assumptions  
  (Drell-Yan …)

H → μμ, H → ττ, H → 4l, H → lvlv(l = μ, e)

Modest increase in operator  
groups that affect Higgs processes



Eleonora RossiSM@LHC2025 - 08/04/2025 8

Going “Global”: parameterisation
• Impact of  Wilson coefficients can be visualised (linear here)-> Value of  ci scaled appropriately 

for plotting. 
• Large class of  operators can be constrained by different sectors:  from CMS shown.H → γγ

CMS PAS SMP-24-003

increasing impact with pT

https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
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Going “Global”: parameterisation
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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
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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
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• Additional sensitivity coming from EW measurements and EWPO, e.g. cW that cannot be disentangled 
using just  decay -> ATLAS parameterisation shownH → γγ

ATL-PHYS-PUB-2022-037

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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Going “Global”: sensitivity

HSMEFT = PT HμP

CMS PAS SMP-24-003

• : covariance matrix of  the input 
measurements 

• P: matrix that gives the parametrisation

Hμ

• While SMEFT parameters define a complete basis, measurable subset is small: 
•  not sensitive to all the Wilson coefficients (~180 in TopU3l scheme); need to identify sensitive directions that 

can be reasonably constrained (non sensitive ones will be fixed) 
• Principal component analysis on information matrix: 

- Full eigenvector basis-> Negligible correlation, harder to interpret. 
- Fit basis-> Higher correlation, easier to interpret. 

https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
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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
the second decimal place and their size is also indicated by colour code. Eigenvalues are denoted on the left of the plot.
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HSMEFT = PT HμP

Going “Global”: sensitivity
ATL-PHYS-PUB-2022-037

• : covariance matrix of the input 
measurements

• P: matrix that gives the parametrisation

Hμ

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf


Global combinations: 
results
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• Principal component analysis to 
identify sensitive directions-> a 
modified basis of  linear 
combinations of  WCs is defined. 
Constraining 7 individual and 17 
linear combinations of  WCs 

• Linear and linear+quadratic 
results. 

• Complementary information.

ATLAS Global combination
ATL-PHYS-PUB-2022-037
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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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• Constraining 6+22 directions - linear 
only results. 

• Several constraints driven by both 
ATLAS and LEP/SLD. 

• Complementary information. 
• Linear fits agree with the SM 

expectation for most fitted parameters, 
except for: 
•  → excess driven by a well-

known discrepancy in  from the 
SM expectation.
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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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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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CMS Global combination
• All linear combinations of  WCs are varied simultaneously: 42 eigenvector directions. 

• The 95% confidence intervals on the 42 eigenvector directions are in the range ±10 to ±0.002. 

• The p-value for the compatibility with the SM (all Wilson coefficients equal to 0) is 1.7%.  

• The deviation from the SM is mostly driven by the inclusive jet measurement; when excluding it 
from the combination, the p-value is found to be 26%. 

CMS PAS SMP-24-003

https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
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CMS PAS SMP-24-003

• Constraints on 64 individual WCs, 
obtained when fixing all other WCs 
to 0.  

• The 95% confidence interval on the 
individual WCs cj/Λ2 ranges from 
around ±20 to ±0.003.

• By setting cj to specific values, obtained 

constraints on WCs are translated into 

95% CL lower limits on the scale of  

new physics Λ.

CMS Global combination
CMS PAS SMP-24-003

https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
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Lessons learned
(personal selection)



Eleonora RossiCometa Workshop - 19/03/2025
Eleonora Ro!iHHComb Meeting - 21/03/2024 2

Introduction
• EFT -> SMEFT interpretation

• Latest single-Higgs SMEFT Combination this year (Link) 

• ATLAS Global EFT combination - new effort is ramping up now.

• Top channels will be included for the first time (and HH?) - complementary 
sensitivity!!

• Target: start the review by summer, finalise by the end of the year/beginning of next 
year

• Reports: JEFTIC Meeting (biweekly) + working meeting

• Useful links:

★ Link to join mattermost
★ Gitlab repo (starting to collect instructions in readme,

 inputs ws and params)

DiHiggs EFT Twiki

• Many potential challenges and open points (that will not be fully addressed by the short-term 
future EFT combinations, but should be taken into account for Run3 interpretations). 

• Challenges at the level of  combinations 
• overlap between input analyses; 
• harmonisation of  systematics & phase-space across groups; 
• harmonisation of  SMEFT assumptions/tools. 

• Challenges at conceptual level (more for future combinations) 
• parameterisation of  background: e.g.  signal = Higgs background-> coherent modelling of   in 

Higgs?  
• inclusion of  dimension8 contributions - interplay between linear and quadratic; 
• matching to UV models (ATLAS Higgs combination has done it for the first time); 
• moving towards higher and higher pT bins-> unitarity violation at sufficiently high energy. 

Interaction with theory community is really important (LHCEFTWG) 
• reproducibility of  the results. 

tt̄ tt̄

18

Open points and challenges



Interplay between linear 
and quadratic results
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CMS PAS SMP-24-003

Linear vs linear +quadratic
• Constraints on the WCs when using linear contributions (∝ Λ−2) vs quadratic order (∝ Λ−4).  
• WCs with the loosest constraints: BSM contributions dominate.  
• WCs more tightly constrained: SM-BSM interference terms dominate the sensitivity. 

• For now treating difference between Λ−2 and Λ−4 as magnitude indicator of  effect missing SM-
Dim8 interference.

• Next steps:  

1 . C o l l e c t & i m p l e m e n t 
available dim-8 calculations 
(=incomplete but growing set). 

2. Develop a more sophisticated 
strategy to quote truncation 
uncertainty using partial 
calculations.

https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf


Matching to UV models
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• Premise of  EFT is that measurements can be mapped a posteriori to put constraints on UV-complete models  
• SMEFT constraints can be rotated into 2HDM models using inputs from the theory community 

• Relevant Wilson coefficients (free parameters of  SMEFT Lagrangian) can be expressed in terms of  2HDM 
parameters: 

 
with  the SMEFT energy scale ,  the VEV,  the Yukawa-couplings (  ),  is the common mass of  
the heavy decoupled scalars. 
Angles  (mixing angle between the two neutral CP-even Higgs state) and  

• Formulas valid in the limit of   (alignment limit), in agreement with EFT assumptions.

Λ ν Yi Yi = 2mi /ν MA

α β ( tanβ =
ν2

ν1
)

cos(β − α) → 0
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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

10

Wilson coefficientsℒSMEFT = ℒSM

EFT to 2HDM

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.055012
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EFT to 2HDM

JHEP11(2024)097 

• Results obtained in 2023 ATLAS 
Higgs combination (STXS, seven 
decay channels) for all types of  
models. 

• Relevant coefficients parametrised as 
function of  the 2HDM parameters. 

• self-coupling role studied separately 
for type I: adds a vertical constraint in 
the 2D space of  cos(β − α) − tan β 
(negligible for other types) 

• Mapping is affected by missing 
SMEFT dimension-8 operators: 

• c o n s t r a i n t s f r o m S M E F T 
parameters weaker than from k-
parameters

https://link.springer.com/article/10.1007/JHEP11(2024)097


Reproducibility of the 
results
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Simplified likelihood

Simplified likelihood model: 
• format to deliver results for re-interpretation; 
• make available digitally all information needed to reproduce Gaussian version of  measurement and 

SMEFT interpretation 
• signal strength modifier + correlation matrix + parameterisation.
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Figure 16: Constraints on individual WCs, from both the hybrid likelihood fit and the Lsimpl fit, excluding the ttX analysis. The constraints
for each WC are obtained keeping the other coefficients fixed to 0. The lower panel shows the contribution of different input measurements
to the total constraints.

Results from the full likelihood fit compared to those using a simplified 
likelihood following a multi-variate Gaussian approach: 
• minimal differences between the two methods; 
• the simplified model is nuisance parameter free, as the effect of  all 

uncertainties is encoded in the covariance matrix-> computationally 
inexpensive. 

Simplified likelihood

ATL-PHYS-PUB-2022-037 CMS PAS SMP-24-003

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf


What’s next?
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Current and future plans
Several channels/data samples not yet included in current ATLAS +CMS EFT combinations

Several open points we can try to address while working on Run3, e.g.: 

• experimental side: background parameterisation 

• theoretical side: dimension8 contributions 
Stay tuned!!!

• Higgs 
• Rare processes 𝐻 → 𝑐𝑐, 𝑉𝐵𝐹 → 𝐻𝛾  

• Off-shell regions of  𝐻→𝑊𝑊 and 𝐻→𝑍𝑍 

• Angular observables sensitive to CP-odd operators (in both production & decay) 
• full STXS results for both ATLAS and CMS 
• Run3 developments (like new STXS scheme) will offer nice opportunities to further improve our 

limits 
• Higgs pair production  

• increasing number of  SMEFT interpretation: preparing for future combinations 
• Many opportunities for combinations  

• dibosons, Drell-Yan, top-quarks 

• ATLAS + CMS combination 

• Efforts are on-going to pave the road for future combinations (e.g. shared STXS parameterisation) 



BACKUPThanks a lot!!
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Going “Global”: parameterisation
• Impact of  Wilson coefficients can be visualised (linear here)-> Value of  ci scaled appropriately 

for plotting. 
• Large class of  operators can be constrained by different sectors:  from CMS shown.H → γγ

CMS PAS SMP-24-003
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Figure 3: Relative effect of the linear SMEFT terms for the Wilson coefficients that affect the Wg, Z ! nn, and WW differential cross
sections. The top panel shows the measured values relative to the predictions in the SM.

https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
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Going “Global”: parameterisation
• Impact of  Wilson coefficients can be visualised (linear here)-> Value of  ci scaled appropriately 

for plotting. 
• Large class of  operators can be constrained by different sectors:  from CMS shown.H → γγ
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Figure 4: Relative effect of the linear SMEFT terms for the Wilson coefficients that affect the tt differential cross sections. The top panel
shows the measured values relative to the predictions in the SM.

https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf


Eleonora RossiSM@LHC2025 - 08/04/2025 32

Going “Global”: parameterisation
• Additional sensitivity coming from EW measurements and EWPO, e.g. cW that cannot be disentangled 

using just  decay -> ATLAS parameterisation shownH → γγ
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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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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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• The open source SMEFiT has been used to reproduce 
the ATLAS EFT interpretation of LHC and LEP data.

• The SM and linear EFT cross-sections from the ATLAS 
measurement are taken and parse into the SMEFiT 
format adopting the same flavour assumptions for the 
fitting basis.

• Good agreement is obtained both in terms of central 
values and of the uncertainties of the fitted Wilson 
coefficients.

• Furthermore, similar agreement is obtained for the 
correlations between EFT coefficients.

arXiv:2302.06660

Simplified likelihood: reinterpretation

https://arxiv.org/pdf/2302.06660.pdf
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Statistical model

Global EFT fits and top measurements5

Inputs to global EFT fits: overview and statistical models

EW, Top with EFT funStat-only covariance

Include impact of  NP of  expt. and theory unc

Gaussian  
constraint 
terms

LEP (using senstiEFT)
Higgs (using  workspace combiner)

Measurements included in latest PUB note 
(updated here):  

Higgs data: updated to seven channels (  and 
 added in last combination) 

EW data: WW, WZ, Zjj measurements  
LEP & SLC data

μμ
Zγ

Common nuisance parameters ( ) are correlated (later in more details) ⃗θ

Total covariance
ℒ(μ) = exp(− 1

2 (μ − ̂μ)TC−1(μ − ̂μ))

New measurements (aiming to be included): 
 boosted and  leptonic differential cross 
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2. The likelihood 𝐿 (𝒙|𝒄, 𝜽) for an individual measurement is modelled as a multivariate Gaussian 

1. Poisson distributions multiplied with constraint terms 𝑓 for each nuisance parameters 

3. No nuisance parameters and both theoretical and experimental uncertainties are included 

in the covariance matrix.

+ HH
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EFT to 2HDM
• Type I: one Higgs doublet couples to vector bosons, the other to fermions.

• Type II: one Higgs doublet couples to up-type quarks, the other to down-type quarks + charged 
leptons.

• Lepton-specific: coupling to quarks as in as in Type I, coupling to charged leptons as in Type II

• Flipped: coupling to quarks as in as in Type II, coupling to charged leptons as in Type I

The Higgs self-coupling can also be re-parametrised as
with

ATLAS DRAFT

Table 7: Multiplicative factors predicted in the four 2HDM scenarios near the alignment limit, as a function of tan V

and cos(V � U), for the Higgs boson couplings to vector bosons (first row), up-type quarks (second row), down-type
quarks (third row), charged leptons (fourth row), and to itself (fifth row). The symbol 2V�U stands for cos(V � U),
while BV�U stands for sin(V � U). The definition of the parameter <̄ is given in the text.

Coupling Type I Type II Lepton-specific Flipped

, , / BV�U
D, 2, C BV�U + 2V�U/tan V BV�U + 2V�U/tan V BV�U + 2V�U/tan V BV�U + 2V�U/tan V

3, B, 1 BV�U + 2V�U/tan V BV�U � 2V�U ⇥ tan V BV�U + 2V�U/tan V BV�U � 2V�U ⇥ tan V

4, `, g BV�U + 2V�U/tan V BV�U � 2V�U ⇥ tan V BV�U � 2V�U ⇥ tan V BV�U + 2V�U/tan V

� B
3
V�U +

✓
3 � 2 <̄2

<2
⌘

◆
2

2
V�UBV�U + 2 cot

✓
2V

✓
1 � <̄2

<2
⌘

◆◆
2

3
V�U

In addition to the impact of the tree-level coupling modifications, the production and decay rates of745

the ⌘ boson are modified through next-to-leading-order electroweak corrections involving the trilinear746

⌘⌘⌘ coupling _ [113]. In the 2HDM framework, this self-coupling is modified with respect to the SM747

expectation _SM by a scale factor [114]:748

^_ = sin3(V � U) +
 
3 � 2

<̄
2

<
2
⌘

!
cos2(V � U) sin(V � U) + 2 cot

 
2V

 
1 � <̄

2

<
2
⌘

!!
cos3(V � U), (21)

as shown in the last row of Table 7.749

The parameter <̄ is <̄2 =
<2

12
sin V cos V = <

2
� + _5E

2, where _5 is the coe�cient of the (�†
1�2)2 term of the750

Higgs potential. In the alignment limit considered, the value of <̄ is close to that of <� (_5E
2 ⌧ <

2
�),751

and a value <̄ = <� = 1 TeV (_5 = 0) is assumed in this section in all scenarios in which the e�ect of the752

self-coupling is considered in the calculation of limits on cos(V � U) and tan V.753

In the following sections, limits on the 2HDM parameters cos(V � U) and tan V are inferred from studies of754

the ensemble of Higgs boson production and decay rate measurements in two distinct scenarios: first by755

comparing the measured rates for each production mode with inclusive 2HDM predictions expressed in the756

so-called ^-framework, and then by comparing the more fine-grained measurements described in Section 2757

with the 2HDM predictions expressed in the linearised statistical model of the EFT-based parametrisation758

described in Section 3.759

4.1.1 Constraints based on the +-framework760

In the ^-framework [13], the Higgs boson production-mode cross-sections and decay branching ratios are761

parametrised in terms of multiplicative coupling strength modifiers ^ [9]. In the model considered in this762

study, the loop-induced processes (gluon-gluon fusion 66 ! � and 66 ! /� production, as well as763

� ! WW, � ! /W and � ! 66 decays) are expressed in terms of the strength factors for the couplings764

to the SM particles inside the loop. It is also assumed that there are no invisible or undetected Higgs765

boson decays beyond the SM. The impact of the trilinear ⌘⌘⌘ coupling modifier ^_ on the Higgs boson766

production and decay rates via NLO electroweak corrections to the LO amplitudes is also included in767

the parametrisations. In the likelihood function in Eq. (1) the signal strengths `8,-: are reparametrised as768

`
8,-
: = `

8,- ({+(tan V, cos(V � U))}), using the relations listed in Table 7. Confidence regions for tan V769
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 TeV 

m̄ mA
m̄ = mA = 1

Paper

https://arxiv.org/pdf/2005.10576.pdf


Eleonora RossiSM@LHC2025 - 08/04/2025 36

EFT to 2HDM
JHEP11(2024)097 

https://link.springer.com/article/10.1007/JHEP11(2024)097

